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Abstract. Immune thrombotic thrombocytopenic purpura (iTTP) is a life-threatening thrombotic 

microangiopathy characterized by microangiopathic hemolytic anemia, thrombocytopenia, and 

ischemic end-organ injury due to microvascular platelet-rich thrombi. iTTP pathophysiology is 

based on a severe ADAMTS13 deficiency, the specific von Willebrand factor (vWF)-cleaving 

protease, due to anti-ADAMTS13 autoantibodies. Early diagnosis and treatment reduce the 

mortality. Frontline therapy includes daily plasma exchange (PEX) with fresh frozen plasma 

replacement and immunosuppression with corticosteroids. Caplacizumab has recently been added 

to frontline therapy. Caplacizumab is a nanobody that binds to the A1 domain of vWF, blocking 

the interaction of ultra-large vWF multimers with the platelet and thereby preventing the 

formation of platelet-rich thrombi. Caplacizumab reduces mortality due to ischemic events, 

refractoriness, and exacerbations after PEX discontinuation. Until now, the criteria for response 

to treatment mainly took into account the normalization of platelet count and discontinuation of 

PEX; with the use of caplacizumab leading to rapid normalization of platelet count, it has been 

necessary to redefine the response criteria, taking into account also the underlying autoimmune 

disease. Monitoring of ADAMTS13 activity is important to identify cases with a low value of 

activity (<10IU/L), requiring the optimization of immunosuppressive therapy with the addition of 

Rituximab. Rituximab is effective in patients with refractory disease or relapsing disease. 

Currently, the use of Rituximab has expanded, both in frontline treatment and during follow-up, 

as a pre-emptive approach. Some patients do not achieve ADAMTS13 remission following the 

acute phase despite steroids and rituximab treatment, requiring an individualized 

immunosuppressive approach to prevent clinical relapse. In iTTP, there is an increased risk of 

venous thrombotic events (VTEs) as well as arterial thrombotic events, and most occur after 

platelet normalization. Until now, there has been no consensus on the use of pharmacological 

thromboprophylaxis in patients on caplacizumab because the drug is known to increase bleeding 

risk. 
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Case Presentation. A 70-year-old man was hospitalized for dysarthria and confusion. Contrast-enhanced brain 
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CT excluded cerebrovascular events, while blood routine 

tests showed normocytic anemia 7.8 g/dL with 

14% schistocytes, thrombocytopenia 10x109/L, total 

bilirubin 2.8 mg/dL (indirect 2.5 mg/dl) lactate 

dehydrogenase (LDH) 1500 units/L and 

elevated Troponin 75.5 pg/mL without ECG 

abnormalities. Thrombotic thrombocytopenic purpura 

(TTP) was suspected, and PLASMIC SCORE 

demonstrated high risk at 7 points. The patient was 

started on daily plasmapheresis (PEX), steroids (1 mg/kg 

methylprednisolone), and Caplacizumab. ADAMST13 

level was later confirmed to be less than 3 IU/dl with 

anti-ADAMTS13 autoantibodies >80 U/ml. PEX was 

performed for 7 consecutive days, with complete 

recovery of neurological symptoms, platelet counts, and 

haptoglobin levels, so the patient was discharged on self-

administered Caplacizumab and steroids. Five days after 

the last PEX, the planned monitoring of ADAMTS13 

activity was still <3 IU/dl, and the patient showed a drop 

in platelet counts to 60x109/L associated with signs of 

microangiopathy. Therefore, PEX was resumed, and 

Rituximab (375 mg/mq) was added to the ongoing 

treatment, with fast platelet recovery. After the second 

dose of Rituximab, we observed a new episode of 

aphasia/dysarthria and confusion, but this time, Brain-

MRI was consistent with recent ischemic cerebral lesions. 

In view of the onset of an acute cerebrovascular event, 

although platelet count was slowly increasing but not yet 

in the normal range, we considered it necessary to 

increase the anti-aggregating therapy by adding ASA 

100 mg/day. However, we were afraid to administer it 

together with caplacizumab, which was suspended while 

the rest of the ongoing treatment was continued. After a 

rise in platelet counts, up to 150x109/L PEX was 

withheld, and steroids were quickly tapered. Ten days 

later, after the third rituximab dose, a new fall in platelets 

count without signs of microangiopathy was observed. 

Since ADAMTS13 activity was 60 IU/dl and 

ADAMTS13 autoantibodies were not detectable, we 

investigated for further causes of thrombocytopenia, 

such as decreased bone marrow production, consumption 

processes, and infections. The diagnostic work-up 

showed 150.000 gene copies/ml of blood-CMV-DNA. 

Antiviral therapy with IV Ganciclovir (5 mg/kg BID) 

was started, and a progressive normalization of platelet 

count was documented. 

