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                                                            We read with interest the recent paper published in Haematologica by Sasse et al. examining programmed cell death protein – 1 (PD1) expression in paired pretreatment/relapse samples for patients receiving PD1 inhibitor therapy in classical Hodgkin lymphoma (CHL).1 Although the authors comment on an increase in PD1 lymphocyte numbers in cases relapsing after PD1 inhibitor therapy, this difference did not reach statistical significance. The possibility that PD1 lymphocytes might be enriched post PD1 inhibitor therapy is interesting, and raises a number of questions. We examined the expression of PD1 and Programmed Cell Death Ligand – 1 (PDL1) in a cohort of 123 CHL patients and in 35 paired diagnosis and relapse specimens in patients receiving conventional chemotherapy and found no evidence of enrichment. Should the enrichment of PD1 lymphocytes seen by Sasse et al. be validated it would therefore suggest a difference in the nature of disease relapse post immunotherapy. This would be plausible as recent work by Spina et al. hints at fundamental differences in lymphoma cell dynamics under the influence of immunotherapy; they observed cycling of clones rather than the outgrowth of individual chemo-resistant clones seen with conventional chemotherapy.2 This is likely to be a consequence of PD1 inhibition causing broad T-cell activation improving immunosurveillance, hence we would expect to observe marked changes within the microenvironment.
Whilst the findings of Sasse et al. are potentially interesting, it is important to recognise the limitations of this analysis. Firstly, as the authors note, the finding did not reach statistical significance. Additionally, all but two of the relapse biopsies represented small tissue fragments which may affect the quality of the data. Finally, most comparisons of PD1 expression in this study are made either across tissue types (e.g., between soft tissue and lymph node (LN) or LN and bone marrow) or across a change in CHL histological subtype. Cross tissue-type comparison is problematic as the baseline cellular composition is different. Cross-histological subtype composition also presents a problem: the histology at relapse in one case in the cohort by Sasse et al. changed to the rare lymphocyte-rich (LR) subtype. We have found PD1 expression in LR cases to be significantly higher than other subtypes (Figure 1). Further validation of their results is therefore essential before any conclusions can be drawn.
[image: ]

Figure 1.Frequency of PD1+ lymphocytes by histological subtype of CHL. Significant enrichment of PD1+ lymphocytes seen in LR cases when compared to EBV positive MC, EBV positive NS or EBV negative NS. No significant difference was observed between other groups. Box and whiskers in Tukey style, log 10 scale. Kruskal-Wallis test (P=0.006) with Dunn’s multiple comparison. ns: non-significant; *:P<0.05; **:P<0.01, ***: P<0.001; MC: mixed cellularity; NS: nodular sclerosing; LR: lymphocyte rich; EBV+NS n=20, EBV+MC n=22, EBV+LR n=3, EBV-NS n=87, EBV-MC n=8. EBV: Epstein-Barr virus.
We conducted a similar analysis to Sasse et al., but in the setting of relapse post conventional chemotherapy, and our findings were different. This provides a useful comparator to their results.
We have previously published that PD1 expression in diagnostic LN biopsies of CHL is low.3 This is a paradoxical finding given the sensitivity of CHL to PD1 inhibition, so we assessed whether changes in PD1 expression between the diagnostic and relapsed settings could explain this. We did not find evidence of enrichment for PD1 positive cases within the diagnostic biopsies of patients who went on to relapse (Figure 2). This is despite reports by our group and others of PD1 expression being associated with an increased risk of relapse in CHL.53 This apparent discrepancy may be due to the fact that each of these studies associated infrequent PD1hi cases with poor outcome. Hence, although rare PD1hi cases may be preferentially enriched, this does not necessarily imply an overall difference in PD1 expression between groups. PD1 enrichment in the LR subtype does not explain the increased relapse rate in PD1 cases as this entity is associated with improved outcome.6
[image: ]

Figure 2.Frequency of PD1+ lymphocytes on presentation biopsies by subsequent relapse status. No significant enrichment of PD1+ lymphocytes between presentation biopsies comparing patients who subsequently relapsed (n=43) to those who remained in remission (n=80). Box and whiskers in Tukey style, log 10 scale. Mann-Whitney test P=0.49. ns: non-significant
Given this finding, we considered whether PD1 or PDL1 expression might increase at relapse in paired cases due to the selective effects of chemotherapy. We compared 35 paired LN biopsies at presentation and first relapse and found no evidence of a shift in expression of PD1 or PDL1 (Wilcoxon two-tailed, P=0.84 and P=0.6 respectively) (Figure 3A-B). Marked changes in PD1 expression were observed in some cases, but these did not reflect a consistent increase or decrease. Analysis by histological subtype and Epstein-Barr virus (EBV) status did not resolve this. We further assessed 9 cases where serial relapses were available. Here, again, no enrichment or depletion of PD1 cells or PDL1 expression was observed (one-way ANOVA P=0.47, P=0.68 respectively) (Figure 3C-D). No correlation was observed between PD1 and PDL1.
[image: ]

