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Study Population

Details of the NHS design and methods are published elsewhere!. Briefly, the NHS began in 1976 with
121,701 female United States (US) registered nurses age 30 to 55 years who returned an enrollment
guestionnaire, which queried medical history and a variety of potential health risk factors. The participants have
subsequently returned biennial follow-up questionnaires to update risk factor and medical information. The
HFPS began in 1986 with 51,529 male US-licensed health professionals age 40-75 years who returned a
baseline questionnaire and has utilized similar follow-up methods as for the NHS, including biennial
guestionnaires?. In both cohorts, self-reported diagnoses are confirmed (with participant consent) by review of
medical records or via tumor registry linkage, as are diagnoses first identified via death follow-up. To date, a
majority of participants in both cohorts have consistently returned the biennial follow-up questionnaires (>90%
in most follow-up cycles, and >95% in the blood subcohorts described below).

Biospecimen collections

From 1989-1990, 32,826 women in the NHS provided a heparinized whole blood sample®. From 2000-2001,
18,743 women who provided a sample in 1989-1990 provided a second whole blood sample using the same
protocol*. From 1993-1995, 18,018 men provided an EDTA whole blood sample using similar collection
methods to those for the NHS; a second blood collection has not been performed in the HPFS. Participants
provided written informed consent at time of blood collection. The present study protocol was approved by the
Institutional Review Boards of Brigham and Women’s Hospital, the Harvard TH Chan School of Public Health
and Washington University (Human Research Protection Office IRB#201607023).

Case definition and control selection

For the present study, we utilized a nested case-control design. Specifically, we ascertained cases from the
NHS and HPFS “blood subcohorts,” which comprise the subset of cohort members who contributed to the
respective first blood collections described above. We included all blood subcohort participants with a
confirmed incident diagnosis of AML (ICD-8 or -9 codes of 205.0) that occurred after blood draw in individuals
with no prior history of malignancy (except non-melanoma skin cancer). We matched two controls per case
among individuals with no history of cancer (other than non-melanoma skin cancer) as of the case’s AML
diagnosis date (i.e., the “index date”). Matching criteria included cohort (which also achieved matching by sex),
race (White, African-American, Asian, other), date of birth (+ 1 year), date (+ 1 year) and time of day of blood
draw (x 4 hours) and fasting status (<8, 8+ hours) at blood draw. For the NHS cases with a second blood
collection sample, we matched among controls with a second blood sample using the same matching criteria
as for first blood samples.

These protocols selected 35 cases (16 NHS, 19 HPFS) and 70 controls (32 NHS, 38 HPFS), including 12
cases and 24 controls in the NHS with two blood samples, for a total of 141 samples. After exclusion of four
samples with insufficient volume, 137 samples were shipped to Washington University for ECS testing. The
laboratory technician was blinded to sample case-control status but could identify specimens from the same
matched set and repeat samples from the same individual, to ensure that matched set trios of samples were
tested together, and to facilitate ECS protocols.

CHIP determination and validation

Library preparation. Sequencing libraries were prepared as previously described®. As for previous studies, the
lllumina TruSight Myeloid Sequencing Panel was used for targeted capture from all or part of 54 leukemia-
associated genes (Supplementary Table 1). Library concentration and quality was assessed on the Agilent



2200 TapeStation and libraries were pooled into equimolar groups of six. The pooled libraries were again
guantified on the TapeStation and submitted for sequencing.

Sequencing. Each pool of six individual libraries was sequenced on individual lanes of the Illumina HiSeq 3000
platform using a 300-cycle kit as specified by the manufacturer. A separate technical replicate ECS library was
independently generated and sequenced from each sample to reduce false positives. Technical replicates
were always sequenced on different machine runs to avoid run-specific artifacts. Approximately 5-10% of PhiX
control DNA was spiked into each sequencing experiment. Each lane of the HiSeq 3000 run contained
approximately 300M paired-end 146 bp reads with corresponding 16 bp unique molecular index (UMI) and 8
bp sample-specific index sequences. Sequenced reads were demultiplexed by sample-specific index allowing
for at most one mismatch in the index sequence. Raw sequence reads were aligned using Bowtie 2 ¢ as
previously described®.

