
Supplementary Patients and Methods 

 

Multiple myeloma samples 

Bone marrow aspirates (n=67) and corresponding peripheral blood mononuclear cells 

(PBMCs) were obtained from 43 MM patients (18 patients with longitudinal biopsies (1-4 

samples per patient) treated at a single institution (Würzburg University Hospital) as part of 

their routine diagnostic workup after providing informed consent. Plasma cells were isolated 

using CD138 microbeads (Miltenyi Biotech, Bergisch Gladbach, Germany) as previously 

described1 and DNA extracted using the AllPrep DNA/RNA mini or micro kits (Qiagen, 

Hilden, Germany). Only samples with a minimum DNA content of 100ng/µl, a 260/280 ratio of 

≥ 1.8 and a 260/230 ratio of ≥ 1.9 were included in this study. Whenever possible, follow-up 

biopsies were obtained from patients on study for longitudinal monitoring.  

 

Fluorescence in situ hybridization (FISH) for the detection of chromosomal gains in 1q21, 

8q24, 9q34 and chr11, losses in 13q14 and 17p13 and the translocations (4;14), (14;16), 

(8;14) and (11;14) was performed in two certified laboratories according to standard 

protocols. With respect to sample selection for further genetic analyses we aimed for a good 

representation of high-risk MM, defined by the presence of a deletion of the short arm of 

chromosome 17 (del17p) in >60% of plasma cells and/or translocations t(14;16), t(14;20)2,3, 

or extramedullary disease (EMD)4. The study was approved by the Ethics Committee of the 

Medical Faculty, University of Würzburg (reference number 18/09). 

 

 

Whole exome sequencing 

For preparation of primary MM and corresponding PBMC samples, the Paired-End DNA 

Sample Preparation Kit (Illumina, San Diego, CA, USA) was used. Amplification and exome 

enrichment were accomplished using the SureSelectXT Human All Exon kit (Agilent, Santa 

Clara, CA, USA). Sequences were generated with 2 x 100-125bp paired-end reads aiming at 



a 90-fold mean coverage on target using the Illumina HiSeq-platform (Illumina, San Diego, 

CA, USA). Sequencing data are deposited at the European Genome-phenome Archive 

(EGA) under accession number EGAS00001003227. 

 

PCR and Sanger sequencing 

PCR and Sanger sequencing were performed using standard protocols. All primers (Table 

S3) were purchased from Integrated DNA Technologies (Leuven, Belgium). 

 

Bioinformatic evaluation of sequencing data 

Base calling, alignment, single nucleotide variant (SNV) calling and subsequent annotations 

were performed using CASAVA (configureBclToFastq.pl, Illumina), BWA (Burrows-Wheeler 

Alignment Tool), the HaploTypeCaller of GATK (Genome Analysis Toolkit) and SeattleSeq, 

as described previously5. To minimize the number of non-tumour-associated mutations, all 

SNPs/SNVs (listed in 1000 genomes and dsbSNPv130 and higher) were excluded from the 

datasets, and the remaining SNVs were filtered to comprise the missense, missense near 

splice site, stop-gained/lost, stop-gained/lost near splice site, splice-acceptor and splice-

donor mutations. The visualization of gene-mutation frequencies and the screening of the 

generated SNV-dataset for mutations in adhesion molecules (n=642), RTKs (n=74) and their 

effectors (n=63) (Table S1) was accomplished with the help of Phyton-Scripts 

(“Genemapping” and “Heatmap”) and the integration of aliases/synonyms from the HGNC 

database. Moreover the “Genemapping” script allowed to match genes with name-analogy. 

Whether genes with name-analogy, that were not included in the initial list, could in fact be 

assigned to either RTKs, adhesion molecules or effectors was decided upon extensive 

literature research. STRING network analysis (STRING v11, https://string-db.org/) was used 

to identify a common signalling network among MSG1. 

 

 

 

https://string-db.org/


Immunohistochemistry 

The MYC expression status was determined on deparaffinized formalin-fixed trephine 

biopsies using antibodies against MYC (clone Y69, rabbit, #ab32072 (Abcam, Cambridge, 

UK), citric acid ph 6.0) and CD138/Syndecan (clone MI15, mouse, #M7228 (Agilent, Santa 

Clara, CA, USA), citric acid ph 6.0) according to standard protocols. MYC expression in 

CD138-positive plasma cells was evaluated in 5% steps. According to recent findings6, a 

case was assigned to be MYChigh when ≥40% of CD138-positive MM cells expressed MYC. 

