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Abstract

Thrombotic thrombocytopenic purpura (TTP) is a fatal disease in which platelet-rich microthrombi cause end-organ ischemia
and damage. TTP is caused by markedly reduced ADAMTS13 (a disintegrin and metalloproteinase with a thrombospon-
din type 1 motif, member 13) activity. Hereditary or congenital TTP (cTTP) is caused by ADAMTSI3 gene mutations. In
acquired or immune TTP (iTTP), ADAMTS13 activity is reduced by anti-ADAMTS13 autoantibodies. TTP is characterized
by thrombocytopenia, hemolytic anemia, fever, renal dysfunction, and neuropsychiatric symptoms. Therapeutic plasma
exchange (TPE) and immunosuppressive therapy are the mainstays of treatment. As untreated TTP has a high mortality
rate, immediate initiation of TPE is recommended when TTP is suspected. Conventionally, corticosteroids have been used
for immunosuppressive therapy. Current drug therapies include rituximab, an anti-CD20 antibody that is effective in newly
diagnosed cases and refractory cases, as well as for relapse prevention, and caplacizumab, an anti- von Willebrand factor
(VWF) nanobody that inhibits the binding of platelets to VWF and prevents microthrombi formation. Recombinant human
ADAMTS13 is a promising treatment for cTTP. Although these therapeutic advances have improved the outcomes of TTP,
early diagnosis and prompt initiation of appropriate therapy are necessary to achieve these outcomes.
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Introduction

Thrombotic thrombocytopenic purpura (TTP) is a life-
threatening disease caused by the formation of platelet-rich
microthrombi in small arterioles throughout the body [1].
TTP and hemolytic uremic syndrome are the most common
forms of thrombotic microangiopathy (TMA) [2, 3]. Cur-
rently, TTP is diagnosed when TMA is caused by markedly
reduced ADAMTS 13 (a disintegrin and metalloproteinase
with a thrombospondin type 1 motif, member 13) activity [4,
5]. Congenital TTP (cTTP) is caused by ADAMTS13 gene
mutations [6, 7], whereas immune TTP (iTTP) is caused
by anti-ADAMTS 13 autoantibodies [4, 5]. Thrombocy-
topenia, hemolytic anemia, renal dysfunction, fever, and
neurological deficits are the classic characteristic pentad of
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TTP symptoms [8]. ADAMTS13 activity should be tested,
especially in patients with unexplained thrombocytopenia
and hemolytic anemia, and when the activity is markedly
reduced (< 10%), a diagnosis of TTP can be confirmed [3,
9]. Recently, the pathophysiological analysis of TTP has pro-
gressed considerably, and drugs with new pharmacologi-
cal mechanisms based on this pathophysiology are being
developed and tested in clinical trials. This review aims to
provide an overview of the advances in the pathophysiologi-
cal analysis and treatment of TTP.

Physiological function of von Willebrand
factor and ADAMTS13

Von Willebrand factor (VWF) and ADAMTS13 are impli-
cated in the pathogenesis of TTP. A mature VWF subunit
with 2050 amino acid residues comprises the following
domains: D'-D3-A1-A2-A3-D4-C1-C2-C3-C4-C5-C6-CK
[10]. VWF subunits polymerize by disulfide bonds to form
large multimers. VWF is primarily produced by vascular
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endothelial cells and stored in Weibel-Palade bodies as
ultra-large VWF multimers (UL-VWFMs). UL-VWFMs,
secreted into the bloodstream in response to vascular injury
or activation of vascular endothelial cells [10], have a high
platelet-binding affinity, which increases the risk of throm-
bus formation.

ADAMTS13 is a proteolytic enzyme primarily produced
in hepatic stellate cells that specifically degrades VWF [11].
ADAMTS13 cleaves the Tyr1605-Met1606 bond in the
VWEF A2 domain. VWF is folded under conditions of low
shear stress, such as in the aorta; however, it unfolds under
conditions of high shear stress, such as in the arterioles,
exposing the cleavage site to ADAMTS13 [12]. In healthy
individuals, UL-VWFMs are cleaved by ADAMTS13 and
thrombus formation is suppressed [13].

