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                                                            Paroxysmal nocturnal hemoglobinuria (PNH) is enough of a tongue-twister for patients and doctors alike and we all teach the students that PNH is a disorder characterized by the triad of intravascular hemolysis, venous thrombosis and cytopenias.1–3 But in this journal, founded by Adolfo Ferrata in the twenties, it seems appropriate to remember that, in the Italian literature, the full name coined for PNH in 1928 by Ettore Marchiafava was even more articulate: paroxysmal nocturnal haemoglobinuria with perpetual haemosiderinuria.4 The last qualification is not trivial, because even today the accesses of hemoglobinuria, most distressing for the patient, may tend to obscure the fact that in PNH hemolysis goes on all the time: macroscopic hemoglobinuria merely reflects its exacerbations.5
That in PNH hemolysis was complement-dependent has also been known for a long time (Figure 1): indeed, the acidified serum (or Ham-Dacie) test, based on complement-mediated lysis of PNH cells in vitro, has for half a century been the gold standard for the diagnosis of PNH,7, 8 until flow cytometry came into its own.9, 10 Therefore stopping hemolysis by blocking complement was a logical idea: it did not seem easy to achieve this safely in vivo. But the idea has become a reality through the advances of biotechnology, when Alexion developed a humanized anti-C5 monoclonal antibody, eculizumab,11 which has proved highly effective in the control of intravascular hemolysis in patients with PNH:12–14 a huge step forward in the treatment of disorder that until now could be cured only by hematopoietic stem cell transplantation.15–17
PNH is associated with the most vicious acquired thrombophilic state known to medicine, with nearly one-half of untreated patients sooner or later affected: the consequences are potentially devastating,5, 18–20 and it is humbling to admit that we still don’t know the mechanism.21 There are two main questions: (a) what triggers a major thrombotic event in an individual patient, sometimes years into the course of the disease; (b) why are about one-half of the patients spared this complication. Until we know the answers to these questions, they pose a difficult management problem. If a patient with PNH is not given anti-coagulant prophylaxis, there is a significant risk that sooner or later that patient may develop a serious thrombotic complication.5, 22–24 On the other hand, if all patients with PNH are given anticoagulant prophylaxis the added burden is significant: in addition, it is unnecessary for one-half of them, it does not completely prevent thrombosis, and it entails the risk of serious hemorrhage.25 In view of this, it has come as an added bonus that patients on eculizumab therapy have a substantially lower risk of thrombosis.26
In this issue of Haematologica, a paper by Gerard Socié’s group27 deals with how eculizumab may influence venous thrombosis in PNH, and Peter Hillmen’s group provide data28 on the recently developed notion29 that PNH patients on eculizumab show evidence of extravascular hemolysis, which may be an important determinant of the clinical response to this new therapy.
Socié et al. have systematically investigated patients on eculizumab and they have found that, compared to pre-treatment values, they tend to have lower levels of coagulation factors such as von Willebrandt factor, of by-products of coagulation such as D-dimers, and also of endothelial cell molecules such as VCAM. These findings do not resolve the issue as to whether eculizumab prevents thrombosis indirectly by curbing intravascular hemolysis (which perhaps triggers thrombosis through the release of thromboplastin-like substances), or whether it acts directly by blocking C5 (which in turn might activate platelets and/or the coagulation pathway)30. However, the data provide evidence that in patients on eculizumab there are changes in objective parameters that may correlate with the risk of thrombosis, and this may also help to unravel the puzzle of thrombophilia in PNH.
The paper by Hillmen et al.28 reports that in 21 out of 31 PNH patients on eculizumab the direct antiglobulin test (DAT) was positive for C3 on red cells (one was also weakly positive for IgG), whereas only one had been DAT-positive before treatment; in contrast, out of 39 PNH patients not on eculizumab only 2 were DAT-positive for C3. These data are a clear confirmation of published work on a separate series of PNH patients29 which had shown that: (i) the C3-positive red cells belong entirely to the PNH red cell population; (b) the proportion of C3-positive red cells correlated with the reticulocyte count; (iii) some patients with a high proportion of C3-positive red cells had decreased in vivo survival of Cr-labeled red cells with excess counts on spleen and liver, proving formally that they have extravascular hemolysis. Hillmen et al. provide further confirmation that these findings have important clinical implications: indeed, the mean hemoglobin level was significantly higher in patients who, on eculizumab, remained DAT-negative. Moreover, of the patients who remained DAT-negative only one (10%) has needed blood transfusion, whereas of those who developed a positive C3 DAT on eculizumab, 76% have needed at least one blood transfusion.
These data illustrate a leitmotiv in the history of medicine: any new therapy, even when it proves remarkably successful, as is the case for eculizumab, may have limitations; at the same time, a new therapy can give us new insights into the pathophysiology of the disease it treats. With respect to the risk of thrombosis, it is unlikely that a prospective clinical trial may be conducted. Therefore, it will be important to confirm the current notion that eculizumab is protective,26, 31 whatever the mechanism, by independent datasets with sufficient longitudinal follow-up. In addition, in the case of a patient on eculizumab who has had a previous thrombotic event, a tricky problem is whether prophylactic anticoagulation32 can or ought to be discontinued. Again, it is unlikely that this issue will be addressed by an ad hoc clinical trial; however, observation of patients in whom anticoagulation has been withdrawn because of hemorrhagic complications may provide hints for an educated case by case clinical decision.
[image: ]

