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                                                                                                                        Abstract

                                                            Since the introduction of highly active antiretroviral therapy, there has been a decline in the incidence of non-Hodgkin’s lymphoma among HIV-infected individuals. We described trends in the incidence of systemic non-Hodgkin’s lymphoma in the UK CHIC Study from 1996–2006 and evaluated the association between immunosuppression and development of systemic non-Hodgkin’s lymphoma: 286/23,155 (1.2%) individuals developed an AIDS-defining lymphoma (258 systemic). Younger age, receipt of highly active antiretroviral therapy and later calendar year were all independently associated with a reduced risk of systemic non-Hodgkin’s lymphoma. A lower latest CD4 count was strongly associated with systemic non-Hodgkin’s lymphoma, in patients who had (RR per log2(cells/mm3) higher: 0.62) and had not (0.70) received highly active antiretroviral therapy. Associations with other measures of immunosuppression, including nadir CD4 count, experience and duration of severe immunosuppression, were generally weaker. Earlier highly active anti-retroviral therapy initiation and wider access to HIV testing is advocated to reduce the risk of systemic non-Hodgkin’s lymphoma.
                                                            
                                                            Introduction
Registry linkage studies in the pre-highly active antiretroviral therapy (HAART) era found that the incidence of high grade B-cell non-Hodgkin’s lymphoma (NHL) in HIV-infected individuals was 60–200 times higher than that in HIV-uninfected persons. The introduction of HAART during the mid-1990s has been associated with a fall in incidence of opportunistic infections and AIDS-associated malignancies.1,2 The decline in NHL has been attributed to the immune reconstitution produced by HAART3 but this association remains uncertain. The aim of this study was to investigate the effects of demographic, immunological and treatment-related variables on the incidence of systemic NHL in a large multi-center cohort study.
Design and Methods
The UK Collaborative HIV Cohort (UK CHIC) Study is a collaboration of some of the largest HIV treatment centers in the UK. The dataset contains routinely collected clinical data on all HIV-infected individuals >16 years of age attending one of the centers since 1 January 1996.4 The dataset used for this analysis contains information on 29,056 individuals from eleven centers (Online Supplementary Appendix) until 2006. The UK CHIC Study was approved by a multicenter research ethics committee and by local ethics committees.
Of the 29,056 individuals in the dataset, 5,901 were excluded as they had no prospective CD4 count measurements, their only CD4 counts were after diagnosis of NHL, they had NHL prior to or at cohort entry (only 32 patients were diagnosed concomitantly with HIV and NHL). Follow-up was determined from the latest date of 1 January 1996, first clinic attendance or first CD4 count until NHL diagnosis; follow-up on patients without NHL was censored at death/three months after the patient’s last CD4 count. Only AIDS-defining NHL were considered; these were grouped as systemic (diffuse large B-cell, immunoblastic, Burkitt’s, Burkitt’s-like or histological subtype unknown) or primary cerebral NHL (PCL).
All analyses were performed using the statistical package SAS, version 9.1. Univariable Poisson regression identified factors associated with the incidence of systemic NHL. As the number of patients developing PCL was too small for robust analyses, follow-up on patients developing PCL was censored at lymphoma diagnosis. Variables significantly associated with systemic NHL (p<0.05) were included in a multivariable model to identify the factors independently associated with systemic lymphoma. In addition to demographic/clinical variables (sex, ethnicity, exposure group, calendar year, age, receipt of HAART, latest HIV RNA), we also considered various measures of immunosuppression, including the nadir and latest CD4 count, whether the patient had experienced severe immunosuppression (≥1 CD4 count <200 cells/mm), and the cumulative duration of severe immunosuppression (time with CD4 count <200 cells/mm) (as time-updated variables). Whilst all continuous variables were categorized in exploratory analyses, we investigated whether inclusion of each variable as a continuous covariate would be appropriate in multivariable regression models. Thus, the latest CD4 count and viral load and the duration of immunosuppression were included as continuous covariates. In contrast, as few patients on HAART had a nadir CD4 >350 cells/mm, the three highest categories of this variable were combined, and the variable was retained as a categorical variable.
HAART was defined as any combination that included a non-nucleoside reverse transcriptase inhibitor, a pro-tease inhibitor, abacavir or enfurvitide (T-20). Whilst our definition of HAART could include patients starting fewer than 3 drugs, 98% of patients in UK CHIC start regimens including ≥3 drugs. Analyses were also performed separately in those who had and had not received HAART (with patients starting HAART contributing to both analyses). Of note, models that include CD4 count nadir together with the latest CD4 count are meaningful only in the context of ART-experienced patients. Sensitivity analyses considered the association between the latest CD4 count and the risk of systemic NHL separately in those with suppressed (≤50 copies/mL) and unsuppressed viral loads.
Results and Discussion
The 23,155 individuals were followed for a total of 120,361 years (median 3.8, range 0.0–11.7). Over this time, 286 (1.2%) developed an AIDS-defining lymphoma (Table 1), of whom 131 (45.8%) have died (median survival: 0.3 (95% CI 0.2–0.4) years). Patients with systemic NHL and PCL were broadly similar in terms of sex, ethnicity, risk group and age (Table 1) but CD4 counts were lower and viral loads higher in those with PCL. The median time between consecutive CD4 counts was 100 days (interquartile range: 77–137) and the median time from the last CD4 count to lymphoma diagnosis was 25 (0–60) days.
[image: ]

