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Genomic profiles and prognostic biomarkers in patients with acute myeloid
leukemia (AML) from ancestry-diverse populations are underexplored.

We analyzed the exomes and transcriptomes of 100 patients with AML with
genomically confirmed African ancestry (Black; Alliance) and compared

their somatic mutation frequencies with those of 323 self-reported white
patients with AML, 55% of whom had genomically confirmed European
ancestry (white; BeatAML). Here we find that 73% of 162 gene mutations
recurrentin Black patients, including a hitherto unreported PHIP alteration
detected in 7% of patients, were found in one white patient or not detected.
Black patients with myelodysplasia-related AML were younger than white
patients suggesting intrinsic and/or extrinsic dysplasia-causing stressors.
On multivariable analyses of Black patients, NPMI1 and NRAS mutations
were associated with inferior disease-free and /DHI and IDH2 mutations
withreduced overall survival. Inflammatory profiles, cell type distributions
and transcriptional profiles differed between Black and white patients

with NPMI mutations. Incorporation of ancestry-specific risk markers

into the 2022 European LeukemiaNet genetic risk stratification changed
risk group assignment for one-third of Black patients and improved their
outcome prediction.

Acute myeloid leukemia (AML) is characterized by clonal expan-
sion of myeloid progenitor cells due to genomic alterations that
inhibit myeloid development'. The importance of genomic altera-
tions for the pathogenesis of AML and their prognostic significance
was first appreciated through recurrent chromosomal alterations
decades ago'.

Many landmark genomics studies have transformed our under-
standing of the molecular underpinnings of AML? . These effortsled to
theincorporation of several somatic mutationsinto clinically applied
molecular classification and risk stratification systems”. In most
cancer genomic studies to date (including AML), self-reported white
patients predominate. In fact, patients with AML who self-reported
asBlackinclude less than 2% of patients in these studies despite Black
patients representing 9% of patients with AML? *°%,

The disparity of AML genomic data between ancestry-diverse
populations results in the inequitable application of molecular medi-
cine, whichincreases the potential forinadequate treatment. Previous
studies showed that self-reported Black patients with AML have inferior
outcomes compared with white patients™ %, Multiple interconnected
factors, including structural racism and socioeconomic contributors,
are associated with this survival disparity'* . Additionally, the fre-
quency of established recurrent AML-associated genomic alterations
and their prognostic significance is different for Black patients'>*,
suggesting the presence of as yet unappreciated differences in the
biology of AML in Black patients.

Anunbiased depiction of the somatic genetic landscape of AMLin
Black patientsis thus far unknown because previous reports analyzed
only known AML-associated genes that were initially identified almost
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exclusively in white patients. Likewise, resulting differences in the
transcriptomes that could provide insights into disease biology have
alsonot been assessed.

Thus, we conducted a comprehensive genomic analysis includ-
ing whole-exome sequencing (WES) and RNA sequencing (RNA-seq)
of paired germline and tumor samples from 100 Black patients with
AML with genotype-confirmed African ancestry (hereafter referred to
as Black), who were treated withintensive induction chemotherapy on
Cancer and Leukemia Group B (CALGB)/Alliance for Clinical Trials in
Oncology (Alliance) trials. This resulted in the depiction of the genomic
landscape of AML in Black patients, including the identification of
ancestry-associated mutations and biological features that differ from
traditional Europeanancestry studies. The somatic mutation frequency
inBlack patients was compared with results of matched workflow WES
of 323 white patients from the Beat AML cohort, 177 (55%) of whom had
available genotyping data confirming European ancestry.

Total-transcriptome-based gene expression profiling of tumor
RNA from Black and white patients allowed for principal component-
based clustering with respect to established molecular drivers and
determination of a gene-expression-based inflammation score
(iScore)”. Moreover, multiomic RNA single-cell sequencing studies
of Black and white patients with NPMI mutations showed differences
in cell type distribution and differentially activated pathways.

Lastly, we compared the clinical outcomes of Black and white
patients treated on the same CALGB/Alliance protocols. We found sub-
stantial differences between Black and white patientsin the prognostic
significance of some genomic features used in the 2022 European
LeukemiaNet (ELN) genetic risk stratification system’. This suggests
theneedtoincorporate ancestry-associated featuresinto this system,
thus having direct clinical implications for Black patients.

