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INTRODUCTION

Thrombotic microangiopathy (TMA) is a heterogeneous 
group of syndromes characterized by endothelial injury and 
thrombotic occlusion of the microvasculature, leading to 
microangiopathic hemolytic anemia (MAHA), consumptive 
thrombocytopenia, and ischemic organ damage [1]. Repre-
sentative disorders within the TMA spectrum include throm-
botic thrombocytopenic purpura (TTP), hemolytic uremic 
syndrome (HUS), and secondary TMA.

TMA presents with diverse and complex clinical manifes-
tations, which often hinder prompt diagnosis. It should be 
suspected when thrombocytopenia and MAHA are iden-
tified in laboratory findings. Once TMA is confirmed, it is 
crucial to differentiate among TTP, Shiga toxin-producing 
Escherichia coli-HUS, atypical HUS (aHUS), and secondary 
TMA. Traditionally, MAHA, thrombocytopenia, and acute 
kidney injury have been considered the clinical triad of HUS, 
while the addition of fever and neurological abnormalities 
forms the classic pentad of TTP. However, not all patients 
exhibit these classical symptoms, and clinical presentation 
varies among individuals, making the differentiation of TMA 
subtypes challenging [1,2].

TTP is an acute, life-threatening TMA resulting from se-
vere deficiency of a disintegrin and metalloproteinase with 
thrombospondin type 1 motif, member 13 (ADAMTS13), a 
plasma metalloprotease that cleaves ultra-large multimers 
of von Willebrand factor (vWF). ADAMTS13 deficiency re-

sults in the accumulation of unusually large vWF multimers 
in the circulation, promoting platelet adhesion, aggrega-
tion, and microthrombus formation within small arterioles 
and capillaries [2-4]. TTP is classified according to the un-
derlying cause of ADAMTS13 deficiency into immune TTP 
(iTTP or acquired TTP) and congenital TTP (cTTP or Upshaw–
Shulman syndrome). iTTP is an autoimmune disorder caused 
by the production of autoantibodies against ADAMTS13, 
whereas cTTP is a rare autosomal recessive disorder result-
ing from mutations in the ADAMTS13 gene and accounts 
for approximately 3–5% of all TTP cases [2,5,6]. Clinically, 
iTTP typically presents as an acute disease in adults, whereas 
cTTP is more commonly diagnosed during the neonatal peri-
od, childhood, or pregnancy. Thus, age at onset, particularly 
neonatal presentation or manifestation during pregnancy, 
provides important clues for the initial differential diagnosis. 
Even when ADAMTS13 deficiency is congenital, TTP symp-
toms may occur intermittently, indicating that additional 
triggers are required to induce disease flares.

Recent advances have substantially improved our under-
standing of the pathophysiology of TTP, and these insights 
have been successfully translated into patient management. 
Given these developments, there is a clear need to estab-
lish Korean guidelines for the diagnosis and management 
of TTP that reflect the local clinical context. Therefore, expert 
physicians from the Korean Society of Hematology Throm-
bosis and Hemostasis Working Party initiated the devel-
opment of a consensus statement on the diagnosis and 

Thrombotic thrombocytopenic purpura (TTP) is a rare but life-threatening thrombotic microangiopathy resulting from severe 
ADAMTS13 deficiency. Although effective treatments, such as therapeutic plasma exchange, immunosuppressive therapy 
with rituximab, and caplacizumab, have significantly improved survival, important challenges remain. These include limited 
diagnostic capacity, barriers to the early use of novel therapies, and long-term complications. In Korea, additional difficulties 
persist due to the restricted availability of ADAMTS13 antibody testing, reimbursement limitations for rituximab, and the ab-
sence of caplacizumab in clinical practice. To address these issues, the Korean Society of Hematology Thrombosis and Hemo-
stasis Working Party convened an expert panel to develop consensus recommendations for the diagnosis and management 
of TTP. The panel reviewed current international guidelines, pivotal clinical studies, and real-world experiences and adapted 
them to the Korean clinical setting. This consensus statement provides updated recommendations for diagnostic approaches, 
initial and adjunctive therapies, management of refractory disease, ADAMTS13 monitoring, and long-term follow-up. By in-
tegrating international evidence with local circumstances, this document aims to provide Korean clinicians with practical, up-
to-date guidance to enhance the routine care of patients with TTP.
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management of TTP. Specific topics related to TTP man-
agement were assigned to individual members, who draft-
ed sections of the manuscript based on recent internation-
al guidelines and pivotal clinical trials. The initial draft was 
independently reviewed by additional members, followed 
by multiple rounds of revision and collective evaluation. To 
provide an overarching framework for the diagnostic and 
therapeutic approaches discussed in this consensus, a sche-
matic algorithm for TTP management is presented (Fig. 1). 
This figure illustrates the internationally recognized diag-
nostic and treatment pathway; however, its application in 
Korea should be adapted according to the local availability 

of diagnostic assays and therapeutic agents, including anti- 
ADAMTS13 antibody testing and caplacizumab.

DIAGNOSIS 

Assessment of ADAMTS13 activity should be performed 
in all patients with unexplained thrombocytopenia and 
MAHA, regardless of accompanying symptoms. TTP is di-
agnosed when ADAMTS13 activity is less than 10%. Blood 
samples should ideally be collected before initiating plasma 
exchange therapy to ensure accurate measurement [2]. 

Figure 1. Diagnostic and therapeutic algorithm for the management of thrombotic thrombocytopenic purpura. MAHA, micro-
angiopathic hemolytic anemia; TMA, thrombotic microangiopathy; TTP, thrombotic thrombocytopenic purpura; TPE, therapeutic 
plasma exchange; ADAMTS13, a disintegrin and metalloproteinase with thrombospondin type 1 motif, member 13; STEC-HUS, 
Shiga toxin-producing Escherichia coli–hemolytic uremic syndrome; aHUS, atypical hemolytic uremic syndrome; iTTP, immune 
TTP; cTTP, congenital TTP; rADAMTS13, recombinant ADAMTS13. a)Anti-ADAMTS13 antibody testing may be unavailable in 
routine clinical practice in Korea. Moreover, a negative antibody result does not completely exclude iTTP, particularly during the 
acute phase. b)In refractory iTTP, rituximab should be considered if not previously administered. Caplacizumab may be used, 
although its efficacy appears limited in the salvage setting. Other immunosuppressive agents can also be considered as salvage 
therapy.
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Other TMAs, including aHUS, should be considered in Shiga 
toxin–negative patients with normal ADAMTS13 activity (≥ 
10%) [2,7].

When severe ADAMTS13 deficiency is confirmed, subse-
quent evaluation should determine the underlying mecha-
nism. The detection of anti-ADAMTS13 antibodies confirms 
a diagnosis of iTTP. However, the anti-ADAMTS13 inhibitor 
assay has not yet been approved for clinical use in Korea 
and is currently available only for research purposes, which 
limits its accessibility in routine practice. In patients with 
persistent severe ADAMTS13 deficiency and no detectable 
anti-ADAMTS13 antibodies during remission, ADAMTS13 
gene sequencing should be performed to rule out cTTP [2,7]. 

The clinical presentation of iTTP is typically acute and 
characterized by MAHA and severe thrombocytopenia [8]. 
Prodromal symptoms such as fatigue, arthralgia, myalgia, 
and abdominal or lumbar pain may precede diagnosis [9]. 
The classic pentad—thrombocytopenia, MAHA, fever, neu-
rological abnormalities, and renal dysfunction—is rarely ob-
served in its entirety. Neurological symptoms occur in 50–
80% of patients and range from headache and confusion 
to seizures, focal neurological deficits, altered mental status, 
and even coma [2]. Cardiac involvement, often indicated by 
elevated troponin levels, is common and associated with 
poor outcomes [10]. 

Laboratory findings typically reveal severe thrombocy-
topenia (usually ≤ 30,000/mm3) and evidence of MAHA, 

including elevated lactate dehydrogenase (LDH), low hap-
toglobin, indirect hyperbilirubinemia, and the presence 
of schistocytes on a peripheral blood smear [8]. The direct 
antiglobulin test is usually negative, except in cases asso-
ciated with autoimmune disorders such as systemic lupus 
erythematosus. Coagulation parameters, including fibrin-
ogen levels, are generally normal, which helps distinguish 
iTTP from disseminated intravascular coagulation. Mild renal 
impairment (serum creatinine ≤ 200 μmol/L [2.26 mg/dL]) is 
characteristic, although normal renal function may also be 
seen. Conversely, severe renal dysfunction suggests alterna-
tive diagnoses, such as HUS [8].