Table 1.Characteristics of patients developing systemic and primary cerebral lymphomas, and those not developing lymphoma, at entry to the study.
In univariable analyses, systemic NHL was more common in homosexual men compared to other individuals (p=0.02), and in men than women (p=0.002, Table 2). The incidence of systemic NHL increased with age (p=0.01). There were no significant differences in systemic lymphoma rate according to ethnicity (p=0.24), but receipt of HAART (p=0.0001) and later calendar periods (p=0.0001) were both associated with a reduced rate of systemic NHL. Immunosuppression, whether defined by the latest ( p =0.0001) or nadir (p=0.0001) CD4 count, ever experiencing severe immunosuppression (p=0.0001) or the duration of severe immunosuppression (p=0.0001), was strongly associated with an increased systemic NHL rate in univariable analyses. Despite this, of the 258 cases of systemic NHL, 127 (49%) occurred with a most recent CD4 count of >200 cells/mm (62 (48.8%) were antiretroviral-naïve), and 57 (22%) with a most recent CD4 count of >350 cells/mm (29 (50.9%) were antiretroviral-naïve).
[image: ]

Table 2.Results from univariable Poisson regression analyses of factors associated with development of systemic lymphomas.
[image: ]

Table 3.Results from a series of univariable and multivariable Poisson regression analyses showing the relationships between the systemic lymphoma rate, the latest CD4 count, and other measures of advanced HIV infection.
Of the demographic and treatment variables, only older age [RR (95% CI)/5 years older: 1.13 (1.10–1.27), p=0.0001], receipt of HAART [0.66 (0.50–0.88), p=0.005] and calendar year [compared to 2004–2006, 1996–1997: 3.06 (2.09–4.48); 1998–2000: 1.78 (1.26–2.51); 2001–2003: 1.34 (0.91–1.96), p=0.0001] were associated with an increased systemic NHL rate in multivariable analyses.
In univariable analyses (Table 3), all markers of immunosuppression were strongly associated with the risk of systemic NHL both in those receiving and not receiving HAART (Table 3, top). Patients with lower nadir CD4 counts, those who had ever experienced severe immunosuppression and those who had been exposed to severe immunosuppression for longer periods of time were all at higher risk of developing systemic NHL regardless of whether they were receiving HAART, although relative rates were generally closer to unity in those who had received HAART. Furthermore, a higher latest viral load was associated with an increased risk of systemic NHL in both groups of patients. After adjustment for age and calendar year (Table 3, bottom), the latest CD4 count remained strongly associated with the systemic NHL rate in both groups of patients. After adjustment for this variable, however, the association with the nadir CD4 count (in those who had received HAART only), whilst statistically significant, was weaker and did not suggest a higher systemic NHL rate in those with the lowest nadirs. After adjusting for the latest CD4 count, there was no independent relationship between the systemic NHL rate and the duration of severe immunosuppression regardless of HAART exposure. The fact that a patient had experienced severe immunosuppression, however, was independently associated with an increased systemic NHL rate, particularly in those who were not receiving HAART (RR 2.05 [1.30–3.24], p=0.002). These associations were similar in models that additionally included the latest viral load which was significantly associated with the systemic NHL rate. Similar results were obtained after stratifying according to the latest viral load (≤or > 50 copies/mL) rather than HAART status (data not shown).