Error Corrected Sequencing Analysis. ECS analysis of raw sequencing results was performed as previously
described® with the exception of one modification described below. Germline variants identified by the 1000
Genomes Project (Aug 2015 release)’ above 0.001 minor allele fraction were excluded from analysis. Likely
clonal single nucleotide variants (SNV) at <0.4 VAF were reported and annotated using Annovar® with
COSMIC version 77 °, Ensembl version 75 (Feb 2014 release)*?, and 1000 Genomes (Aug 2015 release)’
databases. The amino acid substitutions were predicted based on the canonical transcript reported in
COSMIC. We reported SNVs identified in both technical replicates for a given sample.

Insertions and deletions (indel) were called using VarScan2 ! as described previously®. Single nucleotide
indels in homopolymer tracks of 24 nucleotides in length and occurring in repetitive elements were filtered out
of the final analysis. Clonal indels (<0.4 VAF) detected in both technical replicates from a given sample were
reported and annotated using Annovar 8 as described previously for rare clonal SNVs.

The only modification we made to the previously published ECS analytic approach® addressed the limitation
that the previous approach was underpowered to detect multiple clonal SNVs co-occurring at the same
position because multiple true-positives could artificially inflate the calculated position-specific error rate. This
prevented the identification of rare clonal mutations above the true background error rate at that position, but
below/near the estimated error rate calculated based on other co-occurring clonal SNVs at higher VAFs,
resulting in false negatives at frequently mutated “hot spot” loci®. In the present study, to improve rare SNV
identification at potential hot spots, we re-called variants from the binomial error model after removing the
specific variants identified in the first iteration of analysis until a subsequent iteration revealed no additional
new variants.

Droplet Digital PCR Analysis. To validate our ECS-based variant calls, we performed droplet digital PCR
(ddPCR) for 61-point mutations (n=41) and indels (n=20). Droplets were generated and assayed on the QX200
droplet generator and reader (Bio-Rad), respectively, using the standard protocol*?. All probes were designed
by Bio-Rad based on MIQE guidelines for quantitative digital PCR*. The VAF was estimated from droplets

lacking the reference allele and the Poisson-estimated number of singleton droplets as described previously
5,14

Statistical Analysis

We classified participants as “positive” for a mutation if that mutation was identified by ECS in both technical
replicates from one participant sample. For women with repeat blood samples in the study we also identified
mutations that were present (positive) only in the second blood sample and/or in both. We combined the data
from the NHS and HPFS to maximize statistical power for analysis. For mutations that were present (positive)
in 24 participants and for selected VAF thresholds (=0.001, =20.005, 20.01 and =0.02), we used conditional
logistic regression, conditioning on the matched sets, to calculate odds ratios (OR) and 95% confidence
intervals (CI) to estimate the relative risk of AML for detection of a given variant or VAF threshold. We analyzed
two series of variables, including one in which we defined mutation status according to the variants detected in
the first blood collection samples, and another series in which we defined mutation status according to variants
detected in either the first or the second blood collection samples. In all models we treated the respective
variant-negative group as the reference category. Sparse data precluded the evaluation of potential