Pathophysiology of TTP

In patients with TTP, ADAMTS13 activity is significantly
reduced due to ADAMTSI3 gene mutations (cTTP) and
anti-ADAMTS 13 autoantibodies (iTTP). Consequently, UL-
VWFMs remain in the circulation without being cleaved,
forming platelet-rich thrombi in microvessels under con-
ditions of high shear stress [1]. Thrombi formation in the
inflow vessels of organs such as the kidneys and brain result
in end-organ ischemia and damage. In addition, mechani-
cal hemolysis of erythrocytes that traverse vessels narrowed
by thrombus results in the formation of schistocytes in the
peripheral blood. Herein, the notable factors involved in the
pathogenesis of TTP are discussed in detail.

Anti-ADAMTS13 autoantibodies

Anti-ADAMTS 13 autoantibodies include inhibitory (anti-
bodies that inhibit the proteolytic activity of ADAMTS13)
and non-inhibitory antibodies. Non-inhibitory antibodies
bind to ADAMTS13 and increase its circulatory clearance
[14]. The association between anti-ADAMTS13 antibody
titers and prognosis has been noted, with higher mortal-
ity rates in patients having high antibody titers and low
ADAMTSI13 antigen levels [15]. Anti-ADAMTS13 anti-
bodies are primarily composed of immunoglobulin G (IgG),
approximately 90% of which are of the IgG4 type [16, 17].
Autoantibodies of IgA and IgM types are found in approxi-
mately 10-20% of patients [16, 18]. Patients with high titers
of anti-ADAMTS 13 IgA antibodies have low platelet counts,
which is associated with severity of disease [19].
Anti-ADAMTS13 antibodies are formed against all
domains of ADAMTS13; however, autoantibodies against
the cysteine-rich/spacer (CS) domain were found in approxi-
mately 70% of patients with iTTP [17, 20-22] (Fig. 1A).
Five residues (Arg568, Phe592, Arg660, Tyr661, and
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Tyr665) in exocite 3 of the spacer domain were identified
as the major epitopes [23-25]. Additionally, autoantibod-
ies to the CUB1-2 domain were found in approximately
30-50% of patients [17, 22]. Epitope mapping using small
fragments of ADAMTS13 revealed that autoantibodies to
the CS domain alone were the most common in approxi-
mately 25% of patients [17, 22]. However, several patients
had autoantibodies to multiple domains, with many having
both anti-CS and anti-CUB1-2 antibodies [17, 22]. Future
studies should explore the relationship between the profile of
autoantibodies and the clinical manifestations of the disease.

Conformational changes of ADAMTS13

The conformational change of ADAMTS13 in iTTP has
garnered considerable attention. Normally, the interaction
between the spacer and CUB domains results in a closed
ADAMTS13 conformation [26-28]. However, when
the CUB domain binds to the D4-CK domain of VWE,
ADAMTS13 is activated and changes to an open conforma-
tion [27, 28] (Fig. 1B). The five residues of the epitope for
anti-ADAMTS13 antibodies in the aforementioned spacer
domain are normally concealed by the interaction between
the spacer and CUB domains; however, they become
exposed when ADAMTS13 changes to an open conforma-
tion [26, 29].

Recently, an open ADAMTS13 conformation was found
during the acute phase of iTTP, and autoantibodies were
revealed to have mediated this conformational change
[30-32]. Conversely, in most patients with iTTP in remis-
sion, a closed ADAMTS13 conformation was found. Fur-
thermore, in remission, an open ADAMTS13 conformation
appears prior to the reduction of its activity and can be a bio-
marker for subclinical iTTP [31]. Future studies can provide
detailed insights on the role and mechanisms of ADAMTS13
conformational changes in the pathophysiology of iTTP.

Genetic background

The association of genetic factors with specific HLA alleles
has recently been indicated in the development of iTTP, as
with other autoimmune diseases. HLA-DRB1"11 [33-35]
and HLA-DRB1708:03 [36] have been noted as risk alleles
in Caucasians and the Japanese, respectively. In vitro and
in silico analyses revealed that both alleles present peptides
in the CUB domain with only one amino acid shift (FIN-
VAPHAR and LFINVAPHA) [36, 37].

