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    The novel coronavirus disease 2019 (COVID-19) is now considered a pandemic imposing a tremendous challenge on many nuclear medicine departments. Whereas preliminary precautions have been addressed regarding the risk of infection (1), the potential impact of COVID-19 on the risk–benefit ratio of nuclear medicine treatments remains unknown. Here, we discuss risk factors for COVID-19 severity with regard to peptide receptor radionuclide therapy (PRRT), focusing on the question of whether lymphopenia increases risk of infection-related morbidity.
PRRT-associated lymphopenia is a well-established side effect. Grade 3–4 lymphopenia occurs in 75% of patients treated with 90Y-DOTATOC (2) and in 18%–52% of patients treated with 177Lu-DOTATATE (3,4), with an early nadir 15 d after therapy and subsequent slow partial recovery. Toxicity seems greater after 90Y-peptides and appears to be cumulative (5).
The sole study evaluating the impact of PRRT on lymphocyte subpopulations (5) indicated that B cells are predominantly depleted (median reduction, 67%): worse with 90Y-DOTATOC (97%) than with 177Lu-DOTATATE (49%). The prolonged decrease in B lymphocytes improved in the intercycle period and exhibited partial recovery 3 mo after the last cycle. T lymphocytes were less affected (median reduction, 31%), and natural killer cells only marginally decreased (minimally below lower limits in 2 patients). This explains the lack of severe T- or B-cell–related diseases or other opportunistic infections after PRRT. Other innate immunity cells, for example, macrophages, were not assessed.
The phosphorylated histone variant H2AX (γ-H2AX) is a molecular marker of DNA double-strand breaks, used to estimate the biologic dose of irradiation. Post-PRRT lymphopenia seems to correlate with the blood or bone marrow dose, as documented by the increase in γ-H2AX foci in lymphocytes in all treated patients. The peak number of foci correlates with the absorbed dose to tumor and bone marrow and the extent of peripheral blood lymphocyte reduction (6).
Data emerging from affected countries indicate that severe forms of COVID-19 are associated with profound laboratory alterations, including lymphopenia, thrombocytopenia, and elevated D-dimer, IL-2R, IL-6, IL-10, and tumor necrosis factor α (7,8).
The first study to characterize peripheral lymphocyte subpopulations affected by severe acute respiratory syndrome coronavirus 2 demonstrated that all subtypes were involved (CD4-T, CD8-T, B, and natural killer cells), but a subsequent study showed that CD8-T-cell numbers were primarily reduced (9). Recovery was associated with an increase in CD8-T and B cells (10).
Since lymphopenia is associated with a poor prognosis in the setting of COVID-19, use of procedures with the potential for further immunologic compromise and additional lymphopenia, such as extracorporeal membrane oxygenation, sometimes used during respiratory failure, has been regarded with caution (11).
At this time, it is not known if the moderately compromised immune response (predominantly involving B lymphocytes) associated with PRRT results in an impaired capacity to defend against subsequent severe acute respiratory syndrome coronavirus 2. Despite the demonstrated neutralizing potential of plasma antibodies (12), initial evidence in the development of severe COVID-19 seems to point to a more crucial role for T cells (CD8 and CD4), which are the predominant cells eliminating virus from infected tissue during COVID-19, although they might be involved in organ damage in the later phases of severe infection (13).
Consequently, there is no clear theoretic indication that PRRT places patients at significantly greater risk of acquiring COVID-19 or developing more severe infection-related complications. Anecdotal experiences among us suggest that PRRT-treated patients are not overly represented among our COVID-19–positive patients.
The potential risks of PRRT in patients with progressive neuroendocrine tumor during the COVID-19 pandemic need to be considered in the context of the relative risks and benefits of other available therapies. For example, everolimus is immunosuppressive and may increase the risk of infections, including with opportunistic pathogens. The incidence of infections of neuroendocrine tumor patients treated with everolimus is approximately 20%–29% for all grades and 5%–10% for grades 3 and 4 (14). Similarly, patients treated with temozolomide are at risk for lymphopenia, although risk of opportunistic infections appears to be significant only with dose-dense regimens or with corticosteroids (15,16).
Given the slow and low-dose radiation delivery over time, as opposed to high-dose external-beam radiotherapy or chemotherapy, it is hypothesized that PRRT would have no significant impact on the other hallmark of COVID-19, the coagulopathy related to generalized vasculitis, immune thrombocytopenia, and disseminated intravascular coagulation (17,18).
The kidney is another COVID-19 target, possibly through the angiotensin-converting enzyme receptor 2. Subclinical kidney injury is thought to occur in many COVID-19 patients, severely in about 3% of older subjects with hypertension (19). It is unclear whether the generally subclinical nephrotoxicity produced by prior 177Lu-DOTATATE could constitute an additional risk factor in COVID-19–induced renal injury.
Given the evolving nature of this pandemic and the scarcity of data on the subject, the nuclear medicine community is encouraged to prospectively collect and report information on toxicity in patients undergoing PRRT, either before or after COVID-19. At this time, however, routinely monitoring lymphocyte subpopulations would have only research value. Considering the expected rarity of the association of PRRT and COVID-19, we propose a registry under the aegis of the dedicated scientific societies to collect such data and specifically evaluate the potential association between radiation-induced toxicity (hematologic, renal) and COVID-19.
Although available data are scarce, we agree that, for now, PRRT-related lymphopenia does not appear to constitute a strong risk factor for acquiring COVID-19 infection or for developing severe complications. We do, however, recommend careful vigilance regarding the incidence and clinical course of COVID-19 cases in patients undergoing PRRT, and we recommend postponing treatment in active COVID-19 infection. Continuous consideration should be given to the risk–benefit ratio of PRRT during this pandemic, accounting for the geographic prevalence of COVID-19 in the patient’s area as well as patient frailty and comorbidities that may impact pulmonary and renal complications. A few weeks’ delay in highly affected areas for individuals with slowly progressing tumors or with severe comorbidities can be considered, whereas patients with aggressive tumors or those living in scarcely affected areas should receive treatment with no delay.
DISCLOSURE
Lisa Bodei has an unpaid position on a consultancy or advisory board for AAA, Ipsen, Curium, and Clovis Oncology and performs research for AAA. Emily Bergsland has an unpaid position on an advisory board for AAA. Wouter de Herder is on an advisory board for AAA-Novartis and Wren labs; receives speaker fees from Ipsen, Pfizer, AAA-Novartis, and Novartis; and is on a steering committee for NETTER 2. Diego Ferone is on a steering committee for NETTER 2. Rodney Hicks holds stocks in and is a scientific advisor to Telix Pharmaceuticals (all proceeds donated to his institution). Thomas Hope is on a consultancy or advisory board for Curium and Ipsen; performs research for Clovis Oncology and Philips; and is a trial participant for Novartis and AAA. Marianne Pavel receives honoraria for presentations and a consultancy from Novartis, IPSEN, AAA, Pfizer, and Lexicon. Diane Reidy-Lagunes is on an advisory board for AAA and Lexicon and performs research for Novartis, Ipsen, and Merck. Jens Siveke receives research funding from Celgene and BMS; is on a consulting or advisory board for Celgene, AstraZeneca, and Roche; receives travel funds from Roche, Celgene, BMS, AstraZeneca, and Servier; and holds ownership in FAPI Holding (<3%). Jonathan Strosberg is on a speaker’s bureau for Lexicon and Ipsen and is a consultant for Novartis. Ken Herrmann is a consultant for Bayer, Sofie Biosciences, SIRTEX, AAA, Curium, Endocyte, BTG, Ipsen, Siemens Healthcare, GE Healthcare, Amgen, Novartis, and Ymabs and holds stock options (<1%) in Sofie Biosciences. No other potential conflict of interest relevant to this article was reported.

