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Input                                                        Output
Biomechanical
Circumferential stress and strain
Longitudinal stress and strain

Biochemical
Hypoxia, Glucose, Acid stress Balance
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Single cell level
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Blood vessel/organ/organism
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Angiogenesis
Inflammation
Activation of coagulation with fibrin deposition

Regulation of thrombotic phenotype of confluent endothelial cells



Endothelial cells and primary haemostasis
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Thrombotic microangiopathies (TMAs)

• a group of
 rare 
serious disorders      
 => cause blood clots to form
 in small blood vessels
 =>leading 

low platelet 
count

organ damage

destruction 
of red 
blood 

cells/MAHA
leading 

Defining features 
•Microangiopathic hemolytic anemia: Red blood cells are fragmented and destroyed as they pass through tiny blood vessels clogged with clots.
•Thrombocytopenia: A low number of platelets in the blood.
•Organ damage: Clots can damage organs, most commonly the kidneys and brain, but virtually any organ can be affected. Symptoms can include 
kidney failure, confusion, seizures, and stroke





TMA : What to know

•Urgent diagnosis is critical: 
TMAs are life-threatening, and treatment needs to begin as quickly as possible to be effective.

•Specialty care is needed: 
Once suspected, urgent referral to a specialty service, such as a hematology or nephrology unit, 
is required.

•Plasma exchange is a key treatment: 
This procedure helps reduce mortality significantly when administered in a timely manner.

https://www.google.com/search?client=firefox-b-d&sca_esv=3a8be7ffcaaa7a05&channel=entpr&q=Plasma+exchange&sa=X&ved=2ahUKEwie1Ij58teQAxVYR_EDHV-iNR0QxccNegUIoQEQAQ&mstk=AUtExfDuZIuf6NnZkUdwps_tuneyZKs24rrLhv9qTbOiy--Rlpdv61NL-eGj_OicoIAt1Ova3clLa2-Nfp1K0SKYKYumLJ0EJn3WvHJxv8RmMIvxwKdXfdJrV_70MOlZCP2EsGw&csui=3
https://www.google.com/search?client=firefox-b-d&sca_esv=3a8be7ffcaaa7a05&channel=entpr&q=Plasma+exchange&sa=X&ved=2ahUKEwie1Ij58teQAxVYR_EDHV-iNR0QxccNegUIoQEQAQ&mstk=AUtExfDuZIuf6NnZkUdwps_tuneyZKs24rrLhv9qTbOiy--Rlpdv61NL-eGj_OicoIAt1Ova3clLa2-Nfp1K0SKYKYumLJ0EJn3WvHJxv8RmMIvxwKdXfdJrV_70MOlZCP2EsGw&csui=3


TMA: Classic examples 

thrombotic thrombocytopenic purpura (TTP) 
hemolytic uremic syndrome (HUS), 
which can be caused by underlying conditions like infections, certain 
drugs, and other diseases. 

https://www.google.com/search?client=firefox-b-d&sca_esv=3a8be7ffcaaa7a05&channel=entpr&q=thrombotic+thrombocytopenic+purpura+%28TTP%29&sa=X&ved=2ahUKEwie1Ij58teQAxVYR_EDHV-iNR0QxccNegQIIhAB&mstk=AUtExfDuZIuf6NnZkUdwps_tuneyZKs24rrLhv9qTbOiy--Rlpdv61NL-eGj_OicoIAt1Ova3clLa2-Nfp1K0SKYKYumLJ0EJn3WvHJxv8RmMIvxwKdXfdJrV_70MOlZCP2EsGw&csui=3
https://www.google.com/search?client=firefox-b-d&sca_esv=3a8be7ffcaaa7a05&channel=entpr&q=hemolytic+uremic+syndrome+%28HUS%29&sa=X&ved=2ahUKEwie1Ij58teQAxVYR_EDHV-iNR0QxccNegQIIhAC&mstk=AUtExfDuZIuf6NnZkUdwps_tuneyZKs24rrLhv9qTbOiy--Rlpdv61NL-eGj_OicoIAt1Ova3clLa2-Nfp1K0SKYKYumLJ0EJn3WvHJxv8RmMIvxwKdXfdJrV_70MOlZCP2EsGw&csui=3
https://www.google.com/search?client=firefox-b-d&sca_esv=3a8be7ffcaaa7a05&channel=entpr&q=hemolytic+uremic+syndrome+%28HUS%29&sa=X&ved=2ahUKEwie1Ij58teQAxVYR_EDHV-iNR0QxccNegQIIhAC&mstk=AUtExfDuZIuf6NnZkUdwps_tuneyZKs24rrLhv9qTbOiy--Rlpdv61NL-eGj_OicoIAt1Ova3clLa2-Nfp1K0SKYKYumLJ0EJn3WvHJxv8RmMIvxwKdXfdJrV_70MOlZCP2EsGw&csui=3


