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TTP: Definition and clinical presentation

• Microangiopathic hemoly0c anemia
• Peripheral thrombocytopenia (<30x109/L)
• Organ failure of variable severity (CNS, kidneys, heart, lung…)
• Severe ADAMTS13 deficiency

Congenital (<5%)
(Upshaw-Shulman syndrome).

Homozygous (or double heterozygous) mutation 
in each copy of the ADAMTS 13 gene (cr. 9q34)

Acquired/Immune (>95%)
AnG ADAMTS13 AnGbodies

- > 100 muta*ons
- Unknown prevalence
- M:F ra*o 1:3
- Onset within 2 to 5 years or in adulthood 

(more frequently during pregnancy)

- Acute onset
- Rare 5-11 cases million people year
- M:F ratio 1:3
- Peak of incidence III-IV decades
- Mortality reduced from 90% to 10- 

20% with appropriate therapy
- Risk of recurrence 30-35%

Peyvandi et al Hematologica 2010 – Kremer Hovinga JA et al Nat Rev Dis Primers 2017 – Scully M et al Blood 2014



iTTP: Physiopathology

Moake JL, NEJM 2002 – Kremer Hovinga JA et al, Nature Rev 2017



iTTP: diagnos6c work-up

Linee Guida SIE 21.09. 2021



iTTP: historical treatment at the acute phase

Daily therapeu9c plasma exchange + steroids un9l remission
=

Remission/survival could reach 85%, compared to almost no survival 
before

Unmet needs with historical treatment: subop9mal response
• Exacerba9ons  ̴ 40% of pa9ents
• Refractoriness  ̴ 10% of pa9ents

Coppo P, et al. Br J Haematol. 2006; Howard MA, et al. Transfusion. 2006



iTTP: Add of Rituximab to the historical treatment

p=0.0011

Scully M et al, Blood 2011

• The safety and efficacy of weekly rituximab 375 

mg/m2 (x4), given within 3 days of acute TTP 

admission, with standard therapy (PEX and steroids) 

was evaluated. 

• Inpatient stay was reduced by 7 days in the non-ICU 

trial cases compared to historical controls (P  .04)

• 10% of trial cases relapsed, median, 27 months (17-

31 months), compared to 57% in historical controls, 

median 18 months (3-60 months; P  .0011)



iTTP: Add of Caplacizumab to the historical treatment

Elverdi T et al, Drug Design, Development and Therapy 2019

• Caplacizumab (formerly ALX-0081 or ALX-0681) is a humanized single-variable domain 

immunoglobulin that recognizes the human von Willebrand factor (vWF) A1 domain and 

inhibits the vWF-platelet glycoprotein 1b-alpha (GP1b-α) interac0on.



Phase 2, controlled
study

iTTP: Add of Caplacizumab to the historical treatment

Phase 3 double-blind, controlled
trial

• The !me to a response was significantly reduced with caplacizumab as 
compared with placebo (39% reduc<on in median <me, P=0.005).

• 3 pa<ents in the caplacizumab group had an exacerba!on (11 pa!ents 
in the placebo group). 

• 8 pa!ents in the caplacizumab group had a relapse in the first month 
a;er stopping the study drug (7 had ADAMTS13 ac<vity that remained 
below 10%). 

• Bleeding-related adverse events (mild to moderate in severity), were 
more common with caplacizumab than with placebo (54% of pa<ents 
vs. 38%)

• The median time to normalization of the platelet count was shorter 
with caplacizumab than with placebo (2.69 days vs. 2.88 days, P=0.01)

• The percentage of patients with a composite outcome event (death, 
recurrence, major thromboembolic events) was 74% lower with 
caplacizumab than with placebo (12% vs. 49%, P<0.001). 

• The percentage of patients who had a recurrence of TTP at any time 
during the trial was 67% lower with caplacizumab than with placebo 
(12% vs. 38%, P<0.001). 

• Refractory disease developed in 3 patients in the placebo group. 
• Patients who received caplacizumab needed less plasma exchange and 

had a shorter hospitalization than those who received placebo. 
• The most common adverse event was mucocutaneous bleeding (65% 

of the patients in the caplacizumab group and in 48% in the placebo 
group)



iTTP: Add of Caplacizumab to the historical treatment

• Caplacizumab was efficacious in iTTP and curtailed the 8me of ac8ve iTTP only when used in the first-line 

therapy within 72 hours and un5l at least par5al ADAMTS13-ac5vity remission. 