Footnotes
	Published online Jun. 23, 2020.



	© 2020 by the Society of Nuclear Medicine and Molecular Imaging.

Immediate Open Access: Creative Commons Attribution 4.0 International License (CC BY) allows users to share and adapt with attribution, excluding materials credited to previous publications. License: https://creativecommons.org/licenses/by/4.0/. Details: http://jnm.snmjournals.org/site/misc/permission.xhtml.

REFERENCES
	1.↵	Czernin  J, 
	Fanti  S, 
	Meyer  PT, 
	et al

. Nuclear medicine operations in the times of COVID-19: strategies, precautions and experiences. J Nucl Med. 2020;61:1–4.
OpenUrlFREE Full Text


	2.↵	Bodei  L, 
	Cremonesi  M, 
	Zoboli  S, 
	et al

. Receptor-mediated radionuclide therapy with 90Y-DOTATOC in association with amino acid infusion: a phase I study. Eur J Nucl Med Mol Imaging. 2003;30:207–216.
OpenUrlCrossRefPubMed


	3.↵	Del Prete  M, 
	Buteau  FA, 
	Arsenault  F, 
	et al

. Personalized 177Lu-octreotate peptide receptor radionuclide therapy of neuroendocrine tumours: initial results from the P-PRRT trial. Eur J Nucl Med Mol Imaging. 2019;46:728–742.
OpenUrl


	4.↵	Strosberg  J, 
	El-Haddad  G, 
	Wolin  E, 
	et al

. Phase 3 trial of 177Lu-dotatate for midgut neuroendocrine tumors. N Engl J Med. 2017;376:125–135.
OpenUrlCrossRef