Our data show that the incidence of systemic NHL has declined over the HAART era, extending the observations in previous publications;5–12 the continuing decline in incidence may explain some of the differences between this dataset and the recently published Swiss cohort findings.13 Several studies have found that HAART reduces the incidence of NHL.2,5,7,14,15 It has been postulated that the mechanism underlying the protective effect of HAART is immune restoration resulting in immunological clearance of EBV and/or EBV-infected memory B-lymphocytes, thought to be the origin of these lymphomas. Indeed HIV patients who develop PCL lack EBV-specific CD4 T cell-dependent interferon γ production16 and higher EBV viral loads are associated with both HIV infection and lower CD4 cell counts.17
Previous studies have shown that the CD4 count at cohort enrolment13,18 or at AIDS diagnosis,19 the nadir CD413,18 and latest CD4 count20 are each associated with an increased risk of NHL. In the present analyses, whilst each measure was associated with an increased NHL risk, the variable most strongly correlated with NHL risk was the latest CD4 cell count. Our findings are similar to those from the CASCADE study in which the latest CD4 cell count was a better predictor of NHL risk than the nadir CD4 count, the time-weighted average CD4 count or the proportion of time with a CD4 cell count <100/mm.20 Our finding that almost half of systemic NHL cases were among those with a latest CD4 count of >200 cells/mm and nearly a quarter with a latest count >350 cells/mm supports the recent shift towards earlier initiation of HAART as a means of further reducing the incidence of NHL.21,22 Additionally, given that a significant proportion of those diagnosed with NHL had low CD4 counts and had not had the opportunity to benefit from HAART, our data support recent strategies to widen HIV testing in order to reduce late diagnosis of HIV infection and optimize the benefits of treatment.23
Whilst our cohort tends to over-represent homosexual men, as it expands in size and geographical distribution this effect is declining. As with many large multi-center cohort studies, patients may be lost to follow-up and the CD4 cell count history may be incomplete for others. Our cohort did not have the benefit of central pathological review of systemic NHL and, indeed, many of the data collection tools do not distinguish between these. This may be important since previous studies have suggested that for Burkitt’s lymphoma, unlike other systemic lymphomas, risk does not correlate with CD4 count.19 In addition, compared to other HIV-infected patients with systemic NHL of the diffuse large B-cell type, those with Burkitt’s lymphoma are younger, with less advanced HIV disease.24
We have confirmed previous findings that the risk of systemic lymphoma has significantly declined in the HAART era and have confirmed that the risk of systemic NHL is most strongly associated with the latest CD4 count rather than the nadir CD4 count or duration of immunosuppression. However, the finding that a significant minority of cases occur at CD4 counts above those at which many individuals are diagnosed with HIV or HAART is generally initiated, supports a shift towards earlier initiation of HAART and wider access to HIV testing.
Footnotes
	
The online version of this article contains a supplementary appendix.
	
Authorship and Disclosures
MF and IR designed the research; CAS, TH, LB and ANP performed all analyses, designed the tables and drafted the Methods and Results of the manuscript; MB and MF drafted the Introduction and Discussion sections of the manuscript; JW, CO, RG, PE, MJ, BG, CL, DP, AS, JA, MG and KP contributed to the design of the study, the ongoing collection of data and continued quality control, the interpretation of the results and have provided critical input into the final version of the manuscript prior to submission.
	