Because ADAMTS13 activity testing is not widely avail-
able in most centers and results may take several days, clin-
ical prediction tools have been developed to support initial 
management decisions [2,8]. Both the French score [11] 
and the PLASMIC score [12] are highly predictive of severe 
ADAMTS13 deficiency (Table 1). In the French score, one 
point is assigned for each of the following: platelet count 
≤ 30,000/mm3, serum creatinine ≤ 200 μmol/L (2.26 mg/dL),  
and the presence of detectable antinuclear antibodies. 
When at least one criterion is met, the positive predictive 
value for an iTTP diagnosis is approximately 85%, whereas 
the negative predictive value is 93.3% [11].

The PLASMIC score incorporates additional parameters 
and categorizes patients into low-, intermediate-, and high-
risk groups [12,13]. High-risk patients (score 6–7) have a 

Table 1. Clinical scoring systems to estimate the probability of severe ADAMTS13 deficiency in patients with TMA

 French score [11] PLASMIC score [12]
Platelet count ≤ 30 × 109/L: +1 < 30 × 109/L: +1

Creatinine level ≤ 2.26 mg/dL: +1 < 2.0 mg/dL: +1

Hemolysis variablea) +1

No active cancer +1

No history of solid-organ or stem-cell transplantation +1

MCV < 90 fL +1

INR < 1.5 +1

ANA +1

Total score and likelihood of TTP 0: 2%
1: 70%

2–3: 94%

0–4 (low risk): 0–4%
5 (intermediate risk): 9–24%

6–7 (high risk): 62–82%

ADAMTS13, a disintegrin and metalloproteinase with thrombospondin type 1 motif, member 13; TMA, thrombotic microangiopathy; 
MCV, mean corpuscular volume; INR, international normalized ratio; ANA, antinuclear antibody; TTP, thrombotic thrombocytopenic 
purpura.
a)Reticulocyte count > 2.5%, undetectable haptoglobin, or indirect bilirubin > 2.0 mg/dL.
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greater than 90% likelihood of severe ADAMTS13 defi-
ciency. This scoring system includes platelet count < 30 × 
109/L, evidence of hemolysis, absence of active cancer, no 
history of solid organ or stem cell transplantation, mean 
corpuscular volume (MCV) < 90 fL, international normalized 
ratio < 1.5, and serum creatinine < 2.0 mg/dL [12,13]. Be-
yond this scoring system, age is an important prognostic 
factor, as older age [14] and certain comorbidities (e.g., ar-
terial hypertension, ischemic heart disease) are associated 
with poorer outcomes [15]. Severe cerebral involvement is 
also an independent predictor of early mortality: patients 
presenting with a reduced Glasgow Coma Scale (GCS) score 
had a ninefold higher mortality rate during follow-up com-
pared with those with a normal GCS at presentation (20% 
vs. 2.2%, p < 0.0001) [16].

Early recognition of iTTP is critical because of its high mor-
tality rate if untreated [2,8,12]. Clinical predictors of severe 
ADAMTS13 deficiency facilitate timely initiation of therapy 
while awaiting confirmatory test results [17]. A high index 
of suspicion should be maintained in patients who present 
with MAHA and severe thrombocytopenia without an al-
ternative cause. Early initiation of plasma exchange, immu-
nosuppressive therapy, and adjunctive treatments such as 
caplacizumab has markedly improved survival in a condition 
once considered universally fatal [18,19].

TREATMENT OF iTTP

Plasma exchange
Because fresh frozen plasma (FFP) contains substantial 
amounts of ADAMTS13, plasma therapy—either therapeu-
tic plasma exchange (TPE) or plasma infusion—can restore 
ADAMTS13 activity. Appropriate TPE reduces iTTP mortality 
from more than 90% to less than 10% [20]. TPE is clas-
sified as a category I treatment with the highest grade of 
recommendation (1A) according to the guidelines of the 
American Society for Apheresis and the International Society 
on Thrombosis and Haemostasis (ISTH) [21,22]. Therefore, 
TPE should be initiated as soon as iTTP is suspected. If TPE 
is not immediately available, high-volume plasma infusions 
(25–30 mL/kg) should be administered, if tolerated [21,22].

The FFP volume per TPE session is typically 1.0–1.5 times 
the patient’s circulating plasma volume, and the duration 
of TPE depends on the clinical response and patient condi-
tion. Daily TPE is generally recommended until the platelet 

count exceeds 150 × 109/L and LDH levels approach nor-
mal for two to three consecutive days [21]. Because residual 
schistocytes may persist after TPE cessation, assessing their 
presence after treatment initiation is unnecessary [20-23].

Marn Pernat et al. [24] reported their 11-year experience 
with TPE in TTP treatment. Fifty-six patients underwent TPE 
once or twice daily until platelet counts normalized, with an 
average of 19 ± 17 plasma exchanges per patient and an 
average treatment duration of 23 ± 17 days [24]. In a study 
involving 52 Korean patients, including 14 with iTTP, the 
median number of TPE sessions was five (range, 1–32), and 
the remission rate was 71.4% [25].

Because randomized controlled trials have not established 
optimal duration or tapering strategies for TPE, these ap-
proaches remain debated. A commonly applied tapering 
regimen involves three sessions per week during the first 
week, two sessions during the second week, and one ses-
sion weekly thereafter [21]. However, a prospective obser-
vational study found that tapering TPE did not reduce the 
rate of exacerbation in iTTP patients [26]. 

Corticosteroids
Corticosteroids are commonly used in combination with TPE 
as adjunctive therapy for iTTP. Before the advent of TPE, 
various treatments were attempted, and steroids were em-
ployed empirically among available options. Following sev-
eral case reports and case series demonstrating their efficacy 
in iTTP, systematic steroid use increased in the late 1970s 
and 1980s, despite the unclear underlying mechanism. One 
study evaluated steroids as both an adjunct to TPE and as 
monotherapy [27], reporting that 28% of patients (30 of 
108) with mild symptoms and no major central nervous 
system involvement (except for headache) responded to 
steroid therapy alone, suggesting that initial corticosteroid 
treatment can be feasible.

Although TPE remains the mainstay of iTTP management, 
corticosteroids play a supportive role. In cases of TTP as-
sociated with autoimmune disorders, steroids may have a 
greater therapeutic effect than in idiopathic cases. However, 
strong evidence for their efficacy in iTTP remains limited due 
to the scarcity of well-designed studies [2].

No consensus exists regarding the optimal corticosteroid 
dose, adjustment, or tapering strategy in iTTP. High-dose 
corticosteroids—such as prednisone (1 mg/kg/day orally) 
or methylprednisolone (125 mg intravenously, two to four 
times daily)—are generally used as initial therapy. If plate-
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let counts fail to increase within three to four days, higher 
doses can be considered. Steroids are typically continued 
until platelet recovery and discontinuation of TPE, followed 
by gradual tapering over approximately three weeks. The 
tapering schedule should be individualized based on plate-
let count, ADAMTS13 activity, and neurological symptoms 
[22]. In real-world Korean practice, based on consensus 
among our authors, the initial regimen generally consists of 
intravenous methylprednisolone at approximately 1 mg/kg/
day. This approach allows for the early addition of rituximab 
in cases of suboptimal response or clinical deterioration, 
while also minimizing steroid-related adverse effects.

Although the direct mechanism by which corticosteroids 
reduce or inhibit anti-ADAMTS13 autoantibodies remains 
uncertain, their adjunctive use alongside TPE is appropriate 
for patients with iTTP without contraindications, given the 
autoimmune nature of the disease. Nevertheless, careful 
monitoring is necessary to prevent steroid-related compli-
cations.

Rituximab

Acute episode 
Rituximab, a chimeric anti-CD20 monoclonal antibody, 
plays a pivotal role in the management of iTTP by targeting 
B cells that produce anti-ADAMTS13 autoantibodies. This 
immunomodulatory mechanism promotes the restoration 
of ADAMTS13 activity and directly addresses the underlying 
autoimmune pathophysiology of the disease [22,28].

Internationally, rituximab has been increasingly incorporated 
into first-line therapy for iTTP, in combination with TPE and 
corticosteroids [22,28]. Several studies have shown that 
early administration of rituximab (within three days) sig-
nificantly shortens hospitalization and reduces relapse risk 
[28,29]. However, the ISTH guidelines classify the addition 
of rituximab to corticosteroids and TPE during the first acute 
episode as a conditional recommendation, based on low-
certainty, nonrandomized evidence [22].

The standard dosing regimen for rituximab in iTTP is 375 
mg/m2 once weekly for four weeks [28]. Recent investiga-
tions have explored low-dose regimens (100 mg weekly) 
and subcutaneous formulations as cost-effective alterna-
tives that appear to maintain comparable efficacy [30].

Despite its international endorsement, rituximab is not 
currently reimbursed for iTTP in Korea. Consequently, its use 
is largely restricted to patients with relapsed or refractory 

disease, where off-label administration occurs primarily in 
tertiary care settings. This reimbursement limitation under-
scores the need for policy reform, as restricted access may 
delay optimal immunosuppressive management.