Infections may be associated with the development of
iTTP; CD4+T cells may react with ADAMTS13-derived
peptides (CUB2 domain) that are homologous to microbial
peptides and are present at risk alleles, leading to the devel-
opment of iTTP [38].
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Fig. 1 Structure of ADAMTS13 protein. A Frequency of autoanti-
bodies to each ADAMTS13 domain. ADAMTS13 comprises signal
(SP), propeptide (P), metalloprotease (M), disintegrin (D), cysteine-
rich (C), spacer (S), thrombospondin type 1 repeats (T1-8), and
CUB domain. Anti-ADAMTS13 autoantibodies are formed against
all domains of ADAMTSI13. Most patients have autoantibodies
only against the CS domain; however, many have autoantibodies

ADAMTS13 gene abnormalities

cTTP is an autosomal recessive disorder caused by
ADAMTS13 gene mutations. More than 200 mutations, dis-
tributed throughout the ADAMTS13 gene, have been identi-
fied till date [39—41]. Missense mutations are the most com-
mon, followed by frameshift (deletions or insertions) and
nonsense mutations [41]. There are regional differences in
genotypes in patients with cTTP, and patients with a Euro-
pean ancestry have a higher frequency of p.R1060W and
insertion c.4143_4144dupA [41, 42].

The clinical presentation of cTTP is classified into early-
and adult-onset types [39]. Patients with the early-onset type
may have received exchange transfusion for severe neonatal
jaundice, and are diagnosed with cTTP in childhood when
they present with repeated thrombocytopenia following
common cold or other illnesses. Patients with the adult-onset
type are diagnosed with cTTP, when they develop thrombo-
cytopenia associated with pregnancy or infection. In a cohort
study of 123 patients, the median age at which patients pre-
sented with their first symptoms was 4.5 years; however, it
varied from birth to 69.8 years [41].

Several studies have reported on the factors that influ-
ence this diverse phenotype of cTTP. Residual ADAMTS13
activity is a known factor affecting the clinical course of
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against multiple domains [17, 20-22]. B Conformational changes in
ADAMTS13. Normally, ADAMTSI13 is in a closed conformation
due to the interaction between the spacer and CUB domains [26-28].
However, ADAMTS13 changes to an open conformation by the inter-
action between the CUB and D4-CK (VWF) domains or by the bind-
ing of autoantibodies [27, 28, 32]

the disease. ADAMTSI13 activity < 3% is associated
with early-onset type, more than one event per year, and
the need for regular fresh frozen plasma (FFP) infusions
[43]. Conversely, other studies have reported that residual
ADAMTS13 activity is poorly correlated with age of onset
and severity of cTTP [41], and the evidence is inconclusive.
The aforementioned p.R1060W mutation has been identi-
fied more frequently in the adult-onset type, especially in
women who developed an acute attack of TTP during their
first pregnancy [44, 45]. However, patients with the identical
genetic mutation may have different clinical presentation;
thus, the relationship between genetic variants and pheno-
type remains unclear.

Diagnosis

Patients with thrombocytopenia and hemolytic anemia
should be evaluated for TTP, and TTP is diagnosed when
ADAMTS13 activity is<10% [3, 9]. The International
Society of Thrombosis and Haemostasis (ISTH) guidelines
for TTP diagnosis state that an ADAMTS13 activity of
10-20% is equivocal and that clinical judgment to continue
or discontinue treatment for TTP is required [9]. iTTP is
diagnosed when the patient is positive for anti-ADAMTS13
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autoantibodies. Furthermore, primary and secondary iTTP
are diagnosed when the patient has no underlying diseases
and has underlying diseases (such as an autoimmune disease
or malignancy), respectively.

cTTP is suspected when ADAMTS13 activity is markedly
reduced to < 10% and anti-ADAMTS13 autoantibody is neg-
ative. However, confirmation of the absence of autoantibod-
ies is challenging. In a few cases, anti-ADAMTS13 autoan-
tibodies were not detected at the time of initial diagnosis;
however, autoantibodies were detected or ADAMTS13
activity was restored after treatment initiation, leading to the
diagnosis of iTTP. If cTTP is suspected, ADAMTS13 activ-
ity should be evaluated in the parents and ADAMTS13 gene
analysis should be performed for a definitive diagnosis [3].

