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                                                            The first description of thrombotic thrombocytopenic purpura (TTP) by Moschowitz was published nearly 100 years ago.1 This was likely to have been an immune-mediated TTP episode and the author described multi organs affected with worsening, untreated disease. Accounts of hereditary TTP were otherwise acknowledged to be Upshaw Shulman syndrome. In 1960, Schulman reported an 8-year old girl who had repeated episodes of thrombocytopenia and hemolytic anemia from infancy. Treatment with plasma was associated with normalization of the platelet count and resolution of hemolysis, and remission was maintained with prophylactic plasma every 1-2 weeks.2 Upshaw presented a 16-year old girl with relapsing hemolytic anemia and thrombocytopenia since infancy. The patient responded to blood transfusions. During the next 11 years, Upshaw treated 32 episodes of thrombocytopenia and microangiopathic hemolysis with plasma infusions. The acute episodes invariably had a trigger, such as a minor infection, surgical procedure, pregnancy, or pancreatitis. Acute intervals lasted from three weeks to 20 months, at which time the platelet count was normal and there was a compensated hemolysis. Between these acute episodes, it was observed that intravascular platelet and red cell survival was shortened; these abnormalities normalized after the infusion of two units of plasma.3
In this edition of Haematologica, Van Dorland et al.4 present an international collaborative study on hereditary TTP. As an ultra-rare disorder, collection of meaningful data is critical to understand the clinical features of this condition, the therapy, and the long-term impact. The international registry presents data from over an 11-year period, incorporating 123 patients from four continents who presented the disease from the neonatal period, up to the seventh decade of life. We know, from numerous publications relating to the mutations identified in hereditary TTP, that there is a heterogenous distribution throughout the ADAMTS 13 gene.85 There are, however, two specific variants that have been identified at increased frequency in hereditary TTP. R1060W, exon 24, is prominent in Caucasians presenting with late onset congenital TTP specifically associated with pregnancy.109 Within the international hereditary TTP registry, c.4143_4144dupA (exon 29; p.Glu1382Argfs*6) was prevalent, specifically within northern Europe, and was initially described at increased prevalence from central Norway.11 Further cases were documented in the international registry, confirming that those patients with compound heterozygous mutations were more likely to have an earlier presentation, specifically in the neonatal period. There were other mutations which have been identified in more than one individual in the international registry. This allows us to predict the impact of such variations within the ADAMTS 13 gene with respect to clinical features. Such observations are only possible within the breadth of a registry.4
The international registry has identified the significant delay in diagnosis of hereditary TTP; overall median age of overt presentation was 4.5 years but the clinical diagnosis was not made until a median of 16.7 years. Acute TTP episodes occurred at a median rate of 0.1 per year, ranging up to nine per year, and triggers included infections, childbirth, trauma, and in males, excess alcohol intake. The median time to resolution following an acute presentation was seven days.
There was an equal male to female ratio; this is in contrast to immune-mediated disease, which has a female preponderance. Residual ADAMTS 13 activity could not reliably predict age of onset or, indeed, disease severity, despite a cut-off of 1%. This may also help to explain why patients with identical genetic variants have significant differences in the clinical phenotype. What is particularly striking and important is the clinical impact of hereditary TTP: 1) the degree of end-organ damage symptoms, either at presentation or as complications of the disease; and 2) the proportion of patients with arterial thromboembolic events, present in 28% and covering all age groups. This was especially striking in 40-50 years old; >50% of these patients had at least one arterial thromboembolic event. Other neurological complications include epilepsy, headaches, and a significant history of psychiatric symptoms. Renal impairment occurred in 26%, some patients requiring renal replacement therapy or renal transplant and nearly 50% experiencing jaundice/liver disease.
Complimentary findings relating to the longer-term impact of hereditary TTP on end-organ damage were captured within the UK TTP registry. Furthermore, the latter cohort identified non-overt symptoms, including headaches, lethargy, and abdominal pain that, despite a normal platelet count, responded to regular plasma infusion. Indeed, ADAMTS 13 replacement therapy, primarily using plasma infusion, was associated with resolution of proteinuria and a significant reduction in stroke in those receiving treatment compared to patients not on a regular regime.12 The proportion of patients on replacement therapy within the international registry was surprising. However, nearly one-third of the cohort only received treatment on demand.4 Both recent papers, therefore, raise the question of treatment in hereditary TTP. Firstly, the frequency of therapy. Despite a half-life of ADAMTS 13 of 2-4 days,13 in the international registry, trough levels were reached within 7-10 days. This has also been shown in a recent pharmacokinetic study in hereditary TTP.14 We need to reconsider how we treat patients, with particular attention to the dose of plasma and the frequency. The completion of the phase I trial of recombinant ADAMTS 13, which was the first-inhuman trial, using increasing doses, offers a significant advancement in the future treatment of patients with hereditary TTP, delivering a pure form of the deficient enzyme, ADAMTS 13.15
In summary, the international registry presents the impact of hereditary TTP on end-organ damage, which is evident much earlier than expected within the general population; the most prevalent is arterial disease affecting the brain, heart and kidneys. Based on this important international collaborative study, in conjunction with other large cohorts, we must question how we should treat patients in the form of prophylactic ADAMTS 13 replacement (Figure 1). Should all patients with hereditary TTP be on prophylaxis? Do we wait for the patient to experience frequent acute episodes before initiating therapy? Given the increased risk, particularly of arterial events after the age of 40, at what age should prophylaxis be initiated? What is the correct frequency of prophylaxis and what ADAMTS 13 activity level should we be aiming to achieve? Specific genetic variants may be the catalyst to personalized ADAMTS 13 replacement protocols. While there are many questions to be answered, without the information from important registries incorporating larger patient numbers the clinical impact of this ultra-rare disease cannot be addressed.
[image: ]