Figure 1.The complement cascade regulation and erythrocytes. (A) Normal erythrocytes are protected from complement activation and subsequent hemolysis by CD55 and CD59. These two proteins, being GPI-linked, are missing from the surface of PNH red cells as a result of a somatic mutation of the X-linked PIG-A gene, that encodes a protein required for an early step of the GPI molecule biosynthesis.6 (B) In the steady state, PNH erythrocytes suffer from spontaneous (tick-over) complement activation, with consequent intravascular hemolysis through formation of the MAC; exacerbated hemolysis will result from activation of extra complement through the classical pathway. (C) On eculizumab, PNH erythrocytes are protected from hemolysis from the inhibition of C5 cleavage; however, upstream complement activation may lead to C3 opsonization and possible extravascular hemolysis. Here “C3 convertase” represents either the C3bBb complex (alternative pathway) or the C4b2a complex (classical and lectin pathways).
As for opsonization of GPI(−) red cells by C3, this is probably favored by CD55 deficiency. In untreated patients with PNH, the red cells that have bound C3 will selectively activate C5 and will hence succumb to the membrane attack complex (MAC). For this reason we practically never see a positive DAT in a newly diagnosed PNH patient (Figure 1B). In contrast, once C5 is blocked by eculizumab, GPI(−) C3-coated red cells have a chance to accumulate, and they will become prey to phagocytosis by macrophages (Figure 1C). Thus, it is likely that the phenomenon of C3 binding is simply being unmasked by eculizumab; but the consequent extravascular hemolysis is really a new phenomenon. Since the majority of patients on eculizumab have a persistent (though usually mild) reticulocytosis, this phenomenon is probably the rule rather than the exception: however, fortunately in many cases it seems to have little or no clinical relevance.
The very trial that proved the success of eculizumab in PNH patients with severe hemolysis produced a dichotomy between those who became transfusion-independent and those who did not.13, 14 It seems likely that this dichotomy results at least to a large extent from how many of their PNH red cells bind C3 and we must find out what factors influence the quantity and/or quality of this binding. In this respect, a major question is how to manage C3-mediated extravascular hemolysis in those patients in whom this creates a clinical problem, especially in view of the attendant risk of iron overload, a complication previously unknown in PNH. It is questionable whether corticosteroids might be effective but many patients with PNH have already suffered from the side effects of chronic administration of these agents, and it would not be desirable to subject them to these once again. Other forms of immunosuppression and intravenous Ig may or may not work but they would certainly be an added burden. Splenectomy has been reported effective in one patient33 but since it increases the risk of infection and thrombosis one would never recommend it as a standard measure. Speculative approaches for the future might include: (a) targeting the complement cascade upstream of C5; (b) interfering with the interactions between C3-opsonized red cells and macrophages; (c) targeting the interaction between C3 and the red cells themselves. In this respect, one of us has reported recently34 that TT30, a recombinant human protein consisting of the fusion of the iC3b/C3d-binding region of complement receptor 2 with the functional domains of the complement regulator factor H, is able to prevent hemolysis of PNH red cells in vitro. In essence, TT30 seems to surrogate the function of CD55, lacking on PNH red cells, by inhibiting C3 activation and deposition on red cells, thus blocking the formation and activity on their surface of the C3 convertase. Of course, it is unlikely that we can safely get rid of complement altogether, and it remains to be seen whether such modes of complement blockade will be as safe as blocking just C5.
In conclusion, with the introduction of eculizumab in the first decade of this century we have for the first time a specific medicine for PNH. For many patients this has meant having PNH without hemoglobinuria, without numerous unpleasant symptoms, without depending on blood transfusion, and with a much reduced risk of venous thrombosis. For the rest of the patients, in the next decade we have to find out how best to control extravascular hemolysis. For all patients, we are still left with the challenge of developing a form of medical treatment that will not only control but actually eradicate PNH.
Footnotes
	