Results

Variants in coding sequences of Black patients with AML

A WES was conducted on FACS-sorted leukemic blasts and paired B
and T cells as a germline equivalent from 100 Black patients (Table 1).
Two patients, including one harboring an MSH6 mutation and another
with a POLE variant, were hypermutated having 269 and 760 coding
variants, respectively, and were excluded from the frequency com-
parison analyses of nonrecurrently mutated genes. In the remaining
98 patients, we identified 1,971 nonsynonymous coding variants,
including single-nucleotide variants (SNVs), small insertions and
deletions (indels) and internal tandem duplications (ITDs; Extended
Data Fig. 1). The median somatic coding variants per patient was 16
(range:1-65). There were four predominant mutation signatures, three
of which resembled established Catalogue Of Somatic Mutations In
Cancer single-base substitution signatures for defective homologous
recombination DNA damage repair and defective mismatch repair
(Extended Data Fig.2a-c).

One hundred and sixty-two genes were recurrently mutated (that
is, mutated in two or more patients) and 33 genes were mutated in 4%
or more patients (Supplementary Table1). Established AML-associated
mutations in FLT3 (32%), DNMT3A (25%), NRAS (23%) and NPM1 (20%)
were the most common, followed by mutations in /IDH2 (11%), RUNX1
(10%), KRAS (9%), ASXL1 (8%) and WTI (8%). Notably, IDHI, PHIP, TET2
and TP53 were mutated in 7% of patients (Fig. 1a and Supplementary
Table 1). Co-mutational patterns are shown in Extended Data Fig. 3.
Additionally, single-cell DNA sequencing (scDNA-seq) was performed
for three patients and the observed clonality patterns were consistent
with published datasets? (Fig. 1b).

In 39 patients with cytogenetically normal AML (CN-AML), FLT3
(49%), NPM1 (44%) and DNMT3A (44%) alterations were the most com-
mon (Extended DataFig. 4), thereby resembling established molecular
distributionsin this cytogenetic subset®***, However, in 8% of patients
with CN-AML, we detected several gene mutations not routinely associ-
ated with AML, including IFNL3, MYC and PRAMEF15 mutations.

Table 1] Clinical and cytogenetic characteristics of
100 Black patients with AML included in the integrated
genomic profiling study

Characteristic

Age, years

Median (range) 43 (18-92)
Sex, n (%)

Female 48 (48)
Hemoglobin, gdl™

Median (range) 8.7(2.3-13.2)
Platelet count, x10°per liter

Median (range) 48 (5-499)

White blood cell count, x10°per liter

Median (range) 28.3(0.4-308.8)

Blood blasts, %

Median (range) 52 (0-98)
Bone marrow blasts, %

Median (range) 68 (17-96)
Extramedullary involvement, n (%) 22 (25)
2022 ELN genetic risk group, n (%)

Favorable 41(41)

Intermediate 22 (22)

Adverse 37(37)
CN-AML, n (%) 38(38)
CBF-AML, n (%) 21(21)
t(8;21), n (%) 10 (10)
inv(16), n (%) 1m(1)
Complex karyotype, n (%) 11(11)
KMT2A-rearranged, n (%) 6 (6)
Myelodysplasia-related AML, n (%)* 12 (15)

“Mutations defining myelodysplasia-related AML include mutations in the SRSF2, SF3B1,
RUNX1, U2AF1, ZRSR2, ASXL1, EZH2, BCOR and STAG2 genes as per the 2022 ELN’.

Similarly, in 21 patients with core binding factor AML (CBF-AML),
the most common were established mutations in NRAS (33%), KIT
(24%) and FLT3 (19%). However, variants in PHIP, LRP6, PRH2, RHPN2
and ZBTB7A were all found in 14% of patients, thereby establishing
additional, relatively frequent genetic events in our patient cohort
(Supplementary Fig.1).

Among 11 Black patients with a complex karyotype, 45% had
mutations in TP53. Notably, TP53 wild-type patients carried variants
intargetable genes, including IDH2in two and ALK in one patient (Sup-
plementary Fig. 2), suggesting the need to test for such alterations in
Black patients with complex karyotype as they might be eligible for
alternative treatment options.

Gene mutation frequencies in Black and white patients

To compare the gene mutation frequencies of Black and white patients,
including assessment of potentially new variants, paired tumor-normal
WES data for 323 white patients from the BeatAML 1.0 studies were
reanalyzed using the same variant calling workflow, including identi-
calvariantallele fraction cutoff (see Extended Data Fig. 5 and Methods
for details).