Treatment

Based on the pathophysiology, TTP treatment targets the
following: (1) removal of UL-VWFMs; (2) removal and
suppression of production of anti-ADAMTS13 autoanti-
bodies; (3) inhibition of platelet/VWF thrombus; and (4)
ADAMTS13 supplementation.

Therapeutic plasma exchange

Therapeutic plasma exchange (TPE) is the standard treat-
ment for iTTP, and its efficacy has been demonstrated in
randomized controlled trials [46]. TPE has a favorable
effect via the mechanisms of removal of UL-VWFMs and
anti-ADAMTS 13 autoantibodies and supplementation of
ADAMTSI13. It is recommended that TPE be performed
once daily with FFP as replacement fluid until two days after
the platelet count recovers to more than 150 X 10°/L [47].

Untreated TTP is fatal; a delay in initiating TPE wors-
ens the prognosis [48]. Therefore, TPE should be promptly
initiated when iTTP is suspected. However, only a lim-
ited number of medical institutions are able to perform
ADAMTS13-related testing in their in-house laboratories.
In others, this testing is outsourced and hence, require sev-
eral days to obtain results. According to the ISTH guide-
lines, the results of ADAMTS13 activity should ideally
be available within 72 h, though a result within 7 days is
acceptable [9]. The PLASMIC and French scores have been
demonstrated as useful predictors of significant reduction
in ADAMTS13 activity, if TPE must be initiated before the
results of ADAMTS13 activity are available in patients with
suspected TTP (Tablel) [9, 49, 50]. In the high-risk group
(scores 6—7) of the PLASMIC score, patients who received
TPE had a significantly higher overall survival than those
who did not receive TPE, while in the low/intermediate-
risk group (scores 0-5), there was no difference in survival
between patients with and without TPE [51].

Immunosuppressive therapy

Immunosuppressants are used to suppress the production
of anti-ADAMTS13 autoantibodies in iTTP. Corticoster-
oids are commonly used, although clinical trials are yet to
prove their efficacy. One month after completion of TPE,
anti-ADAMTS 13 autoantibodies were reported to be signifi-
cantly suppressed and ADAMTS13 activity restored in the
corticosteroids group than in the cyclosporine group [52].
Rituximab is a chimeric anti-CD20 monoclonal antibody.
It suppresses anti-ADAMTS13 antibody production by
depleting B lymphocytes via complement-dependent cyto-
toxicity and antibody-dependent cell-mediated cytotoxicity.
The usual dosage is 375 mg/m? once a week for 4 weeks.

Table1 Predictive score for

N Component
severe ADAMTS13 deficiency

PLASMIC score [49] French score [50]

in suspected TTP [9] Platelet count

Serum creatinine level
Hemolysis
Indirect bilirubin > 2 mg/dl
Or reticulocyte count>2.5%
Or undetectable haptoglobin

No active cancer in previous year

No history of solid organ or stem cell transplant

INR< 1.5
MCV <90fL

Likelihood of severe ADAMTS13 deficiency (ADAMTS13 activity < 10%)

Low risk
Intermediate risk
High risk

<30x10°/L (+1) <30x10°/L (+1)
<2.0mg/dl (+1) <2.26 mg/dl (+1)
+1 -

+1 -

+1 -

+1 -

+1 -

0-4: 0-4% 0: 2%

5:5-24% 1: 70%

6-7: 62-82% 2:94%

INR international normalized ratio, MCV mean corpuscular value
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When rituximab is used concurrently with TPE, it should
ideally be administered after TPE, considering its clearance.
Rituximab is reportedly effective in patients with refractory
disease whose platelet counts do not recover despite conven-
tional therapy and in those with early relapsed disease that
worsens in a short period after clinical response. In these
patients, rituximab can normalize platelet counts early and
prevent short-term relapse after remission [53]. However,
while rituximab prolongs the time to relapse, it may not
reduce the long-term relapse rate [54, 55]; hence, careful
long-term follow-up is required.