↵* This paper is dedicated to the dearest memory of Bruno Rotoli: for us and for many others a trusted colleague, inspiring mentor, and long-time friend.
	
Lucio Luzzatto is a senior hematologist whose first paper on PNH was published exactly 40 years ago [Oni SB, Osunkoya BO, Luzzatto L. Paroxysmal nocturnal hemoglobinuria: evidence for monoclonal origin of abnormal red cells. Blood. 1970 Aug;36(2):145–52]; he has personally seen PNH patients in all 5 continents. Currently he is Scientific Director of the Istituto Toscano Tumori. Antonio M. Risitano, MD, PhD, is a hematologist in the Hematology Division of the Federico II University of Naples. His work is focused on clinical aspects and pathophysiology of bone marrow failure syndromes, including aplastic anemia and paroxysmal nocturnal hemoglobinuria. Rosario Notaro is a hematologist in charge of one of the Research Units of the Core Research Laboratory of the Istituto Toscano Tumori. Professor Luzzatto and Dr. Notaro are very grateful to Professor Alberto Bosi for having hosted PNH clinical trials and current PNH clinical activities.
	
Dr. Risitano reports receving lecture fees and grant support from Alexion Pharmaceuticals. Dr. Notaro reports receiving lecture and consulting fees and grant support from Alexion Pharmaceuticals and Taligen Therapeutics.
	
(
Related Original Articles on pages 567 and 
574)

References
	 The Haemolytic Anaemias: Drug and Chemical Induced Haemolytic Anaemias, Paroxysmal Nocturnal Haemglobinuria, and Haemolytic Disease of the Newborn. Churchill Livingston: London; 1999. Google Scholar

	 Blood, Principles and Practice of Hematology. Lippincot Williams &amp; Wilkins: Philadelphia, PA (USA); 2003. Google Scholar

	Parker C, Omine M, Richards S, Nishimura J, Bessler M, Ware R. Diagnosis and management of paroxysmal nocturnal hemoglobinuria. Blood. 2005; 106(12):3699-709. PubMedhttps://doi.org/10.1182/blood-2005-04-1717Google Scholar

	Marchiafava E. Anemia emolitica cronica con emosiderinuria perpetua. Il Policlinico, Sezione medica. 1928; 35:105-17. Google Scholar

	Hillmen P, Lewis SM, Bessler M, Luzzatto L, Dacie JV. Natural history of paroxysmal nocturnal hemoglobinuria. N Engl J Med. 1995; 333(19):1253-8. PubMedhttps://doi.org/10.1056/NEJM199511093331904Google Scholar

	Luzzatto L. Paroxysmal nocturnal hemoglobinuria: an acquired X-linked genetic disease with somatic-cell mosaicism. Current opinion in genetics & development. 2006; 16(3):317-22. PubMedhttps://doi.org/10.1016/j.gde.2006.04.015Google Scholar