Figure 3.Changes PD1+ lymphocyte frequency and PDL1 expression between presentation and relapse. A) Number of PD1+ lymphocytes do not significantly enrich between paired biopsies at presentation and first relapse in CHL. Comparison by Wilcoxon rank P=0.8 (n=35) B) PDL1 expression does not significantly enrich between paired biopsies at presentation and first relapse in CHL. Comparison by Wilcoxon rank P=0.6 (n=35) C and D) No enrichment of PD1 or PDL1 is seen across serial relapses. Comparison by Friedman test, P=0.5 and 0.7 respectively (n=9). Pres.: Presentation biopsy (pre-therapy); Rel.: Relapse biopsy; ns: non-significant
In summary, we did not observe net selection for PD1 positivity when comparing presentation biopsies of patients who subsequently relapsed to those who did not, despite the role of PD1 as an adverse prognostic marker. This suggests that the adverse predictive power of PD1 stems from a subgroup of PD1hi patients as opposed to a generalized effect. Additionally, our finding that PD1 and PDL1 do not enrich in paired biopsies over serial relapses suggests that these mechanisms are not selected for by conventional treatment. These observations appear reassuring for the incorporation of PD1 inhibitors into front-line therapy for CHL as they suggest that the encouraging responses in relapse are not due to selection for PD1 positivity. However, this may not prove relevant as the role that PD1 cells play in PD1 inhibitor activity is unclear. PD1 and PDL1 are independent prognostic factors in CHL and PD1 does not correlate with PDL1 expression.754 Lymphoma cell PDL1 expression, but not PD1 lymphocyte infiltration, is associated with response to PD1 inhibition.98 This suggests that PD1 and PDL1 expression may be driven by independent processes and that PDL1 is more important to PD1 inhibitor activity.
If the findings of Sasse et al. are validated, these data would suggest a biological difference between relapse post immunotherapy versus conventional chemotherapy. Interpreting this finding would be challenging as our understanding of cellular dynamics within the microenvironment during immunotherapy is limited. It is likely that the T landscape will differ significantly to that seen in the absence of PD1 inhibition, and PD1 cells in this context may be playing different roles. It will be difficult, therefore, to distinguish signatures of appropriate T-cell activation from those of hyperactivation or PD1 resistance. The increase in PD1 cells observed by Sasse et al. may represent activated, exhausted or even follicular helper T cells. Given that PD1 inhibitor therapy reverses T-cell exhaustion, it would seem counter-intuitive if these cells were exhausted, but this would be possible if hyper-activated cells were exhausted in the context of treatment failure, a described mechanism of resistance to PD1 inhibitor therapy.10 It is interesting to note that patients 2, 7, 8 and 9 in their study showed the most marked increase in PD1 lymphocytes and are alive, two with stable disease, which would go against this hypothesis. A second alternative might be increased PD1 expression as a marker of widespread T activation. This might represent an appropriate response to PD1 inhibition in the presence of lymphoma. This is a possible explanation as the relapsed biopsies in the study by Sasse et al. comprised cases of both relapse and stable disease. A further explanation might be increased differentiation of T follicular helper-like cells, although these are usually scarce in the CHL microenvironment. This might fit with the author’s hypothesis of a PD1-PDL1 axis crosstalk required for HRS growth.
The analysis by Sasse et al. raises the possibility of an interesting finding which differs to our observations in the setting of conventional chemotherapy and deserves to be repeated when a larger cohort becomes available.
References
	Sasse S, Reddemann K, Diepstra A. Programmed cell death protein-1 (PD-1)-expression in the microenvironment of classical Hodgkin lymphoma at relapse during anti-PD-1-treatment. Haematologica. 2019; 104(1):e21-e24. PubMedhttps://doi.org/10.3324/haematol.2018.196279Google Scholar

	Spina V, Bruscaggin A, Cuccaro A. Circulating tumor DNA reveals genetics, clonal evolution and residual disease in classical Hodgkin lymphoma. Blood. 2018; 131(22):2413-2425. PubMedhttps://doi.org/10.1182/blood-2017-11-812073Google Scholar

	Greaves P, Clear A, Owen A. Defining characteristics of classical Hodgkin lymphoma microenvironment T-helper cells. Blood. 2013; 122(16):2856-2863. PubMedhttps://doi.org/10.1182/blood-2013-06-508044Google Scholar

	Hollander P, Kamper P, Smedby KE. High proportions of PD-1+ and PD-L1+ leukocytes in classical Hodgkin lymphoma microenvironment are associated with inferior outcome. Blood Adv. 2017; 1(18):1427-1439. PubMedhttps://doi.org/10.1182/bloodadvances.2017006346Google Scholar

	Koh YW, Jeon YK, Yoon DH, Suh C, Huh J. Programmed death 1 expression in the peritumoral microenvironment is associated with a poorer prognosis in classical Hodgkin lymphoma. Tumour Biol. 2016; 37(6):7507-7514. PubMedhttps://doi.org/10.1007/s13277-015-4622-5Google Scholar