confounding by other AML risk factors—such as body mass index (BMI) or smoking history*>16—or of
heterogeneity of mutation-AML risk associations by follow-up time interval or other potential effect modifiers
(such as sex, BMI or smoking history). In exploratory analyses restricted to AML cases, we generated Kaplan-
Meier plots to compare time (months) to AML diagnosis for individuals with and without selected pre-diagnosis
mutations and VAF thresholds. We also investigated whether clone size (specifically, the size of the most
common clone at each collection) or clonal expansion over time (i.e., the largest increase in VAF, regardless of
the corresponding variant, for women with two blood samples) was correlated with time to AML diagnosis,
using Spearman partial correlations adjusted for age and (in relation to clone size at collection one) sex. Lastly,
we conducted a sensitivity analysis omitting the few individuals with a follow-up interval of less than one year
after the first blood draw (Table 1) to assess their influence on the main findings. All statistical analyses were
performed with SAS version 9.3; graphical descriptive analyses were performed with R version 3.3.3 using the
ggplot2 and ppcor packages'’. All hypothesis tests were two-tailed and assumed an a-error of 0.05.
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Supplementary Figure 1A. The total number of mutations found per individual, color coded by annotation.
Each panel depicts a matched trio of one case and two controls. Trios with set numbers <100 are women in
the Nurses’ Health Study and trios numbered >100 are men in the Health Professionals Follow-up Study.
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Supplementary Figure 1B. The total number of coding mutations found per individual. Each panel depicts a
matched trio of one case and two controls. Trios with a set number <100 are women in the Nurses’ Health
Study; those with a set number >100 are men in the Health Professionals Follow-up Study.
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Supplementary Figure 1C. The proportion of specific point mutations observed in cases and controls across
all matched case-control trios in the study sample, color coded by annotation.
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Supplementary Figure 2. Plots and Spearman rank correlation coefficients showing a high correspondence of
variant allele fraction (VAF) calls by error-corrected sequencing (ECS) and droplet digital PCR (ddPCR). Each
data point represents the average VAF observed by ECS (of two technical replicates) compared to the VAF
observed by ddPCR. Panel A shows the concordance of variant calls for samples from the first blood collection
(n=46). Panel B shows the concordance of variant calls for samples from the second blood collection (n=15).
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Supplementary Figure 3. The percentage of total alleles per case or control with exonic mutations in the
respective genes, calculated across all matched case-control trios (including those with samples from both

Nurses’ Health Study collections) and color-coded by functional change.
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Supplementary Figure 4A. Lollipop plot depicting the amino acid sequence of DNMT3A, the most commonly
mutated gene in this study sample, with the relative location of called exonic mutation plotted for cases (above
the amino acid sequence) and controls (below the amino acid sequence).
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Supplementary Figure 4B. A lollipop plot depicting amino acid sequences from TET2, the second most
commonly mutated gene in this study sample. Exonic mutations are scattered across the entire coding
sequencing in both cases and controls.

o ;5 @ T1980A
> @S19708
X @51898C
o OR18%T
X2061A @ ——= @T1884A O
e J =
HY68.d @ @1s3T =
I &
asosLH@ —__——eswr £ 9 o
\\.omﬁzx g et ch
° @5S1848 € 2 @ E
HosLL1@—— | 8 g 82
X€8LL0@ - L2220
s180L1S @
SY691 1@ x
&
3
1]
®
8 x
©
ASSELO@ = &
sjocel 1@ 3
s12zeL 1@ @
381€13@ R1516X
A862L0@ @ K1500N
3.6219@
$19/211@ &
x > ©
M m ©
N~~~ ©
g o
QO .
oo @ M1333R
o @K1317fs
aa @L1311P
50 _/.G1297R
.z\ = @i
8j0/2LL rm— @G1235V
02071t @ [ @ W1233X
Xiv2)3 @——— /.PMQAA
@C1193W
j.KMBST
@R1167G
@D1158Y
@L1153P
—@c13sy
@LIfs
'IVSOLO.%_ @Q1051H
—_— 5
HEROLO @ @ Q1009X
g| @Ko
8|~ —@passp
& T | =———@9s81fs
[ @ Q963X
3
o— ——@®oa9sx
X.680@
x
&
2 @ 58205
® I
g —  easiL
- E— oo
— @ Q744X
(e}
5 2
0 ©o
«© =
2 )
o
X8Z93 @ =
—@K603X
ol @
§ 3| =————e@as%a
8 @565V
® ———— @Hs58H
g
g
WosY| @——— e
——————@P463is
(8] [=3
~ o
[’} ~
3
°
2 Q
2 2
N &
Q w
® ®
XPEZA @ 2
S 2 =
5
xsslo@—87 | © ] £
S
o
©
0
®
{ =
g 5
3 3
[ ] (o]
& & (|
= e
il ke
=1 =
5} 23
e> o o5
-
AT TR
o ™
Ow (] Ow



