Supplemental Material

Tumor patients
The patient cohort comprised 20 (37%) males and 34 (63%) females, aged 61 years on median, who were current or former smokers in 31/54 (57%) of them with a median of 35 pack-years. Forty-one (76%) patients were staged I-II, while the remaining 13 (24%) were III-IV staged according to the current TNM staging system, 8th edition (Table 1).

Study design
	This is an in-silico study aimed to investigate an innovative concept of secondary pulmonary NET transformation into SCLC, with insights into the genetic and epigenetic changes involved in this transition. Previously, we found out by unsupervised clustering analysis that a gene signature comprising KRAS, MEN1, MYC, MYCL1, RICTOR, RB1, SDHA, TERT and TP53 mutations and CNVs, in turn derived from a list of 27 recurrently mutated genes and 13 CNVs, was able to tightly cluster carcinoids and NECs, thus suggesting a pathogenetic link between these tumor subtypes 33. Transcriptomic data, however, were lacking in that investigation 33, which could have provided useful information about transcriptional signatures hallmarking relevant cancer pathways involved in such an evolution. In this study, we have further explored such gene signature 33 in another independent data set comprising carcinoids and SCLC 7 to test its ability to discriminate subsets of carcinoids closely clustering resectable SCLC. 	Comment by Fabrizio Bianchi: Giuseppe: please add Refs Section also here below.


Bioinformatics and statistical analyses 
Hierarchical clustering analysis: we used Spearman rank correlation as similarity metric and Centroid linkage as clustering method in Cluster 3.0 and Java TreeView software environment (http://bonsai.hgc.jp/~mdehoon/software/cluster/software.htm). 

Gene Set Enrichment Analysis: GSEA (https://www.gsea-msigdb.org/gsea/index.jsp) was performed using Signal2Noise metric, 1000 random sample sets permutation, and median gene expression values for class comparison. Significant Gene Sets were considered as those with a false-discovery rate (q-value) less then 25% (default GSEA setting). CIBERSORTx was run using the online web tool (https://cibersortx.stanford.edu/index.php) with the following settings: disabled batch correction, absolute run mode and 100 permutations. 

Whole-exome sequencing data analysis: Somatic mutations were filtered, selecting those that: i) have a total number of supporting reads higher than 10; ii) were not associated to dbSNP; iii) were classified as exonic and nonsynonymous. Each selected somatic mutation was assigned to one of the six basic mutational signatures described by Alexandrov et al. 3 together with indels. The six substitution subtypes are: T>C (comprising A>G and T>C); C>T (comprising G>A and C>T); C>G (comprising G>C and C>G); T>G (comprising A>C and T>G); T>A (comprising A>T and T>A); C>A (comprising G>T and C>A). Standard error of the mean was calculated with R (www.R-project.org). Single base substitution (SBS) analysis was performed using SigProfiler R package 21 For each gene of the 27-gene lung NET signature 33, the mutation frequency was calculated as the ratio of the number of mutated patients in CL2 over the number of mutated patients in CL1.

Statistical Analyses
JMP 16 (JMP®, Version 16. SAS Institute Inc., Cary, NC, 1989-2019) was used to generate violin plots, bubble plots and Kaplan-Meier survival plots based on clustering analysis together with calculation of p-values based on the log-rank test. Associations of clusters and clinico-pathological characteristics were assessed through the Fisher’s exact test and the Wilcoxon test for categorical and continuous variables, respectively. Univariate and multivariable Cox regression analyses were performed to assess the effect of clinico-pathological information and clusters on overall survival. Disease-specific survival and recurrence-free survival were not evaluated, because no information on causes of death and limited information on recurrence time were available. All the statistical analyses were performed using the SAS software, version 9.4 (SAS Institute, Inc., Cary, NC). All p-values were two-sided and p-values <0.05 were considered as significant.

Supplementary Figure and Table legends.

Supplementary Table 1. Genes differentially expressed (q-value <0.05) in CL2-carcinoids vs. CL1-carcinoids (N=1717). Class, classification of a subset of genes based on their expression in the different lung cell types (as in Figure 2B). FC, fold change (CL2- vs. CL1-carcinoids). Gene annotation was performed with Ingenuity Pathway Analysis (IPA). Parametric p-value is also reported.

Supplementary Table 2. Ingenuity Pathway Analysis of upstream modulators of genes differentially expressed (q-value <0.05) in CL2-carcinoids vs. CL1-carcinoids (N=1717). YAP1 gene is highlighted in red. Expression fold change for those upstream modulators found regulated in the 1717 gene set is also reported. A z-score cutoff of |2| was used to call for activation/inhibition of the modulators as default setting of IPA software.

Supplementary Table 3. A) Association analysis of clusters and clinico-pathologic characteristics in the independent 101 NeNs cohort. B) Univariate and multivariable Cox regression analysis for overall survival. C) Univariate and multivariable Cox regression analysis for disease-free survival.

Supplementary Figure 1. A. One-way hierarchical clustering analysis of the expression of the 8-gene signature in the cohort of 54 NENs accordingly to tumor subtypes. Color codes are as per the legend. B. Violin plots of the 8-gene signature expression regulation in NENs subtypes. Asterisks indicate statistically significant differences. P-values were calculated by Wilcoxon test. Color codes are as per the legend. C. Bubble plot of selected stem-cell related gene sets (C2, curated gene set). Colors of the bubbles represent the magnitude of enrichment (NES, normalized enrichment score) and are as per the legend. Size of the bubbles represents the statistical significance of the enrichment (FDR, false-discovery-rate based on 1000 random permutation), i.e., the bigger the most significant and are as per the legend. Y-axes, Gene Sets. X-axes, nominal p-values. D. GSEA of high-plasticity cell state (HPCS) signature in CL2-carcinoids vs. CL1-carcinoids. NES, normalized enrichment score. FDR, false-discovery rate. E.  Pattern of mutational substitutions identified in the Asiedu’s 7 samples by whole-exome sequencing analysis. Bar plot indicate percentage of SNVs with a specific substitution and Indels over the total number of mutations. Color codes are as per the legend.

Supplementary Figure 2. A. Hierarchical clustering analysis of the expression of the 8-gene signature in the additional independent cohort of 101 lung NENs. The first branch of the dendrogram was color-based and represents the two main clusters (CL1 and CL2) identified. The prevalent gene expression pattern of the 8-gene signature is indicated underneath the dendrogram. Color codes of the heatmap and of the main clinical-pathological information are as per the legend. B. Violin plots of the 8-gene signature expression regulation in CL1 vs. CL2 clusters of the 101 lung NENs. Asterisks indicate statistically significant differences. P-values were calculated by Wilcoxon test. C. Bubble plot of the Hallmark GeneSets found enriched in CL2-carcinoids by Gene Set Enrichment Analysis (GSEA). Colors of the bubbles represent the magnitude of enrichment (NES, normalized enrichment score) and are as per the legend. Size of the bubbles represents the statistical significance of the enrichment (FDR, false-discovery-rate based on 1000 random permutation), i.e., the bigger the most significant and are as per the legend. Y-axes, Gene Sets. GeneSets were also labelled according to their overall biological function i.e., Inflammatory (Pink), Proliferative (Light blue), Metabolic (Yellow) or other (Black). X-axes, nominal p-values. D. Kaplan-Meier plot indicating the overall survival of patients (N=101) with different CL1- or CL2-lung NENs. Color codes are as per the legend. Statistical significance was calculated by log-rank test.