Additionally, rituximab is effective as initial therapy; it
significantly shortens the time to remission and length of
hospitalization, and reduces the frequency of TPE when used
early after diagnosis and concurrently with TPE and corti-
costeroids [56]. Furthermore, rituximab is used to prevent
relapse. Patients with significantly reduced ADAMTS13
activity in remission have a high relapse rate, and preemp-
tive treatment with rituximab has been attempted for these
patients [57, 58].

Ofatumumab and obinutuzumab, fully humanized sec-
ond-generation anti-CD20 antibodies, have been reported to
be effective and safe in patients with iTTP who were intoler-
ant to rituximab due to adverse events such as drug hyper-
sensitivity [59, 60].

Anti-tumor agents for multiple myeloma have been dem-
onstrated to be effective for refractory, especially rituximab-
resistant iTTP; these agents may possibly suppress antibody
production by targeting plasma cells. Although limited to
case reports, the efficacy of bortezomib, a proteasome inhib-
itor, and daratumumab, an anti-CD38 antibody agent, have
been reported for rituximab-resistant iTTP [61, 62].

Anti-VWF therapy

Immunosuppressive therapy requires a certain period of time
for the onset of its action, and fatal thrombosis cannot be
avoided during this period; this has been indicated as a dis-
advantage of conventional iTTP therapy. Anti-VWF therapy
is a possible preventive treatment for such thrombosis.
Caplacizumab is a bivalent humanized single-variable
domain of heavy-chain antibody or nanobody that binds
to the A1 domain of VWF, inhibits the adhesion of VWF
to platelets, and thereby prevents thrombus formation. Its
efficacy and safety have been demonstrated in two rand-
omized controlled trials: phase II (TITAN study) and phase
III (HERCULES trial) studies [63, 64]. In addition to TPE
and immunosuppressive therapy, patients received either
10 mg of caplacizumab or placebo by intravenous infusion
once before the first TPE, followed by subcutaneous infusion
once daily until 30 days after TPE. The primary endpoint—
the time to platelet count normalization—was significantly
lesser in the caplacizumab group than in the placebo group.

The key secondary endpoints—the composite endpoint
of TTP-related mortality, recurrence, and thromboembo-
lism—were significantly lower in the caplacizumab group
than in the placebo group. A subsequent integrated analysis
of the aforementioned studies revealed that caplacizumab
reduced the mortality rate and refractoriness to treatment
[65]. Mucocutaneous bleeding, such as epistaxis and gin-
gival bleeding, was the most frequent adverse event in the
caplacizumab group; however, it was mild in most patients.

Regarding the duration of use of caplacizumab, based
on the results of clinical trials, the recovery of ADAMTS13
activity was considered an important indicator. In the phase
II trial, early relapse was frequently observed in patients
with persistently reduced ADAMTS 13 activity at the time of
discontinuation of caplacizumab. Therefore, in the phase III
trial, such patients were allowed to continue caplacizumab
for a maximum of 28 days beyond the initial 30 days, result-
ing in a reduction of early recurrence after discontinuation
of the drug [64]. Caplacizumab was assumed to prevent end-
organ ischemia and damage and death by inhibiting the for-
mation of thrombi early in the course of the disease, thereby
acting as a bridge until the onset of action of immunosup-
pressive therapy [66].

Caplacizumab was approved in Europe and the United
States in 2018 and 2019, respectively, and has become
the frontline treatment for iTTP in many countries. Post-
marketing real-world data from several countries have been
reported (Table 2) [67—70]. Nonetheless, owing to the high
cost of the drug, its usage in all patients remains controver-
sial [71]. Some studies have reported the cost-effectiveness
of adding caplacizumab to conventional therapy [72]; how-
ever, further validation is needed.