What is the appropriate management of iTTP? What 

are the criteria for defining refractory disease in the 

caplacizumab era? What is the most appropriate time to 

add Rituximab? Is administration of caplacizumab and 

antiplatelets or anticoagulant therapy safe? Are all the 

drops in platelets count as a sign of iTTP refractory or 

exacerbation? 

 Thrombotic thrombocytopenic purpura (TTP) is a 

rare and life-threatening thrombotic microangiopathy 

(TMA), first described in 1924 by Dr. Eli Moschcowitz.1 

This disease has an annual incidence of 1.5–6 per million 

cases in adults2,3 and is characterized by 

microangiopathic hemolytic anemia (MAHA), 

thrombocytopenia, and organ failure of variable 

severity.4 In patients with TTP, the levels of the von 

Willebrand factor (VWF)-cleaving protease 

ADAMTS13 are severely decreased. Acquired immune-

mediated thrombotic thrombocytopenic purpura (iTTP) 

is caused by the development of anti-ADAMTS13 

autoantibodies targeting ADAMTS13, resulting in a 

lowered ADAMTS13 function or an increase in the 

metalloprotease’s clearance.5 

TTP is a medical emergency with life-threatening 

complications and a 90% mortality rate if left untreated. 

 

Pathophysiology. Progress has been made in recent 

years in understanding the pathophysiology of the 

disease. ADAMTS13 is the 13th member of the 

ADAMTS protein family identified for the first time in 

2001.6 It is a metalloprotease that cleaves the ultra-large 

vWF multimers secreted by Weibel-Palade bodies of 

endothelial cells and α-granules of platelets linked to the 

endothelium. Arterial shear-stress and reciprocal 

interaction induce a change in both vWF and 

ADAMTS13 conformations that allow ADAMTS13 to 

cleave vWF into smaller and less adhesive multimers.7-10 

Hence, severe ADAMTS13 deficiency (< 10 IU/dl) leads 

to the accumulation of unusually ultra-large vWF 

multimers in the bloodstream and subsequent platelets 

adhesion, agglutination, and formation of occlusive 

thrombi in small arterioles and capillaries, inducing 

widespread microvascular ischemia.11,12 

Nevertheless, a severe enzyme deficiency is 

necessary, but not sufficient on its own to cause an 

episode of TTP. It has been suggested that another 

stressor factor in conjunction with this severe deficiency 

is usually required to develop a clinical evident TTP, 

such as activation of the complement system.13-15  

Anti-ADAMTS13 autoantibodies can be divided into 

two groups: inhibitory and non-inhibitory. Inhibitory 

antibodies neutralize the proteolytic activity of the 

enzyme, while non-inhibitory antibodies accelerate its 

clearance from plasma by binding to the protease and 

increasing its uptake by the reticular endothelial system 

(RES).16,17 Even if inhibitory antibodies have always 

been considered the major cause of ADAMTS13 

deficiency, recent studies have proved that antigen 

depletion plays an important role in this deficiency.18 

Immune TTP is characterized by a polyclonal immune 

response, as proven by the fact that autoantibodies have 

been found against all domains of ADAMTS13.19,20 

However, the spacer domain is the most frequently 

involved with autoantibodies directed against it in 95% 

of cases.21 

The most common isotype class of anti-ADAMT13 

autoantibodies is IgG, but IgA and IgM have been 
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reported as well (20% of cases). Among the IgG isotype, 

the IgG4 subclass is most frequent, followed by IgG1.22-

24 The autoantibody isotype may contribute to the 

disease's clinical phenotype; for example, IgA and IgG1 

antibodies are associated with a higher death rate and 

IgG4 with an increased risk of relapse.22-24 In addition to 

free anti-ADAMTS13 autoantibodies, circulating 

ADAMTS13-specific immune complexes have also been 

reported during acute iTTP.25-27 These complexes may 

lead to complement activation; in fact, during an acute 

iTTP episode, it has been found that C3a and C5a are 

elevated, suggesting a complement activation through 

the classic pathway; nevertheless, elevated levels of 

factor Bb have been detected, evoking activation of the 

alternative pathway.13-15,21,28 Complement activation in 

TTP may play the role of the "second hit", acting as 

another stressor in combination with severe ADAMTS13 

deficiency to induce the clinical syndrome.15 Molecular 

mimicry between ADAMTS13 and certain pathogens 

infection might be considered one of the triggers to 

evoke an immune response, although no bacterial or viral 

infections are directly linked with iTTP.21,29-33 

Cytomegalovirus (CMV) infection can also be 

considered a possible trigger of TTP and may cause 

refractoriness at iTTP treatment.34 COVID-19 infection 

has been associated with endotheliopathy, and it is also 

associated with TTP. Recently, de novo and relapsed 

iTTP have been reported during SARS-Cov-2 

infection.35 Cases of iTTP following the administration 

of vaccines have been described in the literature.36-37 

Recently, de novo and relapsed iTTP have been reported 

after COVID-19 vaccination, mainly with adenoviral and 

rarely with mRNA vaccines.38-39 Some studies have 

investigated the possible correlation between COVID-19 

vaccines and the iTTP new onset or recurrence. Results 

showed that COVID-19 vaccination does not increase 

the risk of de novo or relapsed iTTP, except in 

individuals in hematologic remission with extremely low 

ADAMTS13 activity (<20%), requiring closer 

monitoring in these patients.40-43 

 