Secondary forms of TMA 
• Infections (e.g., Shiga toxin-producing E. coli) 
• Cancer
• pregnancy,
• malignant hypertension
• Drugs Certain medications, such as chemotherapy agents (mitomycin, gemcitabine) and some 

immunosuppressants (cyclosporine, tacrolimus) 
• solid transplantantation
• hematopoietic transplantation
• Autoimmune disease like scleroderma and lupus
• HELLP syndrome (associated with pregnancy) 
• metabolic diseases

Despite the varied pathophysiology the presence of endothelial 
damage leading to microvascular ischemia is the hallmark of TMA 

https://www.sciencedirect.com/topics/medicine-and-dentistry/malignant-hypertension
https://www.sciencedirect.com/topics/medicine-and-dentistry/malignant-hypertension
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/metabolic-disorder
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/metabolic-disorder
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/pathophysiology
https://www.sciencedirect.com/topics/medicine-and-dentistry/microvascular-ischemia


Capillary damage in TMA



Peripheral blood smear in TMA

Sequence of peripheral blood smears after a drug therapy administration in patient samples revealing 
increased schistocytes (blue circles), demonstrating evidence of endothelial damage, burr cells, polychromatic 
red blood cells, and thrombocytopenia, suggesting thrombotic microangiopathy. 









TMA in oncology

Thrombotic microangiopathy in oncology – a review Patricia Valerio et al
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Cardinal features of complementopathies

Chatuverdi, McCrae, Brodsky jTH 2021



Thrombotic microangiopathy in oncology – a review Patricia Valerio et al

Complement activation 
in cancer 
has a dual role, acting 
as both an anti-tumor 
and a pro-tumor 
mechanism depending 
on the context.



Suspected TMA : algorithm









Pathophysiology a HUS
• Dysregulation of the alternative complement pathway in aHUS. 
• In physiological conditions, 
spontaneous hydrolysis of complement component (C)3 leads to formation 
of C3b, which binds to CFB to form the C3 convertase (C3bBb). 
This complex enzyme amplifies complement activation, generating additional 
C3b and forming the C5 convertase (C3bBbC3b), which triggers the terminal 
complement cascade and assembly of MAC. Complement regulatory 
proteins–CFH, CFI, MCP, and THBD–normally control this process. 
In aHUS, loss-of-function mutations in these regulators, gain-of-function 
mutations in C3 or CFB, or the presence of anti-CFH antibodies lead to 
uncontrolled complement activation, endothelial injury, and thrombotic 
microangiopathy. aHUS, atypical uremic syndrome; 

CFB, complement factor B; MAC, membrane attack complex; CFH, complement factor H; CFI, complement factor I; MCP, membrane cofactor 
protein; THBD, thrombomodulin.



aHUS
• Clinical guidelines for managing atypical hemolytic uremic syndrome 

(aHUS) emphasize early treatment with a complement inhibitor, such 
as a C5 inhibitor, as the primary therapy, ideally within 24 hours of 
suspicion.

 
This is supplemented with comprehensive supportive care, including 
blood pressure control
 fluid management
anemia correction
kidney replacement therapy (dialysis) for severe acute kidney injury (AKI)