Future policy revisions should aim to incorporate ritux-
imab into the standard therapeutic regimen for iTTP, consid-
ering its proven potential to reduce relapse rates, decrease 
TPE dependency, and improve long-term outcomes [28,29]. 
This unmet clinical need is particularly pronounced in Korea, 
where caplacizumab remains unavailable, further empha-
sizing the importance of timely immunosuppressive therapy 
with rituximab.

Preemptive (prophylactic) use in remission 
The integration of rituximab into TPE-based regimens has 
markedly improved treatment outcomes in patients with 
iTTP. Nevertheless, relapse remains a significant clinical concern, 
occurring in up to 50% of cases [31,32]. Growing evidence 
indicates that persistently low or fluctuating ADAMTS13 ac-
tivity during remission is associated with an increased risk of 
relapse [33].

To mitigate this risk, preemptive administration of rituximab 
has been investigated in patients exhibiting low ADAMTS13 
activity during remission. A pivotal French study involving 92 
patients who achieved clinical remission after iTTP treatment 
but demonstrated persistently low ADAMTS13 activity (< 
10%) during remission [32] found that those receiving pre-
emptive rituximab had a significantly reduced relapse rate 
compared with historical controls, with a median of 0 epi-
sodes per year (interquartile range, 0–1.32; p < 0.001) [32]. 
Furthermore, among patients with undetectable ADAMTS13 
activity after the initial rituximab course, re-treatment was 
effective in six of ten cases [32].

Similarly, a retrospective study from the United Kingdom 
evaluated preemptive rituximab in 45 patients (76 treatment 
episodes) with ADAMTS13 activity ≤ 15%. In this cohort, 
78.9% of patients achieved normalization of ADAMTS13 
activity (≥ 60%), and 92.1% demonstrated at least a partial 
response (≥ 30%). These results indicate that preemptive 
rituximab can restore ADAMTS13 activity in most patients 
and is associated with a reduced relapse risk or a significant 
delay in relapse onset [34].

Taken together, these findings highlight the clinical val-
ue of preemptive rituximab therapy in lowering iTTP relapse 
rates and prolonging remission duration. However, most 
available evidence is derived from studies employing histori-
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cal control groups. Consequently, prospective, randomized, 
large-scale trials are needed to confirm these findings and 
establish standardized protocols for the preemptive use of 
rituximab in iTTP.

Caplacizumab
Caplacizumab is a humanized, bivalent, single-variable-do-
main immunoglobulin fragment (nanobody) that targets 
the A1 domain of vWF [35], thereby preventing its inter-
action with the platelet glycoprotein Ib–IX–V receptor [36]. 
By inhibiting vWF–platelet binding, caplacizumab effectively 
reduces microvascular thrombosis, the principal pathogenic 
mechanism in iTTP [37]. Its clinical efficacy has been demon-
strated in randomized controlled trials, including the phase 
3 HERCULES [19] and phase 2 TITAN [38] studies.

In the phase 3 HERCULES trial, caplacizumab significantly 
shortened the time to platelet count normalization com-
pared with placebo (median, 2.69 vs. 2.88 days; p = 0.01) 
and resulted in a 74% reduction in the incidence of a com-
posite endpoint comprising TTP-related death, recurrence, 
or thromboembolic events [19]. Moreover, the trial reported 
a 67% reduction in TTP recurrence during the study peri-
od [19]. Patients treated with caplacizumab required fewer 
TPE sessions, had shorter hospital stays, and exhibited low-
er rates of refractory disease than those receiving standard 
therapy [19]. The most frequently observed adverse event 
was mucocutaneous bleeding, which occurred more often 
in the caplacizumab group (65% vs. 48%), though severe 
bleeding events were rare [19]. Notably, three deaths oc-
curred in the placebo group during the trial, whereas only 
one death—occurring after completion of the treatment 
phase—was reported in the caplacizumab group [19]. Sim-
ilarly, the phase 2 TITAN trial [38] demonstrated a 39% re-
duction in the median time to platelet count normalization, 
along with fewer exacerbations and a lower relapse inci-
dence in the caplacizumab group compared with placebo.

The clinical utility of caplacizumab has been further sup-
ported by real-world evidence confirming its effectiveness 
in rapidly controlling the acute phase of iTTP. This benefit is 
achieved by reducing the need for TPE, minimizing exacer-
bations and relapses, and preventing microvascular throm-
bosis–related organ damage [18,39-41]. Furthermore, an 
integrated analysis of the HERCULES and TITAN trials indi-
cated a reduction in mortality during follow-up [42], while 
data from the French national registry demonstrated a 10% 
absolute reduction in mortality risk among patients treated 

with caplacizumab [18]. Despite these benefits, concerns 
persist regarding its potential impact on ADAMTS13 activity 
recovery and associated bleeding risks. Some reports sug-
gest that caplacizumab may delay ADAMTS13 recovery, as 
shown in a UK study in which the median time to achieving 
ADAMTS13 activity > 30 IU/dL was prolonged in caplaci-
zumab-treated patients [43]. In contrast, other investiga-
tions—including an analysis from the Spanish Thrombotic 
Thrombocytopenic Purpura Registry—found no significant 
difference in ADAMTS13 recovery time when adjusted for 
the lower number of TPE sessions among caplacizumab re-
cipients [39]. These discrepancies underscore the need for 
additional prospective studies to elucidate the long-term ef-
fects of caplacizumab on ADAMTS13 restoration and over-
all iTTP prognosis.

A major limitation of caplacizumab therapy is its high cost. 
A cost-effectiveness analysis employing a Markov model 
estimated an incremental cost-effectiveness ratio (ICER) of 
$1,482,260 per quality-adjusted life year, which far exceeds 
the commonly accepted willingness-to-pay threshold [44]. 
Sensitivity analyses revealed that the drug’s cost exerted 
the greatest influence on its ICER, suggesting that price re-
ductions could substantially improve its cost-effectiveness 
[44]. Moreover, alternative dosing approaches—such as 
ADAMTS13 activity–guided discontinuation and non-daily 
administration regimens—have been investigated to reduce 
overall treatment costs without compromising efficacy [45]. 
Evidence indicates that discontinuing caplacizumab once 
ADAMTS13 activity exceeds 10% may represent a feasible 
strategy to prevent overtreatment and unnecessary drug ex-
posure.

Caplacizumab is not yet available in Korea. However, giv-
en its demonstrated efficacy in reducing iTTP-related mor-
bidity and mortality, its introduction into Korean clinical 
practice would represent a significant advancement in iTTP 
management. Furthermore, if robust evidence supporting 
non-daily dosing emerges, consideration should be given 
not only to maintaining standard dosing protocols but also 
to implementing optimized, non-daily regimens to balance 
clinical effectiveness with cost efficiency. Future research 
should aim to refine dosing algorithms and assess long-
term outcomes associated with caplacizumab therapy, par-
ticularly with respect to ADAMTS13 activity restoration and 
cost-effectiveness across diverse healthcare systems.
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Management of refractory iTTP
Refractory iTTP is defined as the absence of a platelet count 
increase (> 50 × 109/L) with persistently elevated LDH levels 
(> 1.5 × the upper limit of normal) after five sessions of TPE,  
or a subsequent platelet decline during ongoing TPE [3]. 
In managing refractory iTTP, while implementing intensive 
therapies such as 1.5 plasma volume TPE, twice-daily TPE, 
and high-dose methylprednisolone (10 mg/kg or 1 g for 
three days, followed by 2.5 mg/kg), it is crucial to evaluate 
other possible causes of thrombocytopenia, including infec-
tion, drug-induced thrombocytopenia, and disseminated 
intravascular coagulation [46]. 

If not previously administered, rituximab should be con-
sidered when available. The recommended rituximab regi-
men is 375 mg/m2 once weekly for four weeks, with each 
dose administered after completion of a plasma exchange 
session. Premedication is recommended to reduce the risk 
of severe infusion-related reactions. Several case series have 
reported that rituximab use in refractory or relapsing TTP 
achieved clinical remission in 87–100% of patients, with a 
median platelet recovery time of 11–14 days following the 
initial dose [47,48]. An alternative anti-CD20 monoclonal 
antibody, such as obinutuzumab, may be considered for pa-
tients who are intolerant to rituximab [49]. 

Caplacizumab as salvage therapy for refractory iTTP may 
be less effective than when used as an upfront treatment, 
owing to disseminated microvascular thrombosis and the 
resultant organ damage typically observed in refractory cas-
es [50]. Nevertheless, several case reports have described 
clinical benefit even when caplacizumab was introduced at 
a later stage [51,52]. 