Clinical Manifestation and Diagnosis. The TMA 

syndromes (TMAs) are a group of different diseases 

united by common clinical and pathological features. 

They occur in children or in adults. The clinical 

manifestations include microangiopathic hemolytic 

anemia, thrombocytopenia, and organ damage. Although 

they are different entities, they have in common a 

pathogenic mechanism involving endothelial injury and 

thrombus formation. Therefore, laboratory tests are 

important alongside a thorough history and examination. 

Prognosis and treatment depend on the nature of the 

underlying disease. In TTP and Hemolytic Uremic 

Syndrome (HUS), there is an underlying abnormality, 

such as ADAMTS13 deficiency or a complement 

mutation, that may not be clinically expressed until 

pregnancy, surgery, or an inflammatory disorder 

precipitates an acute TMA episode. The treatment, in 

these patients, is focused on the cause of the primary 

TMA syndrome, not the precipitating condition. These 

patients are distinct from many other patients who have 

microangiopathic hemolytic anemia and 

thrombocytopenia that are manifestations of an 

underlying disorder, such as systemic infections, 

systemic cancer, severe preeclampsia or HELLP 

syndrome, severe hypertension, autoimmune disorders 

and hematopoietic stem cell or organ transplantation. 

The treatment of such patients is focused on the 

underlying disorder. A thorough diagnostic evaluation 

will usually reveal the underlying etiology and guide 

treatment. As many of the investigations will not be 

available at the initial presentation, the initial focus 

should be on the consideration of TTP, given the high 

mortality if untreated. The ADAMTS13 activity test 

should be applied to any diagnosis of thrombotic 

microangiopathy. 

Anemia with schistocytes >1%, elevated serum LDH, 

reticulocyte count, total bilirubin, predominantly 

unconjugated, decreased haptoglobin, thrombocytopenia, 

and microvascular ischemia are the typical clinical 

manifestations in TMAs. Direct and indirect antiglobulin 

tests are negative, and coagulation parameters are normal. 

In TTP, although all organs can be affected, central 

nervous system, heart, and digestive tract involvement 

are more frequent. Conversely, renal damage is usually 

mild, in contrast to other forms of TMA, such as HUS. 

Signs and symptoms are variable at presentation. More 

than 60% of cases present with neurological 

manifestations, which widely range from mild confusion 

or altered sensorium to headache, transient focal brain 

defect, stroke, seizures, or coma.2,3,44 Abdominal pain, 

nausea, and diarrhea are due to gastrointestinal ischemia, 

which can be evident in 35% of patients.3 Evidence of 

myocardial ischemia highlighted either by an abnormal 

electrocardiogram or, more commonly, by elevated 

cardiac troponin-I measurements can be found in around 

a quarter of acute TTP patients. Most frequently, this 

myocardial ischemia is asymptomatic. Benhamou et al. 

have found that even if asymptomatic, a cardiac 

troponin-I (CTnI) level of > 0.25 μg/L at presentation in 

patients with TTP appears to be an independent factor 

associated with a three-fold increase in the risk of death 

or refractoriness.45 Renal injury is not uncommon in 

iTTP. Hence, most patients present with creatinine below 

2 mg/dL.3,46 The main causes of morbidity and mortality 

in iTTP are thrombotic and ischemic complications.  

Early diagnosis and treatment reduce the mortality 

rate, which, however, remains around 10–15%.47 Severe 

deficiency of ADAMTS13 activity (<10 IU/dl) with 

detectable inhibitory autoantibodies against 

ADAMTS13 confirms the diagnosis. Due to the rarity of 

TTP, ADAMTS13 assays are not widely performed and 
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remain mainly confined to specialized laboratories, 