	Ham TH, Dingle JH. Studies on Destruction of Red Blood Cells. II. Chronic Hemolytic Anemia with Paroxysmal Nocturnal Hemoglobinuria: Certain Immunological Aspects of the Hemolytic Mechanism with Special Reference to Serum Complement. J Clin Invest. 1939; 18(6):657-72. PubMedhttps://doi.org/10.1172/JCI101081Google Scholar

	Rosse WF, Dacie JV. Immune lysis of normal human and paroxysmal nocturnal hemoglobinuria (PNH) red blood cells. I. The sensitivity of PNH red cells to lysis by complement and specific antibody. J Clin Invest. 1966; 45(5):736-48. PubMedGoogle Scholar

	van der Schoot CE, Huizinga TW, van ‘t Veer-Korthof ET, Wijmans R, Pinkster J, von dem Borne AE. Deficiency of glycosyl-phosphatidylinositol-linked membrane glycoproteins of leukocytes in paroxysmal nocturnal hemoglobinuria, description of a new diagnostic cytofluorometric assay. Blood. 1990; 76(9):1853-9. PubMedGoogle Scholar

	Alfinito F, Del Vecchio L, Rocco S, Boccuni P, Musto P, Rotoli B. Blood cell flow cytometry in paroxysmal nocturnal hemoglobinuria: a tool for measuring the extent of the PNH clone. Leukemia. 1996; 10(8):1326-30. PubMedGoogle Scholar

	Rother RP, Rollins SA, Mojcik CF, Brodsky RA, Bell L. Discovery and development of the complement inhibitor eculizumab for the treatment of paroxysmal nocturnal hemoglobinuria. Nat Biotechnol. 2007; 25(11):1256-64. PubMedhttps://doi.org/10.1038/nbt1344Google Scholar

	Hillmen P, Hall C, Marsh JC, Elebute M, Bombara MP, Petro BE. Effect of eculizumab on hemolysis and transfusion requirements in patients with paroxysmal nocturnal hemoglobinuria. N Engl J Med. 2004; 350(6):552-9. PubMedhttps://doi.org/10.1056/NEJMoa031688Google Scholar

	Hillmen P, Young NS, Schubert J, Brodsky RA, Socie G, Muus P. The complement inhibitor eculizumab in paroxysmal nocturnal hemoglobinuria. N Engl J Med. 2006; 355(12):1233-43. PubMedhttps://doi.org/10.1056/NEJMoa061648Google Scholar

	Brodsky RA, Young NS, Antonioli E, Risitano AM, Schrezenmeier H, Schubert J. Multicenter phase 3 study of the complement inhibitor eculizumab for the treatment of patients with paroxysmal nocturnal hemoglobinuria. Blood. 2008; 111(4):1840-7. PubMedhttps://doi.org/10.1182/blood-2007-06-094136Google Scholar

	Saso R, Marsh J, Cevreska L, Szer J, Gale RP, Rowlings PA. Bone marrow transplants for paroxysmal nocturnal haemoglobinuria. Br J Haematol. 1999; 104(2):392-6. PubMedhttps://doi.org/10.1046/j.1365-2141.1999.01195.xGoogle Scholar

	Raiola AM, Van Lint MT, Lamparelli T, Gualandi F, Benvenuto F, Figari O. Bone marrow transplantation for paroxysmal nocturnal hemoglobinuria. Haematologica. 2000; 85(1):59-62. PubMedGoogle Scholar

	Santarone S, Bacigalupo A, Risitano AM, Tagliaferri E, Di Bartolomeo E, Iori AP. Hematopoietic stem cell transplantation for paroxysmal nocturnal hemoglobinuria: long-term results of a retrospective study on behalf of the Gruppo Italiano Trapianto Midollo Osseo (GITMO). Haematologica. 2009. Google Scholar

	Dacie JV, Lewis SM. Paroxysmal nocturnal haemoglobinuria: clinical manifestations, haematology, and nature of the disease. Series haematologica. 1972; 5(3):3-23. PubMedGoogle Scholar

	McMullin MF, Hillmen P, Jackson J, Ganly P, Luzzatto L. Tissue plasminogen activator for hepatic vein thrombosis in paroxysmal nocturnal haemoglobinuria. J Intern Med. 1994; 235(1):85-9. PubMedGoogle Scholar

