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Supplementary Methods  
1.1. Multi-Omics Data in CoMMpass Study 

Multi-omics data about bone marrow MM samples at baseline (BM_1) were freely 
available from MMRF CoMMpass Study (https://research.themmrf.org/ accessed on 16 
October 2020) and obtained from the Interim Analysis 15a (MMRF_CoMMpass_IA15a). 

Transcript per Million (TPM) reads values of the MIAT transcript were retrieved 
using Salmon gene expression quantification data 
(MMRF_CoMMpass_IA15a_E74GTF_Salmon_V7.2_Filtered_Gene_TPM) in 774 BM_1 
MM patients.  

Clinical data regarding Overall Survival (OS) and Progression free Survival (PFS) 
were considered in 767 MM patients for which both RNA-seq expression and survival 
data were available.  

Non-synonymous (NS) somatic mutation variants and counts data were obtained 
from whole exome sequencing (WES) analyses, main IgH translocations were inferred 
from RNA-seq spike expression estimates of known target genes and Copy Number Al-
teration (CNA) data were retrieved by means of Next generation Sequencing 
(NGS)-based fluorescence in situ hybridization (FISH) [1] in 497 MM cases for which all 
data were available [2].  

The presence of a specific CNA was considered when occurring in at least one of the 
investigated cytoband at a 20 percent cut-off for each considered chromosomal aberra-
tion, as previously reported [2]. 

1.2. Survival analysis 
Survival analyses were performed using survival [3,4] and survminer [5] packages 

in R Bioconductor (version 4.0.0). Kaplan-Meier analysis was applied on OS and PFS data 
in MIAT high/low expression groups according to maximally selected rank statistics, 
from the maxstat R package [6,7], using surv_cutpoint function in survminer package. A 
minimal proportion of 10% observable samples was set for each group and samples with 
lower or equal value as the cut-point were classified in low, greater that the cut-point in 
high group. Log-Rank test p-value was calculated to measure the global difference be-
tween survival curves. The number of samples at risk in each group across time was 
calculated. The global 767 MM dataset was half randomly split into train and test sets 
using createDataPartition function in caret [8] R package. According to this method, the 
random sampling occurs within each class and preserve the overall class distribution of 
MIAT expression level: 200 random splits were generated and the best cut-off associated 
with OS by max-stat method was chosen on train set and then validated on test set and 
on the global dataset.  

The same procedure was applied to search for the best max-stat cutpoint of MIAT 
expression level possibly associated to PFS data. 

The best cut-off that was identified in association to OS data was then tested with 
respect to OS on therapy groups in relation to bortezomib treatment.  

Cox proportional hazards model was applied as univariate analysis on single mo-
lecular variables, age and International Staging System (ISS) groups in relation to OS data 
in 497 MM cases for which all information were accessible. Cox regression multivariate 
analysis was applied on all significant features after BH correction. Forest plot was used 
to summarize Cox Proportional Hazard Model. 

1.3. Differential expression analysis 
Global expression profiles of 19.141 protein-coding genes annotated by Ensembl 

Biomart were compared in fourth versus first MIAT quartile from the entire 774 MM 
RNA-seq dataset (194 MM cases in each group). Differentially expressed protein coding 
genes were selected by limma analysis, as previously described [2], at a False Discovery 
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Rate (FDR) < 10%. The same analysis was performed on the two extreme MIAT quartiles 
(128 MM cases in each group) in 512 MM RNA-seq dataset, after discarding 262 MM 
cases carrying t(11;14) or t(4;14). 

1.4. Functional annotation enrichment analysis 
Gene Set Enrichment Analysis (GSEA version 4.1.0) [9] was performed under de-

fault conditions on pre-ranked protein coding gene list based on fold-change values. 
Significant gene sets of Hallmark, Reactome, KEGG and C2-Gene Perturbations collec-
tions (version 7.2) were selected on the base of nominal p-value < 0.05. C2-Gene Pertur-
bations gene sets were further filtered for Multiple Myeloma term. 

Normalized Enrichment Score (NES) and False Discovery Rate (FDR) q-value are 
also reported. 
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Supplementary Figures 

 
Figure S1. Box plots of MIAT expression level in healthy donors (N) and PC dyscrasias 
proprietary dataset. Total RNA samples from highly purified bone marrow CD138+ plasma 
cells were profiled by Gene 2.0 ST array. Kruskal-Wallis test was applied to assess differences 
in expression levels between groups. 

