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Supplementary Fig. 1: Pre-MDS and Pre-CMML in the UKB display
similar CH mutation profiles. Waterfall plot outlining the mutation profiles of
(a) 166 pre-MDS (b) and 13 pre-CMML cases with at least one mutation. Muta-
tions identified by Mutect2 are depicted in blue and those identified by Samtools
mpileup in yellow.
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Supplementary Fig. 2: Full CH mutation profiles in pre-AML, pre-
MDS and pre-MPN in the UKB. Waterfall plots depicting all nutation in 38
CH genes (Supplementary Table 1) amongst all individuals with pre-MN in the
UKB, namely (a) 126 cases of pre-AML, (b) 179 cases of pre-MDS, including
pre-CMML, and (c) 210 cases of pre-MPN. Mutations identified by Mutect2 are
depicted in blue and those identified by Samtools mpileup in yellow.
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Supplementary Fig. 3: Trends in blood test parameters in different
types of pre-MN. Depiction of trends in the values of different hematology
(CBC) and biochemistry parameters in all cases of pre-MN (a) and in each of the
three pre-MN subtypes individually, namely (b) pre-AML (c) pre-MDS and (d)
pre-MPN. Values for each parameter from the entire UKB cohort were divided into
deciles (Q1 to Q10) and the overlap between the relevant pre-MN type and each
quantile is calculated and displayed as the log10 of odds ratio (OR), with shades
of blue depicting depletion and shades of red depicting enrichment. For example,
there are more AMLs than expected by chance in Q8-10 of RDW values and
fewer in Q1-4 (b). This reveals significant differences between pre-MN subtypes;
for example looking at platelet counts (PLT), pre-AML (b) and pre-MDS (c) are
more likely to have very low (Q1), whilst pre-MPN (d) are more likely to have
very high counts (Q10).



M
PV

PD
W

TB
IL

R
BC

H
G

B H
T

UA se
x

C
R

E
M

C
V

M
C

H
M

RV
M

SC
V

M
C

H
C

IG
F1

VI
TD

C
H

O
L

AP
O

B
LD

LD PL
T

PC
T

R
DW

H
BA

1C LY EO BA M
O

W
BC N

E
BU

N
ag

e
C

YS IR
F

R
ET

H
LR

TR
IG bm

i
C

R
P

AL
P

G
G

T
AL

T
AS

T

AST
ALT
GGT
ALP
CRP
bmi
TRIG
HLR
RET
IRF
CYS
age
BUN
NE
WBC
MO
BA
EO
LY
HBA1C
RDW
PCT
PLT
LDLD
APOB
CHOL
VITD
IGF1
MCHC
MSCV
MRV
MCH
MCV
CRE
sex
UA
HT
HGB
RBC
TBIL
PDW
MPV

EO PL
T

PC
T

AL
P

C
R

P BA
W

BC N
E

VI
TD

M
C

H
C

IG
F1

C
H

O
L

AP
O

B
LD

LD
M

C
V

M
C

H
M

RV
M

SC
V

M
PV

PD
W

ag
e

C
YS

TB
IL

R
BC

H
G

B H
T

bm
i

TR
IG

H
BA

1C LY M
O

R
DW IR

F
R

ET
H

LR
G

G
T

AL
T

AS
T

BU
N UA se
x

C
R

E

CRE
sex
UA
BUN
AST
ALT
GGT
HLR
RET
IRF
RDW
MO
LY
HBA1C
TRIG
bmi
HT
HGB
RBC
TBIL
CYS
age
PDW
MPV
MSCV
MRV
MCH
MCV
LDLD
APOB
CHOL
IGF1
MCHC
VITD
NE
WBC
BA
CRP
ALP
PCT
PLT
EO

AP
O

B
C

H
O

L
LD

LD
R

BC
H

G
B H
T

UA
BU

N
C

YS IR
F

R
ET

H
LR

G
G

T
AL

T
AS

T
BA LY M

O EO PL
T

PC
T

W
BC N

E
AL

P
C

R
P

H
BA

1C bm
i

TR
IG

M
C

H
C

M
C

V
M

C
H

M
RV

M
SC

V
TB

IL
se

x
C

R
E

ag
e

R
DW M
PV

PD
W

IG
F1

VI
TD

VITD
IGF1
PDW
MPV
RDW
age
CRE
sex
TBIL
MSCV
MRV
MCH
MCV
MCHC
TRIG
bmi
HBA1C
CRP
ALP
NE
WBC
PCT
PLT
EO
MO
LY
BA
AST
ALT
GGT
HLR
RET
IRF
CYS
BUN
UA
HT
HGB
RBC
LDLD
CHOL
APOB

M
PV

PD
W

R
BC

H
G

B H
T

TB
IL UA se
x

C
R

E
M

C
H

C
IG

F1
VI

TD
AP

O
B

C
H

O
L

LD
LD

M
C

V
M

C
H

M
RV

M
SC

V
R

DW BA EO PL
T

PC
T

W
BC N

E
bm

i
C

R
P

TR
IG IR
F

R
ET

H
LR AL

P
G

G
T

AL
T

AS
T

ag
e

BU
N

C
YS

H
BA

1C LY M
O

MO
LY
HBA1C
CYS
BUN
age
AST
ALT
GGT
ALP
HLR
RET
IRF
TRIG
CRP
bmi
NE
WBC
PCT
PLT
EO
BA
RDW
MSCV
MRV
MCH
MCV
LDLD
CHOL
APOB
VITD
IGF1
MCHC
CRE
sex
UA
TBIL
HT
HGB
RBC
PDW
MPV

