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            Abstract
Combined PD-1 and CTLA-4-targeted immunotherapy with nivolumab and ipilimumab is effective against melanoma, renal cell carcinoma and non-small-cell lung cancer1,2,3. However, this comes at the cost of frequent, serious immune-related adverse events, necessitating a reduction in the recommended dose of ipilimumab that is given to patients4. In mice, co-treatment with surrogate anti-PD-1 and anti-CTLA-4 monoclonal antibodies is effective in transplantable cancer models, but also exacerbates autoimmune colitis. Here we show that treating mice with clinically available TNF inhibitors concomitantly with combined CTLA-4 and PD-1 immunotherapy ameliorates colitis and, in addition, improves anti-tumour efficacy. Notably, TNF is upregulated in the intestine of patients suffering from colitis after dual ipilimumab and nivolumab treatment. We created a model in which Rag2âˆ’/âˆ’Il2rgâˆ’/âˆ’ mice were adoptively transferred with human peripheral blood mononuclear cells, causing graft-versus-host disease that was further exacerbated by ipilimumab and nivolumab treatment. When human colon cancer cells were xenografted into these mice, prophylactic blockade of human TNF improved colitis and hepatitis in xenografted mice, and moreover, immunotherapeutic control of xenografted tumours was retained. Our results provide clinically feasible strategies to dissociate efficacy and toxicity in the use of combined immune checkpoint blockade for cancer immunotherapy.
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                    Fig. 1: DSS-induced colitis, exacerbated by anti-PD-1 and anti-CTLA-4, is ameliorated by prophylactic TNF blockade.[image: ]


Fig. 2: Prophylactic TNF blockade does not hinderâ€”and even enhancesâ€”the anti-tumour activity of combined anti-PD-1 and anti-CTLA-4 immunotherapy.[image: ]


Fig. 3: TNF blockade increases the infiltration of tumour-specific T cells in MC38-derived tumours and decreases AICD in CD8+ T cells from mice and humans.[image: ]


Fig. 4: TNF is involved in immune checkpoint blockade-induced colitis in patients and in a humanized mouse model.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Anti-tumour activity of double immune checkpoint blockade on B16-OVA-derived tumours on TNF blockade.
a, Schematic representation of experiments. Experiments were performed as in Fig.Â 2a, but on mice bearing B16-OVA-derived tumours, treated in different groups. b, Overall survival of treatment groups. The numbers of biologically independent mice are indicated in c. P values were calculated using a two-sided log-rank test. c, Individual follow-up of tumour size, depicting the fraction of mice that completely rejected their tumours. One representative experiment out of two is shown.

                          Source data
                        


Extended Data Fig. 2 Prophylactic IL-6 blockade hinders the anti-tumour activity of the combined anti-PD-1 and anti-CTLA-4 immunotherapy regimen.
a, Schematic representation of the treatments applied to mice that were subcutaneously engrafted with MC38 colon carcinoma cells (the results from these mice are presented in b). b, Individual follow-up of tumour mean diameters, depicting the fraction of mice that completely rejected established tumours. c, Schematic representation of the treatments applied to mice that were subcutaneously engrafted with B16-OVA melanoma cells (the results from these mice are presented in d). d, Individual follow-up of tumour size, as in b. Data are pooled from two independent experiments.

                          Source data
                        


Extended Data Fig. 3 Administration of etanercept causes mice to develop anti-drug antibodies.
An assay to detect anti-drug antibodies was performed on serum that was collected from MC38 tumour-bearing mice 4 or 8 days after the start of treatment with TNF blockade (as in Fig.Â 2d). a, c, Percentages of normalized absorbance. Percentages reflect the levels of antibody against rat anti-TNF or anti-etanercept, as measured by ELISA on day 4 (a) and day 8 (c). b, d, EC50 values for day 4 (b) and day 8 (d). Data are meanÂ Â±Â s.d. nÂ =Â 15 biologically independent mice for DSS, nÂ =Â 13 for DSSÂ +Â ICBÂ +Â anti-TNF and nÂ =Â 9 for DSSÂ +Â ICBÂ +Â etanercept. P values were calculated using a one-way ANOVA followed by Dunnettâ€™s test. A sigmoidal doseâ€“response equation was used to determine EC50. The continuous line represents the nonlinear regression curve fit, and the dotted line represents the s.d. Data are pooled from three independent experiments.