Plasma cell–depleting therapies, such as daratumumab 
or bortezomib, may be considered for refractory iTTP that 
persists despite anti-CD20 therapy [53,54]. These agents 
target long-lived plasma cells that continue to produce an-
ti-ADAMTS13 autoantibodies and have demonstrated po-
tential clinical benefit.

For patients who remain refractory, alternative immu-
nosuppressive treatments should be considered, including 
cyclophosphamide (500 mg infused over two hours, single 
dose), vincristine (2 mg administered slowly, single dose), 
cyclosporine (300 mg/day orally or 2–3 mg/kg/day intrave-
nously in two divided doses), mycophenolate mofetil (500–
1,000 mg twice daily), azathioprine (1–2 mg/kg/day), or 
splenectomy [50]. 

Although recombinant ADAMTS13 (rADAMTS13) is pri-

marily approved for cTTP, a recent first-in-human study 
demonstrated that rADAMTS13 may serve as an effective 
salvage therapy in refractory iTTP by neutralizing inhibitory 
autoantibodies and restoring ADAMTS13 activity [55].

Definition of outcomes and response 
assessment 
Standardized definitions of response, exacerbation, remis-
sion, and relapse were updated by the International Work-
ing Group for TTP in 2021. These revised definitions dis-
tinguish clinical remission and clinical relapse (determined 
primarily by platelet count) from ADAMTS13 remission and 
ADAMTS13 relapse (determined by ADAMTS13 activity) 
[46] (Table 2).

As discussed in the previous section, TPE is guided by 
platelet count and LDH level, the latter serving as a mark-
er of hemolysis [21]. Because LDH levels are influenced by 
age [56,57] and coexisting medical conditions, decisions 
based solely on LDH results should be made with caution. If 
age-specific reference intervals for LDH are unavailable and 
the patient’s baseline value is unknown, other indirect indi-
cators of hemolysis—such as indirect bilirubin, reticulocyte 
count, haptoglobin, or MCV—should be assessed when 
necessary to evaluate treatment response, as reflected in 
the French and PLASMIC scoring systems [7,11,12]. Rou-
tine documentation of peripheral blood schistocytes during 
TPE is not recommended under the guidelines of the Amer-
ican Society for Apheresis [21]. However, platelet counts 
obtained from automated hematology analyzers can be af-
fected by the presence of fragmented red blood cells, such 
as schistocytes [58,59]. Therefore, morphologic evaluation 
of a peripheral blood smear to rule out schistocytosis or oth-
er interfering artifacts may provide supportive evidence for 
the accuracy of platelet measurements. ADAMTS13 activity 
and anti-ADAMTS13 antibody titers are typically measured 
at initial presentation and during remission to aid in diag-
nosis and relapse prediction [7,60,61]. Because TPE both 
replenishes ADAMTS13 and removes anti-ADAMTS13 an-
tibodies, remission can occur even before normalization of 
ADAMTS13 activity [62,63]. 

Follow-up of patients with iTTP and ADAMTS13 
activity monitoring in remission (long-term 
follow-up)
In some patients, treatment decisions related to remission 
may need to be initiated during the platelet recovery phase, 
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when the risk of thrombosis remains elevated. In this set-
ting, the 2025 ISTH guidelines recommend prophylactic 
anticoagulation—preferably with low–molecular–weight 
heparin—for patients with iTTP who have recovered plate-
let counts (> 50 × 109/L) and are at increased risk of ve-
nous thrombosis, such as those with a history of recurrent 
venous thromboembolism, active cancer, or recent surgery. 
For patients with major thrombotic complications, a multi-
disciplinary management approach involving hematologists, 
neurologists, and cardiologists is advised [50].

With timely and effective therapy, most patients with iTTP 
achieve favorable outcomes after the first episode, with an 
overall survival rate of approximately 90%. However, recur-
rence occurs in 20–50% of cases [60]. Relapse or exacerba-
tion of iTTP should be treated using an approach similar to 
that applied during the initial episode, taking into account 
prior treatment response and disease severity. TPE and corti-
costeroids should be promptly reinitiated. Rituximab should 
be considered, particularly if it was not used in the initial 

episode or if relapse occurs in association with declining 
ADAMTS13 activity. Caplacizumab may be considered in 
selected patients, although its therapeutic role in relapsed 
or salvage settings remains limited. Overall, management 
should be individualized based on clinical presentation, pre-
vious therapeutic exposures, and resource availability.

The most reliable biomarker for predicting relapse is 
ADAMTS13 activity [60]. In patients in clinical remission, 
regular monitoring of ADAMTS13 activity is recommend-
ed. The ISTH guidelines advise monthly monitoring during 
the first three months, followed by assessments every three 
months during the first year and every 6–12 months there-
after [50]. If ADAMTS13 activity falls below 10%, testing for 
inhibitor titers and considering preemptive rituximab thera-
py are recommended [50].

Even among patients who remain in remission without 
clinical relapse or a measurable decline in ADAMTS13 activi-
ty, several studies have demonstrated a higher prevalence of 
hypertension, cognitive impairment, and major depressive 

Table 2. Revised outcome definitions for iTTP

Category Outcome Definition

Response Clinical response Sustained platelet count ≥ 150 × 109/L and LDH < 1.5 times ULN and no 
clinical evidence of new or progressive ischemic organ injury.

Exacerbation Clinical exacerbation After a clinical response and before a clinical remission, platelet count 
decreases to < 150 × 109/L (with other causes of thrombocytopenia 
excluded), with or without clinical evidence of new or progressive ischemic 
organ injury, within 30 days of stopping TPE or anti-VWF therapy.

Remission Clinical remission Sustained clinical response with either no TPE and no anti-VWF therapy for 
≥ 30 d or with attainment of ADAMTS13 remission (partial or complete), 
whichever occurs first.

Partial ADAMTS13 remission ADAMTS13 activity ≥ 20% to < LLN.a,b)

Complete ADAMTS13 remission ADAMTS13 activity ≥ LLN.

Relapse Clinical relapse After a clinical remission, platelet count decreases to < 150 × 109/L (with 
other causes of thrombocytopenia ruled out), with or without clinical 
evidence of new ischemic organ injury. A clinical relapse must be confirmed 
by documentation of severe ADAMTS13 deficiency.

ADAMTS13 relapse After an ADAMTS13 remission (partial or complete), the ADAMTS13 level 
decreases to < 20%.a,b)

iTTP, immune thrombotic thrombocytopenic purpura; LDH, lactate dehydrogenase; ULN, upper limit of normal; TPE, therapeutic 
plasma exchange; VWF, von Willebrand factor; ADAMTS13, a disintegrin and metalloproteinase with thrombospondin type 1 motif, 
member 13; LLN, lower limit of normal.
a)ADAMTS13 level of 20% was chosen as the threshold for defining partial ADAMTS13 remission and ADAMTS13 relapse based 
on limited evidence that an ADAMTS13 level at or above this threshold is protective against clinical relapse. However, the precise 
ADAMTS13 threshold that confers protection from relapse remains uncertain and warrants further investigation.
b)Because there is biological variability in ADAMTS13 level, as well as variability in its laboratory measurement, it may be advisable 
to repeat the test for ADAMTS13 level to confirm an ADAMTS13 remission or ADAMTS13 relapse.
Adapted from Cuker et al. [46].
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disorder compared with the general population, as well as 
a significantly increased risk of early mortality. Furthermore, 
TTP survivors face a higher-than-average risk of major car-
diovascular diseases, neurocognitive deficits, and autoim-
mune disorders [64]. Given these concerns, cardiovascular 
risk factors that may directly influence survival should be 
routinely assessed, and appropriate preventive or therapeu-
tic interventions should be implemented to reduce disease 
burden and improve long-term quality of life.

cTTP

cTTP is a rare autosomal recessive TMA caused by severe 
deficiency of the ADAMTS13 protease resulting from bial-
lelic mutations. Diagnosis is confirmed by ADAMTS13 activ-
ity < 10% in conjunction with biallelic pathogenic variants 
in the ADAMTS13 gene. The clinical presentation is highly 
variable, ranging from neonatal hyperbilirubinemia to recur-
rent episodes of thrombocytopenia, hemolysis, and organ 
ischemia, often precipitated by infections, trauma, or preg-
nancy. Many patients also experience chronic, non-overt 
symptoms—such as fatigue and migraine—between acute 
events [3,6,65]. 

Historically, cTTP has been managed with plasma-based 
ADAMTS13 replacement administered either on demand 
or prophylactically. Although this approach reduces acute 
episodes and mitigates organ damage, it is limited by the 
need for frequent infusions, the risk of allergic reactions, 
and subtherapeutic peak enzyme activity that necessitates 
regular monitoring and repeated dosing. Despite these chal-
lenges, plasma-based prophylaxis has been associated with 
a reduced risk of overt thrombotic events and end-organ 
complications in registry-based studies [66,67]. Notably, the 
2025 ISTH guidelines recommend prophylactic plasma in-
fusions over a watch-and-wait approach for patients with 
cTTP in remission [50].