Supplementary Figure 5A. Time to acute myeloid leukemia (AML) diagnosis by pre-diagnosis DNMT3A
R882H/C mutation status at one or both blood collections in Nurses’ Health Study and Health Professionals

Follow-up Study participants (AML cases only).
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Supplementary Figure 5B. Time to acute myeloid leukemia (AML) diagnosis by pre-diagnosis detection of
one or more mutations with an average variant allele fraction (VAF) of 0.005 or greater at one or both blood
collections in Nurses’ Health Study and Health Professionals Follow-up Study participants (AML cases only).
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Supplementary Figure 5C. Time to AML diagnosis by pre-diagnosis detection of one or more mutations with
an average variant allele fraction (VAF) of 0.01 or greater at one or both blood collections in Nurses’ Health
Study NHS and Health Professionals Follow-up Study participants (AML cases only).
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Supplementary Figure 5D. Time to AML diagnosis by pre-diagnosis detection of one or more mutations with
an average variant allele fraction (VAF) of 0.02 or greater at one or both blood collections in Nurses’ Health
Study NHS and Health Professionals Follow-up Study participants (AML cases only).
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Supplementary Table 1. List of genomic regions captured by the lllumina TruSight Myeloid Sequencing Panel
used for targeted error-corrected sequencing.

Gene Target Region Gene Target Region
(exon) (exon)

ABL1 4-6 JAK3 13

ASXL1 12 KDM6A | full

ATRX 8-10,17-31 KIT 2,8-11,13,17

BCOR full KRAS 2,3

BCORL1 full MLL 5-8

BRAF 15 MPL 10

CALR 9 MYD88 | 3-5

CBL 8,9 NOTCH1 | 26-28,34

CBLB 9,10 NPM1 12

CBLC 9,10 NRAS 2,3

CDKN2A | full PDGFRA | 12,14,18

CEBPA full PHF6 full

CSF3R 14-17 PTEN 5,7

Cux1 full PTPN11 | 3,13

DNMT3A | full RAD21 full

ETV6/TEL | full RUNX1 | full

EZH2 full SETBP1 | 4 (partial)