                          Source data
                        


Extended Data Fig. 4 Increased concentrations of TNF in the tumour microenvironment after immune checkpoint blockade therapy.
Tumour homogenates were prepared from mice 24Â h after they finished the treatment regimen described in Fig.Â 2d. Levels of TNF in the tumour are shown. Data are meanÂ Â±Â s.d. nÂ =Â 4 biologically independent mice. P values were calculated using a two-sided t-test. TNF was undetectable in serum samples from the same mice. One representative experiment out of two is shown.

                          Source data
                        


Extended Data Fig. 5 Downregulation of PD-1 expression on tumour-infiltrating antigen-specific CD8+ T cells following the combined anti-PD-1 and anti-CTLA-4 immunotherapy regimen.
Tumours from MC38 and B16-OVA mouse models were collected 24Â h after the mice finished the treatment regimen described in Fig.Â 2d, and cell suspensions were analysed by flow cytometry. a, The percentage of total TCRÎ²+CD8+ T cells among viable CD45+ cells for MC38 (top) and B16-OVA (bottom) tumours. b, Median fluorescence intensity (MFI) of surface PD-1 for PD-1+ cells previously gated on viable CD45+CD19âˆ’TCRÎ²+CD8+ gp70 pentamer+ cells (top) or OVA tetramer+ cells (bottom). c, MFI of surface TIM3 for TIM3+ cells previously gated on viable CD45+CD19âˆ’TCRÎ²+CD8+gp70 pentamer+ cells (top) or CD45+CD19âˆ’TCRÎ²+CD8+OVA tetramer+ cells (bottom). Data are meanÂ Â±Â s.d. For the MC38 models (top), nÂ =Â 7 biologically independent mice for DSS and DSSÂ +Â ICB and nÂ =Â 6 for the groups treated with anti-TNF or etanercept; for the B16-OVA models (bottom), nÂ =Â 6 for DSSÂ +Â ICB+Â anti-TNF and nÂ =Â 10 for the other groups. P values were calculated using a one-way ANOVA followed by Dunnettâ€™s test, and each condition was compared with the DSS group as a control. d, Representative contour plots of PD-1 and TIM3 in the experimental groups described in b for viable CD45+CD19âˆ’TCRÎ²+CD8+gp70 pentamer+ cells. Fluorescence minus one (FMO) negative controls were used. Data are representative of two independent experiments.

                          Source data
                        


Extended Data Fig. 6 Expression of T cell exhaustion-related markers on T cells following immune checkpoint blockade treatment with or without TNF blockade.
aâ€“f, Tumour-specific CD8+ T cells recognizing gp70 (top) or OVA (bottom), in tumour-cell suspensions that were derived one day after completion of the indicated treatments, were analysed by multicolour flow cytometry. Expression of surface CTLA-4 (a), LAG3 (b), BTLA (c), 2B4 (d), CD160 (e) and intracellular Ki67 (f) are shown. Data are MFI (meanÂ Â±Â s.d.) for surface markers (aâ€“e) and percentage of positive cells (meanÂ Â±Â s.d.) for Ki67 (f). For the MC38 models (top), nÂ =Â 3; for the B16-OVA models (bottom), nÂ =Â 4 for the DSSÂ +Â ICB group and nÂ =Â 5 for the other groups. P values were calculated using a one-way ANOVA followed by Dunnettâ€™s test, and each condition was compared with the DSS group as a control. Data are representative of two independent experiments.

                          Source data
                        


Extended Data Fig. 7 Gating strategy and representative contour plots of AICD protection by TNF blockade in human PBMCs.
a, Gating strategy for flow cytometry analysis. b, Representative contour plots showing annexin V-positive cells among CD8+ T lymphocytes after stimulation with anti-CD3 and anti-CD28, with or without TNF blockade with infliximab or etanercept (the experimental groups are those described in Fig.Â 3g).