Recently, rADAMTS13 was introduced as a novel ther-
apeutic option. In a phase 3 crossover trial, rADAMTS13 
prophylaxis effectively prevented acute episodes during the 
treatment period, achieved higher and more sustained en-
zyme activity levels, and demonstrated a favorable safety 
profile. Compared with plasma, rADAMTS13 is less immu-
nogenic and better tolerated, supporting its role as a first-
line prophylactic therapy [55]. 

Based on current evidence, expert consensus is shifting 

toward the use of regular rADAMTS13 infusions every one 
to two weeks for patients with cTTP, particularly during 
periods of physiological stress such as pregnancy. As the 
therapeutic landscape continues to evolve, ongoing studies 
are warranted to refine dosing schedules, evaluate the long-
term effects of early intervention, and assess the feasibility 
of home-based or subcutaneous administration. Expanding 
global access to rADAMTS13 remains an important goal for 
improving outcomes in this rare but serious disorder [68]. 

CONCLUSIONS

This Korean expert consensus summarizes the current ev-
idence and international guidelines for the diagnosis and 
management of TTP, integrating the collective experience 
and practical perspectives of domestic experts to promote 
more timely and effective patient care in Korea.

Despite significant recent advances, several challeng-
es persist. In Korea, the routine clinical availability of an-
ti-ADAMTS13 antibody testing remains limited, and rit-
uximab continues to be used off-label for iTTP, creating 
reimbursement barriers that delay early immunosuppressive 
intervention. Furthermore, caplacizumab has not yet been 
introduced into clinical practice, despite its proven efficacy 
during the acute phase of iTTP. Overcoming these regula-
tory and financial barriers will be essential to harmonizing 
Korean clinical practice with international standards and im-
proving long-term patient outcomes.

REFERENCES

  1.	 George JN, Nester CM. Syndromes of thrombotic microangi-

opathy. N Engl J Med 2014;371:654-666.

  2.	 Joly BS, Coppo P, Veyradier A. Thrombotic thrombocytopenic 

purpura. Blood 2017;129:2836-2846.

  3.	 Scully M, Cataland S, Coppo P, et al.; International Working 

Group for Thrombotic Thrombocytopenic Purpura. Consensus 

on the standardization of terminology in thrombotic thrombo-

cytopenic purpura and related thrombotic microangiopathies. 

J Thromb Haemost 2017;15:312-322.

  4.	 Zheng X, Chung D, Takayama TK, Majerus EM, Sadler JE, 

Fujikawa K. Structure of von Willebrand factor-cleaving pro-

tease (ADAMTS13), a metalloprotease involved in thrombotic 

thrombocytopenic purpura. J Biol Chem 2001;276:41059-

www.kjim.org
https://doi.org/10.1056/nejmra1312353
https://doi.org/10.1056/nejmra1312353
https://doi.org/10.1182/blood-2016-10-709857
https://doi.org/10.1182/blood-2016-10-709857
https://doi.org/10.1111/jth.13571
https://doi.org/10.1111/jth.13571
https://doi.org/10.1111/jth.13571
https://doi.org/10.1111/jth.13571
https://doi.org/10.1111/jth.13571
https://doi.org/10.1074/jbc.c100515200
https://doi.org/10.1074/jbc.c100515200
https://doi.org/10.1074/jbc.c100515200
https://doi.org/10.1074/jbc.c100515200


582 www.kjim.org

The Korean Journal of Internal Medicine Vol. 41, No. 4, July 2026

https://doi.org/10.3904/kjim.2025.361

41063.

  5.	 Tsai HM, Lian EC. Antibodies to von Willebrand factor-cleav-

ing protease in acute thrombotic thrombocytopenic purpura. 

N Engl J Med 1998;339:1585-1594.

  6.	 Kremer Hovinga JA, George JN. Hereditary thrombotic throm-

bocytopenic purpura. N Engl J Med 2019;381:1653-1662.

  7.	 Zheng XL, Vesely SK, Cataland SR, et al. ISTH guidelines for 

the diagnosis of thrombotic thrombocytopenic purpura. J 

Thromb Haemost 2020;18:2486-2495.

  8.	 Sukumar S, Lämmle B, Cataland SR. Thrombotic thrombocy-

topenic purpura: pathophysiology, diagnosis, and manage-

ment. J Clin Med 2021;10:536.

  9.	 Coppo P, Veyradier A. Current management and therapeutical 

perspectives in thrombotic thrombocytopenic purpura. Presse 

Med 2012;41:e163-e176.

10.	 Brazelton J, Oster RA, McCleskey B, Fuller J, Adamski J, 

Marques MB. Increased troponin I is associated with fatal 

outcome in acquired thrombotic thrombocytopenic purpura. J 

Clin Apher 2017;32:311-318.

11.	 Coppo P, Schwarzinger M, Buffet M, et al.; French Reference 

Center for Thrombotic Microangiopathies. Predictive features 

of severe acquired ADAMTS13 deficiency in idiopathic throm-

botic microangiopathies: the French TMA reference center 

experience. PLoS One 2010;5:e10208.

12.	 Bendapudi PK, Hurwitz S, Fry A, et al. Derivation and exter-

nal validation of the PLASMIC score for rapid assessment of 

adults with thrombotic microangiopathies: a cohort study. 

Lancet Haematol 2017;4:e157-e164.

13.	 Lee CH, Huang YC, Li SS, Hsu YT, Chen YP, Chen TY. Ap-

plication of PLASMIC score in risk prediction of thrombotic 

thrombocytopenic purpura: real-world experience from a 

tertiary medical center in Taiwan. Front Med (Lausanne) 

2022;9:893273.

14.	 Prevel R, Roubaud-Baudron C, Gourlain S, et al. Immune 

thrombotic thrombocytopenic purpura in older patients: prog-

nosis and long-term survival. Blood 2019;134:2209-2217.

15.	 Selvakumar S, Liu A, Chaturvedi S. Immune thrombotic 

thrombocytopenic purpura: Spotlight on long-term outcomes 

and survivorship. Front Med (Lausanne) 2023;10:1137019.

16.	 Alwan F, Vendramin C, Vanhoorelbeke K, et al. Presenting 

ADAMTS13 antibody and antigen levels predict prognosis in 

immune-mediated thrombotic thrombocytopenic purpura. 

Blood 2017;130:466-471.

17.	 Li A, Khalighi PR, Wu Q, Garcia DA. External validation of 

the PLASMIC score: a clinical prediction tool for thrombotic 

thrombocytopenic purpura diagnosis and treatment. J Thromb 

Haemost 2018;16:164-169.

18.	 Coppo P, Bubenheim M, Azoulay E, et al. A regimen with ca-

placizumab, immunosuppression, and plasma exchange pre-

vents unfavorable outcomes in immune-mediated TTP. Blood 

2021;137:733-742.

19.	 Scully M, Cataland SR, Peyvandi F, et al.; HERCULES Investiga-

tors. Caplacizumab treatment for acquired thrombotic throm-

bocytopenic purpura. N Engl J Med 2019;380:335-346.

20.	 Scully M, Hunt BJ, Benjamin S, et al.; British Committee 

for Standards in Haematology. Guidelines on the diagnosis 

and management of thrombotic thrombocytopenic purpu-

ra and other thrombotic microangiopathies. Br J Haematol 

2012;158:323-335.

21.	 Connelly-Smith L, Alquist CR, Aqui NA, et al. Guidelines 

on the use of therapeutic apheresis in clinical practice - evi-

dence-based approach from the Writing Committee of the 

American Society for Apheresis: the ninth special issue. J Clin 

Apher 2023;38:77-278.

22.	 Zheng XL, Vesely SK, Cataland SR, et al. ISTH guidelines 

for treatment of thrombotic thrombocytopenic purpura. J 

Thromb Haemost 2020;18:2496-2502.

23.	 Matsumoto M, Miyakawa Y, Kokame K, et al.; For TTP group 

of Blood Coagulation Abnormalities Research Study Team, 

Research on Rare and Intractable diseases, Health and Labour 

Sciences Research Grants from the Ministry of Health, Labour 

and Welfare of Japan. Diagnostic and treatment guidelines for 

thrombotic thrombocytopenic purpura (TTP) in Japan 2023. 

Int J Hematol 2023;118:529-546.

24.	 Marn Pernat A, Buturović-Ponikvar J, Kovac J, et al. Mem-

brane plasma exchange for the treatment of thrombotic 

thrombocytopenic purpura. Ther Apher Dial 2009;13:318-

321.