FBXW?7 9-11 SF3B1 13-16

FLT3 14,15,20 SMCIA | 2,11,16,17

GATA1 2 SMC3 10,13,19,23,25,28

GATA2 2-6 SRSF2 1

GNAS 8,9 STAG2 full

HRAS 2,3 TET2 3-11

IDH1 4 TP53 2-11

IDH2 4 U2AF1 2,6

IKZF1 full Wwr1 7,9

JAK2 12,14 ZRSR2 full




Supplementary Table 2. Clonal mutations identified by error corrected sequencing in study participants. Each
individual was identified by participant number, matched set number, and case/control status. Each mutation
was identified by chromosome, position, nucleotide sequence change, associated gene, predicted annotation,
and predicted amino acid sequence change (for exonic mutations). The average variant allele fraction (VAF)
from two technical replicates was reported for mutations identified in the first collection or second collection.
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1 3 Cntl 2 2 25463273 A T DNMT3A exonic D740E NA 0.0010
1 3 Cntl 2 2 25469492 C A DNMT3A exonic E426X NA 0.0064 0.0486
1 3 Cntl 2 2 25470559 C T DNMT3A exonic W305X COSM4383603  0.0145 0.0298
2 3 Cntl 1 11 119148891 T C CBL exonic Y371H COSM34052 0.0026
2 3 Cntl 1 2 25462084 A G DNMT3A exonic S775P NA 0.0101 0.0078
2 3 Cntl 1 2 25463283 A C DNMT3A exonic L737R COSM87008 0.0036  0.0142
2 3 Cntl 1 4 106156519 C T TET2 exonic P474S NA 0.0003
2 3 Cntl 1 X 15834073 A C ZRSR2 intronic NA NA 0.0003
2 3 Cntl 1 X 39932935 G C BCOR exonic T555S NA 0.0003
2 3 Cntl 1 X 44733318 T A KDM6A intronic NA NA 0.0097 0.0045
2 3 Cntl 1 X 129156967 G A BCORL1 intronic NA NA 0.0003
3 3 Case 17 7577124 C T TP53 exonic V272M COSM10891 0.0037
3 3 Case 2 25458613 C A DNMT3A exonic E854X NA 0.0122  0.0257
3 3 Case 4 106164085 G A TET2 splicing NA NA 0.0021
3 3 Case 4 106180783 T A TET2 exonic C1271S NA 0.0083 0.0042
3 3 Case 4 106180862 G A TET2 exonic G1297E NA 0.0013
3 3 Case 4 106182927 G - TET2 exonic L1322fs NA 0.0039 0.0126
4 4 Case 11 119148892 A G CBL exonic Y371C COSM34054 0.0007
4 4 Case 2 25462023 C T DNMT3A exonic W795X NA 0.0072
4 4 Case 20 57484420 C T GNAS exonic R201C COSM27887 0.0043 0.0035
4 4 Case 4 55561746 - A KIT exonic L46fs NA 0.0022
4 4 Case 4 106157573 C G TET2 exonic S825X COSM87104 0.0007
4 4 Case 4 106158348 G T TET2 exonic Q1083H NA 0.0015
4 4 Case 4 106158350 A T TET2 exonic Q1084L NA 0.0015
4 4 Case 4 106180782 - TG TET2 exonic T1270fs NA 0.0054
4 4 Case 4 106190861 A C TET2 exonic H1380P NA 0.0782  0.2199
4 4 Case 4 106193892 C T TET2 exonic R1452X COSM41706 0.0043
4 4 Case X 133551310 A T PHF6 exonic N316Y NA 0.0028
5 4 Cntl 1 2 25457191 C T DNMT3A exonic R899H COSM1583134 0.0034 0.0074
5 4 Cntl 1 2 25457249 T C DNMT3A exonic M880V COSM120499 0.0015
5 4 Cntl 1 2 25463239 A G DNMT3A exonic F752L COSM133131 0.0015 0.0013
5 4 Cntl 1 2 25466800 G A DNMT3A exonic R635W COSM87012 0.0015
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5 4 Cntl 1 X 129171440 G A BCORL1 exonic W1468X NA 0.0004
6 4 Cntl 2 2 25467023 C A DNMT3A splicing NA NA 0.0058
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Supplementary Table 3. Droplet digital PCR (ddPCR) validation experiments for 61 clonal mutations identified
in 37 individuals. There were 37 mutations detected and validated in individuals with only a single banked
sample. There were 12 mutations detected in individuals with two banked samples, which were both used for
ddPCR validation. The variant allele fraction (VAF) for each mutation identified by error-corrected sequencing
(ECS) was reported alongside the VAF measured by ddPCR. For each identified mutation, a separate sample
where that mutation was not observed by ECS was selected as a negative control.