therefore, the initial diagnosis is a clinical diagnosis.48 

Scoring systems developed using data from TMA 

registries, such as the French score and Plasmic score,49-

51 may help decide on the urgency of ADAMTS13 testing 

and the likelihood of a positive TTP diagnosis. The 

PLASMIC and French scores turned out to be useful 

predictors of a significant reduction in ADAMTS13 

activity, and in the high-risk group (scores 6–7) of the 

PLASMIC score (Table 1), patients who received 

treatment had meaningfully higher overall survival than 

those who did not. However, a recent meta-analysis 

demonstrated that the PLASMIC score can support 

differential diagnosis by excluding TTP, but due to low 

specificity and positive predictive value, it is insufficient 

to confirm TTP diagnosis.52 Older iTTP patients have an 

atypical clinical presentation and a poorer response to 

treatment and prognosis. Renal and cardiac involvement 

are more frequent and severe in older patients, whereas 

hematologic features such as thrombocytopenia and 

anemia are less pronounced. These differences translate 

into poorer performances of both the French and 

PLASMIC scores.53 

 Hence, ADAMTS13 activity measurement remains 

necessary for an accurate differential diagnosis and 

management of TTP. 

 

Management of Acute Phase. When a TTP is suspected, 

the patient's blood sample for ADAMTS13 activity 

testing should be collected immediately, but treatment 

must be initiated before the result is available. According 

to the ISTH guidelines, the results of ADAMTS13 

activity should ideally be available within 72 hours, 

though a result within seven days is acceptable.54 Prompt 

initiation of therapy reduces mortality to 10-15%. 

Until recently, the standard treatment of acute iTTP 

consisted of daily therapeutic plasma exchange (PEX) 

and immunosuppressive therapy. In 1991, the Canadian 

randomized clinical trial documented the effectiveness 

of PEX over plasma infusion alone.55 However, in 

situations where PEX cannot be quickly performed, 

plasma infusion may be used temporarily as a 

temporizing measure.56 PEX removes anti-ADAMTS13 

antibodies and replaces ADAMTS13. It should be 

initiated as soon as possible and not later than 6 hours of 

presumptive clinical diagnosis.57 The expert panel 

suggests one PEX session daily; the usual volume for 

exchange is 40 ml/kg (1 plasma volume), but in patients 

with severe disease, such as those with neurological 

manifestations or who do not readily respond to 

treatment, the PEX volume can be increased to 60 ml/kg 

(1.5 plasma volume), or PEX may be performed more 

than once daily. According to 2022 guidelines, PEX may 

be discontinued soon after a clinical response, defined by 

a sustained platelet count ≥150x109/L and LDH <1.5 

times the upper limit of normal and no clinical evidence 

of new or progressive ischemic organ injury, is 

achieved.58  

Corticosteroid therapy is commonly used in 

conjunction with PEX to suppress the production of anti-

ADAMTS13 autoantibodies.54,57 Although the 

corticosteroid dosage, dose adjustment, or tapering were 

not well determined in randomized clinical trials, high-

dose corticosteroids (e.g., prednisone, 1 mg/kg per day, 

orally, or methylprednisolone, 125 mg, IV, two to four 

times) are usually used as the initial regimen. Balduini et 

 
Table 1. Predictive score for severe ADAMTS13 deficiency in suspected TTP. 

 Plasmic Score French Score 
 

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 

 

<30x109/L     (+1) 

 

<2.0 mg/dl     (+1) 

 

(+1) 

 

 

 

 

(+1) 

 

(+1) 

 

(+1) 

 

(+1) 

 

 

 

0–4:     0–4% 

5:         5–24% 

6–7:     62–82% 

 

<30x109/L        (+1) 

 

<2.26 mg/dl      (+1) 

 

- 

 

 

 

 

- 

 

- 

 

- 

 

- 

 

 

 

0:       2% 

1:       70% 

2:       94% 

INR: international normalized ratio, MCV: mean corpuscular value.

http://www.mjhid.org/


 

  www.mjhid.org Mediterr J Hematol Infect Dis 2024; 16; e2024060                                                         Pag. 5 / 13 
 

al. compared high-dose methylprednisolone (10 

mg/kg/day for 3 days followed by 2.5 mg/kg/day) to 

standard dose methylprednisolone (1 mg/kg/day) and 

found that remission rates were significantly higher in 

the high dose group (76.6% vs. 46.6%).59 Therefore, 

high-dose steroids bolus with methylprednisolone may 

be used as the first-line, especially in patients with severe 

presentations or neurological symptoms.59 

Anti-vWF therapy with caplacizumab was recently 

approved for the initial treatment of iTTP in conjunction 

with PEX and steroids. Caplacizumab is a nanobody (a 

bivalent humanized immunoglobulin fragment) that 

binds to the A1 domain of vWF, blocking the interaction 

of ultra-large vWF multimers with the platelet GpIb-IX-

V receptor and thereby preventing the formation of 

platelet-rich thrombi.60 The current ISTH guidelines 

recommend its use in acute iTTP because 

immunosuppressive therapy requires a certain period to 

obtain a response, and fatal thrombosis is very common 

in the first 10 days after diagnosis.54 Caplacizumab is 

started at 10 mg intravenously immediately after 

diagnosis, followed by 10 mg subcutaneously (s.c.) after 

each PEX, and subsequently followed by daily s.c. 