−1 −0.5 0 0.5 1

Spearman correlationa
All samples AML

MDS MPN

b

c d

Supplementary Fig. 4: Correlations between results for blood test pa-
rameters in the UKB. Correlation plots depicting Spearman correlation coef-
ficients between different blood cell count and biochemistry results in: (a) entire
UKB, (b) 372 pre-AML, (c) 544 pre-MDS and (D) 892 pre-MPN cases. Highly
correlated parameters (Spearman Correlation>0.9) were collapsed to a single pa-
rameter (also see Methods).



a bAML MDS MPN AML MDS MPN

Log (Hazard Ratio) Log (Hazard Ratio)
−5 0 5 10

DNMT3A_other
PPM1D
BCOR

KDM6A
TP53
TET2

ASXL1
DNMT3A_R882

GNB1
CBL

RAD21
BCORL1

GNAS
PHF6

RUNX1
SF3B1
ETV6
KRAS

ZRSR2
SRSF2

MPL
IDH1

NRAS
U2AF1

IDH2
JAK2
CALR

VAF

−1.0 −0.5 0.0 0.5 1.0 1.5

IGF1
CHOL
HGB
PLT

MPV
EO

MCHC
ALT

LY
VITD
RET

HBA1C
NE

AST
TRIG
WBC
CRE

BA
TBIL
bmi
ALP
MO

CRP
GGT
BUN
CYS

UA
RDW
PDW

IRF
MCV

sex
age

Supplementary Fig. 5: Univariate Cox hazard ratios for developing MN
associated with different parameters. (a) Hazard ratios (HR) for different
types of MN associated with mutations in any of the 38 genes (only genes mutated
in ≥2 cases are depicted). DNMT3A R882 mutations are depicted separately from
other mutations in this gene. The impact of clonal size (variant allele fraction,
VAF) is also shown independently of the mutated gene. (b) HRs associated with
age, sex and 30 blood test parameters HRs were calculated using univariate Cox
proportional hazard models for AML, MDS and MPN risk. See Supplementary
Table 4 for abbreviations. The central squares indicate hazard ratios and the lines
indicate 5-95% confident intervals.
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Supplementary Fig. 6: Assessment of prediction accuracy of random
survival forest models using various parameters. Time-dependent Receiver
Operating Characteristics (ROC) curves computed from predicted outcomes on
the validation set at various time intervals versus clinical diagnosis of individuals
who developed MN in 0-1 year, 1-5 years and over 5 years after samples were taken.
ROC curves were computed using the incident/dynamic method (see Methods for
details, AUC=area under curve, Ntree=number of trees, Nsplit=maximum tree
split). (a-c) AML prediction, (d-f) MDS prediction, (g-i) MPN prediction.
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Supplementary Fig. 7: Performance of Cox-based models on training
and validation sets. Receiver Operating Characteristics (ROC) curves com-
puted from predicted probability on the training/validation set of developing MN
in 15 years, and clinical diagnosis of MN within 15 years after blood sampling.
AUC=area under curve. (a) Prediction of AML cases. (b) Prediction of MDS
cases. (c) Prediction of MPN cases.
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Supplementary Fig. 8: Full set of hematology and biochemistry results
by time to AML diagnosis. Impact of time from diagnosis on the distribution of
all blood and biochemistry parameters, age, BMI and mutation VAF in pre-AML.
Box plots are color coded as follows: Controls (’C’) in yellow, pre-AML samples
taken >5 years before diagnosis (’>’) in green, 1-5 years (’5’) in blue and 0-1 (’1’)
years in red. In the box plots, central lines indicate medians, boxes indicate 25-
75% quantiles and ranges indicate 1.5 interquartile ranges from the upper or lower
quartiles.
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Supplementary Fig. 9: Full set of hematology and biochemistry results
by time to MDS diagnosis. Impact of time from diagnosis on the distribution of
all blood and biochemistry parameters, age, BMI and mutation VAF in pre-AML.
Box plots are color coded as follows: Controls (’C’) in yellow, pre-MDS samples
taken >5 years before diagnosis (’>’) in green, 1-5 years (’5’) in blue and 0-1 (’1’)
years in red. In the box plots, central lines indicate medians, boxes indicate 25-
75% quantiles and ranges indicate 1.5 interquartile ranges from the upper or lower
quartiles.
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Supplementary Fig. 10: Full set of hematology and biochemistry results
by time to MPN diagnosis. Impact of time from diagnosis on the distribution of
all blood and biochemistry parameters, age, BMI and mutation VAF in pre-AML.
Box plots are color coded as follows: Controls (’C’) in yellow, pre-MPN samples
taken >5 years before diagnosis (’¿’) in green, 1-5 years (’5’) in blue and 0-1 (’1’)
years in red. In the box plots, central lines indicate medians, boxes indicate 25-
75% quantiles and ranges indicate 1.5 interquartile ranges from the upper or lower
quartiles.
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Supplementary Fig. 11: Effect of mutant read cut-offs on model train-
ing and performance. (a-c) Differences in concordance index of stepwise Cox
regressions trained from Mutect2 calls that were filtered by ≥2, ≥3 or ≥5 mutant
reads, for (a) AML, (b) MDS and (c) MPN. Details refer to Methods. (d-f)
Comparison of ROC curves, computed on the validation set, of the Cox regression
models trained from Mutect2 calls that were filtered by ≥2, ≥3 or ≥5 mutant
reads, for (d) AML, (e) MDS and (f) MPN. AUC = area under curve.