	Shimabukuro-Vornhagen A, Haverkamp H, Engert A. Lymphocyte-rich classical Hodgkin’s lymphoma: clinical presentation and treatment outcome in 100 patients treated within German Hodgkin’s Study Group trials. J Clin Oncol. 2005; 23(24):5739-5745. PubMedhttps://doi.org/10.1200/JCO.2005.17.970Google Scholar

	Menter T, Bodmer-Haecki A, Dirnhofer S, Tzankov A. Evaluation of the diagnostic and prognostic value of PDL1 expression in Hodgkin and B-cell lymphomas. Hum Pathol. 2016; 54:17-24. Google Scholar

	Ansell SM, Lesokhin AM, Borrello I. PD-1 blockade with nivolumab in relapsed or refractory Hodgkin’s lymphoma. N Engl J Med. 2015; 372(4):311-319. PubMedhttps://doi.org/10.1056/NEJMoa1411087Google Scholar

	Roemer MGM, Redd RA, Cader FZ. Expression of major histocompatibility complex (MHC) class II, but not MHC class I, predicts outcome in patients with classical Hodgkin lymphoma (cHL) treated with nivolumab (programmed death-1 [PD-1] blockade). Blood. 2017; 130(Suppl 1):1450-1450. Google Scholar

	Jenkins RW, Barbie DA, Flaherty KT. Mechanisms of resistance to immune checkpoint inhibitors. Br J Cancer. 2018; 118(1):9-16. Google Scholar




                                                        

                                                    

                                                    
                                                        


                                                                                                                                                                        


                                                                                                                                                                                    
                                                                Data Supplements
                                                                    
	    


            

    
        2018_204818-Disclosures_and_Contributions.pdf




                                                            

                                                                                                                    

                                                                                                                
                                                            Figures & Tables
                                                        



                                                    

                                                    
                                                        
                                                            Article Information

                                                              



                                                                                                                        
                                                                
                                                                                                                                        
                                                                                                                                                    Vol. 104 No. 1 (2019): January, 2019 : Online Only Articles
                                                                                                                                                

                                                                





                                                                
                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                                                                                                                                                                
                                                                                                                                         
                                                                        DOI
                                                                    

                                                                    
                                                                    
                                                                        
                                                                                                                                                                                                                                    https://doi.org/10.3324/haematol.2018.204818
                                                                        


                                                                                                                                            

                                                                                                                                    

                                                            

                                                            
                                                                                                                        
                                                            

                                                                                                                        
                                                                
                                                                    Pubmed
                                                                

                                                                
                                                                    
                                                                        30598496
                                                                    
                                                                

                                                            

                                                                                                                                                                                    
                                                                
                                                                    Pubmed Central
                                                                

                                                                
                                                                    
                                                                        PMC6312038
                                                                    
                                                                

                                                            

                                                                                                                        
                                                                
                                                                     
                                                                

                                                            

                                                                                                                        
                                                                
                                                                    Published
                                                                

                                                                
                                                                    2019-01-01
                                                                

                                                            

                                                                                                                        
                                                            
                                                                
                                                                    
                                                                        Published By
                                                                    


                                                                    
                                                                        Ferrata Storti Foundation, Pavia, Italy
                                                                    

                                                                


                                                                
                                                                    
                                                                        Print ISSN
                                                                    

                                                                    
                                                                        0390-6078
                                                                    

                                                                

                                                                
                                                                    
                                                                        Online ISSN
                                                                    

                                                                    
                                                                        1592-8721
                                                                    

                                                                

                                                                
                                                                    
                                                                         
                                                                    

                                                                

                                                            

                                                        




                                                                                                                
                                                                                                                                                                                    



                                                                                                                        
                                                                Article Usage

                                                            

                                                            


    
        Online Views

        485

    

    
        PDF Downloads

        161

    





    
    



            

        Statistics from Altmetric.com



        
            
                No Data
            

        





    

    





                                                            

                                                        

                                                    


                                                

                                                                                                
                                                    
                                                        
    	
            
                
            
        
	
                            
    

        



            
    
    
    
    
                        
	
            
                
            
        
	

            
                
            
        
	
        
        
    


                    



                                                    

                                                

                                            

                                        

                                                                                



                                            
                                                
                                                                                    
                    
                    
                        
                    

                
                                                


                                                
                                                                                    
                    
                        
                        
                            
                        

                    

                
                                                


                                                
                                                    
                                                                                                            
                                                
                                                
                                                                                                        
                                                




                                            


                                        

                                                                        

                            

                            
    
        
            
                How to Cite

                
                    ×
                
            

            
    
        
                        
            
                
                    
  1. 
Joseph G. Taylor, Andrew Clear, Maria Calaminici, John G. Gribben. Programmed cell death protein-1 (PD1) expression in the microenvironment of classical Hodgkin lymphoma is similar between favorable and adverse outcome and does not enrich over serial relapses with conventional chemotherapy. Haematologica 2018;104(1):e42-e44; https://doi.org/10.3324/haematol.2018.204818.





                

                

                
                
  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
 





				

			                        

        

    

   
















 