Collection 1 Collection 2
ECS VAF ECS VAF ECS VAF ECS VAF Negative
Participant Amino Acid | Replicate Replicate ddPCR | Replicate Replicate ddPCR | Control
Number Gene Change 1 2 VAF 1 2 VAF VAF

3 TET2 L1322fs 0.0040 0.0037 0.0041 0.0117 0.0135 0.0113 | 0.000000
4 KIT L46fs 0.0000 0.0000  0.0000 0.0022 0.0022 0.0017 | 0.000000
5 DNMT3A R635W 0.0020 0.0010  0.0027 0.0018 0.0012 0.0019 | 0.000000
9 DNMT3A P904L 0.0042 0.0049 0.0034 NA NA NA 0.000000
10 DNMT3A C487fs 0.0000 0.0000 0.0016 0.0055 0.0037 0.0044 | 0.000000
17 DNMT3A  el5spAins 0.0040 0.0041 0.0041 0.0101 0.0100  0.0094 | 0.000000
18 DNMT3A 1780T 0.0014 0.0020 0.0020 NA NA NA 0.000000
23 DNMT3A R882H 0.0034 0.0034  0.0042 NA NA NA 0.000051
25 DNMT3A R882H 0.0032 0.0010  0.0010 0.0022 0.0028 0.0011 | 0.000000
26 DNMT3A W860R 0.0015 0.0012 0.0013 0.0003 0.0010  0.0003 | 0.000000
30 DNMT3A R882H 0.0039 0.0032 0.0061 0.0180 0.0150 0.0158 | 0.000000
32 DNMT3A S714C 0.0053 0.0098  0.0062 0.0057 0.0073 0.0078 | 0.000000
33 DNMT3A  el5spCdel 0.0030 0.0000  0.0018 0.0032 0.0032 0.0026 | 0.000000
40 DNMT3A R326C 0.0000 0.0000  0.0002 0.0021 0.0034  0.0022 | 0.000082
42 TET2 L1276fs 0.0057 0.0057 0.0061 0.0000 0.0000 0.0013 | 0.000000
46 DNMT3A W860R NA NA NA 0.0024 0.0024  0.0022 | 0.000000
46 TET2 e3splice NA NA NA 0.0263 0.0202 0.0216 | 0.000054
47 DNMT3A L504fs NA NA NA 0.0172 0.0181 0.0142 | 0.000000
50 JAK2 V617F 0.0783 0.0835 0.0871 NA NA NA 0.000000
51 DNMT3A R882C 0.0700 0.0701 0.0761 NA NA NA 0.000000
52 JAK2 V617F 0.0260 0.0295 0.0299 NA NA NA 0.000000
52 DNMT3A R882C 0.0030 0.0031 0.0025 NA NA NA 0.000000
52 DNMT3A P385fs 0.0084 0.0079 0.0068 NA NA NA 0.000000
56 DNMT3A PO04L 0.0137 0.0169 0.0154 NA NA NA 0.000000
56 JAK2 V617F 0.0227 0.0263 0.0240 NA NA NA 0.000000
59 DNMT3A WB860R 0.0083 0.0091 0.0081 NA NA NA 0.000000
61 DNMT3A R882H 0.2957 0.2860  0.3117 NA NA NA 0.000000
65 DNMT3A W860R 0.0011 0.0015 0.0011 NA NA NA 0.000000
65 DNMT3A N757fs 0.0040 0.0058  0.0051 NA NA NA 0.000000
66 DNMT3A 1780T 0.0189 0.0246  0.0239 NA NA NA 0.000000
66 TET2 P463fs 0.0289 0.0257 0.0312 NA NA NA 0.000000
71 DNMT3A W860R 0.0012 0.0007  0.0010 NA NA NA 0.000000
72 DNMT3A 1780T 0.0028 0.0013 0.0021 NA NA NA 0.000000
72 DNMT3A R326C 0.0010 0.0033 0.0024 NA NA NA 0.000082
72 DNMT3A R882H 0.0025 0.0029 0.0033 NA NA NA 0.000051
75 DNMT3A G543A 0.0008 0.0009 0.0017 NA NA NA 0.000000
75 DNMT3A 1780T 0.0008 0.0010  0.0007 NA NA NA 0.000000
75 DNMT3A  E733dellnX | 0.0046 0.0027  0.0032 NA NA NA 0.000000
77 DNMT3A R882H 0.3350 0.3211 0.3536 NA NA NA 0.000051
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