Plasma therapy is a historical alternative, but C5 inhibitors have largely replaced it due to better 
outcomes, though it may be used while awaiting complement inhibitor access



aHUS treatment

Primary treatment: Complement inhibitors
•Initiate C5 inhibitor therapy immediately: Guidelines 
strongly recommend starting C5 inhibitors within 24 
hours of a clear clinical suspicion of aHUS, particularly in 
patients with confirmed diagnosis or a family history.
•Purpose: This is the first-line treatment to stop the 
complement-mediated TMA and reduce the need for 
dialysis and ICU admission.
•Example: Eculizumab and ravulizumab are examples of 
C5 inhibitors used in treatment.
•Duration: Treatment duration is individualized but 
should be maintained for at least 6–12 months, with 
longer periods potentially necessary for certain patient 
profiles

https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Eculizumab&mstk=AUtExfABU0W7m4N662lTNPRp0fNASuyQY_3G-B_7R9V5vPULTXicsPRlko92qKC4zsaNDY--UwJDVhOTeEkyOW3uzzXDe9HmKXpqDEGZcE9QwWA3yPtWVPSBBlXu2TaZ_s2suqA&csui=3&ved=2ahUKEwiO14-XlN2QAxV4BdsEHSYVBI0QgK4QegQIAxAD
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=ravulizumab&mstk=AUtExfABU0W7m4N662lTNPRp0fNASuyQY_3G-B_7R9V5vPULTXicsPRlko92qKC4zsaNDY--UwJDVhOTeEkyOW3uzzXDe9HmKXpqDEGZcE9QwWA3yPtWVPSBBlXu2TaZ_s2suqA&csui=3&ved=2ahUKEwiO14-XlN2QAxV4BdsEHSYVBI0QgK4QegQIAxAE




aHUS treatment
Supportive care
• Manage kidney function: Provide prompt initiation of renal replacement therapy (dialysis) for 

patients with severe AKI, fluid overload, or uremic symptoms.
• Control blood pressure: Aggressively manage hypertension with antihypertensive agents.
• Treat anemia and thrombocytopenia: Correct anemia with red blood cell transfusions when 

indicated. Avoid platelet transfusions unless there is bleeding or a necessary procedure.
• Avoid nephrotoxins: Minimize or avoid the use of nephrotoxic medications.
• Prevent infections: Treat any infections that could trigger a relapse.
Plasma therapy
• Role: Before C5 inhibitors became standard, plasma therapy (infusion or exchange) was the 

primary treatment. It can be used as a bridge to C5 inhibitor therapy if the complement inhibitor 
is not immediately available.

• Mechanism: Plasma exchange removes pathogenic autoantibodies and complement proteins, 
while plasma infusion provides functional complement regulatory proteins.

• Transition: If there is no clinical improvement with plasma therapy, the patient should be 
transitioned to C5 inhibitor therapy



Guiding principles of this approach are that 
eculizumab discontinuation is considered if all of 

the following conditions are met:
(1) no clinical evidence of ongoing thrombotic microangiopathy (platelets <150 × 109/L, lactate 

dehydrogenase > 1.5 times the upper limit of normal, schistocytes on blood smear)

(2) renal function returned to normal or plateaued at a new baseline for at least 3 months

(3) no active trigger (for patients that have an identified trigger) and C reactive protein levels may 
be obtained when it is unclear whether the trigger has resolved

(4) no organ transplantation for aHUS

(5) patient adherent with follow-up and able to make an informed decision regarding the risks vs 
benefits of discontinuation. 

Outcomes of a clinician-directed protocol for discontinuation of complement inhibition therapy 
in atypical hemolytic uremic syndrome, Chatuverdi et al



Discontinuation of complement inhibition therapy 
in atypical HUS

Outcomes of a clinician-directed protocol for discontinuation of complement inhibition therapy 
in atypical hemolytic uremic syndrome, Chatuverdi et al











• iTTP is a thrombotic microangiopathy 
caused by the autoantibody-mediated 
absence or severe deficiency 
ofADAMTS13, a plasma metalloprotease 
necessary for cleavage of the ultralarge 
multimers of von Willebrand factor (VWF)  

• In the presence of ADAMTS13, the newly 
synthesized and secreted ultralarge 
multimers of VWF are cleaved platelet-
binding A1 domains hidden.