Figure 1.Impact of acute and long-term microvascular thrombosis in congenital thrombotic thrombocytopenic purpura (TTP). Microvascular thrombi formation is the result of severe ADAMTS 13 deficiency in congenital TTP. Replacement of ADAMTS 13 is currently via plasma infusion. Presentation of acute TTP episodes, or the impact of recurrent acute or subacute TTP episodes in hereditary TTP, may result in organ damage, specifically affecting the heart, brain and kidneys.
References
	Moschowitz E. An acute febrile pleiochromic anemia with hyaline thrombosis of terminal arterioles and capillaries: An undescribed disease. Arch Intern Med. 1925; 36:89. https://doi.org/10.1001/archinte.1925.00120130092009Google Scholar

	Schulman I, Pierce M, Lukens A, Currimbhoy Z. Studies on thrombopoiesis. I. A factor in normal human plasma required for platelet production; chronic thrombocytopenia due to its deficiency. Blood. 1960; 16:943-957. PubMedGoogle Scholar

	Upshaw JD. Congenital deficiency of a factor in normal plasma that reverses microangiopathic hemolysis and thrombocytopenia. N Engl J Med. 1978; 298(24):1350-1352. PubMedhttps://doi.org/10.1056/NEJM197806152982407Google Scholar

	van Dorland HA, Mansouri Taleghani M. The International Hereditary Thrombotic Thrombocytopenic Purpura Registry: Key findings at enrolment until 2017. Haematologica. 2019; 104(10):2107-2116. PubMedhttps://doi.org/10.3324/haematol.2019.216796Google Scholar

	Kinoshita S, Yoshioka A, Park YD. Upshaw-Schulman syndrome revisited: a concept of congenital thrombotic thrombocytopenic purpura. Int J Hematol. 2001; 74(1):101-108. PubMedhttps://doi.org/10.1007/BF02982558Google Scholar

	Kokame K, Matsumoto M, Soejima K. Mutations and common polymorphisms in ADAMTS13 gene responsible for von Willebrand factor-cleaving protease activity. Proc Natl Acad Sci U S A. 2002; 99(18):11902-11907. PubMedhttps://doi.org/10.1073/pnas.172277399Google Scholar

