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            Abstract
Improving haematopoietic cell transplantation outcomes by selection of an HLA-matched unrelated donor is best practice; however, donor selection by secondary characteristics is controversial. We studied 1271 recipients with haematological malignancies who underwent T-cell-depleted allografts and had complete data on HLA-matching status for six loci (HLA-A, -B, -C, -DRB1, -DQB1, -DPB1) and clinical outcome data. Five-year overall survival was 40.6%. HLA mismatching (at HLA-A, -B, -C, -DRB1, -DQB1) relative risk (RR) 1.22, 95% confidence interval (CI) 1.2â€“1.5, P=0.033 for 1 mismatch and RR 1.46, 95% CI 1.1â€“1.9, P=0.009 for >1 mismatch) and CMV mismatching (RR 1.37, 95% CI 1.2â€“1.6, P<0.001) were significantly associated with inferior survival. Donors aged <30 years showed a trend towards better survival. The multivariate model for mortality, combining CMV and HLA-match status, found an RR of 1.36 (95% CI 1.1â€“1.7, P=0.003) for HLA matched/CMV mismatched, an RR of 1.22 (95% CI 0.99â€“1.5, P=0.062) for HLA mismatched/CMV matched and an RR of 1.81 (95% CI 1.4â€“2.3, P=<0.001) for HLA/ CMV mismatched, compared with the HLA/CMV-matched recipients. These data suggest that HLA and CMV matching status should be considered when selecting unrelated donors and that CMV matching may abrogate the effect of an HLA mismatch.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$259.00 per year
only $21.58 per issue

Learn more



Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more



Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1


Figure 2



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Impact of patient: donor HLA disparity on reduced-intensity-conditioned allogeneic stem cell transplants from HLA mismatched unrelated donors for AML: from the ALWP of the EBMT
                                        
                                    

                                    
                                        Article
                                        
                                         02 October 2020
                                    

                                

                                J. Loke, M. Labopin, â€¦ A. Nagler

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        The outcome of two or more HLA loci mismatched unrelated donor hematopoietic cell transplantation for acute leukemia: an ALWP of the EBMT study
                                        
                                    

                                    
                                        Article
                                        
                                         19 June 2020
                                    

                                

                                Arnon Nagler, Bhagirathbhai Dholaria, â€¦ Mohamad Mohty

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Impact of donor kinship on non-T-cell depleted haploidentical stem cell transplantation with post transplantation cyclophosphamide for acute leukemia: From the ALWP of the EBMT
                                        
                                    

                                    
                                        Article
                                        
                                         13 May 2022
                                    

                                