• Caplacizumab use resulted in significant absolute risk reduc5on of 2.87% for iTTP-related mortality 

(number needed to treat 35) and a rela5ve risk reduc5on of 59%.

• Caplacizumab should be used in first line and un8l ADAMTS13-remission, lowers iTTP-related mortality and 

refractoriness, and decreases the number of daily TPE and hospital stay.
Völker et al. J. Thromb Haemost. 2023



iTTP: Standard of care

Linee Guida SIE, 21.09.2021

Adapted from Veiradier, NEJM 2016

* In Italy, Rituximab can be 
used only as second line or 
pre-emp0ve therapy



BLOOD, 2021

iTTP: Rituximab first line (triplet regimen)

• A triplet regimen reduces unfavorable outcomes in immunemediated TTP and alleviates the 
burden of care

• Caplacizumab and Rituximab should be considered complementary
• PaGents treated with the triplet regimen have a favorable outcome irrespecGve of disease 

severity on diagnosis



iTTP: Caplacizumab future direc6ons
Alternate day dosing



iTTP: Therapeutic Plasma Exchange (TPE)

Effects of TPE:
• Removal of UL-VWF, anti-ADAMTS13 autoantibodies, cell fragments, sludge, cytokines, 

NETs, etc.
• Replacement of ADAMTS13 and regular composed VWF

Rock GA et al, N Engl J Med. 1991; Bauer PR et al, Intensive Care Medicine 2022 



iTTP: Therapeu6c Plasma Exchange (TPE)

Requirements for TPE:

• Large-lumen central venous line
• Large amounts of frozen plasma of matched 

blood group
• Experienced staff
• Adequate equipment (centrifuge-based 

plasma separation preferred)
• Time slots
• Monitoring, often ICU necessary

Complica7ons:
• Inadvertent arterial punc8on
• Bleeding, hematoma, airway

compression
• Arrhythmia, VT, (VF)
• Vasovagal symptoms, syncope, etc.
• Allergic reac8ons to local anesthesia
• Pneumothorax, hematothorax
• Nerve lesions
• Catheter infec8ons, sepsis
• Thrombosis
• Pa8ent discomfort: pain, Trendelenburg

posi8on
• Agitated neurologic pa8ents need

seda8on

Buckenmayer A, et al. J Vasc Access. 2023; Ullman AJ, et al. Pediatrics. 2015



iTTP: Limita6ons and disadvantages of TPE
Symptomatic procedure (Does not target underlying

pathophysiology)

Adverse effects

ü Allergic reactions, urticaria, flush

ü Citrate toxicity, hypocalcemia

ü Hemodynamic instability

ü Dyspnea, respiratory problems, transfusion-induced lung

injury

ü Fever, nausea, headache, cramps, seizures

ü Immunogenicity, hemolysis

ü Hemorrhage, clotting

ü TTP exacerbations

ü Enhanced shear when hollow-fiber plasma separators

used (may lead to TTP exacerbations)

Time-consuming preparations

ü Blood group typing

ü Ordering frozen plasma, large amounts of 

plasma needed (daily 16–20 units)

ü Allocating time/staff/devices/resources

ü Venous access – central venous line

Limited efficacy

ü High rates of delayed response, exacerbations, 

and refractoriness

ü Still a considerable rate of mortality

Basic-Jukic N, et al. Ther Apher Dial. 2005; Rizvi MA, et al. Transfusion. 2000; Shemin D, et al. J Clin Apher. 2007



iTTP: Management without TPE?

2019 Jul 4

• Caplacizumab, together with glucocor8coids 

and rituximab, may be effec8ve treatment for 

pa8ents with TTP who are unable or unwilling 

to undergo plasma 

• In these pa8ents, a prompt response to the 

receipt of caplacizumab may suggest that 

subsequent ini8a8on of TPE is unnecessary, 

which would avert the poten8al risks associated 

with plasma exchange.



iTTP: Management without TPE?

J Thromb Haemost. 2020;18:3061–3066. 

Six patients selected from among >60 caplacizumab treated iTTP patients from Germany

and Austria

Seven episodes of iTTP, treated with caplacizumab and immunosuppression (rituximab), but entirely without 

plasma exchange

• Rapid and robust increase of platelet counts already after the first dose of caplacizumab

• Thus, clinical decision that TPE was no more needed

• Doubling of platelet counts within 17 hours (median)

• Platelet counts normalized (>150 G/L) after median 84 hours (=3.5 days)

• LDH improved in parallel to the platelet counts, indicating resolving microangiopathy

• All patients recovered without sequelae or treatment-related adverse reactions



iTTP: Management without TPE?