25.	 Kim JW, Kim I, Oh KH, et al. Therapeutic plasma exchange in 

patients with thrombotic thrombocytopenic purpura-hemolyt-

ic uremic syndrome: the 10-year experience of a single center. 

Hematology 2011;16:73-79. 

26.	 Raval JS, Mazepa MA, Rollins-Raval MA, Kasthuri RS, Park YA. 

Therapeutic plasma exchange taper does not decrease exac-

erbations in immune thrombotic thrombocytopenic purpura 

patients. Transfusion 2020;60:1676-1680.

27.	 Bell WR, Braine HG, Ness PM, Kickler TS. Improved survival 

in thrombotic thrombocytopenic purpura-hemolytic uremic 

syndrome. Clinical experience in 108 patients. N Engl J Med 

1991;325:398-403.

28.	 Scully M, McDonald V, Cavenagh J, et al. A phase 2 study of 

the safety and efficacy of rituximab with plasma exchange in 

www.kjim.org
https://doi.org/10.1074/jbc.c100515200
https://doi.org/10.1056/nejm199811263392203
https://doi.org/10.1056/nejm199811263392203
https://doi.org/10.1056/nejm199811263392203
https://doi.org/10.1056/nejmra1813013
https://doi.org/10.1056/nejmra1813013
https://doi.org/10.1111/jth.15006
https://doi.org/10.1111/jth.15006
https://doi.org/10.1111/jth.15006
https://doi.org/10.3390/jcm10030536
https://doi.org/10.3390/jcm10030536
https://doi.org/10.3390/jcm10030536
https://doi.org/10.1016/j.lpm.2011.10.024
https://doi.org/10.1016/j.lpm.2011.10.024
https://doi.org/10.1016/j.lpm.2011.10.024
https://doi.org/10.1002/jca.21510
https://doi.org/10.1002/jca.21510
https://doi.org/10.1002/jca.21510
https://doi.org/10.1002/jca.21510
https://doi.org/10.1371/journal.pone.0010208
https://doi.org/10.1371/journal.pone.0010208
https://doi.org/10.1371/journal.pone.0010208
https://doi.org/10.1371/journal.pone.0010208
https://doi.org/10.1371/journal.pone.0010208
https://doi.org/10.1016/s2352-3026(17)30026-1
https://doi.org/10.1016/s2352-3026(17)30026-1
https://doi.org/10.1016/s2352-3026(17)30026-1
https://doi.org/10.1016/s2352-3026(17)30026-1
https://doi.org/10.3389/fmed.2022.893273
https://doi.org/10.3389/fmed.2022.893273
https://doi.org/10.3389/fmed.2022.893273
https://doi.org/10.3389/fmed.2022.893273
https://doi.org/10.3389/fmed.2022.893273
https://doi.org/10.1182/blood.2019000748
https://doi.org/10.1182/blood.2019000748
https://doi.org/10.1182/blood.2019000748
https://doi.org/10.3389/fmed.2023.1137019
https://doi.org/10.3389/fmed.2023.1137019
https://doi.org/10.3389/fmed.2023.1137019
https://doi.org/10.1182/blood-2016-12-758656
https://doi.org/10.1182/blood-2016-12-758656
https://doi.org/10.1182/blood-2016-12-758656
https://doi.org/10.1182/blood-2016-12-758656
https://doi.org/10.1111/jth.13882
https://doi.org/10.1111/jth.13882
https://doi.org/10.1111/jth.13882
https://doi.org/10.1111/jth.13882
https://doi.org/10.1182/blood.2020008021
https://doi.org/10.1182/blood.2020008021
https://doi.org/10.1182/blood.2020008021
https://doi.org/10.1182/blood.2020008021
https://doi.org/10.1056/nejmoa1806311
https://doi.org/10.1056/nejmoa1806311
https://doi.org/10.1056/nejmoa1806311
https://doi.org/10.1111/j.1365-2141.2012.09167.x
https://doi.org/10.1111/j.1365-2141.2012.09167.x
https://doi.org/10.1111/j.1365-2141.2012.09167.x
https://doi.org/10.1111/j.1365-2141.2012.09167.x
https://doi.org/10.1111/j.1365-2141.2012.09167.x
https://doi.org/10.1002/jca.22043
https://doi.org/10.1002/jca.22043
https://doi.org/10.1002/jca.22043
https://doi.org/10.1002/jca.22043
https://doi.org/10.1002/jca.22043
https://doi.org/10.1111/jth.15010
https://doi.org/10.1111/jth.15010
https://doi.org/10.1111/jth.15010
https://doi.org/10.1007/s12185-023-03657-0
https://doi.org/10.1007/s12185-023-03657-0
https://doi.org/10.1007/s12185-023-03657-0
https://doi.org/10.1007/s12185-023-03657-0
https://doi.org/10.1007/s12185-023-03657-0
https://doi.org/10.1007/s12185-023-03657-0
https://doi.org/10.1007/s12185-023-03657-0
https://doi.org/10.1111/j.1744-9987.2009.00732.x
https://doi.org/10.1111/j.1744-9987.2009.00732.x
https://doi.org/10.1111/j.1744-9987.2009.00732.x
https://doi.org/10.1111/j.1744-9987.2009.00732.x
https://doi.org/10.1179/102453311x12902908411995
https://doi.org/10.1179/102453311x12902908411995
https://doi.org/10.1179/102453311x12902908411995
https://doi.org/10.1179/102453311x12902908411995
https://doi.org/10.1111/trf.15901
https://doi.org/10.1111/trf.15901
https://doi.org/10.1111/trf.15901
https://doi.org/10.1111/trf.15901
https://doi.org/10.1056/nejm199108083250605
https://doi.org/10.1056/nejm199108083250605
https://doi.org/10.1056/nejm199108083250605
https://doi.org/10.1056/nejm199108083250605
https://doi.org/10.1182/blood-2011-03-341131
https://doi.org/10.1182/blood-2011-03-341131


583

Ahn SY, et al. Korean expert consensus on TTP

www.kjim.orghttps://doi.org/10.3904/kjim.2025.361

acute acquired thrombotic thrombocytopenic purpura. Blood 

2011;118:1746-1753.

29.	 Westwood JP, Webster H, McGuckin S, McDonald V, Machin 

SJ, Scully M. Rituximab for thrombotic thrombocytopenic 

purpura: benefit of early administration during acute episodes 

and use of prophylaxis to prevent relapse. J Thromb Haemost 

2013;11:481-490.

30.	 Zwicker JI, Muia J, Dolatshahi L, et al.; ART Investigators. Ad-

juvant low-dose rituximab and plasma exchange for acquired 

TTP. Blood 2019;134:1106-1109.

31.	 Nguyen L, Terrell DR, Duvall D, Vesely SK, George JN. Compli-

cations of plasma exchange in patients treated for thrombotic 

thrombocytopenic purpura. IV. An additional study of 43 con-

secutive patients, 2005 to 2008. Transfusion 2009;49:392-

394.

32.	 Jestin M, Benhamou Y, Schelpe AS, et al.; French Thrombotic 

Microangiopathies Reference Center. Preemptive rituximab 

prevents long-term relapses in immune-mediated thrombotic 

thrombocytopenic purpura. Blood 2018;132:2143-2153.

33.	 Jin M, Casper TC, Cataland SR, et al. Relationship between 

ADAMTS13 activity in clinical remission and the risk of TTP 

relapse. Br J Haematol 2008;141:651-658.

34.	 Westwood JP, Thomas M, Alwan F, et al. Rituximab prophylax-

is to prevent thrombotic thrombocytopenic purpura relapse: 

outcome and evaluation of dosing regimens. Blood Adv 2017; 

1:1159-1166.

35.	 Ulrichts H, Silence K, Schoolmeester A, et al. Antithrombotic 

drug candidate ALX-0081 shows superior preclinical efficacy 

and safety compared with currently marketed antiplatelet 

drugs. Blood 2011;118:757-765.

36.	 Callewaert F, Roodt J, Ulrichts H, et al. Evaluation of efficacy 

and safety of the anti-VWF Nanobody ALX-0681 in a preclin-

ical baboon model of acquired thrombotic thrombocytopenic 

purpura. Blood 2012;120:3603-3610.

37.	 Sadler JE. Von Willebrand factor, ADAMTS13, and thrombotic 

thrombocytopenic purpura. Blood 2008;112:11-18.

38.	 Peyvandi F, Scully M, Kremer Hovinga JA, et al.; TITAN investi-

gators. Caplacizumab for acquired thrombotic thrombocyto-

penic purpura. N Engl J Med 2016;374:511-522.

39.	 Mingot-Castellano ME, García-Candel F, Martínez-Nieto J, et 

al. ADAMTS13 recovery in acute thrombotic thrombocytopenic 

purpura after caplacizumab therapy. Blood 2024;143:1807-

1815.