injections until stable recovery of ADAMTS13 activity 

> 10-20 IU/dl. Its efficacy and safety have been 

demonstrated in two randomized controlled trials: the 

phase II (TITAN) and phase III (HERCULES) studies.61-

62 In the integrated analysis of data from both trials, a 

significant reduction in the number of deaths (0 vs. 4; P 

<0.05) and a significantly lower incidence of refractory 

TTP (0 vs. 8; P <0.05) were observed in patients who 

received caplacizumab versus placebo.63 Also, 

caplacizumab significantly reduced the time to platelet 

count normalization (P < .001), significantly reduced the 

time to normalization of the organ damage marker LDH 

(P .03) and induced a faster normalization of troponin 

and serum creatinine. During the overall treatment 

period, there was a 33.3% reduction in the median 

number of PEX days with caplacizumab vs placebo (5.0 

days vs 7.5 days, respectively). The trials also 

demonstrated a reduction in hospital and ICU length of 

stay. The most common adverse event associated with 

caplacizumab was mucocutaneous bleeding. However, 

these events were mild or moderate in severity and 

resolved spontaneously in most patients. 

Recent studies provide real-world data on the efficacy 

and safety of caplacizumab, confirming its therapeutic 

benefits when used as initial treatment. The time to 

platelet count normalization and clinical remission was 

much shorter among patients who received 

caplacizumab within 3 days of the first PEX, and the 

early prevention of microcirculation occlusion and 

ischemic organ damage seemed to avoid long-term 

complications and eventually death.64-68 

Caplacizumab is an expensive drug, but the costs are 

balanced by reduced hospitalization and long-term 

effects. It has been described that patients with TTP in 

the pre-caplacizumab era, in the long run, suffer from 

disabling conditions related to cerebral 

microthrombosis.69 

Our patient, based on clinical suspicion, was treated 

with PEX, steroids, and caplacizumab, achieving 

improvement of neurological symptoms and 

normalization of platelet count. Seven PEX were 

performed, and then the patient was discharged, 

continuing home steroids and caplacizumab. Five days 

after the last PEX, a reduction in platelet count was noted. 

This event is possible during caplacizumab 

administration but is not frequent. Training had been 

performed to teach her the correct administration of 

caplacizumab at home. However, we do not know 

whether the patient was compliant with the dosing and 

administration, and no anti-vWF tests were performed to 

demonstrate the caplacizumab activity.70 Plasma 

ADAMTS13 activity was less than 3 IU/dl, and 

ADAMTS13 autoantibodies were still present. Therefore, 

PEX was resumed, and immunosuppressive treatment 

was intensified with the addition of Rituximab. 

In registration trials, more relapses occurred with 

caplacizumab compared with placebo (14 vs 0 

participants) and occurred within 10 days of stopping 

caplacizumab in patients with persistent ADAMTS13 

levels <10 IU/dl, highlighting the importance of 

monitoring weekly ADAMTS13 activity and continuing 

caplacizumab treatment until resolution of the 

underlying autoimmune disease, possibly optimizing 

immunosuppressive therapy.61-62 An ADAMTS13 

threshold above which anti-vWF therapy can be safely 

discontinued remains to be defined, although a level that 

is increasing >20 IU/dl for at least 2 consecutive weeks 

has been suggested.71 In the recently reported German 

post-marketing experience with caplacizumab, there 

were no iTTP recurrences when the drug was 

discontinued in patients with ADAMTS13 activity >10 

IU/dl.72 

Until now, the criteria for response to treatment 

mainly took into account the normalization of platelet 

count and discontinuation of PEX. Now, with the use of 

caplacizumab, leading to rapid normalization of platelet 

count, it has been necessary to redefine the response 

criteria, taking into account also the underlying 

autoimmune disease. Therefore, the International 

Working Group for TTP proposed revised consensus 

outcome definitions that incorporate ADAMTS13 

activity and the effects of anti-VWF therapy on the 

platelet count, by using an estimate-talk-estimate 

approach.73 The updated definitions distinguish clinical 

remission and clinical relapse, defined primarily by 

platelet count, from ADAMTS13 remission and 

ADAMTS13 relapse, defined by ADAMTS13 activity. 