• In the absence of ADAMTS13, the 
ultralarge multimers of VWF persist in 
circulation

• The shear forces of flowing blood cause 
the ultralarge VWF multimers to unfold, 
exposing their A1 domains so that they 
become hyperadhesive for platelets.3

Microvascular 
thrombosis

Ischemic organ injury

Mechanical 
hemolysis
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In observational studies, bleeding risk was not significantly increased 
(RR, 7.10; 95% CI, 0.90-56.14). 
Addition of caplacizumab was associated with a significant reduction in 
refractory iTTP and exacerbation risks and shortened response time 
but increased relapse risk. Frontline addition of caplacizumab does not 
significantly reduce all-cause mortality compared with SOC alone, 
although it reduces refractory disease risk, shortens time to response, 
and improves exacerbation rates at the expense of increased relapse 
and bleeding risk. Adding caplacizumab to 

standard of care in 
thrombotic 
thrombocytopenic 
purpura: a systematic 
review and meta-analysis 
Mia Djulbegovic  

https://pubmed.ncbi.nlm.nih.gov/?term=Djulbegovic+M&cauthor_id=36053773
https://pubmed.ncbi.nlm.nih.gov/?term=Djulbegovic+M&cauthor_id=36053773


Suggested Diagnostic Strategy: High Pretest 
Probability of aTTP

• ADAMTS13 testing : 
ideally in <72 hours; 
acceptable <7 days

• Plasmic score

ISTH Guidelines for the Diagnosis and Management of aTTP (iTTPa)



Revised 
outcome 

definitions 
for iTTP and 
their clinical 
implications

Adding caplacizumab to 
standard of care in 
thrombotic 
thrombocytopenic 
purpura: a systematic 
review and meta-analysis 
Mia Djulbegovic  

https://pubmed.ncbi.nlm.nih.gov/?term=Djulbegovic+M&cauthor_id=36053773
https://pubmed.ncbi.nlm.nih.gov/?term=Djulbegovic+M&cauthor_id=36053773


Novel aptamer to von Willebrand 
factor A1 domain (TAGX-0004) 
shows total inhibition of thrombus 
formation superior to ARC1779 and 
comparable to caplacizumab. 
Haematologica. 2020

The development and 
characterization of a long 

acting anti-thrombotic 
von Willebrand factor 

(VWF) aptamer. J 
Thromb Haemost. 2020



• The primary efficacy and safety outcomes 
all-cause mortality 
treatment-emergent bleeding
• Secondary outcomes 
exacerbation 
Relapse
refractory iTTP
time to response.



Drug-induced thrombotic microangiopathy (DITMA)

• 10%–13% of all thrombotic microangiopathy (TMA) cases 
• 20%–30% of secondary TMAs, just behind pregnancy-related and infection-

related f
• complement genetic pathological mutations are rarely involved in DITMA 

(2/122, 1.6%) forms
• a treatment approach for DITMA, drug withdrawal and the role of 

therapeutic plasma-exchange (TPE), rituximab, and anti-complementary 
therapy.

• the mechanism of endothelial damage induced by different drugs is 
heterogeneous and it can involve direct endothelial damage, alteration of 
ADAMTS-13 activity or deregulation of different endothelial biological 
pathways (such as VEGF and NF-kB pathways)

Drug-induced thrombotic microangiopathy: An updated review of causative drugs, pathophysiology, and management. T. Mazzierli



Calcineurin inhibitors (CNIs) can induce 
thrombotic microangiopathy (TMA), 
especially tacrolimus.

Proteasome inhibitors can also induce

Thrombotic Microangiopathy Associated with 
Calcineurin Inhibitors: A Real-World Analysis of 
Postmarketing Surveillance Data X. Yu et al

Drug-induced thrombotic microangiopathy: An updated 
review of causative drugs, pathophysiology, and 
management. T. Mazzierli

Drug-induced thrombotic 
microangiopathy (DITMA)

https://www.sciencedirect.com/topics/medicine-and-dentistry/calcineurin-inhibitor
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/microangiopathy
https://www.sciencedirect.com/topics/medicine-and-dentistry/tacrolimus


• Severe complication post transplant
• High mortality rate 50-75%
• Endothelial dysfunction due to multiple triggers
• Outstanding questions regarding pathophysiology, diagnosis, 

treatment options

Gavriilaki E et al EBMT 2017

Transplant-associated thrombotic microangiopathy



• Transplant-associated thrombotic microangiopathy: theoretical 
considerations and a practical approach to an unrefined diagnosis

Transplant-associated thrombotic microangiopathy

Transplant-associated thrombotic microangiopathy: theoretical considerations 
and a practical approach to an unrefined diagnosis. Young et al