                                Ivetta Danylesko, Christophe Peczynski, â€¦ Mohamad Mohty

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Ottinger H, Ferencik S, Beelen D, Lindemann M, Peceny R, Elmaagacli A et al. Hematopoietic stem cell transplantation: contrasting the outcome of transplantations from HLA-identical siblings, partially HLA-mismatched related donors and HLA-matched unrelated donors. Blood 2003; 102: 1131â€“1137.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lee S, Klein J, Haagenson M, Baxter-Lowe L, Confer D, Eapen M et al. High-resolution donor-recipient HLA matching contributes to the success of unrelated donor marrow transplantation. Blood 2007; 110: 4576â€“4583.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pidala J, Lee SJ, Ahn KW, Spellman S, Wang HL, Aljurf M et al. Nonpermissive HLA-DPB1 mismatch increases mortality after myeloablative unrelated allogeneic hematopoietic cell transplantation. Blood 2014; 124: 2596â€“2606.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Fleischhauer K, Shaw BE, Gooley T, Malkki M, Bardy P, Bignon J-D et al. Effect of T-cell-epitope matching at HLA-DPB1 in recipients of unrelated-donor haemopoietic-cell transplantation: a retrospective study. Lancet Oncol 2012; 13: 366â€“374.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Shaw BE, Mayor NP, Russell NH, Apperley JF, Clark RE, Cornish J et al. Diverging effects of HLA-DPB1 matching status on outcome following unrelated donor transplantation depending on disease stage and the degree of matching for other HLA alleles. Leukemia 2010; 24: 58â€“65.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Burt C, Parker A, McQuaker G, Copland M, Brierley C, Little AM et al. In a 12-allele analysis HLA-DPB1 matching is associated with improved OS in leukaemic and myelodysplastic patients receiving myeloablative T-cell-depleted PBSCT from unrelated donors. Bone Marrow Transplant 2014; 49: 657â€“663.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Morishima Y, Kashiwase K, Matsuo K, Azuma F, Morishima S, Onizuka M et al. Biological significance of HLA locus matching in unrelated donor bone marrow transplantation. Blood 2015; 125: 1189â€“1197.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Woolfrey A, Klein JP, Haagenson M, Spellman S, Petersdorf E, Oudshoorn M et al. HLA-C antigen mismatch is associated with worse outcome in unrelated donor peripheral blood stem cell transplantation. Biol Blood Marrow Transplant 2011; 17: 885â€“892.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kollman C, Howe C, Anasetti C, Antin J, Davies S, Filipovich A et al. Donor characteristics as risk factors in recipients after transplantation of bone marrow from unrelated donors: the effect of donor age. Blood 2001; 98: 2043â€“2051.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ljungman P, Brand R, Einsele H, Frassoni F, Niederwieser D, Cordonnier C . Donor CMV serologic status and outcome of CMV-seropositive recipients after unrelated donor stem cell transplantation: an EBMT megafile analysis. Blood 2003; 102: 4255â€“4260.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ljungman P, Brand R, Hoek J, de la Camara R, Cordonnier C, Einsele H et al. Donor cytomegalovirus status influences the outcome of allogeneic stem cell transplant: a study by the European group for blood and marrow transplantation. Clin Infect Dis 2014; 59: 473â€“481.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Gratwohl A . The EBMT risk score. Bone Marrow Transplant 2012; 47: 749â€“756.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Fine J, Gray R . A proportional hazards model for the subdistribution of a competing risk. J Am Stat Assoc 1999; 94: 496â€“509.
ArticleÂ 
    
                    Google ScholarÂ 
                

	R Core Team. R: A Language and Evnironment for Statistical Computing. R Foundation for Statistical Computing: Vienna, Austria, 2014. https://www.r-project.org/.