Of162recurrently mutated genes in Black patients, only 43 (27%)
were recurrently mutated in 323 white patients (BeatAML), while
119 genes (73%) were mutated in one white patient or not mutated.
The frequencies of several known and hitherto unreported gene
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Fig.1|Mutational landscape of Black patients with AML who were treated on mutated in 4% or more of Black patients. The Pvalue was calculated using a

CALGB;/Alliance study protocols. a, Oncoprint showing mutations detected in two-sided Fisher’s exact test. d, Mutation percentage for genes mutated in 4% of
4% or more of Black patients by WES. b, Clonality of driver mutations detected Black patients compared with other major AML sequencing studies. TMB, tumor
inthree Black patients with AML, identified using scDNA-seq. ¢, Difference in mutational burden.

mutation percentage between white (Beat AML) and Black patients in genes
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Fig. 2 |Hitherto unreported mutations in the PHIP gene and depiction of
the fusion gene landscape. a, Schematic of the PHIP gene with location of
posttranslational modifications and the location of mutations detected in Black
patients by WES. Depicted are PHIPmutations found in the CALGB/Alliance
cohort and mutations detected using targeted sequencing in three patients with
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genes detected using RNA-seq-based discovery in Black patients. The width of
eacharcrepresents the frequency with numbers indicated in the legend. dbPTM,

database of Protein Post-Translational Modifications.

mutations differed between ancestries (Fig. 1c and Supplementary
Table 1). Ten genes were mutated in 4% of our cohort, but in only
2% or less of white patients and other previous hallmark sequenc-
ing efforts (Supplementary Table 1 and Fig. 1d). Moreover, PHIP
mutations present in 7% of Black patients were identified in only
one white patient (7% versus 0.3%, P < 0.001; Fig. 2a and Supple-
mentary Table 2). As germline variants, PH/P mutations cause
Chung-Jansen syndrome, a rare inherited form of intellectual dis-
ability**. Somatic PHIP mutations were reported in less than 2% of
myelodysplastic syndromes, blast crisis chronic myeloid leukemia

and clonal hematopoiesis (CH)****. Notably, targeted sequencing
of PHIPin Black patients consisting of two African patient cohorts we
additionally analyzed (Nigerian, 46 patients; South African, 23 patients;
Methods) detected three PHIP mutations (7%) in Nigerian patients (two
males, one female; aged 5, 31 and 42 years, respectively), but none in
the South African patients.

Based on large sequencing studies, next-generation sequencing
(NGS) panels used in the clinic to test newly diagnosed patients com-
monlyincluded 56 genes recurrently mutated in AML (Supplementary
Table 3). We found that only one of 323 white patients lacked amutation
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inatleast one of these genes. In contrast, 10% of Black patients lacked
mutations in these genes, thus being ‘mutation negative’ in current
standard clinical molecular testing.

Structural variants

RNA-seq-based fusion gene discovery” found 12 CBFB::MYH]11, seven
RUNXI::RUNXITI, four KMT2A rearrangements (three KMT2A::AFDN
and one KMT2A::SEPT9) and two BCR::ABL fusions (Fig. 2b and Supple-
mentary Table 4). Four cryptic in-frame fusions affecting CBFA2T3 were
detected, including three chromosome 16 rearrangements, in which
CBFA2T3was fused to either BANP, CYBA or ZFPM1, and a t(16;21) with
CBFA2T3::RUNXI fusion (Supplementary Table 4). These fusions did
not cluster with CBF-AML according to gene expression, indicating a
different biological impact (Supplementary Fig. 3). Four cryptic NUP98
and two NUP214fusions wereidentified, which are recurrent abnormali-
tiesin AML. Interestingly, arecurrent GGNBP2::MYOI9 fusion involving
chromosome 17, which hasbeenidentified ingiant congenital nevi, but
not AML?, was found in two patients. The copy number alterations
detected are listed in Supplementary Tables 5and 6.

Clonal Hematopoiesis

CH was evaluated through comparison of variant calls identified in
WES frombothBandT cells, to those found in leukemic blasts, after
exclusion of common SNVs. Variants in established CH-associated
genes that were presentin both Band T cells as well as the leukemic
blasts (and absence of other non-CH-associated variants in B and
T cells that would be indicative of residual disease, such as NPM1I)
were considered to represent CH. Such CH variants were identified
in 11% of Black patients, including known CH-associated variants in
DNMT3A, TET2, TP53, ASXL1,MPL, CBL, SRSF2 and SMC1A (Supplemen-
tary Table 7). CH occurred across the age spectrum, with a median
of 56 years (range: 32-75 years), which is comparable to previously
reported frequencies.

