
APPENDIX S1: SUPPLEMENTARY MATERIALS AND METHODS
Patients and tumor samples
A total of 88 fixed and formalin paraffin embedded (FFPE) tissue samples were obtained from 53 patients diagnosed with stage III and IV melanoma (according to American Joint Committee on Cancer, AJCC) at Hospital Universitario 12 de Octubre from 2002 to 2020. Among these patients, 35 participated with paired samples of primary melanoma and their corresponding metastasis. Of the remaining 18, only one sample per patient was available (3 primary melanoma and 15 metastatic melanomas). In order to confirm and select the most representative tumoral regions, FFPE tissue samples were evaluated by two dermatopathologists (MCGR and JLRP) using hematoxylin-eosin staining, discarding those samples with large amounts of melanin or necrosis that could interfere with the molecular techniques.  In addition, peripheral blood samples were collected from 25 out of the 53 patients. These samples were taken after the recurrence of the disease (development of metastasis), but before the onset of systemic treatment in patients.
This study was approved by the Scientific and Ethical Committee of Hospital 12 de Octubre and all patients signed the informed consent to be included in the study. The samples were collected from the Biobank of Hospital 12 de Octubre. The clinical, histological and molecular data of the patients is detailed in Supplementary material (Table S1).
Nucleic acids extraction
Genomic DNA and mRNA from FFPE tissue sections were extracted by using the CLART HPV4 extraction kit according to manufactures protocol (Macherey Nagel, Düren, Alemania). 
EDTA vacutainer tubes with 10 ml of peripheral blood samples were collected from the patients. Plasma extraction was performed within a maximum of 3 hours from peripheral blood collection by centrifuging total blood to 1900g for 10 minutes. After recovering the supernatant, a second centrifugation was carried out at 16000 g for 10 minutes, after which the pellet was discarded and the supernatant (plasma) was preserved at -80ºC until its later use. The extraction of circulating free DNA (cfDNA) from plasma was performed using the QIAamp Circulating Nucleic Acid kit following manufacturers protocol (Qiagen, Hilden, Germany).
Concentration and/or purity of the nucleic acid extracted was determined using the NanoDrop ND-2000 spectrophotometer (Thermo Fisher Scientific, Waltham, Massachusetts) and the Qubit 2.0 Fluorometer (Thermo Fisher Scientific).
Mutational analysis
Pyro-sequencing
The most common mutations in the promoter region of TERT were detected by pyrosequencing using genomic DNA tissue samples. These are: chr5:1,295,228C>T and chr5:1,295,250 C>T (C228T and C250T), corresponding to positions -124 and -146 pb of the ATG site. Initially, samples were amplified through the PyroMark PCR Kit following manufacturers protocol (Qiagen). The primers used (Eurofins Genomic, Ebersberg, Germany) and the amplification program is described in Table S2. Subsequently, the pyrosequencing reaction was developed with the system PyroMark Q24, using the reagents PyroMark Gold Q24 according to the manufactures protocol (Qiagen). The results obtained were analyzed using PyroMark Q24 2.0.6 Build 20 software (Qiagen).
In each run a negative control (pTERT wild type), two positive controls of each mutation (C228T and C250T) and a non-template control (NTC) were used. In addition, 7 normal skin samples and 6 benign melanocytic nevus samples were included in the study as a control of our melanoma sample cohort.
Sanger Sequencing
Discordant results were confirmed by Sanger sequencing using the same primer pairs and PCR conditions indicated in the pyrosequencing analysis. The PCR reaction products were purified with the QIAquick PCR Purification kit (Qiagen) and subsequently the sequence reaction was performed with the BigDye Terminator v3.1 kit following the manufacturer’s instructions (Thermo Fisher Scientific). Finally, the samples were loaded into an Applied Biosystems 3130 XL sequencer (Thermo Fisher Scientific). 