The IWG defines clinical remission as a sustained 

clinical response with both no TPE and no anti-vWF 
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therapy in the past 30 days. Clinical exacerbation occurs 

when the platelet count decreases to < 150x109/L (with 

other causes of thrombocytopenia excluded), with or 

without clinical evidence of new or progressive ischemic 

organ injury, within 30 days of stopping PEX or anti-

vWF therapy. Refractory TTP is used to describe cases 

where there is no clinical response after five sessions of 

PEX or there is an initial response followed by a platelet 

decline while receiving standard treatment and requires 

early intensified treatment. Partial ADAMTS13 

remission as ADAMTS13 activity >20 UI/dl but less 

than the lower limit of normal (LLN) and complete 

ADAMTS13 remission as ADAMTS13 activity >= 

LLN.73 

Due to biological variability in ADAMTS13 activity, 

it is important to repeat the measurement to confirm 

ADAMTS13 activity, relying more on the trend than on 

a specific value.  

Some patients may achieve clinical remission without 

ADAMTS13 remission; therefore, the risk of clinical 

relapse is very high in these patients, so it is important to 

optimize immunosuppressive therapy to avoid 

recurrence.  

Platelet transfusions are usually avoided in TTP. 

However, platelet transfusions are sometimes used in 

TTP patients with serious bleeding or in TTP patients 

undergoing invasive procedures with a high risk of 

bleeding.74 

 

Rituximab Treatment. Rituximab is a chimeric anti-

CD20 monoclonal antibody. It suppresses anti-

ADAMTS13 antibody production by depleting B 

lymphocytes via complement-dependent cytotoxicity 

and antibody-dependent cell-mediated cytotoxicity. 

Rituximab is effective in patients with refractory disease 

whose platelet counts do not recover despite 

conventional therapy and in those with early relapsed 

disease. The usual dosage is 375 mg/m2 once a week for 

four weeks, modifying the schedule from weekly to 

every 3-4 days in case of concurrent PEX treatment 

considering the accelerated clearance.75 In refractory 

patients, Rituximab can normalize platelet count early 

and prevent short-term relapse.76 Currently, the use of 

Rituximab has expanded, both in front-line treatment and 

as a pre-emptive approach in patients in clinical 

remission but having low ADAMTS13 levels. 

In 2011, the UK group reported in a prospective trial 

that front-line treatment with Rituximab administered 

within three days of admission resulted in shorter 

hospitalization and fewer relapses (10% vs >50% in 

historical controls) and was well-tolerated.77 This study 

provided evidence for the benefits of Rituximab as initial 

therapy, showing a high remission rate in patients who 

received the standard therapy, with nearly half of the 

patients not relapsing. Therefore, Rituximab may be 

suitable as a first-line treatment of iTTP for some 

patients; however, a subgroup of patients may receive 

unnecessary treatment. 

A recent meta-analysis also suggests the benefit of 

upfront Rituximab, which documented that its use 

reduces mortality and prevents relapse.78 However, the 

study has some limitations because none of the included 

studies was a randomized trial.  

In a recent study, Coppo et al. treated 90 iTTP patients 

with a frontline triplet regimen associating PEX, 

immunosuppression with corticosteroids and Rituximab, 

and caplacizumab. Outcomes were compared with 180 

historical patients treated with the standard frontline 

treatment (PEX and corticosteroids, with Rituximab as 

salvage therapy). Patients from the triplet regimen 

experienced fewer exacerbations (3.4% vs. 44%, 

P < .01); they recovered durable platelet count 1.8 times 

faster than historical patients (P < .01), with fewer PEX 

sessions (P < .01) and the number of days in hospital was 

41% lower in the triplet regimen than in the historical 

cohort (13 vs 22 days; P < .01). In addition, the use of 

Rituximab in frontline resulted in more rapid 

improvement in ADAMTS13 activity (>20 IU/dl) than 

the historical regimen in which Rituximab was 

introduced only later as salvage therapy, with a mean of 

28 days compared with 48 days (P .01).68 

To date, however, the use of Rituximab in the 

frontline remains controversial, and the ISTH guidelines 

suggest that Rituximab should be used as part of the first-

line treatment of severe TTP, recommending Rituximab 

in the frontline therapy for only selected cases such as 

patients with comorbid autoimmune disorders due to low 

levels of evidence.54 

Monitoring ADAMTS13 activity could help identify 

those patients who do not have an optimal response to 

immunosuppressive treatment with steroids as they 

maintain a low value of activity (<10 IU/dl) after at least 

three weeks of steroid treatment.  

Increasing immunosuppression in cases with 

refractory iTTP or in those without normalization of 

ADAMTS13 activity may expose patients to 

opportunistic viral or bacterial infections. A literature 

review of viral infections after Rituximab conducted by 

Aksov et al. showed that hepatitis B virus infection was 

the most common infection observed in 39% of the cases. 