Molecular features and clonal dynamics of relapsed AML
Toassess clonal dynamics atrelapse, we performed integrated genomic
profiling (WES + RNA-seq) on 18 Black patients with paired primary and
relapse samples available. All patients relapsed with their dominant
clone from diagnosis. However, only one patient relapsed with the
identical molecular profile, while others gained at least one subclone
(Extended Data Fig. 6a). Seven patients had new copy number altera-
tions affecting genes mutated at diagnosis. Five patients had mutational
switches at relapse, suggestive of oncogene addiction. One patient
gained a new PHIP variant and another gained a new HMCN2 variant,
both of which were identified as recurrently mutated in Black patients
atdiagnosis. Gene expression analysis revealed transcriptional changes
of some relapse samples (Extended Data Fig. 6b).

Transcriptional profiles based on oncogenicdrivers

In transcriptome-based gene expression profiling and ¢-distributed
stochastic neighbor embedding (¢-SNE) data visualization, Black and
white patients clustered together according to known driver muta-
tions (Fig. 3a).

A relatively large, central ¢-SNE cluster contained Black and
white patients with myelodysplasia-related mutations as defined by
the 2022 ELN’ (Fig. 3b). Gene expression analysis showed that these
patients had expression profiles resembling myelodysplastic neo-
plasms?® (Fig. 3c). Notably, Black patients in the myelodysplasia-related
cluster were younger than white patients (median, 50 versus 58
years, P=0.04; Fig. 3d,e), suggestive of intrinsic and/or extrinsic
dysplasia-causing stressors. Additionally, while white patients within
the myelodysplasia-related AML cluster were older than white patients
outside this cluster (P < 0.001), there was no significant age difference
between Black patients (P=0.17), further highlighting the unusually
early onset of myelodysplasia-related AML in Black patients.

Clinical features and treatment outcomes

Black patients with AML have poor survival even when considering
socioeconomicdata, bothin population-based analyses and in clinical
trials'*°, For amore accurate assessment of treatment response and
survival, we compared our molecularly characterized cohort of 103
Black patients younger than 60 years, for whom intensive induction
is still standard of care, with an age-matched, sex-matched and study
date-matched cohort of 206 white patients (size-matched 1:2) with
similar performance status treated on the CALGB/Alliance protocols.
There were no significant differences in pretreatment parameters
between Black and white patients, including white blood cell count,
percentage of bone marrow (BM) and blood blasts, performance status
or2022 ELN genetic risk group distribution (Supplementary Table 8).
Both cohorts were similarly treated on the same frontline CALGB/
Alliance clinical trials, with all patients receiving standard induction
chemotherapy followed by consolidation with cytarabine or autolo-
gous hematopoietic stem cell transplantation (HSCT), except for three
patients who received consolidation with mitoxantrone/diaziquone
and cyclophosphamide/etoposide (Supplementary Information and
Supplementary Table 8).

Although the complete remission (CR) rates of Black and white
patients did not differ significantly (73% versus 79%, P=0.25; Fig. 4a),
Black patients more frequently died within the 30 days after treatment
initiation (11% versus 3%, P= 0.02), had higher relapse rates (63% versus
48%, P=0.05) and worse disease-free survival (DFS) (3-year rates, 30%
versus 47%, P=0.01; Supplementary Fig. 4), event-free survival (EFS)
(3-year rates, 22% versus 37%, P=0.003; Fig. 4a) and overall survival
(OS) (3-year rates, 31% versus 47%, P=0.007; Fig. 4b) compared with
white patients.

Molecular features associated with response and survival

To identify the features associated with the treatment response and
survival of Black patients, we performed multivariable analyses for DFS,
whichidentified NPMI (hazard ratio (HR) = 2.29, 95% confidence inter-
val(Cl) =1.23-4.25,P=0.009) and NRAS (HR = 1.95,95% C1 =1.03-3.69,
P=0.04) mutations as adverse prognostic factors (Supplementary
Tables 9 and 10 and Fig. 4c). NPM1 mutations without FLT3-ITD are a
favorable-risk marker in clinical guidelines’, contrasting their strong
adverse prognosticimpactin Black patients. In contrast to established
risk association, in which the presence of FLT3-ITD negatively affects
the positive survival association with NPMI mutations, Black patients
with NPMI mutations who were FLT3-ITD” had worse DFS (3-year rates:
13% versus 55%, P=0.002), EFS (3-year rates:10% versus 46%, P = 0.01)
and OS (10% versus 61%, P < 0.001) than white patients, and their OS
was not significantly different from the OS of patientsinthe 2022 ELN
adverse-risk group (P=0.88; Fig. 4d). Notably, although definitive
conclusions are limited by a small sample size, NPMI mutations were
also associated withinferior OSinBlack patients younger than 60 years
treated withintensive chemotherapy in the analysis of real-world data
from the Flatiron Health database (Extended Data Fig. 7). NRAS muta-
tions, whichare notincludedinthe 2022 ELN geneticrisk stratification
system’, also conferred adverse prognosis in Black patients (Fig. 4e
and Supplementary Table 11). Furthermore, myelodysplasia-related
mutations were predictive of inferior DFS, whichis consistent with their
established negative survival association in current clinical guidelines
(Supplementary Table 9 and Extended Data Fig. 8)’.

