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Extended Data Fig. 4 | Bone marrow (BM) immune microenvironment 
of multiple myeloma (MM) patients captured by scRNA-seq. a, UMAP 
representation of scRNA-seq data of 11 BM samples from MM patients at initial 
diagnosis and 3 healthy controls. Cell types are highlighted by color. b, UMAP 

from (A) split by clinical state (healthy, initial diagnosis). Cell density and 
distribution is illustrated by color. c, BM UMAP from (A) highlighting the plasma 
cell state healthy (green), malignant (red) and unclear (yellow) based on copy 
number aberrations detected by inferCNV.



Nature Medicine

Article https://doi.org/10.1038/s41591-024-03142-z

Extended Data Fig. 5 | Gene expression levels of predictor proteins within 
the bone marrow (BM) immune ecosystem. a, UMAP with highlighted gene 
expression of predictor proteins across all celltypes in the BM. b, Mean gene 

expression levels of predictor proteins within the BM split by cell type. Data are 
presented as median values; box edges are 1st and 3rd quartiles; and whiskers 
represent 1.5× interquartile range (N = 3 - 14).
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Extended Data Fig. 6 | Gene expression levels of predictor proteins between 
healthy and malignant state and cells in the bone marrow immune 
environment of multiple myeloma (MM) patients. a, Mean gene expression 
levels of predictor proteins within the BM split by cell type and clinical state 
(healthy, initital diagnosis). b, Box plots illustrating mean gene expression 

of predictor proteins within healthy versus malignant plasma cells of MM 
patients at initial diagnosis as characterized by inferCNV. Data are presented as 
median values; box edges are 1st and 3rd quartiles; and whiskers represent 1.5× 
interquartile range (N healthy = 8, N malignant = 11).
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Extended Data Fig. 7 | External validation in the EPIC-Norfolk study. a, 
Comparison of C-index achieved by UKB-trained models in the UKB validation set 
and in EPIC-Norfolk (for 10-year incidence). b, Comparison of the improvement 
in C-index of the protein-based models over the clinical model in UKB and in EPIC-
Norfolk (for 10-year incidence). c, Replication of the improvement provided by 

protein signatures identified in UKB, over clinical models, in the EPIC-Norfolk 
study. Predictive performance for 10- and 20-year incidence are shown. We 
present the median C-index with a 95% confidence interval N: Number of incident 
disease cases.

http://www.nature.com/naturemedicine


Nature Medicine

Article https://doi.org/10.1038/s41591-024-03142-z

Extended Data Fig. 8 | Disease specificity of predictor proteins. a, Number of 
individuals diseases for which a protein was selected as a predictor across the 67 
diseases. These were diseases for which the C-index was significantly improved 
or improved by more than 0.4 over the clinical model. b, Average contribution of 

proteins across diseases. Average weights (normalised to the top predictor) from 
the optimised prediction models for each protein (across diseases for which it 
was selected as a predictor).
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Extended Data Fig. 9 | Proportion of variance explained in plasma levels 
of proteins predictive across more than 10 diseases by demographic 
characteristics. Proportion of variance by age, sex, body mass index (BMI), 

smoking status and a comorbidity score (see Methods) in a joint model. This 
is compared the average variance explained by each of these characteristics in 
plasma levels of all other proteins.
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Extended Data Fig. 10 | Comparison of the predictive performance of proteins and PGS over clinical models. Comparison of the improvement in predictive 
performance over clinical models (delta C-index) provided by PGS and 5–20 proteins. Only 7 diseases for which the PGS provided a significant improvement in 
performance are shown.
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