ADAMTS13 supplementation therapy

Patients with cTTP are usually treated with FFP infusion
to replenish ADAMTS13 [3, 73]. The frequency of FFP
administration varies from regular prophylactic infusions
in patients with repeated exacerbations to on-demand infu-
sions only during exacerbations. However, FFP infusion may
cause allergic reactions such as urticaria and post-transfu-
sion infections. Recombinant human ADAMTS13 (rhAD-
AMTS13) has recently been developed; in a Phase I trial for
patients with cTTP, the use of hADAMTS13 resulted in a
dose-dependent increase of ADAMTS13 antigen levels and
activity and a decrease in VWF multimer size [74]. Neither
allergic reactions nor serious adverse events were observed,
which indicated the safety of the product.

Regarding the use of hADAMTSI13 against iTTP,
autoantibodies may possibly neutralize rhADAMTS13;
however, it has been indicated that this activity may be
restored by administering higher doses [75]. Furthermore,
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Table 2 Real-world data on the efficacy and safety of caplacizumab for immune thrombotic thrombocytopenic purpura

Volker et al. [67]

Coppo et al. [68]

Dutt et al. [69]

Pascual Izquierdo et al. [70]

Country
Number of patients, n
Age, years
Female, n (%)
Treatment
TPE, n (%)
Corticosteroids, n (%)
Rituximab, n (%)
Data on caplacizumab

Use of caplacizumab as a
frontline therapy, n (%)

Time to receive the first
dose of caplacizumab,
days

Total duration of caplaci-
zumab, days

Outcome data

Time to normalization
of platelet count after
caplacizumab start, days

TPE, days

Hospitalization, days

ICU stay, days

Refractoriness, n (%)

Exacerbations, n (%)

Relapse, n (%)
Mortality, n (%)

Safety data
Bleeding, n (%)
Major bleeding, n (%)
Remarks

Germany

60

45.7 (22-83) mean (range)
42 (70%)

58 (96.7%)

59 (98.3%)

48 (80%)

35 (58.3%)

3 (0-27) after disease
onset, median (range)

34 (2-211) median (range)

3 (1-13) median (range)

9 (2-41) median (range)

18 (5-79) median (range)
4 (0—46) median (range)
19 (31.7%)

2(3.3%)

2(3.3%)

1 (1.7%)

NR
1(1.7%)

France

90

45(34-57) median (IQR)
63 (70%)

90 (100%)

88 (98%)

90 (100%)

90 (100%)

0 (0-4) after initiation of
TPE, median (range)

33(29-38) median (range)

5 (4-6) median (IQR)

5 (4—7) median (IQR)

13 (9-19) median (IQR)
NR

1(1.1%)

3 (3.4%)

1(1.1%)

1(1.1%)

30 (33%)
2 (2.2%)

UK

85

46 (3-82) mean (range)
56 (66%)

85 (100%)
84 (99%)
84 (99%)

NR*

2 (1-3) after initiation of
TPE, median (IQR)

32(22-47) median (IQR)

3 (2-4) median (IQR)

7 (5-14) median (IQR)

12 (8-24) median (IQR)

4 (2-7)** median (IQR)

NR

2 (2%)

3 (4%)
5(6%)

17 (20%)

5(5.9%)

*Seventy-four patients
(87%) received caplaci-
zumab within 1 week of
starting TPE

**Duration of intubation

Spain

77

47.1+ 14, mean +SD
58 (75%)

77 (100%)
77 (100%)
65 (84%)

44 (57.1%)

5 (2-11) after initiation of
TPE, median (IQR)

35 (31-40) median (IQR)

NR

(1) NR

(2) 8.5 (6-12.5) median
(IQR)

(1) NR

(2) 12 (9-15) median (IQR)

(1) NR

(2) 2 (0-4) median (IQR)

(1) 5/77 (6.5%)

(2) 2/44 (4.5%)

(1) 4/77 (5.2%)

(2) 2/44 (4.5%)

NR

(1) 3/77 (3.9%)

(2) 2/44 (4.5%)

16 (20%)
2 (2.6%)

Outcomes are described
separately for the follow-
ing: (1) patients treated
with caplacizumab
(n="77) and (2) patients
treated with caplacizumab
as initial therapy (n=44)

TPE therapeutic plasma exchange, ICU intensive care unit, NR not reported, SD standard deviation, /QR Interquartile range