Transplant-associated thrombotic microangiopathy-
Pathophysiology

TA - TMA

HUSTTP

TA-TMA is a syndrome of 
abnormal endothelial cell 
activation with features of 
thrombotic thrombocytopenic 
purpura (TTP) and hemolytic 
uremic syndrome (HUS)

without the 
depletion of 
ADAMTS13

Development 
of 

endotheliitis
Complement 
activation

Formation of 
platelet rich 

thrombi
MAHA Organ 

dysfunction



Complement 
cascade/ 

microthrombi 
formation

Predisposition to 
complement activation or 
preexisting endothelial 
injury

A toxic conditioning injury

Medications, alloreactivity, infections

Transplant-associated thrombotic microangiopathy-
Pathophysiology

TA TMA



Endothelial injury syndromes in allogenic Stamm 
cell Transplantation

Endothelial 
injury 

syndromes 

Transplant-
associated 
thrombotic 

microangiopathy 

Engraftment 
syndrome

Graft-versus-
host disease 

Idiopathic 
pneumonia 
syndrome 

Capillary leak 
syndrome 

Sinusoidal 
obstruction 
syndrome 

https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Transplant-associated+thrombotic+microangiopathy&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAB
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Transplant-associated+thrombotic+microangiopathy&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAB
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Transplant-associated+thrombotic+microangiopathy&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAB
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Transplant-associated+thrombotic+microangiopathy&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAB
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Transplant-associated+thrombotic+microangiopathy&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAB
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Engraftment+syndrome&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAH
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Engraftment+syndrome&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAH
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Graft-versus-host+disease&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAL
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Graft-versus-host+disease&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAL
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Graft-versus-host+disease&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAL
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Graft-versus-host+disease&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAL
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Graft-versus-host+disease&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAL
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Idiopathic+pneumonia+syndrome&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAJ
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Idiopathic+pneumonia+syndrome&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAJ
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Idiopathic+pneumonia+syndrome&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAJ
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Capillary+leak+syndrome&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAF
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Capillary+leak+syndrome&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAF
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Sinusoidal+obstruction+syndrome&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAD
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Sinusoidal+obstruction+syndrome&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAD
https://www.google.com/search?client=firefox-b-d&channel=entpr&q=Sinusoidal+obstruction+syndrome&mstk=AUtExfCKCS9rJr4ocqT9i-AdE4XiDp5cJaJb3wh2hAAJ-pmdVMqWteSP-B7uTlLjInt75POJ0l5Uz9883k6nEbcfnxrha36t8R6rIBNZMz2eAl6756oxq_vU3SLXIQbvJ1qT_hI&csui=3&ved=2ahUKEwiWybfOzOmQAxWyA9sEHTDZA-sQgK4QegQIAxAD


HSCT-TMA Harmonization Panel: Diagnostic 
criteria



HSCT-TMA Harmonization Panel: Risk 
stratifications and Multi-organ Dysfuction



Ongoing clinical trials in HSCT-TMA



Clonal Hematopoesis and endothelial injury



CHIP: Increased incidence and 
more aggressive phenotypes 

of select age-related 
nonmalignant diseases



e.g. chronic liver disease 
• JAK2-mutant CH
• TET2-mutant CH

Causes and consequences of clonal hematopoiesis.  Lachelle D. Weeks, Benjamin L. Ebert

A higher incidence of gout in 
CHIP/CCUS is driven by the 
exaggerated IL-1β signaling in 
response to urate crystal 
exposure in Tet2-deficient 
compared with in Tet2-
proficient animals



CHIP: Development of atherosclerosis



CHIP: Development of atherosclerosis



A hematologist will focus on specific laboratory findings to diagnose 
TMA and differentiate its causes:
• Complete Blood Count: Reveals low hemoglobin (anemia) and low 

platelet count.
• Peripheral Blood Smear: The hallmark is the presence of fragmented 

red blood cells called schistocytes.