Droplet digital PCR (ddPCR)
pTERT mutations in cfDNA from plasma samples were analyzed by ddPCR. Fluorescent probes to specifically detect C228T (dHsaEXD72405942) and C250T (dHsaEXD46675712) mutations were used (Biorad, Hercules, California). A negative control (pTERT wild type), two positive controls for each mutation (C228T and C250T), and a NTC were included in each run.  Droplets containing a single fragment of DNA were generated in the Droplet generator QX200 AutoDG and each fragment of amplified DNA was detected in the QX200 droplet reader (BioRad) according to the PCR conditions previously described by McEvoy et a l.1 The analysis of the fragments was performed in the QuantaSoft software (BioRad). This technique was also used to confirm some discordant results in FFPE tissue samples.
Quantitative PCR
The automated Idylla System technology (Biocartis, Mechelen, Belgium) based on real-time PCR was used to detect mutations of the BRAF and NRAS genes from genomic DNA of the FFPE tissue samples. We used specific cartridges of the BRAF-NRAS mutation test covering 18 mutations in exons 2, 3 and 4 of NRAS, as well as 5 mutations in the 600 codon of BRAF. These cartridges were loaded according to the manufacturer’s specifications and analyzed by the Idylla Console (Biocartis).
Methylation analysis
Methylation specific PCR (MS-PCR)
Methylation status of 4 CpG islands in the pTERT region was analyzed by performing a MS-PCR described in previous studies 2. DNA tissue samples were treated with bisulfite using the EpiTect Bisulfite Kit following the manufacturer’s instructions (Qiagen).  Three out of the 4 islands are located within THOR 3. The sequence of the pTERT region with the CpG islands included in the study, the primers used (Eurofins Genomic) and the amplification program are detailed in Supplementary material (Figure S1 and Table S3). 
As controls we included in each run a non-bisulfite treated sample, a methylated (Merck, Darmstadt, Germany) and unmethylated control DNA (Qiagen) and a NTC. DNA from normal skin tissue was used as a baseline of pTERT methylation. PCR products were analyzed in a 3% agarose gel (Figure S2). The intensity of the amplified bands was measured using the ImageJ program (version 1.53e for Windows, NIH, Bethesda, Maryland) and a double normalization was performed between the methylation and non-methylation bands belonging to each sample (internal) and those of normal skin sample (external), which gave a numerical value for the methylation status of pTERT 2.
Expression analysis
Reverse transcription quantitative PCR (RT-qPCR)
To measure the mRNA expression of TERT, we performed a reverse transcription PCR to synthetize cDNA by using the SuperScript VILO cDNA synthesis kit according to the manufactures protocol (Thermo Fisher). TERT mRNA expression was evaluated in triplicate using a Taqman probe for TERT (Hs00972650) and GAPDH (Hs99999905) as endogenous control in a relative quantitative PCR by using a 7500 Fast Real-Time PCR System (Thermo Fisher). 
In order to determine the relative values of TERT mRNA expression we intended to use as a reference the transcription levels of 7 FFPE tissue samples of normal skin and 5 benign melanocyte nevus. However, the TERT mRNA levels were undetectable by RT-qPCR in those samples, so the normalization of melanoma expression was carried out only with the expression of the endogenous GAPDH (ΔCT).
Statistical and survival analysis
[bookmark: _GoBack]The results obtained were statistically analyzed using Chi-square independence tests based on contingency tables for categorical variables. The effect size was estimated using Ddds ratio (OR) and 95% confidence interval (CI). We performed variance analysis by ANOVA one way and two way, means comparison by t-Student test (T-test) and linear regressions for continuous variables. Survival analyses were performed using Kaplan-Meir curves, paired comparisons by Log-Rank test and Cox regressions analyses. A values of P < 0.05 were considered statistically significant. These analyses were performed with GraphPad Prism, GP (version 8.0.1 for Windows, San Diego, California), SPSS Statistics (version 21.0.0 for Windows, IBM, New York, USA) and R statistical analysis software (version 4.0.3 for MacOS, Vienna, Austria).
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