The authors declare no competing financial interests.
	
The authors reported no potential conflicts of interest.
	
Funding: for this work has been obtained from the Medical Research Council, UK (grant G0000199 and G0600337). The views expressed in this manuscript are those of the researchers and not necessarily those of the MRC.

	Received October 28, 2008.
	Revision received December 17, 2008.
	Accepted January 9, 2009.

References
	Ledergerber B, Telenti A, Egger M. Risk of HIV related Kaposi’s sarcoma and Non-Hodgkin’s lymphoma with potent antiretroviral therapy: prospective cohort study. Br Med J. 1999; 319:23-4. PubMedhttps://doi.org/10.1136/bmj.319.7201.23Google Scholar

	Stebbing J, Gazzard B, Mandalia S, Teague A, Waterston A, Marvin V. Antiretroviral treatment regimens and immune parameters in the prevention of systemic AIDS-related non-Hodgkin’s lymphoma. J Clin Oncol. 2004; 22:2177-83. PubMedhttps://doi.org/10.1200/JCO.2004.11.097Google Scholar

	Autran B, Carcelain G, Debre P. Immune reconstitution after highly active anti-retroviral treatment of HIV infection. Adv Exp Med Biol. 2001; 495:205-12. PubMedhttps://doi.org/10.1007/978-1-4615-0685-0_28Google Scholar

	 The creation of a large UK-based multicentre cohort of HIV-infected individuals: The UK Collaborative HIV Cohort (UK CHIC) Study. HIV Med. 2004; 5:115-24. PubMedhttps://doi.org/10.1111/j.1468-1293.2004.00197.xGoogle Scholar

	
 J Natl Cancer Inst. 2000; 92:1823-30. PubMedhttps://doi.org/10.1093/jnci/92.22.1823Google Scholar

	Matthews GV, Bower M, Mandalia S, Powles T, Nelson MR, Gazzard BG. Changes in acquired immunodeficiency syndrome-related lymphoma since the introduction of highly active antiretroviral therapy. Blood. 2000; 96:2730-4. PubMedGoogle Scholar

	Kirk O, Pedersen C, Cozzi-Lepri A, Antunes F, Miller V, Gatell JM. Non-Hodgkin lymphoma in HIV-infected patients in the era of highly active antiretroviral therapy. Blood. 2001; 98:3406-12. PubMedhttps://doi.org/10.1182/blood.V98.12.3406Google Scholar

	Besson C, Goubar A, Gabarre J, Rozenbaum W, Pialoux G, Chatelet FP. Changes in AIDS-related lymphoma since the era of highly active antiretroviral therapy. Blood. 2001; 98:2339-44. PubMedhttps://doi.org/10.1182/blood.V98.8.2339Google Scholar

	Grulich AE, Li Y, McDonald AM, Correll PK, Law MG, Kaldor JM. Decreasing rates of Kaposi’s sarcoma and non-Hodgkin’s lymphoma in the era of potent combination anti-retroviral therapy. AIDS. 2001; 15:629-33. PubMedhttps://doi.org/10.1097/00002030-200103300-00013Google Scholar

	Franceschi S, Dal Maso L, Pezzotti P, Polesel J, Braga C, Piselli P. Incidence of AIDS-defining cancers after AIDS diagnosis among people with AIDS in Italy, 1986–1998. J Acquir Immune Defic Syndr. 2003; 34:84-90. PubMedhttps://doi.org/10.1097/00126334-200309010-00013Google Scholar

	Diamond C, Taylor TH, Aboumrad T, Anton-Culver H. Changes in acquired immunodeficiency syndrome-related non-Hodgkin lymphoma in the era of highly active antiretroviral therapy: incidence, presentation, treatment, and survival. Cancer. 2006; 106:128-35. PubMedhttps://doi.org/10.1002/cncr.21562Google Scholar

	Engels EA, Pfeiffer RM, Goedert JJ, Virgo P, McNeel TS, Scoppa SM. Trends in cancer risk among people with AIDS in the United States 1980–2002. AIDS. 2006; 20:1645-54. PubMedhttps://doi.org/10.1097/01.aids.0000238411.75324.59Google Scholar