New medicines for thrombotic angiopathy (TMA) include caplacizumab 
for acute TTP, which speeds up remission by preventing platelet 
clumping. For other types of TMA, new and emerging treatments target 
the complement system, such as ravulizumab (a long-acting 
eculizumab), and experimental therapies like narsoplimab for certain 
types of TMA are under review. Additionally, rituximab can be used to 
prevent relapses in some cases

https://www.google.com/search?q=caplacizumab&client=firefox-b-d&sca_esv=8994b4a378b58ce1&channel=entpr&ei=uYYdabW6FOPpi-gP4KWyyQE&ved=2ahUKEwjCkrfm7P2QAxXC3QIHHTNMIB0QgK4QegQIARAC&uact=5&oq=thrombotic+angiopathy+new+medicine&gs_lp=Egxnd3Mtd2l6LXNlcnAiInRocm9tYm90aWMgYW5naW9wYXRoeSBuZXcgbWVkaWNpbmUyBxAhGKABGAoyBxAhGKABGAoyBxAhGKABGApI-hhQtgNY0BZwAXgBkAEAmAHiAqABkA6qAQcwLjguMS4yuAEDyAEA-AEBmAIMoALRDsICChAAGLADGNYEGEfCAgUQIRigAcICBBAhGBWYAwCIBgGQBgeSBwcxLjguMS4yoAfFJbIHBzAuOC4xLjK4B8kOwgcFMC43LjXIByE&sclient=gws-wiz-serp&mstk=AUtExfCLYo-LWljBHmmeF8A1ae6gY721YEfDxJj4dMgOtCDfDZfO7WEhgFzcqmTNZBVg6OSDrdkKlbDBOZ2cz3NQrJTF66NFJrmpDqoU79w_6jdcFr-HSkoaSqKJ012b6EoGGzk&csui=3
https://www.google.com/search?q=rituximab&client=firefox-b-d&sca_esv=8994b4a378b58ce1&channel=entpr&ei=uYYdabW6FOPpi-gP4KWyyQE&ved=2ahUKEwjCkrfm7P2QAxXC3QIHHTNMIB0QgK4QegQIARAD&uact=5&oq=thrombotic+angiopathy+new+medicine&gs_lp=Egxnd3Mtd2l6LXNlcnAiInRocm9tYm90aWMgYW5naW9wYXRoeSBuZXcgbWVkaWNpbmUyBxAhGKABGAoyBxAhGKABGAoyBxAhGKABGApI-hhQtgNY0BZwAXgBkAEAmAHiAqABkA6qAQcwLjguMS4yuAEDyAEA-AEBmAIMoALRDsICChAAGLADGNYEGEfCAgUQIRigAcICBBAhGBWYAwCIBgGQBgeSBwcxLjguMS4yoAfFJbIHBzAuOC4xLjK4B8kOwgcFMC43LjXIByE&sclient=gws-wiz-serp&mstk=AUtExfCLYo-LWljBHmmeF8A1ae6gY721YEfDxJj4dMgOtCDfDZfO7WEhgFzcqmTNZBVg6OSDrdkKlbDBOZ2cz3NQrJTF66NFJrmpDqoU79w_6jdcFr-HSkoaSqKJ012b6EoGGzk&csui=3


• Thrombotic angiopathy in clonal hematopoiesis (CH) is a serious 
complication where the presence of CH increases the risk of 
developing a thrombotic microangiopathy (TMA) syndrome. 

• This occurs because certain mutations associated with CH, 
particularly those in the JAK2 gene, are linked to a higher risk of 
thrombosis.

Increased 
thrombotic 

risk

Endothelial 
damage

TMA as a 
downstream 

effect

https://www.google.com/search?q=thrombotic+microangiopathy+%28TMA%29&client=firefox-b-d&sca_esv=8994b4a378b58ce1&channel=entpr&ei=7H4dabfYFpHs7_UP9qXrgQY&ved=2ahUKEwiP2b-26_2QAxWRhf0HHXYULj0QgK4QegQIARAB&uact=5&oq=thrombotic+angiopathy+in+clonal+hemopoesis&gs_lp=Egxnd3Mtd2l6LXNlcnAiKnRocm9tYm90aWMgYW5naW9wYXRoeSBpbiBjbG9uYWwgaGVtb3BvZXNpczIHECEYoAEYCki6LlC9A1juJ3ABeACQAQCYAc0CoAH3FaoBCDAuMTkuMS4xuAEDyAEA-AEBmAIVoAKhFMICChAAGLADGNYEGEfCAgYQABgWGB7CAggQABiABBiiBMICBRAhGKABwgIEECEYFcICBRAhGJ8FmAMAiAYBkAYEkgcGMS4xOS4xoAeSU7IHBjAuMTkuMbgHkRTCBwgwLjE0LjYuMcgHNg&sclient=gws-wiz-serp&mstk=AUtExfAi5KKfUngO0ci8vGeifx7xCuKHP_dX-BR7ZEcurm8hZnaSKj0vBDKglEAeyoWSnCmS4qh0iLOiMKddX9OnZ9xF2G-kr_kkUNIUE9XFAQXaJ-RFbEa93VqtpzX7KdZ3k2o&csui=3