	Lotta LA, Garagiola I, Palla R, Cairo A, Peyvandi F. ADAMTS13 mutations and polymorphisms in congenital thrombotic thrombocytopenic purpura. Hum Mutat. 2010; 31(1):11-19. PubMedhttps://doi.org/10.1002/humu.21143Google Scholar

	Levy GG, Nichols WC, Lian EC. Mutations in a member of the ADAMTS gene family cause thrombotic thrombocytopenic purpura. Nature. 2001; 413(6855):488-494. PubMedhttps://doi.org/10.1038/35097008Google Scholar

	Scully M, Thomas M, Underwood M. Thrombotic thrombocytopenic purpura and pregnancy: presentation, management, and subsequent pregnancy outcomes. Blood. 2014; 124(2):211-219. PubMedhttps://doi.org/10.1182/blood-2014-02-553131Google Scholar

	Camilleri RS, Cohen H, Mackie IJ. Prevalence of the ADAMTS-13 missense mutation R1060W in late onset adult thrombotic thrombocytopenic purpura. J Thromb Haemost. 2008; 6(2):331-338. PubMedhttps://doi.org/10.1111/j.1538-7836.2008.02846.xGoogle Scholar

	von Krogh AS, Quist-Paulsen P, Waage A. High prevalence of hereditary thrombotic thrombocytopenic purpura in central Norway: from clinical observation to evidence. J Thromb Haemost. 2016; 14(1):73-82. Google Scholar

	Alwan F, Vendramin C, Liesner R. Characterization and treatment of congenital thrombotic thrombocytopenic purpura. Blood. 2019; 133(15):1644-1651. PubMedhttps://doi.org/10.1182/blood-2018-11-884700Google Scholar

	Furlan M, Robles R, Morselli B, Sandoz P, Lammle B. Recovery and half-life of von Willebrand factor-cleaving protease after plasma therapy in patients with thrombotic thrombocytopenic purpura. Thromb Haemost. 1999; 81(1):8-13. PubMedGoogle Scholar

	Taylor A, Vendramin C, Oosterholt S, Della Pasqua O, Scully M. Pharmacokinetics of plasma infusion in congenital thrombotic thrombocytopenic purpura. J Thromb Haemost. 2019; 17(1):88-98. Google Scholar

	Scully M, Hibbard C, Ewenstein B. Recombinant ADAMTS 13 in thrombotic thrombocytopenic purpura. Oncoscience. 2017; 4(11-12):160-161. Google Scholar




                                                        

                                                    

                                                    
                                                        


                                                                                                                                                                        


                                                                                                                                                                                    
                                                                Data Supplements
                                                                    
	    


            

    
        2019_225896-Disclosure.pdf




                                                            

                                                                                                                    

                                                                                                                
                                                            Figures & Tables
                                                        



                                                    

                                                    
                                                        
                                                            Article Information

                                                              



                                                                                                                        
                                                                
                                                                                                                                        
                                                                                                                                                    Vol. 104 No. 10 (2019): October, 2019 : Editorials
                                                                                                                                                

                                                                





                                                                
                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                                                                                                                                                                
                                                                                                                                         
                                                                        DOI
                                                                    

                                                                    
                                                                    
                                                                        
                                                                                                                                                                                                                                    https://doi.org/10.3324/haematol.2019.225896
                                                                        


                                                                                                                                            

                                                                                                                                    

                                                            

                                                            
                                                                                                                        
                                                            

                                                                                                                        
                                                                
                                                                    Pubmed
                                                                

                                                                
                                                                    
                                                                        31575672
                                                                    
                                                                

                                                            

                                                                                                                                                                                    
                                                                
                                                                    Pubmed Central
                                                                

                                                                
                                                                    
                                                                        PMC6886428
                                                                    
                                                                

                                                            