	Polesel J, Clifford GM, Rickenbach M, Dal Maso L, Battegay M, Bouchardy C. Non-Hodgkin lymphoma incidence in the Swiss HIV Cohort Study before and after highly active antiretroviral therapy. AIDS. 2008; 22:301-6. PubMedhttps://doi.org/10.1097/QAD.0b013e3282f2705dGoogle Scholar

	Jacobson LP, Yamashita TE, Detels R, Margolick JB, Chmiel JS, Kingsley LA. Impact of potent antiretroviral therapy on the incidence of Kaposi’s sarcoma and non-Hodgkin's lymphomas among HIV-1-infected individuals. Multicenter AIDS Cohort Study. J Acquir Immune Defic Syndr. 1999; 21(Suppl 1):34-41. Google Scholar

	Carrieri MP, Pradier C, Piselli P, Piche M, Rosenthal E, Heudier P. Reduced incidence of Kaposi’s sarcoma and of systemic non-hodgkin’s lymphoma in HIV-infected individuals treated with highly active antiretroviral therapy. Int J Cancer. 2003; 103:142-4. PubMedhttps://doi.org/10.1002/ijc.10790Google Scholar

	Gasser O, Bihl FK, Wolbers M, Loggi E, Steffen I, Hirsch HH. HIV patients developing primary CNS lymphoma lack EBV-specific CD4+ T cell function irrespective of absolute CD4+ T cell counts. PLoS Med. 2007; 4:e96. PubMedhttps://doi.org/10.1371/journal.pmed.0040096Google Scholar

	Ling PD, Vilchez RA, Keitel WA, Poston DG, Peng RS, White ZS. Epstein-Barr virus DNA loads in adult human immunodeficiency virus type 1-infected patients receivng highly active antiretroviral therapy. Clin Infect Dis. 2003; 37:1244-9. PubMedhttps://doi.org/10.1086/378808Google Scholar

	Clifford GM, Polesel J, Rickenbach M, Dal Maso L, Keiser O, Kofler A. Cancer risk in the Swiss HIV Cohort Study: associations with immunodeficiency, smoking, and highly active antiretroviral therapy. J Natl Cancer Inst. 2005; 97:425-32. PubMedhttps://doi.org/10.1093/jnci/dji072Google Scholar

	Mbulaiteye SM, Biggar RJ, Goedert JJ, Engels EA. Immune deficiency and risk for malignancy among persons with AIDS. J Acquir Immune Defic Syndr. 2003; 32:527-33. PubMedhttps://doi.org/10.1097/00126334-200304150-00010Google Scholar

	Bhaskaran K, Brettle R, Porter K, Walker AS. Systemic non-Hodgkin lymphoma in individuals with known dates of HIV seroconversion: incidence and predictors. AIDS. 2004; 18:673-81. PubMedhttps://doi.org/10.1097/00002030-200403050-00012Google Scholar

	Gazzard B, Bernard AJ, Boffito M, Churchill D, Edwards S, Fisher M. British HIV Association (BHIVA) guidelines for the treatment of HIV-infected adults with antiretroviral therapy (2006). HIV Med. 2006; 7:487-503. PubMedhttps://doi.org/10.1111/j.1468-1293.2006.00424.xGoogle Scholar

	Hammer SM, Saag MS, Schechter M, Montaner JS, Schooley RT, Jacobsen DM. Treatment for adult HIV infection: 2006 recommendations of the International AIDS Society-USA panel. JAMA. 2006; 296:827-43. PubMedhttps://doi.org/10.1001/jama.296.7.827Google Scholar

	Gazzard B, Clumeck N, d’Arminio Monforte A, Lundgren JD. Indicator disease-guided testing for HIV--the next step for Europe?. HIV Med. 2008; 9(Suppl 2):34-40. PubMedhttps://doi.org/10.1111/j.1468-1293.2008.00592.xGoogle Scholar