	Craddock C, Szydlo RM, Dazzi F, Olavarria E, Cwynarski K, Yong A et al. Cytomegalovirus seropositivity adversely influences outcome after T-depleted unrelated donor transplant in patients with chronic myeloid leukaemia: the case for tailored graft-versus-host disease prophylaxis. Br J Haematol 2001; 112: 228â€“236.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Spencer A, Brookes PA, Kaminski E, Hows JM, Szydlo RM, van Rhee F et al. Cytotoxic T lymphocyte precursor frequency analyses in bone marrow transplantation with volunteer unrelated donors. Value in donor selection. Transplantation 1995; 59: 1302â€“1308.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bacigalupo A, Tedone E, Sanna MA, Moro F, Van Lint MT, Grazi G et al. CMV infections following allogeneic BMT: risk factors, early treatment and correlation with transplant related mortality. Haematologica 1992; 77: 507â€“513.
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Jaskula E, Bochenska J, Kocwin E, Tarnowska A, Lange A . CMV serostatus of donor-recipient pairs influences the risk of CMV infection/reactivation in HSCT patients. Bone Marrow Res 2012; 2012: 375075.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Zhou W, Longmate J, Lacey SF, Palmer JM, Gallez-Hawkins G, Thao L et al. Impact of donor CMV status on viral infection and reconstitution of multifunction CMV-specific T cells in CMV-positive transplant recipients. Blood 2009; 113: 6465â€“6476.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Moins-Teisserenc H, Busson M, Scieux C, Bajzik V, Cayuela JM, Clave E et al. Patterns of cytomegalovirus reactivation are associated with distinct evolutive profiles of immune reconstitution after allogeneic hematopoietic stem cell transplantation. J Infect Dis 2008; 198: 818â€“826.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Pietersma FL, van Dorp S, Minnema MC, Kuball J, Meijer E, Schuurman R et al. Influence of donor cytomegalovirus (CMV) status on severity of viral reactivation after allogeneic stem cell transplantation in CMV-seropositive recipients. Clin Infect Dis 2011; 52: e144â€“e148.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Grob JP, Grundy JE, Prentice HG, Griffiths PD, Hoffbrand AV, Hughes MD et al. Immune donors can protect marrow-transplant recipients from severe cytomegalovirus infections. Lancet 1987; 1: 774â€“776.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sellar RS, Vargas FA, Henry JY, Verfuerth S, Charrot S, Beaton B et al. CMV promotes recipient T-cell immunity following reduced-intensity T-cell-depleted HSCT, significantly modulating chimerism status. Blood 2015; 125: 731â€“739.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Elmaagacli AH, Steckel NK, Koldehoff M, Hegerfeldt Y, Trenschel R, Ditschkowski M et al. Early human cytomegalovirus replication after transplantation is associated with a decreased relapse risk: evidence for a putative virus-versus-leukemia effect in acute myeloid leukemia patients. Blood 2011; 118: 1402â€“1412.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Green ML, Leisenring WM, Xie H, Walter RB, Mielcarek M, Sandmaier BM et al. CMV reactivation after allogeneic HCT and relapse risk: evidence for early protection in acute myeloid leukemia. Blood 2013; 122: 1316â€“1324.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ito S, Pophali P, Co W, Koklanaris EK, Superata J, Fahle GA et al. CMV reactivation is associated with a lower incidence of relapse after allo-SCT for CML. Bone Marrow Transplant 2013; 48: 1313â€“1316.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Admiraal R, Chiesa R, Lindemans CA, Nierkens S, Bierings MB, Versluijs AB et al. Leukemia-free survival in myeloid leukemia, but not in lymphoid leukemia, is predicted by early CD4+ reconstitution following unrelated cord blood transplantation in children: a multicenter retrospective cohort analysis. Bone Marrow Transplant. 2016; 51: 1376â€“1378.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Thomson KJ, Mackinnon S, Peggs KS . CMV-specific cellular therapy for acute myeloid leukemia? Blood 2012; 119: 1088â€“1090author reply 90â€“9.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Busca A, Passera R, Pini M, Zallio F, Dellacasa C, Audisio E et al. The use of ATG abrogates the antileukemic effect of cytomegalovirus reactivation in patients with acute myeloid leukemia receiving grafts from unrelated donors. Am J Hematol 2015; 90: E117â€“E121.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Mariotti J, Maura F, Spina F, Roncari L, Dodero A, Farina L et al. Impact of cytomegalovirus replication and cytomegalovirus serostatus on the outcome of patients with B cell lymphoma after allogeneic stem cell transplantation. Biol Blood Marrow Transplant 2014; 20: 885â€“890.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Moscardo F, Sanz J, Carbonell F, Sanz MA, Larrea L, Montesinos P et al. Effect of CD8(+) cell content on umbilical cord blood transplantation in adults with hematological malignancies. Biol Blood Marrow Transplant 2014; 20: 1744â€“1750.
ArticleÂ 
    
                    Google ScholarÂ 
                

	Ganepola S, Gentilini C, Hilbers U, Lange T, Rieger K, Hofmann J et al. Patients at high risk for CMV infection and disease show delayed CD8+ T-cell immune recovery after allogeneic stem cell transplantation. Bone Marrow Transplant 2007; 39: 293â€“299.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Avetisyan G, Aschan J, Hagglund H, Ringden O, Ljungman P . Evaluation of intervention strategy based on CMV-specific immune responses after allogeneic SCT. Bone Marrow Transplant 2007; 40: 865â€“869.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Shaw B, Gooley T, Malkki M, Madrigal J, Begovich A, Horowitz M et al. The importance of HLA-DPB1 in unrelated donor hematopoietic cell transplantation. Blood 2007; 110: 4560â€“4566.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Chakraverty R, Orti G, Roughton M, Shen J, Fielding A, Kottaridis P et al. Impact of in vivo alemtuzumab dose before reduced intensity conditioning and HLA-identical sibling stem cell transplantation: pharmacokinetics, GVHD, and immune reconstitution. Blood 2010; 116: 3080â€“3088.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jardine L, Publicover A, Bigley V, Hale G, Pearce K, Dickinson A et al. A comparative study of reduced dose alemtuzumab in matched unrelated donor and related donor reduced intensity transplants. Br J Haematol 2015; 168: 874â€“881.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kollman C, Spellman SR, Zhang MJ, Hassebroek A, Anasetti C, Antin JH et al. The effect of donor characteristics on survival after unrelated donor transplantation for hematologic malignancy. Blood 2016; 127: 260â€“267.
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank all the transplant centre data managers and co-ordinators who provided clinical data or research samples for this study.