Notably, ≥40% equals >30% in the current study cohort. 

 

Statistical evaluation 

For all correlations except for survival statistics, the Chi-square test was applied. In addition, 

the Mann-Whitney U test (MWU test) was applied for all correlations that included MYC 

expression and TMB. To factor the changes that can occur within one patient over time on 

the one hand and to avoid over-estimation of repetitive events within one patient on the other 

hand, the correlations were calculated at biopsy-level (including all biopsies of each patient) 

as well as on patient-level (the same patient was counted in the two different groups, if the 

respective information changed among the biopsies of the same patient, while patients with 

repetitive biopsies were counted only once). The Kaplan-Meier method was used to perform 

survival analyses and the log-rank test was used for group comparisons. p-values <0.05 

were regarded as statistically significant. All statistical analyses were carried out and 

corresponding artwork was created using Prism software version 8.4 (GraphPad, La Jolla, 

CA, USA).  
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Supplementary Results 

 

Patient population 

Clinical characteristics of the study population are shown in Table S3. Briefly, 11 patients 

(26%) had newly diagnosed MM (NDMM) and 32 (74%) were pretreated. The majority of 

patients had novel agents (PI and/or IMiDs) for induction and an autologous stem cell 

transplantation as first-line therapy and all patients received PI/IMiD-based treatment at first 

and subsequent relapses. 

Treatment outcome did not differ significantly in patients treated with conventional 

chemotherapy-based regimens, thus all patients could be included in subsequent survival 

analysis. With a median follow-up of 48.8 months from study entry, 25 (58%) patients had 

died. Median OS was 84.3 months for the entire cohort and 24.4 months for patients with 

high-risk features (see definition in and the supplemental patients and methods section) as 

calculated from the time of diagnosis (Figure S1 A,B). Because OS was very similar 

between the intermediate-risk and standard-risk groups (Figure S1B), and clearly distinct 

from the high-risk group (Figure S1A, p<0.001), we compared intermediate-/standard-risk vs 

high-risk MM in subsequent correlations that involved the risk-status. 

Of note, one patient with a reported del17p (MM37-40), T/N (71/52; 85/86; 99/-;149/-) at 

relapse in 2010 was diagnosed with MM in 2006 (unknown risk-status) and survived for 13 

years.  

 

 

Sequencing output, quality control and technical validation 

MM samples were sequenced on average with 64 521 143 reads (18 358 827-124 129 653), 

resulting in a mean coverage of 123x (55-218) after exclusion of PCR duplicates. The 

filtering strategy mentioned in material and methods revealed 3.821 SNVs, which were 

subjected to further analysis. According to the “Genemapping” approach, 18/67 MM samples 

from 12 patients were affected by SNVs in RTKs, 60/67 MM samples from 40 patients by 



SNVs in adhesion molecules and 49/67 MM samples from 33 patients by SNVs in RTK 

effectors (Table S5 A-D). To assign MM samples to certain molecular categories (mutated in 

RTKs, adhesion molecules, effectors, TP53) at least one SNV/mutation had to be technically 

verified within this category by Sanger sequencing or at least three independent genes of this 

category had to be affected by a somatic mutation in this specific MM sample (Table S4, 

Table S5 A-D). In total, 275 selected SNVs were investigated by Sanger sequencing, of 

which 21 (8%) were disproven by Sanger sequencing and 19 (7%) could not be evaluated for 

technical reasons (Table S4). Retrospective assessment of clinical data revealed that 

according to multiparametric flow cytometry analysis the biopsy from patient MM11, treated 

with a PI/IMiD combination, contained only polyclonal plasma cells. For this reason, we 

excluded this sample from further analysis. Three longitudinal samples from another patient 

((MM19-21), T/N (20/19; 97/-; 112/113)) also had to be excluded due to lack of clarity 

concerning the precise identity of these samples. In consequence, subsequent correlations 

were carried out on 63 biopsies from 41 patients (17 patients with longitudinal sequencing 

information). 
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