Austrian Data on TPE-free iTTP Treatment

Knöbl P, et al. Management of thromboXc thrombocytopenic purpura (TTP) without plasma exchange: an update on the Austrian experience. Presented at ISTH 2022



iTTP: Management without TPE?

Transfusion and Apheresis Science 2023
• 14 case reports, 3 case series, 5 retrospec8ve study

• The informa8on of 23 pa8ents was included

• In terms of the outcomes of TTP pa8ents without TPE in this study, 3 cases relapsed, 1 case died of cardiac arrest 

before treatment. The rest of the other pa8ents recovered

• Mortality rates reported in 4 retrospec8ve studies: pooled results found no significant difference in mortality 

between pa8ents who received TPE and those who did not (odds ra8o [OR]: 0.54, 95 % CI: 0.23–1.28, P = 0.16, I2 = 

61 %)



iTTP: Management without TPE?
MAYARI

An open-label, single-arm, multicenter study to evaluate the efficacy and safety of Caplacizumab and 
immunosuppressive therapy without first-line therapeutic plasma exchange in adults with immune-

mediated thrombotic thrombocytopenic purpura (NCT05468320)

• Primary objective: To evaluate the efficacy of caplacizumab in combination with immunosuppressive 

therapy (IST) without therapeutic plasma exchange (TPE) in adults with immune mediated thrombotic 

thrombocytopenic purpura (iTTP)

• Primary endpoint: Proportion of participants achieving Remission without requiring TPE during the overall 

study period



iTTP: Long-term relapses

• Up to 40% of survivors had a persistent severe (<10%) ADAMTS13 deficiency after remission achievement 
BEFORE the era of rituximab frontline. Among them, 38.5% experienced a relapse within a 1-year period

• The presence during remission of both severe ADAMTS13 deficiency and anti-ADAMTS13 antibodies 
increased the likelihood of recurrence 3.6 times (95% confidence interval 1.4 to 9.0; p=0.006).

Ferrari S et al, Blood 2007, Peyvandi F et al, Haematologica 2008



iTTP: Preven6on of long-term relapses
Pre-emp7ve Rituximab

Jestin M, et al. Blood 2018; Barba et al, BJH 2020; Doyle AJ, et al. Br J Haematol. 2022; Van der Berg J, et al. Blood Adv. 2022

• Without preemptive treatment: 17/23 clinical relapses (74%) (multiple in 

11 patients) after a median follow-up of 7 years

• Cumulative incidence of relapse: 0.33/year without Rituximab, 0/year with 

Rituximab (p <.001) 

• Rituximab has an acceptable long-term safety profile (12 years follow up)

• Experience from the UK and France has shown high response rates with 

~80% cases normalising ADAMTS13 levels if given pre-emptively, although 

~20% of patients failed to respond to rituximab alone

Intensive Rituximab regimen

• Median duration: 2 years ( range 1 - 6)

• Median infusions of Rituximab: 8 (range 5 – 13)

• Rituximab was administered every 2-3 months 

(8 patients) or twice a year (5 patients)

• Response > 75%

Alterna5ve immunosoppressive treatment:
• Cyclosporine, azathioprine, MMF, 

vincris8ne cyclophosphamide

• Other an8-CD20 MoAb (obinutuzumab, 

ofatumumab)

• Daratumumab



Conclusions
• The triple therapy consis0ng of daily plasma exchange, caplacizumab, and 

immunosuppressives (e.g., steroids and rituximab) should be considered the standard of 

care today for all pa0ents with confirmed iTTP or those with high probability of iTTP as 

long as plasma ADAMTS13 evalua0on is obtainable for confirma0on. 

• Plasma exchange is s0ll the standard of care for all pa0ents with iTTP, and has reduced 

the rate of mortality from >90% to 10–20%, but it is a complex procedure, with poten@al 

adverse effects

• Caplacizumab has clearly improved the outcome of iTTP

• Exacerba@ons and relapses in iTTP can be efficiently prevented with Caplacizumab and 

Rituximab

• Pre-emp@ve Rituximab significantly reduces iTTP relapse; the safety profile seems 

acceptable, even in pa0ents receiving Rituximab for a long 0me

• Novel therapies are needed to improve the rate of exacerba@ons in iTTP

• iTTP management without TPE is possible


