








Extended Data Fig. 9 | Matched whole genome sequencing data validates 
fCpGs as a phylogenetic character. a-b: Corresponding phylogenies 
reconstructed on matched WGS SNVs for CLL case 12 and 19 to Fig. 4a,b, 
respectively. c-e: The reconstructed phylogenies of the relationship between 
samples collected longitudinally in 3 individual ALL patients, annotated with 
the clinical classification of each sample. The black triangles represent the time 
that occurred since the most recent common ancestor, taken as the posterior 
median of T - τ from the single-sample EVOFLUx inferences. f: Paired boxplot 
showing the standard deviation of the fCpG methylation distributions of 

B-ALL samples is greater than their matched remission sample (p = 9.6e-39, 
paired t-test). g: Comparison of the standard deviation of the fCpG methylation 
distributions of B-ALL patients in remission (i.e. no cancer cells present in 
blood) vs normal whole blood (p = 0.067, MW-U test). h: Example longitudinal 
samples from one patient showing the development of the fCpG distribution 
from diagnostic B-ALL, through remission and relapse. i: Scatterplots showing 
the marginal fCpG methylation distribution between diagnosis and relapse for 
the ALL case in h.



Extended Data Fig. 10 | Additional survival analyses. a: Kaplan-Meier curves 
comparing the OS between patients with high vs low (cut-off values identified 
using maxstat statistics) inferred effective population sizes (Ne) in the 
discovery cohort33, separated by IGHV mutational status. b Multivariate Cox 
regression of the OS shows the Ne is significant when controlling for IGHV 
status, TP53 alterations and age at sampling in the discovery cohort. 
c: Univariate survival analysis of the time to first treatment (TTFT, blue) and 
overall survival (OS, red) in the validation CLL cohort28,29 for evolutionary 
variables inferred via EVOFLUx. Note this cohort contains a mixture of treated 
and untreated samples, of which only the untreated samples were included in 
the TTFT analysis. d: Kaplan-Meier curves comparing the TTFT between 

patients with high vs low (cut-off values identified using maxstat statistics) 
inferred cancer growth rates in the validation cohort, separated by IGHV 
mutational status. e: Multivariate Cox regression of the effect of the cancer 
growth rate on the TTFT in the validation cohort, controlling for IGHV status, 
TP53 alteration and age at sampling. f: Multivariate Cox proportional hazard 
regression on the TTFT for 229 CLL patients where longitudinal measurements 
of the lymphocyte numbers were available and therefore the contemporary 
growth rate could be estimated. The contemporary lymphocyte counts refer 
to the estimate of a linear model of the number of historical lymphocyte counts 
with the sampling dates of patients with at least 10 sample timepoints before 
treatment.