Extended Data Fig. 8 The TNF axis is involved in immune-mediated colitis, as exacerbated by immune checkpoint blockade, in immune-deficient mice reconstituted with human PBMCs.
Fresh human PBMCs were injected intraperitoneally on day 0 into immunodeficient Rag2âˆ’/âˆ’Il2rgâˆ’/âˆ’ mice. On days 0, 4, 7 and 10, mice were injected intraperitoneally with ipilimumab (200Â Âµg) and nivolumab (200Â Âµg), with or without etanercept (40Â Âµg; given subcutaneously). As an antibody control, we used human polyclonal IgG. a, Normalized follow-up of body weight. Data are meanÂ Â±Â s.d. nÂ =Â 4 biologically independent mice for all groups, except nÂ =Â 5 for PBMCsÂ +Â ICBÂ +Â etanercept. P values were calculated using an extra sum-of-squares F test. b, Ultrasound assessments of intestinal wall thickness. Data are meanÂ Â±Â s.d. nÂ =Â 4 biologically independent mice for PBMCsÂ +Â IgG, nÂ =Â 3 for PBMCsÂ +Â ICB and nÂ =Â 5 for PBMCsÂ + ICBÂ +Â etanercept. P values were calculated using a one-way ANOVA followed by Dunnettâ€™s-test. c, Representative ultrasound images estimating colon wall thickness in the different experimental groups described in b. Red bars indicate intestinal wall thickness. Data are from a single experiment.

                          Source data
                        





Supplementary information
Reporting Summary




Source data
Source Data Fig. 1

Source Data Fig. 2

Source Data Fig. 3

Source Data Fig. 4

Source Data Extended Data Fig. 1

Source Data Extended Data Fig. 2

Source Data Extended Data Fig. 3

Source Data Extended Data Fig. 4

Source Data Extended Data Fig. 5

Source Data Extended Data Fig. 6

Source Data Extended Data Fig. 8




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Perez-Ruiz, E., Minute, L., Otano, I. et al. Prophylactic TNF blockade uncouples efficacy and toxicity in dual CTLA-4 and PD-1 immunotherapy.
                    Nature 569, 428â€“432 (2019). https://doi.org/10.1038/s41586-019-1162-y
Download citation
	Received: 14 September 2018

	Accepted: 27 March 2019

	Published: 01 May 2019

	Issue Date: 16 May 2019

	DOI: https://doi.org/10.1038/s41586-019-1162-y


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

                
                    	
                            
                                
                                    
                                        Loratidine is associated with improved prognosis and exerts antineoplastic effects via apoptotic and pyroptotic crosstalk in lung cancer
                                    
                                

                            
                                
                                    	Xiwen Liu
	Ran Zhong
	Wenhua Liang


                                
                                Journal of Experimental & Clinical Cancer Research (2024)

                            
	
                            
                                
                                    
                                        Single-cell profiling identifies IL1Bhi macrophages associated with inflammation in PD-1 inhibitor-induced inflammatory arthritis
                                    
                                

                            
                                
                                    	Ziyue Zhou
	Xiaoxiang Zhou
	Xuan Zhang


                                
                                Nature Communications (2024)

                            
	
                            
                                
                                    
                                        Clinical and translational attributes of immune-related adverse events
                                    
                                

                            
                                
                                    	Karijn P. M. Suijkerbuijk
	Mick J. M. van Eijs
	Alexander M. M. Eggermont


                                
                                Nature Cancer (2024)

                            
	
                            
                                
                                    
                                        EFHD2 suppresses intestinal inflammation by blocking intestinal epithelial cell TNFR1 internalization and cell death
                                    
                                

                            
                                
                                    	Jiacheng Wu
	Xiaoqing Xu
	Xuetao Cao


                                
                                Nature Communications (2024)

                            
	
                            
                                
                                    
                                        Targeting the NF-ÎºB pathway as a potential regulator of immune checkpoints in cancer immunotherapy
                                    
                                

                            
                                
                                    	Nasim Ebrahimi
	Al-Hasnawi Rasool Riyadh Abdulwahid
	Amir Reza Aref


                                
                                Cellular and Molecular Life Sciences (2024)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For 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


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (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


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing: Cancer]
                    Sign up for the Nature Briefing: Cancer newsletter â€” what matters in cancer research, free to your inbox weekly.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get what matters in cancer research, free to your inbox weekly.
            Sign up for Nature Briefing: Cancer
            
        


    









    [image: ]







[image: ]
