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HEMOPOIETIC STEM CELL TRANSPLANTATION 

SYNDROMES of THROMBOTIC MICROANGIOPATHY 

 

CLINICAL FEATURES 

 

  Microangiopathic hemolytic anemia; 
 

  Thrombocytopenia; 
 

  Organ injury. 

 

 

PATHOLOGIC FEATURES 

 

 Vascular and endotelium damage; 
 

 Arteriolar and capillary thrombosis. 

 





Hemopoietic stem cell trasplantation Thrombotic Microangiopathy 

                                            (TA-TMA) 

● Severe complication of HSCT (auto and allo); 

 

● Incidence, aetiology, diagnostic criteria, classification and treatment: lack of true 

   consensus; 

 

● Reported incidence varied enormously from 0,5 to 76%, due to use of different 

   diagnostic criteria; 

 

● Median time to onset after transplant 30-45 D; 

 

● TA-TMA can range from a mild, self-limited form to uncontrollated fulminat 

    disease leading to death (mortality rates 60-90%); 

 

● TA-TMA is a multifactorial disease where generalised endothelial disfunction 

    leads to microangiophatic hemolitic anemia, intravascular platelet activation, 

    and formation of platelet-rich thrombi within the circulation. 
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Hemopoietic stem cell trasplantation TA-TMA 

Allogeneic  >>  Autologous 

Myeloablative conditioning regimens  =  Reduced intensity regimens 

Busulfan, fludarabine, platinum-based chemotherapies 
 

TBI-based regimens 

Mechanisms of ENDOTHELIAL DAMAGE 

Conditioning regimens 



Endothelium damage during conditioning regimen 

Murine model: 
 

 

Human studies: 

• Intensity of conditioning regimen correlates  

with  endothelial damage  by plasma level of: 

VWF, thrombomodulin, soluble forms of adhesion 

molecules (sVCAM-1, sICAM-1) , s TNF receptor 

I, ADAMTs 13,cyclic GMP 

 

 

VWF 

• Radiation with 7,5 GY causes  intracellular 

 edema and occlusion of microvascular lumens  

by edematous Ecs.  

 Samlowski WE et al, Lab Invesr 1987 

Palomo M, BBMT 2010 

46 pts  

• CTX or MTX  cause apomorphosis hydropsia   

and cytomembrane damage in ECs and  

increase the number of circulating ECs.  
Zeng L et al. Transplant Proc 2008 

Levels of plasmatic sTNF receptor 1 

* = p< 0.05 





Hemopoietic stem cell trasplantation TA-TMA 

Mechanisms of ENDOTHELIAL DAMAGE 

Infections 

Viruses: CMV, HHV6 

              Adenovirus 

              Parvovirus B19 

              BK virus 

Aspergillus species 

Serum BK >10000 copies/mL  >> TA-TMA 

    in children with hemorrhagic cystitis 

             (Haines HL, BBMT 2011) 

Adenovirus expresses a soluble fms-like tyrosine 

Kinase that binds Vascular Endothelium Growth 

Factor (VEGF) causing TMA  

       (Eremina V. NEnglJMed 2008, 358;11) 



Hemopoietic stem cell trasplantation TA-TMA 

Mechanisms of ENDOTHELIAL DAMAGE 

Calcineurin and Mammalian Target  

of Rapamycin Inhibitors (mTor) 

Cyclosporine, Tacrolimus 

 

Sirolimus, Everolimus 
Tacrolimus + Sirolimus :      TA-TMA 

Direct cytotoxic damage 

Platelet aggregation 

       Elevated VWF,Thrombomodulin 

   Altered complement regulator proteins 

   Decreased production of Nitric Oxide (NO) 





Sirolimus:      TA-TMA 

- prevents repair of injured renal 

  endothelium; 

- decreases renal VEGF production. 

Hemopoietic stem cell trasplantation TA-TMA 

Mechanisms of ENDOTHELIAL DAMAGE 

Calcineurin and Mammalian Target  

of Rapamycin Inhibitors (mTor) 

Cyclosporine, Tacrolimus 

 

Sirolimus, Everolimus 

Tacrolimus + Sirolimus :      TA-TMA 

Direct cytotoxic damage 

Platelet aggregation 

       Elevated VWF,Thrombomodulin 

   Altered complement regulator proteins 

   Decreased production of Nitric Oxide (NO) 





Complement 

Role well-established in the pathogenesis of aHUS  

Defects in one/more regulatory proteins of the alternative pathway 

Hemopoietic stem cell trasplantation TA-TMA 

Mechanisms of ENDOTHELIAL DAMAGE 



                              

                 

                 



Relative renal  tissue specificity of TA-TMA 

  Fenestrated endothelium of the glomerulus; 

  Differential expression of proteins regulating coagulation cascade; 

  More turbolent blood flow through the renal microvascolature. 