 

 

Figure S2. Box plot of MIAT expression level in main IgH translocation groups in 774 cases of the CoMMpass cohort. 
Kruskal-Wallis test was applied to assess differences in expression levels between groups. The significant pairwise 
comparison performed by the Dunn test are marked red-bold in the table. 
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Figure S3. Box plots of MIAT expression level in 660 MM cases stratified according to the presence of t(6;14), MAF 
translocations, 1qgain, del(17p)/TP53 or the occurrence of NS somatic mutations in DIS3, RAS/BRAF, TP53, FAM46C, or 
TRAF3 genes. Differential expression was tested by Wilcoxon rank-sum test with continuity correction. p-values were 
corrected by BH adjustment. 
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Figure S4. Determination of the optimal cut-point of MIAT expression level based on maximally selected rank statistics 
on 384 MM train set, randomly selected from 767 MM global dataset. A minimal proportion of 10% observable samples 
was set for each group. Sample with lower or equal value as cutpoint were classified in low, otherwise samples greater 
than cutpoint were classified in high group. 
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Figure S5. (a) Results of Cox regression univariate analysis using OS data on MIAT expression groups, age equal to or 
greater than 65 years, ISS subgroups and main molecular alterations in 497 BM-1 MM cases for which all data were 
available. Number (N) of positive cases is indicated for each variable. Hazard Ratio, 95% Confidence Interval and 
Log-rank p-value are reported for each variable. In red bold are depicted all significant variables after BH correction. (b) 
Forest plot of Cox regression multivariate analysis considering all features with adjusted p-value < 0.05 in univariate 
analysis with regards to OS in 497 BM-1 MM cases. Hazard Ratio, 95% Confidence Interval and Log-rank p-value are 
indicated in the plot for each variable. Significant p-value: * ≤ 0.05; ** ≤ 0.01; *** ≤ 0.001; **** ≤ 0.0001. 
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Figure S6. (a) Results of Cox regression univariate analysis using OS data on MIAT expression plus del13q groups, age ≥ 
65 years, ISS subgroups and main molecular alterations in 497 BM-1 MM cases for which all data were available. (b) 
Forest plot of Cox regression multivariate analysis considering all features with adjusted p-value< 0.05 in univariate 
analysis with regards to OS in 497 BM-1 MM cases. (c) Results of Cox regression univariate analysis using OS data on 
MIAT expression plus del1p groups, age ≥ 65 years, ISS subgroups and main molecular alterations in 497 BM-1 MM cases 
for which all data were available. (d) Forest plot of Cox regression multivariate analysis considering all features with 
adjusted p-value < 0.05 in univariate analysis with regards to OS in 497 BM-1 MM cases. Hazard Ratio, 95% Confidence 
Interval and Log rank p-value are indicated in the plot for each variable. Significant p-value: * ≤ 0.05; ** ≤ 0.01;*** ≤ 
0.001;**** ≤ 0.0001. 
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Figure S7. Number of MM cases in each group of first-line therapy. Among 680 total MM cases with RNA-seq expression, 
clinical, and therapy data, the ones with high MIAT expression levels according to max-stat cut-off with respect to OS are 
also indicated. 

 
Figure S8. Kaplan-Meier survival curve in OS for 157 MM patients who underwent other regimens 
not including bortezomib. Samples were stratified in each dataset according to MIAT expression 
levels on the base of previous OS maxstat threshold. Log-rank test p-value measuring the global 
difference between survival curves and number of samples at risk in each group across time are 
reported. 
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Figure S9. (a) MIAT expression levels in 774 MM of CoMMpass cohort according to quartiles. (b) MIAT expression levels 
in 512 MM dataset according to quartiles. Red boxes indicate the first and last quartiles in both datasets, the black one the 
discarded 262 MM cases carrying t(11;14) or t(4;14). 
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Figure S10. Volcano plot of 9813 significant DE protein coding transcripts between MIAT extreme quartiles. Up- and 
down-regulated transcripts with at least 2 FC absolute values are highlighted in red and blue, respectively. 

 
Figure S11. Enrichment plots of selected GSEA gene sets significantly up- and down-regulated in MIAT IV versus I 
quartile. Normalized Enrichment Score (NES) and nominal p-value are reported for each plot. 