Η κλωνική αιμοποίηση απροσδιόριστου δυναμικού (CHIP) σχετίζεται 
με αυξημένο κίνδυνο αθηροσκληρωτικής καρδιαγγειακής νόσου και 
πειράματα σε ποντίκια υποδηλώνουν ότι το CHIP που σχετίζεται με την 
απώλεια λειτουργίας Tet2 σε κύτταρα μυελικής σειράς επιταχύνει την 
αθηροσκλήρωση μέσω της σηματοδότησης αυξημένης ιντερλευκίνης
(IL) 1β.



MACE (the primary end point in the CANTOS trial defined as a combination of myocardial infarction, stroke, or cardiovascular death)

Association of Canakinumab and 
Placebo With Incident Major 
Adverse Cardiovascular Events 
(MACE) According to TET2 Clonal 
Hematopoiesis of Indeterminate 
Potential (CHIP) Status.

Kaplan-Meier curves are 
displayed for the rate of MACE in 
placebo and canakinumab-
treated patients (50-, 150-, and 
300-mg doses combined) 
without CHIP (A), patients with 
CHIP (B), TET2 patients with CHIP 
(C), or non-TET2 patients with 
CHIP (D). A Cox proportional 
hazard model was used to 
calculate hazard ratios with 
covariates of age, time to last 
myocardial infarction, and 
baseline log2(high-sensitivity C-
reactive protein).



A Phase Ic Multicenter, Randomized, Double-Blind, 
Placebo-Controlled Study to Assess the Safety, 

Pharmacokinetics, and Pharmacodynamics Following 4 
Weeks of NLRP3 Inhibition With Selnoflast inParticipants 

With Coronary Artery Disease

• NLRP3 Inhibitors: An ongoing Phase Ic clinical trial is studying the use of an NLRP3 inhibitor 
(selnoflast) in patients with coronary artery disease and elevated C-reactive protein, with a 
specific substudy evaluating its effects in subjects with pathogenic TET2 variants. This trial aims to 
determine if targeting the inflammatory pathway specific to CHIP can reduce cardiovascular risk.



The association between clonal hematopoiesis 
and heart failure. Mutations in hematopoietic 

stem cell progenitor cells give rise to clones that 
expand over time.(1) Factors stimulate clonal 

proliferation;
(2) consequently, these mutated cells 

enter the bloodstream and 
myocardium and cause 
atherosclerosis, 

(3) or impair cardiac function. 
(4) An inflammasome/interleukin 1/6-

mediated response 
(5) is central to clonal hematopoiesis-

induced heart failure. 
(6) Heart failure could be a driver of 

clonal proliferation, as indicated by 
the dashed line. Solid lines are 
based on published results. 

Thrombotic, Cardiovascular, and Microvascular Complications of Myeloproliferative Neoplasms and Clonal Hematopoiesis (CHIP): A Narrative Review



CHIP-associated SVT

• Mutations in the DNMT3A, TET2 and ASXL1 (DTA) genes have 
ability to regulate the effect of DNA methylation and modulate gene 
expression. 

• Mutations in DNMT3A gene modulate the expression of various 
genes involved in the inflammation response, therefore favouring 
the development of thrombosis.

• Mutations of DTA genes have been reported to increase thrombotic 
risk in PV patients.

• Presence of at least one of DTA mutations has 6-fold higher risk of 
vascular event.

Master Class 25/26, Case 2, D. Lekovic & P. Boekhorst 69

Segura-Díaz et al. Thrombotic Risk Detection in Patients with PV: 
The Predictive Role of DNMT3A/TET2/ASXL1 Mutations. Cancers 2020



Risk factors for SVT 

Master Class 25/26, Case 2, D. Lekovic & P. Boekhorst70

80% of
MPN-SVT 
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