Hemopoietic stem cell trasplantation TA-TMA 



Multivisceral endothelial damage in TA-TMA 

Kidney 

Lung 

Small 

bowel 

Brain 





     

HSCT  patients with pulmonary TA-TMA 

              Pulmonary Hypertension 

presenting with unexplained hypoxemia 



POLYSIEROSITIS 

Refractory pericardial effusion 
 

Pleural effusion 
 

Ascites 

 

 

 

Often without generalized edema 
 

Often without signs of  GvHD 

Lerner D, BMT 2014 

Multivisceral endothelial damage in TA-TMA 



Hemopoietic stem cell trasplantation TA-TMA 

Diagnostic criteria 





Patients “2+7” have 84% NRM 

at 1 year post HSCT 

  

All the others with TA-TMA 

recovered and survived 



Hemopoietic stem cell trasplantation TA-TMA 

Prognosis 



        Kidney dysfunction  remains a significant complication in HSCT pts:  

 
 ► Up to 8% pts require acute renal replacement therapy  6-fold increased odds of death 

                                                                                                  and a mortality rate>80%; 

 

 ► In those surviving an acute renal insult (AKI), developing chronic kidney disease (CKD)  

      markedly increases the risk of cardiovascular disease because of accelerated atherosclerosis 

      from endothelial damage and concomitant hypertension; 

 

 ► HSCT pts progressed to CKD are 16 times more likely to develop end-stage renal disease 

      (ESRD); 

 

 ► HSCT pts needing chronic dialysis have mortality rates of 90%, much higher than other pts 

      with ESRD. 

TA-TMA causes an even higher risk of AKI, CKD and the need 

    for long term dialysis, increasing  morbidity and mortality 

Hemopoietic stem cell trasplantation TA-TMA 

Prognosis 





Treatment (1) 
 

                    

Supportive : 

 

  withdrawal/minimizing potential triggering agents                       

                       (CNIs); 

                    

                      

  treatment coexisting conditions (infections,GvHD); 

 

                    

  aggressive hypertension management.              
 

 

Hemopoietic stem cell trasplantation TA-TMA 



 

Disease targeted:    
   

          Eculizumab 

 

           TPE 

 

           Rituximab 

 

           Defibrotide 

 

Treatment (1) 
 

Hemopoietic stem cell trasplantation TA-TMA 



ECULIZUMAB 

 Complement blockade agent 

 
       



ECULIZUMAB 

 Complement blockade agent; 

 

 Good results: 12 TA-TMA treated → 50% hematological response, 33% overall survival 

                          (de Fontbrune , Transplantation 2015); 

                           

           18 pediatric pts → 61% response rate, 56% overall survival 

                          ( Jodele S, BBMT 2016); 

 

 Challenges:  difficulty in achieving therapeutic levels in HSCT pts; 

                          higher doses/more frequent infusions in children; 

                          limited availability in certain countries;  

                          significant cost; 

                          longer therapy than aHUS pts; 

                          no concomitant use of TPE → drug removing;  

                                                          of Rituximab → decrease activity; 

 

 On label therapy in aHUS. 

               

 



Novel anti-complement agents 



Therapeutic plasma exchange (TPE) 

Variable outcome in retrospective reviews 

 Lack of controlled prospective trials 

BMT consensus guidelines on TA-TMA (1991-2003): 

  poor responses (median response rate 36,5%); 

  high mortality rates (80% in most severe cases). 

More recent data (2003-2011): 

Better median response rate (59%) in uncontrolled and heterogeneous pts 



Therapeutic plasma exchange (TPE) 



USEFUL in selected patients: 

 
 

  HSCT pts with documented  Factor H Ab 

 

 

 Initial therapy in very ill pts where other treatment options are absent. 
 

Therapeutic plasma exchange (TPE) 



RITUXIMAB (anti CD20 monoclonal antibody) 

 Possible effects of Ab depletion and immune regulation in HSCT 

 
 Benefit in pts with C4d  deposition in the kidney arterioles and in pts with  

    complement Factor H autoAb; 

 
 Schedule: 375 mg/m2 /dose  IV weekly; if used with TPE, administer  

    immediately after TPE to obtain maximum efficacy; 

 
 On label : TTP refractory/relapsed after TPE. 



