







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Medicine]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature medicine

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 08 February 2021



                    Survival and biomarker analyses from the OpACIN-neo and OpACIN neoadjuvant immunotherapy trials in stage III melanoma

                    	E. A. Rozeman1, 
	E. P. Hoefsmit 
            ORCID: orcid.org/0000-0002-3989-81752 na1, 
	I. L. M. Reijers1 na1, 
	R. P. M. Saw 
            ORCID: orcid.org/0000-0002-3354-806X3,4,5, 
	J. M. Versluis1, 
	O. Krijgsman2,6, 
	P. Dimitriadis 
            ORCID: orcid.org/0000-0002-3546-285X2, 
	K. Sikorska7, 
	B. A. van de Wiel8, 
	H. Eriksson9,10, 
	M. Gonzalez3, 
	A. Torres Acosta7, 
	L. G. Grijpink-Ongering7, 
	K. Shannon 
            ORCID: orcid.org/0000-0001-8538-31323,5, 
	J. B. A. G. Haanen 
            ORCID: orcid.org/0000-0001-5884-77041,2, 
	J. Stretch3,4,5, 
	S. Ch’ng3,4,5, 
	O. E. Nieweg 
            ORCID: orcid.org/0000-0003-2997-64133,4,5, 
	H. A. Mallo1, 
	S. Adriaansz1, 
	R. M. Kerkhoven11, 
	S. Cornelissen12, 
	A. Broeks12, 
	W. M. C. Klop13, 
	C. L. Zuur13, 
	W. J. van Houdt13, 
	D. S. Peeper 
            ORCID: orcid.org/0000-0003-1293-31772,6, 
	A. J. Spillane 
            ORCID: orcid.org/0000-0002-9520-01813,4,14, 
	A. C. J. van Akkooi13, 
	R. A. Scolyer 
            ORCID: orcid.org/0000-0002-8991-00133,15, 
	T. N. M. Schumacher 
            ORCID: orcid.org/0000-0003-0517-88042,6, 
	A. M. Menzies3,16, 
	G. V. Long3,16 & 
	…
	C. U. Blank 
            ORCID: orcid.org/0000-0002-7945-58461,2 

Show authors

                    

                    
                        
    Nature Medicine

                        volume 27, pages 256–263 (2021)Cite this article
                    

                    
        
            	
                        12k Accesses

                    
	
                        183 Citations

                    
	
                            56 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Clinical trials
	Immunotherapy
	Melanoma
	Predictive markers


    


                
    
    

    
    

                
            


        
            Abstract
Neoadjuvant ipilimumab plus nivolumab showed high pathologic response rates (pRRs) in patients with macroscopic stage III melanoma in the phase 1b OpACIN (NCT02437279) and phase 2 OpACIN-neo (NCT02977052) studies1,2. While the results are promising, data on the durability of these pathologic responses and baseline biomarkers for response and survival were lacking. After a median follow-up of 4 years, none of the patients with a pathologic response (n = 7/9 patients) in the OpACIN study had relapsed. In OpACIN-neo (n = 86), the 2-year estimated relapse-free survival was 84% for all patients, 97% for patients achieving a pathologic response and 36% for nonresponders (P < 0.001). High tumor mutational burden (TMB) and high interferon-gamma-related gene expression signature score (IFN-γ score) were associated with pathologic response and low risk of relapse; pRR was 100% in patients with high IFN-γ score/high TMB; patients with high IFN-γ score/low TMB or low IFN-γ score/high TMB had pRRs of 91% and 88%; while patients with low IFN-γ score/low TMB had a pRR of only 39%. These data demonstrate long-term benefit in patients with a pathologic response and show the predictive potential of TMB and IFN-γ score. Our findings provide a strong rationale for a randomized phase 3 study comparing neoadjuvant ipilimumab plus nivolumab versus standard adjuvant therapy with antibodies against the programmed cell death protein-1 (anti-PD-1) in macroscopic stage III melanoma.
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                    Fig. 1: Relapse-free survival and ongoing toxicities.[image: ]


Fig. 2: Baseline IFN-γ signature and tumor mutational burden associated with response and relapse.[image: ]


Fig. 3: Plasma analysis using Olink proteomic assay.[image: ]


Fig. 4: Continental differences between European and Australian patients.[image: ]
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Extended data

Extended Data Fig. 1 Study design OpACIN, event-free survival and overall survival of OpACIN.
a, Study design of the OpACIN study. Patients were randomized to receive 4 cycles of ipilimumab 3 mg/kg + nivolumab 1 mg/kg every 3 weeks after surgery (adjuvant arm, n = 10) or 2 cycles of ipilimumab 3 mg/kg + nivolumab 1 mg/kg every 3 weeks followed by surgery and thereafter again 2 cycles of ipilimumab 3 mg/kg + nivolumab 1 mg/kg (neoadjuvant arm, n = 10). A biopsy was taken at screening and blood samples were taken at screening, baseline, week 6, week 12 and week 18. IPI; ipilimumab, NIVO; nivolumab, PBMC; peripheral blood mononuclear cells. b, Event-free survival by treatment arm and c, Overall survival by treatment arm of the OpACIN study. Kaplan-Meier curves were generated including all patients from the adjuvant arm (red, n = 10) and neoadjuvant arm (blue, n = 10).