	Hoekstra J, Leebeek FW, Plessier A, Raffa S, Darwish Murad S, Heller J. Paroxysmal nocturnal hemoglobinuria in Budd-Chiari Syndrome: findings from a cohort study. J Hepatol. 2009; 51(4):696-706. PubMedhttps://doi.org/10.1016/j.jhep.2009.06.019Google Scholar

	Ataga KI. Hypercoagulability and thrombotic complications in hemolytic anemias. Haematologica. 2009; 94(11):1481-4. PubMedhttps://doi.org/10.3324/haematol.2009.013672Google Scholar

	Nishimura J, Kanakura Y, Ware RE, Shichishima T, Nakakuma H, Ninomiya H. Clinical course and flow cytometric analysis of paroxysmal nocturnal hemoglobinuria in the United States and Japan. Medicine. 2004; 83(3):193-207. PubMedhttps://doi.org/10.1097/01.md.0000126763.68170.46Google Scholar

	Araten DJ, Thaler HT, Luzzatto L. High incidence of thrombosis in African-American and Latin-American patients with Paroxysmal Nocturnal Haemoglobinuria. Thromb Haemost. 2005; 93(1):88-91. PubMedGoogle Scholar

	de Latour RP, Mary JY, Salanoubat C, Terriou L, Etienne G, Mohty M. Paroxysmal nocturnal hemoglobinuria: natural history of disease subcategories. Blood. 2008; 112(8):3099-106. PubMedhttps://doi.org/10.1182/blood-2008-01-133918Google Scholar

	Hall C, Richards S, Hillmen P. Primary prophylaxis with warfarin prevents thrombosis in paroxysmal nocturnal hemoglobinuria (PNH). Blood. 2003; 102(10):3587-91. PubMedhttps://doi.org/10.1182/blood-2003-01-0009Google Scholar

	Hillmen P, Muus P, Duhrsen U, Risitano AM, Schubert J, Luzzatto L. Effect of the complement inhibitor eculizumab on thromboembolism in patients with paroxysmal nocturnal hemoglobinuria. Blood. 2007; 110(12):4123-8. PubMedhttps://doi.org/10.1182/blood-2007-06-095646Google Scholar

	Helley D, Peffault de Latour R, Porcher R, Rodrigues CA, Galy-Fauroux I, Matheron J,  Evaluation of hemostasis and endothelial function in patients with paroxysmal nocturnal hemoglobinuria receiving eculizumab. Haematologica. 2010; 95(4):574-81. PubMedhttps://doi.org/10.3324/haematol.2009.016121Google Scholar

	Hill A, Rother RP, Arnold L, Kelly R, Cullen MJ, Richards SJ, Hillmen P. Eculizumab prevents intravascular hemolysis in patients with paroxysmal nocturnal hemoglobinuria and unmasks low-level extravascular hemolysis occurring through C3 opsonization. Haematologica. 2010; 95(4):567-73. PubMedhttps://doi.org/10.3324/haematol.2009.007229Google Scholar

	Risitano AM, Notaro R, Marando L, Serio B, Ranaldi D, Seneca E. Complement fraction 3 binding on erythrocytes as additional mechanism of disease in paroxysmal nocturnal hemoglobinuria patients treated by eculizumab. Blood. 2009; 113(17):4094-100. PubMedhttps://doi.org/10.1182/blood-2008-11-189944Google Scholar

	Markiewski MM, Nilsson B, Ekdahl KN, Mollnes TE, Lambris JD. Complement and coagulation: strangers or partners in crime?. Trends in immunology. 2007; 28(4):184-92. PubMedhttps://doi.org/10.1016/j.it.2007.02.006Google Scholar

	Brodsky RA. How I treat paroxysmal nocturnal hemoglobinuria. Blood. 2009; 113(26):6522-7. PubMedhttps://doi.org/10.1182/blood-2009-03-195966Google Scholar

	Emadi A, Brodsky RA. Successful discontinuation of anticoagulation following eculizumab administration in paroxysmal nocturnal hemoglobinuria. Am J Hematol. 2009; 84(10):699-701. PubMedGoogle Scholar