	Knowles DM. Etiology and pathogenesis of AIDS-related non-Hodgkin’s lymphoma. Hematol Oncol Clin North Am. 2003; 17:785-820. PubMedhttps://doi.org/10.1016/S0889-8588(03)00050-9Google Scholar




                                                        

                                                    

                                                    
                                                        


                                                                                                                                                                        


                                                                                                                                                                                    
                                                                Data Supplements
                                                                    
	    


            

    
        haematol.2008.002691.suppl.pdf




                                                            

                                                                                                                    

                                                                                                                
                                                            Figures & Tables
                                                        



                                                    

                                                    
                                                        
                                                            Article Information

                                                              



                                                                                                                        
                                                                
                                                                                                                                        
                                                                                                                                                    Vol. 94 No. 6 (2009): June, 2009 : Brief Reports
                                                                                                                                                

                                                                





                                                                
                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                                                                                                                                                                
                                                                                                                                         
                                                                        DOI
                                                                    

                                                                    
                                                                    
                                                                        
                                                                                                                                                                                                                                    https://doi.org/10.3324/haematol.2008.002691
                                                                        


                                                                                                                                            

                                                                                                                                    

                                                            

                                                            
                                                                                                                        
                                                            

                                                                                                                        
                                                                
                                                                    Pubmed
                                                                

                                                                
                                                                    
                                                                        19336735
                                                                    
                                                                

                                                            

                                                                                                                                                                                    
                                                                
                                                                    Pubmed Central
                                                                

                                                                
                                                                    
                                                                        PMC2688582
                                                                    
                                                                

                                                            

                                                                                                                        
                                                                
                                                                     
                                                                

                                                            

                                                                                                                        
                                                                
                                                                    Published
                                                                

                                                                
                                                                    2009-06-01
                                                                

                                                            

                                                                                                                        
                                                            
                                                                
                                                                    
                                                                        Published By
                                                                    


                                                                    
                                                                        Ferrata Storti Foundation, Pavia, Italy
                                                                    

                                                                


                                                                
                                                                    
                                                                        Print ISSN
                                                                    

                                                                    
                                                                        0390-6078
                                                                    

                                                                

                                                                
                                                                    
                                                                        Online ISSN
                                                                    

                                                                    
                                                                        1592-8721
                                                                    

                                                                

                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                            

                                                        




                                                                                                                
                                                                                                                                                                                    



                                                                                                                        
                                                                Article Usage

                                                            

                                                            


    
        Online Views

        1348

    

    
        PDF Downloads

        149

    





    
    



            

        Statistics from Altmetric.com



        
            
                No Data
            

        





    

    





                                                            

                                                        

                                                    


                                                

                                                                                                
                                                    
                                                        
    	
            
                
            
        
	
                            
    

        



            
    
    
    
    
                        
	
            
                
            
        
	

            
                
            
        
	
        
        
    


                    



                                                    

                                                

                                            

                                        

                                                                                



                                            
                                                
                                                                                    
                    
                    
                        
                    

                
                                                


                                                
                                                                                    
                    
                        
                        
                            
                        

                    

                
                                                


                                                
                                                    
                                                                                                            
                                                
                                                
                                                                                                        
                                                




                                            


                                        

                                                                        

                            

                            
    
        
            
                How to Cite

                
                    ×
                
            

            
    
        
                        
            
                
                    
  1. 
Mark Bower, Martin Fisher, Teresa Hill, Iain Reeves, John Walsh, Chloe Orkin, Andrew N. Phillips, Loveleen Bansi, Richard Gilson, Philippa Easterbrook, Margaret Johnson, Brian Gazzard, Clifford Leen, Deenan Pillay, Achim Schwenk, Jane Anderson, Kholoud Porter, Mark Gompels, Caroline A. Sabin, for the UK CHIC Steering Committee. CD4 counts and the risk of systemic non-Hodgkin’s lymphoma in individuals with HIV in the UK. Haematologica 2009;94(6):875-880; https://doi.org/10.3324/haematol.2008.002691.





                

                

                
                
  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
 





				

			                        

        

    

   
















 