Cytomegalovirus (CMV) infection was observed in 23% 

of the cases; CMV usually is a latent infection and gets 

reactivated during an immunocompromised state.79 

Thrombocytopenia, due to CMV reactivation, may 

mimic an iTTP exacerbation as described by Laganà et 

al. (Figure 1).80 Therefore, early identification of CMV 

is essential for the successful treatment of 

refractory/relapsed iTTP or a false iTTP exacerbation to 

avoid CMV complications. 

 In our patient, a second fall in platelet count was not 

associated with signs of hemolysis. Since the 

ADAMTS13 activity was normal, we looked for  
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Figure 1. Adapted from Laganà et Al. Blood Coagulation and Fibrinolysis 2024, 35:37–42. 

Platelet (PLT), lactate dehydrogenase (LDH). Blue line: PLT count. Orange: LDH levels. ASA, acetylsalicylic acid; PDN, prednisone; TPE, 

therapeutic plasma exchange; VCA, cerebrovascular accident; CMV, Cytomegalovirus. During the third platelet drop, days 27-34, the ADAMS 

13 was high, CMV was positive, and Ganciclovir was added. 

 

secondary causes that could explain the reduction in 

platelet count. Cytomegalovirus infection was 

documented and responsive to antiviral treatment. 

 

Additional Immunosuppressive Agents. Some patients 

do not achieve ADAMTS13 remission following the 

acute phase despite steroids and rituximab treatment, 

requiring an individualized immunosuppressive 

approach to prevent clinical relapse. Mycophenolate 

mofetil (MMF) or azathioprine are both used in the 

treatment of autoimmune diseases by modulating the 

immune system with suppression of B and T lymphocyte 

proliferation and antibody production.81-82 Cyclosporin 

A has been used to treat relapsed and refractory iTTP 

with recovery of ADAMTS13 activity and reduction of 

antibody levels, suggesting a role in patients with disease 

recurrence.83-84 Cyclophosphamide was utilized as 

salvage therapy for refractory/relapsed patients.85 

In patients unable to receive Rituximab due to severe 

allergic reactions, alternative anti-CD 20 therapy 

(including ofatumumab or obinutuzumab) has also been 

used.86-87 Finally, in some cases where patients do not 

have an adequate response to anti-CD20 therapy, other 

immunomodulating agents (such as bortezomib or 

daratumumab) can be considered.88-89 

 

Caplacizumab and Thromboprophylaxis. In iTTP, 

there is an increased risk of venous and arterial 

thrombotic events (VTEs). VTE rates range from 3.8% 

to 13%, and most VTEs occur after platelet 

normalization, especially in patients who do not receive 

thromboprophylaxis.90 

The effect of caplacizumab on the risk of VTE is 

unclear. In real-world studies, the risk of VTE was 

similar between caplacizumab and control groups, 

suggesting that caplacizumab was not effective in 

preventing VTE.91,68 There is no consensus on the use of 

pharmacological thromboprophylaxis in patients on 

caplacizumab because the drug is known to increase 

bleeding risk, so co-administration with antiplatelets or 

anticoagulant drugs may lead to major bleeding. In the 

recent ISTH guidelines for the treatment of TTP, no 

recommendations on antithrombotic use either with or 

without caplacizumab are included, and there is no 

statement to withhold or continue caplacizumab in case 

of adding an antithrombotic agent due to a new 

thrombotic event.54 

When our patient presented a second episode of 

aphasia, dysarthria, and confusion, although there were 

no signs of cerebral hemorrhage, in order to treat the new 

ischemic event, we preferred not to administer 

caplacizumab together with acetylsalicylic acid not to 

increase the hemorrhagic risk. Recently, Elverdi et al. 

published a review focusing on the thrombotic 
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complications and bleeding events observed in TTP 

patients both in the pre- and post-capacizumab era.92 

They suggest that, in the absence of clinical indication, 

concomitant use of caplacizumab and antiplatelet drugs 

should not be encouraged. However, if strongly indicated, 

they can be used concomitantly safely, yet careful 

monitoring is mandatory. When the platelet counts are 

<50 x 109/L, the indication could be assessed on a 

patient-by-patient basis by weighing the risk of 

hemorrhage vs. thrombosis. 

 

TTP in Remission. After complete remission, the risk of 

relapse is between 30 to 50%, exposing patients to death 

and treatment-related complications.93 It has been 

reported that persistently undetectable ADAMTS13 

activity (<10 IU/dl) in patients in remission represents an 

early predictor of clinical relapse and that the cumulative 

incidence of relapse increases dramatically with time 

(74% at 7 years).94 Therefore, long-term monitoring of 

ADAMTS13 activity is necessary during follow-up. In 

patients in remission, ADAMTS13 activity testing is 

usually scheduled every month for the first 3 months, 

then every 3 months for the first year, then every 6–12 

months if stable, and more frequently if levels begin to 

drop. It has been shown that pre-emptive rituximab 

infusions in patients with persistently undetectable 

ADAMTS13 activity or when the activity falls from 

normal levels to <20 IU/dl allow, in most cases, the rapid 

recovery of ADAMTS13 activity.95-97 However, this 

recovery may not be sustained, and a substantial number 

of patients require repeated rituximab infusions to 

maintain a detectable enzyme activity over time. 