40.	 Dutt T, Shaw RJ, Stubbs M, et al. Real-world experience with 

caplacizumab in the management of acute TTP. Blood 2021; 

137:1731-1740.

41.	 Völker LA, Kaufeld J, Balduin G, et al.; German TTP-Study 

Group. Impact of first-line use of caplacizumab on treatment 

outcomes in immune thrombotic thrombocytopenic purpura. 

J Thromb Haemost 2023;21:559-572.

42.	 Peyvandi F, Cataland S, Scully M, et al. Caplacizumab pre-

vents refractoriness and mortality in acquired thrombotic 

thrombocytopenic purpura: integrated analysis. Blood Adv 

2021;5:2137-2141.

43.	 Prasannan N, Thomas M, Stubbs M, et al. Delayed normaliza-

tion of ADAMTS13 activity in acute thrombotic thrombocyto-

penic purpura in the caplacizumab era. Blood 2023;141:2206-

2213.

44.	 Goshua G, Sinha P, Hendrickson JE, Tormey C, Bendapudi PK, 

Lee AI. Cost effectiveness of caplacizumab in acquired throm-

botic thrombocytopenic purpura. Blood 2021;137:969-976.

45.	 Völker LA, Kaufeld J, Miesbach W, et al. ADAMTS13 and VWF 

activities guide individualized caplacizumab treatment in pa-

tients with aTTP. Blood Adv 2020;4:3093-3101.

46.	 Cuker A, Cataland SR, Coppo P, et al. Redefining outcomes 

in immune TTP: an international working group consensus 

report. Blood 2021;137:1855-1861.

47.	 Rubia J, Moscardó F, Gómez MJ, et al.; Grupo Español de 

Aféresis (GEA). Efficacy and safety of rituximab in adult 

patients with idiopathic relapsing or refractory thrombotic 

thrombocytopenic purpura: results of a Spanish multicenter 

study. Transfus Apher Sci 2010;43:299-303.

48.	 Clark WF, Rock G, Barth D, et al.; members of Canadian 

Apheresis Group. A phase-II sequential case-series study of 

all patients presenting to four plasma exchange centres with 

presumed relapsed/refractory thrombotic thrombocytopenic 

purpura treated with rituximab. Br J Haematol 2015;170:208-

217.

49.	 Robertz J, Andres M, Mansouri Taleghani B, Koneth I, Binet I, 

Kremer Hovinga JA. Obinutuzumab in two patients suffering 

from immune-mediated thrombotic thrombocytopenic purpu-

ra intolerant to rituximab. Am J Hematol 2019;94:E259-E261.

50.	 Zheng XL, Al-Housni Z, Cataland SR, et al.; International 

Society on Thrombosis and Haemostasis. 2025 focused 

update of the 2020 ISTH guidelines for management of 

thrombotic thrombocytopenic purpura. J Thromb Haemost 

2025;23:3711-3732.

51.	 Mellaza C, Henry N, Fayolle PM, et al. Refractory auto-im-

mune thrombotic thrombocytopenic pupura successfully treat-

ed with caplacizumab. Front Med (Lausanne) 2020;7:549931.

52.	 Cilla N, Dallemagne J, Vanhove M, Stordeur P, Motte S, De 

Wilde V. Delayed thrombotic complications in a thrombotic 

www.kjim.org
https://doi.org/10.1182/blood-2011-03-341131
https://doi.org/10.1182/blood-2011-03-341131
https://doi.org/10.1111/jth.12114
https://doi.org/10.1111/jth.12114
https://doi.org/10.1111/jth.12114
https://doi.org/10.1111/jth.12114
https://doi.org/10.1111/jth.12114
https://doi.org/10.1182/blood.2019000795
https://doi.org/10.1182/blood.2019000795
https://doi.org/10.1182/blood.2019000795
https://doi.org/10.1111/j.1537-2995.2008.02030.x
https://doi.org/10.1111/j.1537-2995.2008.02030.x
https://doi.org/10.1111/j.1537-2995.2008.02030.x
https://doi.org/10.1111/j.1537-2995.2008.02030.x
https://doi.org/10.1111/j.1537-2995.2008.02030.x
https://doi.org/10.1182/blood-2018-04-840090
https://doi.org/10.1182/blood-2018-04-840090
https://doi.org/10.1182/blood-2018-04-840090
https://doi.org/10.1182/blood-2018-04-840090
https://doi.org/10.1111/j.1365-2141.2008.07107.x
https://doi.org/10.1111/j.1365-2141.2008.07107.x
https://doi.org/10.1111/j.1365-2141.2008.07107.x
https://doi.org/10.1182/bloodadvances.2017008268
https://doi.org/10.1182/bloodadvances.2017008268
https://doi.org/10.1182/bloodadvances.2017008268
https://doi.org/10.1182/bloodadvances.2017008268
https://doi.org/10.1182/blood-2010-11-317859
https://doi.org/10.1182/blood-2010-11-317859
https://doi.org/10.1182/blood-2010-11-317859
https://doi.org/10.1182/blood-2010-11-317859
https://doi.org/10.1182/blood-2012-04-420943
https://doi.org/10.1182/blood-2012-04-420943
https://doi.org/10.1182/blood-2012-04-420943
https://doi.org/10.1182/blood-2012-04-420943
https://doi.org/10.1182/blood-2008-02-078170
https://doi.org/10.1182/blood-2008-02-078170
https://doi.org/10.1056/nejmoa1505533
https://doi.org/10.1056/nejmoa1505533
https://doi.org/10.1056/nejmoa1505533
https://doi.org/10.1182/blood.2023022725
https://doi.org/10.1182/blood.2023022725
https://doi.org/10.1182/blood.2023022725
https://doi.org/10.1182/blood.2023022725
https://doi.org/10.1182/blood.2020007599
https://doi.org/10.1182/blood.2020007599
https://doi.org/10.1182/blood.2020007599
https://doi.org/10.1016/j.jtha.2022.11.010
https://doi.org/10.1016/j.jtha.2022.11.010
https://doi.org/10.1016/j.jtha.2022.11.010
https://doi.org/10.1016/j.jtha.2022.11.010
https://doi.org/10.1182/bloodadvances.2020001834
https://doi.org/10.1182/bloodadvances.2020001834
https://doi.org/10.1182/bloodadvances.2020001834
https://doi.org/10.1182/bloodadvances.2020001834
https://doi.org/10.1182/blood.2022018847
https://doi.org/10.1182/blood.2022018847
https://doi.org/10.1182/blood.2022018847
https://doi.org/10.1182/blood.2022018847
https://doi.org/10.1182/blood.2020006052
https://doi.org/10.1182/blood.2020006052
https://doi.org/10.1182/blood.2020006052
https://doi.org/10.1182/bloodadvances.2020001987
https://doi.org/10.1182/bloodadvances.2020001987
https://doi.org/10.1182/bloodadvances.2020001987
https://doi.org/10.1182/blood.2020009150
https://doi.org/10.1182/blood.2020009150
https://doi.org/10.1182/blood.2020009150
https://doi.org/10.1016/j.transci.2010.09.018
https://doi.org/10.1016/j.transci.2010.09.018
https://doi.org/10.1016/j.transci.2010.09.018
https://doi.org/10.1016/j.transci.2010.09.018
https://doi.org/10.1016/j.transci.2010.09.018
https://doi.org/10.1111/bjh.13408
https://doi.org/10.1111/bjh.13408
https://doi.org/10.1111/bjh.13408
https://doi.org/10.1111/bjh.13408
https://doi.org/10.1111/bjh.13408
https://doi.org/10.1111/bjh.13408
https://doi.org/10.1002/ajh.25583
https://doi.org/10.1002/ajh.25583
https://doi.org/10.1002/ajh.25583
https://doi.org/10.1002/ajh.25583
https://doi.org/10.1016/j.jtha.2025.06.002
https://doi.org/10.1016/j.jtha.2025.06.002
https://doi.org/10.1016/j.jtha.2025.06.002
https://doi.org/10.1016/j.jtha.2025.06.002
https://doi.org/10.1016/j.jtha.2025.06.002
https://doi.org/10.3389/fmed.2020.549931
https://doi.org/10.3389/fmed.2020.549931
https://doi.org/10.3389/fmed.2020.549931
https://doi.org/10.14740/jh614
https://doi.org/10.14740/jh614


584 www.kjim.org

The Korean Journal of Internal Medicine Vol. 41, No. 4, July 2026

https://doi.org/10.3904/kjim.2025.361

thrombocytopenic purpura patient treated with caplacizum-

ab. J Hematol 2020;9:84-88.

53.	 van den Berg J, Kremer Hovinga JA, Pfleger C, et al. Daratu-

mumab for immune thrombotic thrombocytopenic purpura. 