	5.↵	Sierra  ML, 
	Agazzi  A, 
	Bodei  L, 
	et al

. Lymphocytic toxicity in patients after peptide-receptor radionuclide therapy (PRRT) with 177Lu-DOTATATE and 90Y-DOTATOC. Cancer Biother Radiopharm. 2009;24:659–665.
OpenUrlCrossRefPubMed


	6.↵	Denoyer  D, 
	Lobachevsky  P, 
	Jackson  P, 
	Thompson  M, 
	Martin  OA, 
	Hicks  RJ

. Analysis of 177Lu-DOTA-octreotate therapy-induced DNA damage in peripheral blood lymphocytes of patients with neuroendocrine tumors. J Nucl Med. 2015;56:505–511.
OpenUrlAbstract/FREE Full Text


	7.↵	Chen  G, 
	Wu  D, 
	Guo  W, 
	et al

. Clinical and immunological features of severe and moderate coronavirus disease 2019. J Clin Invest. 2020;130:2620–2629.
OpenUrlPubMed


	8.↵	Chen  T, 
	Wu  D, 
	Chen  H, 
	et al

. Clinical characteristics of 113 deceased patients with coronavirus disease 2019: retrospective study. BMJ. 2020;368:m1091.
OpenUrlAbstract/FREE Full Text


	9.↵	Liu  J, 
	Li  S, 
	Liu  J, 
	et al

. Longitudinal characteristics of lymphocyte responses and cytokine profiles in the peripheral blood of SARS-CoV-2 infected patients. EBioMedicine. 2020;55:102763.
OpenUrlCrossRef


	10.↵	Wang  F, 
	Nie  J, 
	Wang  H, 
	et al

. Characteristics of peripheral lymphocyte subset alteration in COVID-19 pneumonia. J Infect Dis. 2020;221:1762–1769.
OpenUrl


	11.↵	Henry  BM

. COVID-19, ECMO, and lymphopenia: a word of caution. Lancet Respir Med. 2020;8:e24.
OpenUrl


	12.↵	Duan  K, 
	Liu  B, 
	Li  C, 
	et al

. Effectiveness of convalescent plasma therapy in severe COVID-19 patients. Proc Natl Acad Sci USA. 2020;117:9490–9496.
OpenUrlAbstract/FREE Full Text


	13.↵	Li  G, 
	Fan  Y, 
	Lai  Y, 
	et al

. Coronavirus infections and immune responses. J Med Virol. 2020;92:424–432.
OpenUrlCrossRefPubMed


	14.↵	Garcia  CA, 
	Wu  S

. Attributable risk of infection to mTOR inhibitors everolimus and temsirolimus in the treatment of cancer. Cancer Invest. 2016;34:521–530.
OpenUrlPubMed


	15.↵	Kizilarslanoglu  MC, 
	Aksoy  S, 
	Yildirim  NO, 
	Ararat  E, 
	Sahin  I, 
	Altundag  K

. Temozolomide-related infections: review of the literature. J BUON. 2011;16:547–550.
OpenUrlPubMed


	16.↵	Sengupta  S, 
	Marrinan  J, 
	Frishman  C, 
	Sampath  P

. Impact of temozolomide on immune response during malignant glioma chemotherapy. Clin Dev Immunol. 2012;2012:831090.
OpenUrlPubMed


	17.↵	Terpos  E, 
	Ntanasis-Stathopoulos  I, 
	Elalamy  I, 
	et al

. Hematological findings and complications of COVID-19. Am J Hematol. 2020;95:834–847.
OpenUrl


	18.↵	Levi  M

. Cancer-related coagulopathies. Thromb Res. 2014;133(suppl 2):S70–S75.
OpenUrlPubMed


	19.↵	Cheng  Y, 
	Luo  R, 
	Wang  K, 
	et al

. Kidney disease is associated with in-hospital death of patients with COVID-19. Kidney Int. 2020;97:829–838.
OpenUrlPubMed




	Received for publication May 6, 2020.
	Accepted for publication June 6, 2020.




  


  
  



  





  


  
  



  
      
  
  
     PreviousNext 
  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
        In this issue

    
  
  
    
  
    
  
      
  
  
    
    
      

  
  
      
      
          Journal of Nuclear Medicine      
      
        	Vol. 61, Issue 8 August 1, 2020 


      
      
        		Table of Contents
	Table of Contents (PDF)
	About the Cover
	Index by author




      




  


  
  



  



  


  
  



  
      
  
  
    
  
    
  
      
  
  
    


  



  


  
  



  



  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Print  


  
  


  
      
  
  
     Download PDF  


  
  


  
      
  
  
     Article Alerts

  
    
  
      
  
  
    
  User Name *
 



  Password *
 


Sign In to Email Alerts with your Email Address

  Email *
 








  


  
  



  





  


  
  


  
      
  
  
     Email Article

  
    
  
      
  
  
    
 Thank you for your interest in spreading the word on Journal of Nuclear Medicine.
NOTE: We only request your email address so that the person you are recommending the page to knows that you wanted them to see it, and that it is not junk mail. We do not capture any email address.