Extended Data Fig. 2 Study design and flowchart OpACIN-neo.
a, Study design of the OpACIN-neo study. Patients were randomized to receive 2 cycles of ipilimumab 3 mg/kg + nivolumab 1 mg/kg every 3 weeks (arm A, n = 30), 2 cycles of ipilimumab 1 mg/kg + nivolumab 3 mg/kg every 3 weeks (arm B, n = 30) or 2 cycles of ipilimumab 3 mg/kg every 3 weeks directly followed by 2 cycles nivolumab 3 mg/kg every 2 weeks (arm C, n = 26). Surgery was planned after 6 weeks. A biopsy was taken at screening and blood samples were taken at screening, baseline, week 6 and week 12. IPI; ipilimumab, NIVO; nivolumab, PBMC; peripheral blood mononuclear cells. b, Flowchart of the OpACIN-neo study showing the number of patients screened, allocated to a treatment arm, starting immunotherapy and undergoing surgery per treatment arm.


Extended Data Fig. 3 Event-free survival and overall survival of OpACIN-neo.
a, EFS for the total population of the OpACIN-neo study. A Kaplan-Meier curve for EFS of all patients (n = 86) was generated. The corresponding 95% CI is displayed and was computed using log transformation. b, EFS of the OpACIN-neo study by treatment arm including all patients from arm A (blue, n = 30), arm B (orange, n = 30) and arm C (purple, n = 26). P values were calculated using the log-rank test (two-sided). c, OS for the total population of the OpACIN-neo study. A Kaplan-Meier curve for OS of all patients (n = 86) was generated. d, OS of the OpACIN-neo study by treatment arm including all patients from arm A (blue, n = 30), arm B (orange, n = 30) and arm C (purple, n = 26). a-b, The asterisk denotes the patient who died due to irAEs.


Extended Data Fig. 4 Ongoing surgery-related adverse events of OpACIN-neo.
Frequency of maximum grade and ongoing surgery-related adverse events (AEs) of the OpACIN-neo study. Frequencies of maximum grade AEs are displayed in light blue (grade 1–2) and dark blue (grade 3–5), and frequencies of ongoing AEs in orange (grade 1–2) and red (grade 3–5). AEs that were reported at a frequency of >5% and all grade 3–5 AEs were included. All patients (n = 86) were included in the analysis of maximum grade AEs; for ongoing AEs only patients alive at time of data cutoff (n = 81) were included.


Extended Data Fig. 5 Pathologic response rates according to subgroups.
Forest plot of data for all patients who underwent surgery (n = 85). pRRs according to demographic, clinical and tumor characteristics are displayed. The 95% CIs were calculated using the Clopper-Pearson method. PD-L1 expression on pretreatment tumor biopsies was assessed centrally with an automated lab-validated immunohistochemistry assay, using the 22C3 antibody on a Ventana platform. PD-L1 expression was determined by the Tumor Proportion Score (TPS; the percentage of tumor cells with complete or partial membranous staining at any intensity).


Extended Data Fig. 6 Whole-exome sequencing and RNA sequencing analysis of pretreatment tumor biopsies.
a, Mutational load and mutational patterns of recurrent mutated cutaneous melanoma genes found by whole-exome sequencing. The frequency, mutation type and base changes are indicated. Each column represents one patient (n = 60 patients). b, Correlation between the IFN-γ score (values displayed as the average z-score of all the genes within the IFN-γ signature14) and TMB (displayed in log scale) for patients with pathologic response (n = 42, green) and no pathologic response (n = 17, red). The correlation coefficient and P value were calculated using the Pearson’s correlation method. c, TMB and baseline average expression of IFN-γ score of patients with a response (green dots) and patients without a response (red dots). The quadrants are determined by the optimal cutoff for each of the biomarkers as defined by the sROC curves. Each quadrant indicates the number of responding patients and total number of patients in the corresponding quadrant. Data were available for 59 patients. d, sROC curve showing the AUC for the combination of the IFN-γ score and TMB (0.83) (n = 59). e, Heatmap of the MCP counter15 RNA gene signature ordered according to average signature expression per response category of baseline tumor biopsies (n = 65). The MCP counter signature expresses the abundance of eight immune and two stromal cell populations. Each cell type is represented by the averaged z-score of the genes that it is consisted of, which were previously normalized by DESeq2. The score was computed from the average expression of all the ten cell types that form the MCP counter signature. Columns represent patients (green: pathological response/no relapse; red: no pathological response/relapse; grey: not evaluable (NE); blue: treatment arm A; orange: treatment arm B; purple: treatment arm C) and rows represent genes. Positive values (red) indicate higher expression and negative (blue) indicate lower expression. f, Gene set enrichment analysis displaying hallmark gene sets that are significantly enriched in responders (green) or nonresponders (red). Pathways are ordered according to the FDR. FDRs were computed as previously described37.


Extended Data Fig. 7 Extended plasma analysis using Olink proteomic assay.
a, PDCD1, CXCL9, CXCL10 normalized protein expression (NPX) in plasma of patients (n = 85) before treatment (pretreatment; round dots) and after treatment (post-treatment; triangle dots) measured with Olink immunoassay (green: patients with pathologic response, n = 64; red: patients without pathologic response, n = 21). Data for PDCD1 are missing for pretreatment samples of 9 patients (all responders) because values were below detection limit. The mean and SD are shown. P values were calculated using the paired Student’s t-test (two-sided). b, Heatmap of VEGFR2, CX3CL1 and PD-L2 NPX in plasma of patients before start of treatment. The heatmap depicts the ordered mean expression of these three genes of the 86 patients included in the OpACIN-neo cohort. The score of each patient expresses the baseline averaged z-score of the three mentioned genes mentioned beforehand which was previously normalized by DESeq2. Each column represents a different patient (green: response/no relapse; red: no response/relapse; blue: arm A; orange: arm B; purple: arm C) and rows indicate protein expression. Positive values (red) indicate higher expression and negative values (blue) indicate lower expression.
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