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            Abstract
Neoadjuvant ipilimumab and nivolumab induces high pathologic response rates (pRRs) in clinical stage III nodal melanoma, and pathologic response is strongly associated with prolonged relapse-free survival (RFS). The PRADO extension cohort of the OpACIN-neo trial (NCT02977052) addressed the feasibility and effect on clinical outcome of using pathologic response after neoadjuvant ipilimumab and nivolumab as a criterion for further treatment personalization. In total, 99 patients with clinical stage IIIb–d nodal melanoma were included and treated with 6 weeks of neoadjuvant ipilimumab 1 mg kg−1 and nivolumab 3 mg kg−1. In patients achieving major pathologic response (MPR, ≤10% viable tumor) in their index lymph node (ILN, the largest lymph node metastasis at baseline), therapeutic lymph node dissection (TLND) and adjuvant therapy were omitted. Patients with pathologic partial response (pPR; >10 to ≤50% viable tumor) underwent TLND only, whereas patients with pathologic non-response (pNR; >50% viable tumor) underwent TLND and adjuvant systemic therapy ± synchronous radiotherapy. Primary objectives were confirmation of pRR (ILN, at week 6) of the winner neoadjuvant combination scheme identified in OpACIN-neo; to investigate whether TLND can be safely omitted in patients achieving MPR; and to investigate whether RFS at 24 months can be improved for patients achieving pNR. ILN resection and ILN-response-tailored treatment were feasible. The pRR was 72%, including 61% MPR. Grade 3–4 toxicity within the first 12 weeks was observed in 22 (22%) patients. TLND was omitted in 59 of 60 patients with MPR, resulting in significantly lower surgical morbidity and better quality of life. The 24-month relapse-free survival and distant metastasis-free survival rates were 93% and 98% in patients with MPR, 64% and 64% in patients with pPR, and 71% and 76% in patients with pNR, respectively. These findings provide a strong rationale for randomized clinical trials testing response-directed treatment personalization after neoadjuvant ipilimumab and nivolumab.
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                    Fig. 1: Study scheme and flowchart of PRADO.[image: ]


Fig. 2: Radiologic and pathologic response.[image: ]


Fig. 3: Effect of ILN procedure on surgical morbidity and HRQoL.[image: ]


Fig. 4: Survival outcomes.[image: ]
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Extended data

Extended Data Fig. 1 Marker placement in the ILN.
Schematic overview of magnetic seed placement in the ILN and retrieval of the ILN during the ILN procedure. (1) Magnetic seed, (2) Ultrasound image of positioning of the needle tip (red arrow) in the ILN (green arrow) before implantation of the magnetic seed, (3) Two cycles of ipilimumab plus nivolumab are given after the magnetic seed is implanted, (4) Magnetic detector (Endomag Sentimag®) used during surgery for seed detection, (5) Postoperative specimen X‐ray with magnetic seed (red arrow) in situ. This image has been adapted from Schermers B, Br J Surg, 201919.


Extended Data Fig. 2 Objective radiologic response underestimates pathologic response.
Waterfall plot of the radiologic change in target lesions (in %) between baseline and week 6 of all PRADO patients with evaluable CT-scan (n = 96). Colours indicate the responses as pCR (dark green), near-pCR (light green), pPR (yellow), pNR (red) and distant metastases (grey). The dotted line indicates the cutoff for RECIST version 1.1 radiologic response.


Extended Data Fig. 3 Flowchart for patient inclusion for surgical morbidity and HRQoL analyses.
a, Flow chart of patient inclusion for surgical morbidity analyses. For information regarding the execution of the ILN resection and TLND, see also Supplementary Table 2. b, HRQoL analyses of the PRADO trial.


Extended Data Fig. 4 Effect of pathological response and treatment on HRQoL outcomes.
Curves showing the unadjusted mean HRQoL scores of patients with MPR (n = 60, green line) versus patients without MPR (n = 31, orange line). Error bars indicate the 95% CI. The differences in mean HRQoL scores between patients with MPR and non-MPR (see also Supplementary Table 5) were adjusted for age, gender, adjuvant treatment and relapse status (no/yes). The adjusted score differences were interpreted in terms of statistical significance using a linear mixed effect model with a two tailed P value (P < 0.05), and by clinical relevance according to the guideline of Cocks et al32. Statistically significant adjusted differences were marked with * and clinically relevant differences were marked with # (Supplementary Table 5). Results were considered clinically relevant if the adjusted difference in mean scores between the two groups was at least ‘medium’ and clinically irrelevant if differences in mean scores were ‘trivial or small’. Questionnaire compliance rates in the MPR and non-MPR group were 87% vs 97% at baseline, 98% vs 94% at week 6, 90% vs 81% at week 12, 88% vs 81% at week 24, 92% vs 84% at week 36, 85% vs 68% at week 48, 80% vs 77% at week 60 and 87% vs 61% at week 104 (year 2).


Extended Data Fig. 5 HRQoL comparison between patients with MPR, pPR and pNR.
Curves showing the unadjusted HRQoL scores between patients with MPR (n = 60, green line), pPR (n = 11, yellow line) and pNR (n = 20, red line). Error bars indicate the 95% CI. The differences in mean HRQoL scores between patients with MPR versus pPR and MPR versus pNR were adjusted for age, gender, adjuvant treatment and relapse status (no/yes). The adjusted score differences were interpreted in terms of statistical significance using a linear mixed effect model with a two tailed P value (P < 0.05), and by clinical relevance according to the guideline of Cocks et al32. Statistically significant adjusted differences were marked with * and clinically relevant differences were marked with #. Results were considered clinically relevant if the adjusted difference in mean scores between the two groups was at least ‘medium’ and clinically irrelevant if differences in mean scores were ‘trivial or small’.


Extended Data Fig. 6 RFS by adjuvant treatment.
RFS of patients with pNR from the PRADO trial by adjuvant therapy. Patients were treated with adjuvant nivolumab (n = 7, light blue line), adjuvant BRAF/MEK inhibition (n = 10, orange line) or no adjuvant therapy (n = 3, dark blue line). The patient who was lost to follow-up was excluded.





Supplementary information
Supplementary Information
Supplementary Tables 1–11, references HRQoL questionnaire information and study protocol.
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