                Author contributions
              
BES, NPM, SM and JAM designed the study, collected and curated the samples and data, performed the analysis and wrote the paper. BES, NPM and WPB performed the laboratory typing. RMS performed the statistical analysis. KK and JS collected and contributed the clinical data. BES, CA, AC, SM, DIM, AP, MNP, NHR and KT contributed patient data and samples. All of the authors contributed to the writing and review of the manuscript.


Author information
Authors and Affiliations
	Anthony Nolan Research Institute, Royal Free Hospital, London, UK
B E Shaw,Â N P Mayor,Â R M Szydlo,Â W P Bultitude,Â C Anthias,Â J A MadrigalÂ &Â S G E Marsh

	CIBMTR and Froedtert and the Medical College of Wisconsin Clinical Cancer Center, Wisconsin, WI, USA
B E Shaw

	UCL Cancer Institute, Royal Free Campus, London, UK
N P Mayor,Â J A MadrigalÂ &Â S G E Marsh

	Imperial College, London, UK
R M Szydlo

	Royal Marsden NHS Foundation Trust, Sutton, UK
C AnthiasÂ &Â M N Potter

	BSBMT, Guyâ€™s Hospital, London, UK
K KirklandÂ &Â J Perry

	West of Scotland Cancer Centre, Gartnavel General Hospital, Glasgow, UK
A Clark

	University College London Hospitals, London, UK
S MackinnonÂ &Â K Thomson

	University Hospitals Bristol NHS Trust, Bristol, UK
D I Marks

	Kings College Hospital, London, UK
A Pagliuca

	Centre for Clinical Haematology, Nottingham University Hospital, Nottingham, UK
N H Russell


Authors	B E ShawView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	N P MayorView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	R M SzydloView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	W P BultitudeView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	C AnthiasView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	K KirklandView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	J PerryView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	A ClarkView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	S MackinnonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	D I MarksView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	A PagliucaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	M N PotterView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	N H RussellView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	K ThomsonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	J A MadrigalView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	S G E MarshView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                B E Shaw.


Ethics declarations

              
                Competing interests

                The authors declare no conflict of interest.

              
            

Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Shaw, B., Mayor, N., Szydlo, R. et al. Recipient/donor HLA and CMV matching in recipients of T-cell-depleted unrelated donor haematopoietic cell transplants.
                    Bone Marrow Transplant 52, 717â€“725 (2017). https://doi.org/10.1038/bmt.2016.352
Download citation
	Received: 25 May 2016

	Revised: 15 November 2016

	Accepted: 21 November 2016

	Published: 16 January 2017

	Issue Date: May 2017

	DOI: https://doi.org/10.1038/bmt.2016.352


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Post-transplantation cyclophosphamide GvHD prophylaxis after hematopoietic stem cell transplantation from 9/10 or 10/10 HLA-matched unrelated donors for acute leukemia
                                    
                                

                            
                                
                                    	Francesca Lorentino
	Myriam Labopin
	Mohamad Mohty


                                
                                Leukemia (2021)

                            
	
                            
                                
                                    
                                        Impact of patient: donor HLA disparity on reduced-intensity-conditioned allogeneic stem cell transplants from HLA mismatched unrelated donors for AML: from the ALWP of the EBMT
                                    
                                

                            
                                
                                    	J. Loke
	M. Labopin
	A. Nagler


                                
                                Bone Marrow Transplantation (2021)

                            
	
                            
                                
                                    
                                        Vitamin D: is it important in haematopoietic stem cell transplantation? A review
                                    
                                

                            
                                
                                    	Jose Ros-Soto
	Chloe Anthias
	John A. Snowden


                                
                                Bone Marrow Transplantation (2019)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Information
                                
                            
	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    For Advertisers
                                
                            
	
                                
                                    Subscribe
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors and Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Bone Marrow Transplantation (Bone Marrow Transplant)
                
                
    
    
        ISSN 1476-5365 (online)
    
    


                
    
    
        ISSN 0268-3369 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    











    