Blood Adv 2022;6:993-997.

54.	 Shortt J, Oh DH, Opat SS. ADAMTS13 antibody depletion by 

bortezomib in thrombotic thrombocytopenic purpura. N Engl 

J Med 2013;368:90-92.

55.	 Bendapudi PK, Foy BH, Mueller SB, et al. Recombinant 

ADAMTS13 for immune thrombotic thrombocytopenic pur-

pura. N Engl J Med 2024;390:1690-1698.

56.	 Wang D, Ma C, Zou Y, et al. Gender and age-specific reference 

intervals of common biochemical analytes in Chinese popu-

lation: derivation using real laboratory data. J Med Biochem 

2020;39:384-391.

57.	 Ichihara K, Itoh Y, Lam CW, et al.; Science Committee for the 

Asian-Pacific Federation of Clinical Biochemistry. Sources of 

variation of commonly measured serum analytes in 6 Asian 

cities and consideration of common reference intervals. Clin 

Chem 2008;54:356-365.

58.	 Gulati G, Uppal G, Gong J. Unreliable automated complete 

blood count results: causes, recognition, and resolution. Ann 

Lab Med 2022;42:515-530.

59.	 Zandecki M, Genevieve F, Gerard J, Godon A. Spurious counts 

and spurious results on haematology analysers: a review. Part I: 

platelets. Int J Lab Hematol 2007;29:4-20.

60.	 Peyvandi F, Lavoretano S, Palla R, et al. ADAMTS13 and 

anti-ADAMTS13 antibodies as markers for recurrence of 

acquired thrombotic thrombocytopenic purpura during remis-

sion. Haematologica 2008;93:232-239.

61.	 Ferrari S, Scheiflinger F, Rieger M, et al.; French Clinical and 

Biological Network on Adult Thrombotic Microangiopathies. 

Prognostic value of anti-ADAMTS 13 antibody features (Ig 

isotype, titer, and inhibitory effect) in a cohort of 35 adult 

French patients undergoing a first episode of thrombotic mi-

croangiopathy with undetectable ADAMTS 13 activity. Blood 

2007;109:2815-2822.

62.	 Rojnuckarin P, Watanaboonyongcharoen P, Akkawat B, 

Intragumtornchai T. The role of pulse dexamethasone in ac-

quired idiopathic thrombotic thrombocytopenic purpura. J 

Thromb Haemost 2006;4:1148-1150.

63.	 Page EE, Kremer Hovinga JA, Terrell DR, Vesely SK, George JN. 

Clinical importance of ADAMTS13 activity during remission in 

patients with acquired thrombotic thrombocytopenic purpura. 

Blood 2016;128:2175-2178.

64.	 Bae SH, Kim SH, Bang SM. Recent advances in the manage-

ment of immune-mediated thrombotic thrombocytopenic 

purpura. Blood Res 2022;57(S1):37-43.

65.	 Alwan F, Vendramin C, Liesner R, et al. Characterization and 

treatment of congenital thrombotic thrombocytopenic purpu-

ra. Blood 2019;133:1644-1651.

66.	 Peyvandi F, Mannucci PM, Valsecchi C, Pontiggia S, Farina 

C, Retzios AD. ADAMTS13 content in plasma-derived fac-

tor VIII/von Willebrand factor concentrates. Am J Hematol 

2013;88:895-898.

67.	 Scully M, Gattens M, Khair K, Liesner R. The use of interme-

diate purity factor VIII concentrate BPL 8Y as prophylaxis and 

treatment in congenital thrombotic thrombocytopenic purpu-

ra. Br J Haematol 2006;135:101-104.

68.	 Scully M, Howells L, Lester WA. Impact of new medications 

on the treatment of immune TTP. Blood 2025;145:1353-

1357.

Received	 : October 17, 2025
Revised	 : December 19, 2025
Accepted	: January 17, 2026

Correspondence to 
Sung Hwa Bae, M.D., Ph.D. 
Department of Internal Medicine, Daegu Catholic University Hospital, 
Daegu Catholic University School of Medicine, 33 Duryugongwon-ro 
17-gil, Nam-gu, Daegu 42472, Korea
Tel: +82-53-650-4388, Fax: +82-53-622-6062
E-mail: sunghwa@cu.ac.kr
https://orcid.org/0000-0002-5279-6341

CRedit authorship contributions
Seo-Yeon Ahn: conceptualization, writing - original draft, writing - re-
view & editing; Junshik Hong: writing - original draft, writing - review 
& editing; Jin Seok Kim: writing - original draft, writing - review & 
editing; Sung-Hyun Kim: writing - original draft, writing - review & 
editing; Kyoung Ha Kim: writing - original draft, writing - review & 
editing; Ho-Young Yhim: writing - original draft, writing - review & 
editing; Yoo Jin Lee: writing - original draft, writing - review & editing; 
Jaewoo Song: writing - original draft, writing - review & editing; Soo-
Mee Bang: writing - original draft, writing - review & editing; Ji Hyun 
Lee: writing - original draft, writing - review & editing; Seongsoo Jang: 
methodology, writing - review & editing, supervision; Sung Hwa Bae: 
conceptualization, methodology, writing - original draft, writing - re-
view & editing, supervision

Conflicts of Interest
The authors disclose no conflicts.

Funding
None

www.kjim.org
https://doi.org/10.14740/jh614
https://doi.org/10.14740/jh614
https://doi.org/10.1182/bloodadvances.2021005124
https://doi.org/10.1182/bloodadvances.2021005124
https://doi.org/10.1182/bloodadvances.2021005124
https://doi.org/10.1056/nejmc1213206
https://doi.org/10.1056/nejmc1213206
https://doi.org/10.1056/nejmc1213206
https://doi.org/10.1056/nejmoa2402567
https://doi.org/10.1056/nejmoa2402567
https://doi.org/10.1056/nejmoa2402567
https://doi.org/10.2478/jomb-2019-0046
https://doi.org/10.2478/jomb-2019-0046
https://doi.org/10.2478/jomb-2019-0046
https://doi.org/10.2478/jomb-2019-0046
https://doi.org/10.1373/clinchem.2007.091843
https://doi.org/10.1373/clinchem.2007.091843
https://doi.org/10.1373/clinchem.2007.091843
https://doi.org/10.1373/clinchem.2007.091843
https://doi.org/10.1373/clinchem.2007.091843
https://doi.org/10.3343/alm.2022.42.5.515
https://doi.org/10.3343/alm.2022.42.5.515
https://doi.org/10.3343/alm.2022.42.5.515
https://doi.org/10.1111/j.1365-2257.2006.00870.x
https://doi.org/10.1111/j.1365-2257.2006.00870.x
https://doi.org/10.1111/j.1365-2257.2006.00870.x
https://doi.org/10.3324/haematol.11739
https://doi.org/10.3324/haematol.11739
https://doi.org/10.3324/haematol.11739
https://doi.org/10.3324/haematol.11739
https://doi.org/10.1182/blood-2006-02-006064
https://doi.org/10.1182/blood-2006-02-006064
https://doi.org/10.1182/blood-2006-02-006064
https://doi.org/10.1182/blood-2006-02-006064
https://doi.org/10.1182/blood-2006-02-006064
https://doi.org/10.1182/blood-2006-02-006064
https://doi.org/10.1182/blood-2006-02-006064
https://doi.org/10.1111/j.1538-7836.2006.01879.x
https://doi.org/10.1111/j.1538-7836.2006.01879.x
https://doi.org/10.1111/j.1538-7836.2006.01879.x
https://doi.org/10.1111/j.1538-7836.2006.01879.x
https://doi.org/10.1182/blood-2016-06-724161
https://doi.org/10.1182/blood-2016-06-724161
https://doi.org/10.1182/blood-2016-06-724161
https://doi.org/10.1182/blood-2016-06-724161
https://doi.org/10.5045/br.2022.2022005
https://doi.org/10.5045/br.2022.2022005
https://doi.org/10.5045/br.2022.2022005
https://doi.org/10.1182/blood-2018-11-884700
https://doi.org/10.1182/blood-2018-11-884700
https://doi.org/10.1182/blood-2018-11-884700
https://doi.org/10.1002/ajh.23527
https://doi.org/10.1002/ajh.23527
https://doi.org/10.1002/ajh.23527
https://doi.org/10.1002/ajh.23527
https://doi.org/10.1111/j.1365-2141.2006.06264.x
https://doi.org/10.1111/j.1365-2141.2006.06264.x
https://doi.org/10.1111/j.1365-2141.2006.06264.x
https://doi.org/10.1111/j.1365-2141.2006.06264.x
https://doi.org/10.1182/blood.2024026390
https://doi.org/10.1182/blood.2024026390
https://doi.org/10.1182/blood.2024026390