Wing-Yan Au, BrJHematol;2007, 137: 475-78 

Four of five postHSCT cases remitted with Rituximab 





DEFIBROTIDE 



 Used in hepatic VOD with a 30-60% complete response rate  

    (Choi CM,Drugs 2009) 

 

 Useful to prevent  aGvHD grades II-IV in HSCT pts prophylaxed for VOD  

    (Corbacioglu S, Lancet 2012) 

 

 Protective effect on the endothelium damaged by ciclosporine, tacrolimus,  

    Tacrolimus+sirolimus (Carmona A, BBMT 2013) 

Use in TA-TMA mostly in Europe, same schedule as 

     in VOD → 6, 25 mg/kg/dose iv every 6 hours 

Off-label therapy 

DEFIBROTIDE 



6/12 Complete Response 

3/12 Partial Response 

5/12 TPE + Defibrotide 



Molecular pathogenesis and potential treatments for thrombotic microangiopathy  

                                        in the glomerular endotelium 



Low risk TMA 

  OS 100% 
High risk TMA 

     OS <  20% 

Algorithm for the evaluation of TMA after HSCT 

Disease targeted  

treatment 
Clinical monitoring  

and  supportive treatment 





Graft versus Host Disease (GvHD) 

 Cytokines 

During engraftement, donor T lymphocytes 

    first encounter  host endothelial cells; 

 

Donor T cells produce cytokines (IL-8,IL-12, 

Thrombomodulin) that cause host endothelium 

cells  apoptosis and lysis mediated by Perforin, 

Granzyme B, TNF 

Could TA-TMA be a form of  

 renal or endothelium GvHD ? 

Against are: 
 

- Increase immunosuppression 

  doesn’t prevent/treat TMA; 

- Stop Immunosuppression often 

  decreases TMA; 

- Renal pathology in GvHD  

  biopsies is different from TMA 

  renal biopsies 

Hemopoietic stem cell trasplantation TA-TMA 

Mechanisms of ENDOTHELIAL DAMAGE 



Coagulation cascade 

Endothelial markers 

All the coagulation cascade, being regulated by the endothelium, 

contributes to the development of TA-TMA 

 

PAI-1 is increased in various endothelial disfunction states 

Heparin cofactor II is increased  in pre HSCT phase in pts who develop TMA 

Circulating endothelial cells (CECs) are a marker and a 

mechanism of endothelial damage. 

Hemopoietic stem cell trasplantation TA-TMA 

Mechanisms of ENDOTHELIAL DAMAGE 



5/15 are HSCT patients 



Elevated numbers of CECs are present in all TMA pts; 
 

Elevated CECs correlate with a favorable outcome; 
 

Plasma exchange decreases CECs level in pts with 

favorable outcome; 
 

2/5 HSCT pts have a favorable outcome. 



aHUS 
 

-  Genetic mutations  in Complement  gene regulation (CFH, CFI, MCP, C3, CFHR5); 

-  Acquired defects  Neutralizing autoantibodies to Factor H. 

TA-TMA 
 

- High prevalence of a heterozygous CFHR3-CFHR1deletion; (JodeleS. Blood Rev 2015); 

- Frequent presence of Factor H autoantibodies (JodeleS. Blood Rev 2015). 

- Allo Abs and Complement role needs further studies.  

   

Hemopoietic stem cell trasplantation TA-TMA 

Mechanisms of ENDOTHELIAL DAMAGE 





11 pts with 

 TA-TMA, 

all in B group 

Group A 

no TBI 

 

Group B 

 TBI 



2 years Cumulative Incidence 

 sustained CKD:  

 

  29.2% in A group; 

  48.8% in B group. 

 



Sonata J. 





Low risk TMA 

  OS 100% 
High risk TMA 

     OS< 20% 



                  
Clinical  prompt 
intervention 

                                   
Low risk TMA 
OS 100%  High risk TMA 

OS < 20% 
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Proteinuria 









Eculizumab (Soliris- Alexion): posologia in aHUS (da scheda tecnica): 



Hemopoietic stem cell trasplantation TA-TMA 

Prognosis 



Common pathogenesis of the vascular endothelial syndromes developed early after HSCT 