                                                                                                                        
                                                                
                                                                     
                                                                

                                                            

                                                                                                                        
                                                                
                                                                    Published
                                                                

                                                                
                                                                    2019-10-01
                                                                

                                                            

                                                                                                                        
                                                            
                                                                
                                                                    
                                                                        Published By
                                                                    


                                                                    
                                                                        Ferrata Storti Foundation, Pavia, Italy
                                                                    

                                                                


                                                                
                                                                    
                                                                        Print ISSN
                                                                    

                                                                    
                                                                        0390-6078
                                                                    

                                                                

                                                                
                                                                    
                                                                        Online ISSN
                                                                    

                                                                    
                                                                        1592-8721
                                                                    

                                                                

                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                            

                                                        




                                                                                                                
                                                                                                                                                                                    



                                                                                                                        
                                                                Article Usage

                                                            

                                                            


    
        Online Views

        888

    

    
        PDF Downloads

        331

    





    
    



            

        Statistics from Altmetric.com



        
            
                No Data
            

        





    

    





                                                            

                                                        

                                                    


                                                

                                                                                                
                                                    
                                                        
    	
            
                
            
        
	
                            
    

        



            
    
    
    
    
                        
	
            
                
            
        
	

            
                
            
        
	
        
        
    


                    



                                                    

                                                

                                            

                                        

                                                                                



                                            
                                                
                                                                                    
                    
                    
                        
                    

                
                                                


                                                
                                                                                    
                    
                        
                        
                            
                        

                    

                
                                                


                                                
                                                    
                                                                                                            
                                                
                                                
                                                                                                        
                                                




                                            


                                        

                                                                        

                            

                            
    
        
            
                How to Cite

                
                    ×
                
            

            
    
        
                        
            
                
                    
  1. 
Marie Scully. Hereditary thrombotic thrombocytopenic purpura. Haematologica 2019;104(10):1916-1918; https://doi.org/10.3324/haematol.2019.225896.





                

                

                
                
  Copy Citation
  
  

                
                

                
                Choose Citation Format
                


                                        
                        	
                                
                                    Chicago
                                
                            
	
                                
                                    Harvard
                                
                            
	
                                
                                    Vancouver
                                
                            
	
                                
                                    Haematologica
                                
                            


                                                
                            Download Citation

                        

                        	
                                
                                    
                                    Endnote/Zotero/Mendeley (RIS)
                                
                            
	
                                
                                    
                                    BibTeX
                                
                            


                                            

                

            

        

    

    
            

        

    


                            
    
        
            
                Share Article

                
                    ×
                
            

            
                
                

                    
                        
                        
                            
                                Copy URL
                            
                        
                    

                

                
                
         

           
                

            

        

    



                                                                    
    
        
            
                Request Permissions

                
                    ×
                
            

            
                
                
                    To create an adaptation, translation, or derivative of the
                        original work, for commercial e-prints and printed articles further permission is
                        required.
 For
                        information contact: marketing@haematologica.org


                                        
                    Other types of copyright management, can be agreed with the Editorial office.



                

            

        

    


            
                        
    


 







  










    
        
            

            				
                                                                    
                                
					
Navigate

	Home
	Current issue
	Early view
	Archive
	About Haematologica
	Editorial Team
	Our policies





For Authors

	Author Guidelines
	Submit Manuscript
	Track Manuscript


For Reviewers

	Reviewer Guidelines
	Access Your Profile
	Access Your Tasks





For Advertisers

	Informations For Advertising


Education

	Review Articles
	Guidelines Articles


Privacy

	Cookie Policy
	Newsletter Privacy Policy
	Privacy Policy





More

	Rights & Permissions


	Web design
	Development



                                
                                    
                                
                                
                                
                                
                                
                                    
                                
                                


Copyright © 2023 by the Ferrata Storti Foundation | Web design ￫ | Development ￫


ISSN 0390-6078 print | ISSN 1592-8721 online
 





				

			                        

        

    

   
















 