  Your Email *
 



  Your Name *
 



  Send To *
 

Enter multiple addresses on separate lines or separate them with commas.




  You are going to email the following 
 Peptide Receptor Radionuclide Therapy During the COVID-19 Pandemic: Are There Any Concerns?



  Message Subject 
 (Your Name) has sent you a message from Journal of Nuclear Medicine



  Message Body 
 (Your Name) thought you would like to see the Journal of Nuclear Medicine web site.



  Your Personal Message 
 











  


  
  



  





  


  
  


  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      
  
  
  
  
      Peptide Receptor Radionuclide Therapy During the COVID-19 Pandemic: Are There Any Concerns?
  
    	Lisa Bodei, Emily Bergsland, Wouter W. de Herder, Diego Ferone, Rodney J. Hicks, Thomas A. Hope, Jolanta Kunikowska, Marianne Pavel, Diane Reidy-Lagunes, Jens Siveke, Jonathan Strosberg, Ulf Dittmer, Ken Herrmann

  
    	 Journal of Nuclear Medicine Aug 2020, 61 (8) 1094-1095; DOI: 10.2967/jnumed.120.249136 

  
  
  



  

  
  	      Citation Manager Formats

        
      	BibTeX
	Bookends
	EasyBib
	EndNote (tagged)
	EndNote 8 (xml)
	Medlars
	Mendeley
	Papers
	RefWorks Tagged
	Ref Manager
	RIS
	Zotero

    

  



  


  
  



  





  


  
  



          

        

        
        
          
            
  
      
  
  
     Share  


  
  


  
      
  
  
    
  
    
  
      
  
  
    
  
  
  
  
      Peptide Receptor Radionuclide Therapy During the COVID-19 Pandemic: Are There Any Concerns?
  
    	Lisa Bodei, Emily Bergsland, Wouter W. de Herder, Diego Ferone, Rodney J. Hicks, Thomas A. Hope, Jolanta Kunikowska, Marianne Pavel, Diane Reidy-Lagunes, Jens Siveke, Jonathan Strosberg, Ulf Dittmer, Ken Herrmann

  
    	 Journal of Nuclear Medicine Aug 2020, 61 (8) 1094-1095; DOI: 10.2967/jnumed.120.249136 

  
  
  



  


  
  



  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  
      
  
  
       
  


  
  



  



  


  
  


  
      
  
  
    	Tweet Widget
	Facebook Like
	Google Plus One



  


  
  


  
      
  
  
     Bookmark this article
  User Name *
 



  Password *
 



   Remember my user name & password. 










  


  
  



          

        

	
 	
	
	


  


  
  



  
        Jump to section

    
  
  
    	Article	DISCLOSURE
	Footnotes
	REFERENCES



	Info & Metrics
	 PDF



  


  
  



  
      
  
  
    
  
    
  
      
  
  
    


  



  


  
  



  



  


  
  



  
      
  
  
    
  
     Related Articles
	
  
  
  
  
      This Month in JNM  
  
  
  
  






	PubMed
	Google Scholar




 Cited By...
	No citing articles found.



	Google Scholar



 More in this TOC Section
	
  
  
  
  
      Slow but Evident Recovery from Neocortical Dysfunction and Cognitive Impairment in a Series of Chronic COVID-19 Patients  
  
  
  
  




	
  
  
  
  
      Low-Dose Radiation to COVID-19 Patients to Ease the Disease Course and Reduce the Need of Intensive Care  
  
  
  
  




	
  
  
  
  
      Oncology-Inspired Treatment Options for COVID-19  
  
  
  
  






Show more Covid Commentaries

 Similar Articles






  



  


  
  



  
      
  
  
    
  


  
  



  
      
  
  
    
  
    
  
      
  
  
    


  



  


  
  



  



  


  
  



			

		

	
	
 	
	
	


    

  



  
                
    
      
  
    
  
      
  
  
    


  



  


  
  



  



    

  


      


  

    
  
      
    
  
    
  
    
  
                
    
      
  
    
  
      
  
  
      


  
  



  
      
  
  
    
  
      
  
    © 2024 Journal of Nuclear Medicine
  




  


  
  



  
      
  
  
      


  
  



  



    

  


  


  

  
    
  
      







  