ADAMTS13 mutant variants can resist autoantibodies by

the replacement of amino acids [76] or insertion of N-gly-

cans in the spacer domain [77] and its clinical application

is expected in the near future.
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Future prospects for TTP treatment

TPE has been the mainstay of iTTP treatment for many

years, and survival rates of approximately 80% have been
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| Thrombocytopenia and hemolytic anemia |
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| ADAMTS13 activity <10% |

|
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Anti-ADAMTS13 autoantibodies Anti-ADAMTS13 autoantibodies
Negative Positive
Detection of ADAMTS13
gene mutations
Congenital TTP /_ Immune TTP ﬁ
ADAMTS13 FFP, Removal of TPE
supplementation rthADAMTS13" UL-VWFMs

Fig.2 Flowchart illustrating the diagnosis and treatment of throm-
botic thrombocytopenic purpura. Patients with thrombocytopenia and
hemolytic anemia are diagnosed with TTP when ADAMTS13 activ-
ity is<10% [3, 9]. If anti-ADAMTSI13 autoantibodies are positive,
immune TTP is diagnosed. If anti-ADAMTSI13 autoantibodies are
negative, ADAMTS13 gene analysis is performed. If gene mutations
are detected, congenital TTP is diagnosed. Treatment of immune
TTP targets the following: (1) removal of UL-VWFMs (TPE), (2)

achieved post-implementation [78]. However, TPE has dis-
advantages such as procedural complications and allergy
to human plasma [79]. Recently, with the advent of capla-
cizumab, the treatment of iTTP without TPE has been
highlighted. A study reported that a patient with iTTP
who refused TPE because of religious beliefs achieved
remission with only caplacizumab and immunosuppres-
sive therapy [80]. Another study from Germany and Aus-
tria reported that seven patients with iTTP were treated
with only caplacizumab and immunosuppressive therapy
and all had favorable outcomes. These findings indicate
that TPE may be omitted in select cases [81]. In addition,
rhADAMTS13 may be considered as a newer strategy in
the treatment of iTTP without TPE. Future clinical trials
should compare iTTP therapy with or without TPE.

In addition, long-term complications after remission
remain a concern in iTTP. These include neuropsychologi-
cal disturbances such as headaches, poor concentration,
and memory impairment even after remission [82, 83];
a higher incidence of psychological conditions such as
depression and post-traumatic stress disorder [82, 84]; and

Steroid, Rituximab, )
Cyclosporine”, Bortezomib™

Suppression of
autoantibodies

thrombus formation

Inhibition of Caplacizumab

\ supplementation

ADAMTS13

TPE, rhADAMTS13"

/

suppression of anti-ADAMTSI13 autoantibodies (immunosuppres-
sive therapy), (3) inhibition of thrombus formation (anti-VWF ther-
apy), and (4) ADAMTS13 supplementation (TPE, rhADAMTS13).
Congenital TTP is treated with ADAMTSI13 supplementation (FFP,
rhADAMTS13.) *Not approved for TTP in Japan. TTP thrombotic
thrombocytopenic purpura, UL-VWFMs ultra-large von Willebrand
factor multimers, TPE therapeutic plasma exchange, FFP fresh frozen
plasma, rhADAMTS13 recombinant human ADAMTS13

cardiovascular disease and renal dysfunction [85, 86], which
might be attributed to end-organ damage caused by micro-
thrombi during the acute phase of the disease. Caplacizumab
may reduce long-term complications by inhibiting thrombus
formation and rapidly ameliorating acute end-organ damage.
Therefore, long-term follow-up is required for patients with
TTP and patient data on neuropsychological and physical
comorbidities should be prospectively collected.

Conclusion

Herein, we have reviewed the pathophysiological analysis
and current therapeutic management approaches of TTP.
The diagnosis and treatment of TTP are summarized in
Fig. 2. The symptoms of TTP are diverse, and because of
the emergent nature of the disease, patients may present to
various departments other than hematology. Untreated TTP
is fatal; however, recent advances in treatment, including
novel therapeutic agents, have considerably improved the
outcomes of patients who receive prompt and appropriate
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treatment. Therefore, an early diagnosis and a multidiscipli-
nary interdepartmental care approach are crucial to provide
appropriate treatment.
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