	Risitano AM, Marando L, Seneca E, Rotoli B. Hemoglobin normalization after splenectomy in a paroxysmal nocturnal hemoglobinuria patient treated by eculizumab. Blood. 2008; 112(2):449-51. PubMedhttps://doi.org/10.1182/blood-2008-04-151613Google Scholar

	Risitano AM, Holers VM, Rotoli B. TT30, a Novel Regulator of the Complement Alternative Pathway (CAP), Inhibits Hemolysis of Paroxysmal Nocturnal Hemoglobinuria (PNH) Erythrocytes and Prevents Upstream C3 Binding On Their Surface in An in Vitro Model. Blood. 2009; 114:158a. Google Scholar




                                                        

                                                    

                                                    
                                                        


                                                                                                                                                                        


                                                                                                                                                                                    
                                                                Data Supplements
                                                                    


                                                            

                                                                                                                    

                                                                                                                
                                                            Figures & Tables
                                                        



                                                    

                                                    
                                                        
                                                            Article Information

                                                              



                                                                                                                        
                                                                
                                                                                                                                        
                                                                                                                                                    Vol. 95 No. 4 (2010): April, 2010 : Editorials
                                                                                                                                                

                                                                





                                                                
                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                                                                                                                                                                
                                                                                                                                         
                                                                        DOI
                                                                    

                                                                    
                                                                    
                                                                        
                                                                                                                                                                                                                                    https://doi.org/10.3324/haematol.2009.017848
                                                                        


                                                                                                                                            

                                                                                                                                    

                                                            

                                                            
                                                                                                                        
                                                            

                                                                                                                        
                                                                
                                                                    Pubmed
                                                                

                                                                
                                                                    
                                                                        20378572
                                                                    
                                                                

                                                            

                                                                                                                                                                                    
                                                                
                                                                    Pubmed Central
                                                                

                                                                
                                                                    
                                                                        PMC2857178
                                                                    
                                                                

                                                            

                                                                                                                        
                                                                
                                                                     
                                                                

                                                            

                                                                                                                        
                                                                
                                                                    Published
                                                                

                                                                
                                                                    2010-04-01
                                                                

                                                            

                                                                                                                        
                                                            
                                                                
                                                                    
                                                                        Published By
                                                                    


                                                                    
                                                                        Ferrata Storti Foundation, Pavia, Italy
                                                                    

                                                                


                                                                
                                                                    
                                                                        Print ISSN
                                                                    

                                                                    
                                                                        0390-6078
                                                                    

                                                                

                                                                
                                                                    
                                                                        Online ISSN
                                                                    

                                                                    
                                                                        1592-8721
                                                                    

                                                                

                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                            

                                                        




                                                                                                                
                                                                                                                                                                                    



                                                                                                                        
                                                                Article Usage

                                                            

                                                            


    
        Online Views

        2191

    

    
        PDF Downloads

        333

    





    
    



            

        Statistics from Altmetric.com



        
            
                No Data
            

        





    

    





                                                            

                                                        

                                                    


                                                

                                                                                                
                                                    
                                                        
    	
            
                
            
        
	
                            
    

        



            
    
    
    
    
                        
	
            
                
            
        
	

            
                
            
        
	
        
        
    


                    



                                                    

                                                

                                            

                                        

                                                                                



                                            
                                                
                                                                                    
                    
                    
                        
                    

                
                                                


                                                
                                                                                    
                    
                        
                        
                            
                        

                    

                
                                                


                                                
                                                    
                                                                                                            
                                                
                                                
                                                                                                        
                                                




                                            


                                        

                                                                        

                            

                            
    
        
            
                How to Cite

                
                    ×
                
            

            
    
        
                        
            
                
                    
  1. 
Lucio Luzzatto, Antonio Maria Risitano, Rosario Notaro. Paroxysmal nocturnal hemoglobinuria and eculizumab. Haematologica 2010;95(4):523-526; https://doi.org/10.3324/haematol.2009.017848.





                

                

                
                
  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
 





				

			                        

        

    

   
















 