Consequently, the systematic pre-emptive use of 

Rituximab in this setting is still debated.98 

In a recent retrospective study, the French TMA 

group reported the long-term outcome of 92 patients with 

iTTP in clinical remission who received pre-emptive 

Rituximab after identification of severe ADAMTS13 

deficiency (activity <10 IU/dl) during the follow-up and 

presented an improved relapse-free survival, compared 

with a historical control of patients.99 There was no 

increased incidence of adverse effects with long-term use 

of Rituximab and no loss of response with repeated 

courses. Dosing regimens, apart from the standard 

weekly 375 mg/m2 dose, have been used, ranging from 

100 mg to 500 mg/m2 weekly with 1 o 2 o 4 infusions per 

course. They found that half of the patients treated with 

pre-emptive Rituximab required repeated courses for 

subsequent recurrences of ADAMTS13 relapses, and 

retreated patients usually responded again to Rituximab. 

However, they observed that the interval between 

treatments was twice as long after a preemptive course 

of 4 infusions compared with a course with 1 or 2 

infusions. Retrospective evidence suggests that although 

low-dose Rituximab (200 mg x4 weekly) prevents iTTP 

relapses, it is associated with higher re-treatment rates 

than the standard dose.96 

Also, whereas an ADAMTS13 level of >20 IU/dl < 

ULN may be sufficient to prevent iTTP relapse, it may 

not be sufficient to prevent other adverse clinical 

outcomes. Interestingly, a recent study demonstrated that, 

among patients with a history of iTTP who are in clinical 

remission, those with a partial ADAMTS13 remission 

are at greater risk of ischemic stroke than those with a 

complete ADAMTS13 remission.100 A recent study 

showed that a subgroup of anti-ADAMTS13 

autoantibodies from iTTP patients can induce an open 

ADAMTS13 conformation. Most importantly, an open 

ADAMTS13 conformation is present in acute iTTP 

patients and in those in clinical remission with decreased 

ADAMTS13 activity <50 IU/dl. Therefore, open 

ADAMTS13 may become a novel and sensitive 

biomarker to monitor iTTP patients and identify the early 

stages of subclinical iTTP, but further investigation is 

warranted.101 

Finally, in patients who have recovered from an acute 

TTP episode, the Guideline panel acknowledged the 

importance of monitoring for the development of mood 

disorders, neurocognitive symptoms (including short-

term memory issues), and hypertension, which may 

develop during remission. Specific recommendations 

regarding screening for long-term complications cannot 

be made at this time. However, serial follow-up and 

monitoring for these complications should be considered 

part of routine follow-up.97 

 

The Future: Recombinant Adamts13. Another novel 

therapy currently under investigation in clinical trials is 

recombinant ADAMTS13 

(BAX930/SHP655/TAK755).102 A Phase II trial is 

assessing the role of rADAMTS13 in treating acute 

presentations of iTTP in addition to standard care 

(NCT03922308). The potential inhibitory effect of 

autoantibodies on the recombinant ADAMTS13 will 

need to be evaluated. 

 

Concluding Remarks. Major advances in iTTP 

pathophysiology and management have occurred over 

the last few decades, leading to a significant 

improvement in patient outcomes. Early diagnosis and 

improved therapeutic management have reduced 

mortality and prolonged survival. Plasma exchange and 

immunosuppressive therapy remain the standard 

treatments. 

Caplacizumab reduces mortality due to ischemic 

events, refractoriness, and exacerbations after treatment 

discontinuation; for maximum efficacy, it should be 

started as early as possible with the first PEX. 

However, there are still open issues. When can the 

PEX be discontinued with the use of caplacizumab, 

which induces rapid normalization of platelet count, 

whether sufficient to rely only on platelet count? 
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Close monitoring of ADAMTS13 activity after 

platelet recovery can guide in optimizing 

immunosuppressive therapy with Rituximab, although 

rituximab treatment in combination with steroids may 

induce opportunistic infections such as pneumocystis 

infections or viral infections (CMV or hepatitis). Such 

infections may also mimic an exacerbation of TTP. 

In case of ischemic events or VTE, concomitant 

administration of caplacizumab and antiplatelet or 

anticoagulant therapy is not encouraged but can be done 

very cautiously if necessary. 

Targeted immune treatments should be performed in 

remission to reduce relapses during follow-up. 
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