Mutations in /DH1 and IDH2 were associated with decreased OS
(P=0.05;HR=1.73,95% Cl =1.01-2.97; Supplementary Table 12), which
was again specific for Black patients with /DHI and /DH2 mutations
(Supplementary Table 13 and Fig. 4f). Given the approval of new tar-
geted agents for older and unfit patients harboring IDHI and IDH2
variants, the survival association in Black patients suggests the pos-
sibility of using these agents in the frontline setting at an earlier age.
Norecurrent gene mutation stayed in the finalmultivariable model for
EFS (Supplementary Table 14).
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Fig.3 | Clustering of patients with AML using transcriptome-based gene
expression profiling and ¢-SNE visualization. a, Clustering of Black and white
patients according to gene expression with the presence of major oncogenic
driver mutations. The dot color corresponds to the presence of the indicated
driver mutation. Black patients are circled. b, Presence of myelodysplasia-related
mutations in Black and white patients clustered according to gene expression.
The dot color corresponds to the presence of the indicated myelodysplasia-
related mutation. ¢, Similarity of Black and white patient gene expression profiles
toapreviously published myelodysplasia gene expression signature”. d, Age
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distribution of patients clustered according to gene expression. The dot colors
correspond to patient age asindicated in the legend. Black patients are circled.

e, Age comparison between Black and white patients with myelodysplasia-
related mutations. Pvalues were calculated using a two-sided Wilcoxon rank-sum
test (box plots: centerline, median; box limits, first and third quartiles; whiskers,
minimum and maximum). ‘-r’ behind a gene symbol indicates fusion genes
involving the gene indicated and other partner gene(s). CEBPA bZIP, in-frame
mutations affecting the basic leucine zipper (bZIP) region of the CEBPA gene;
MDS, myelodysplastic syndrome; NS, not significant.
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Fig. 4| Comparison of clinical outcomes of Black and white patients with
AML. a,b, Comparison of treatment response and survival of age-matched,
sex-matched and study date-matched cohorts of Black and white patients, a, EFS,
rates of early death (ED), CR and relapse. b, OS. ¢, OS of Black and white patients
with NPMI mutations compared with the OS of 2022 ELN adverse-risk patients.

d, OS of Black and white patients with NPMI mutations and the presence or
absence of a co-occurring FLT3-ITD in comparison with OS of 2022 ELN adverse-
risk patients. e, OS of Black and white patients with NRAS mutations compared

with the OS 0f 2022 ELN adverse-risk patients. f, OS of Black and white patients
with/DHI and IDH2 mutations compared with the OS 0f 2022 ELN adverse-risk
patients. g, Frequencies of gene mutations detected in 43 relapsed or refractory
adult Black patients cared for at the Memorial Sloan Kettering Comprehensive
Cancer Center, profiled using an MSK-IMPACT assay. Ina, for ED, CRand relapse
rates, Pvalues were calculated using a two-sided Fisher’s exact test. a—-f, for time-
to-event analyses, survival estimates were calculated using the Kaplan-Meier
method and compared using a two-sided log-rank test. Adv, adverse.
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We next analyzed the mutation frequencies in 43 self-reported
Black patients withrelapsed or refractory disease whose gene mutation
profiles were obtained after unsuccessful first-line treatment (median
age: 60 years; range: 18-86 years) via MSK-IMPACT with subsequent
enrichment of more adverse-risk features, contrasting the genomic
profiling of the newly diagnosed Alliance patient cohort. The most
frequent mutationsincluded several adverse-risk markers identified in
our study, supporting their risk association in Black patients (Fig. 4g).

Ancestry-associated transcriptomicimpactin NPMI-mutated
AML

To understand the possible causes for the contrasting survival
impact of NPMI mutations in Black compared to white patients, we
first assessed co-mutational patterns. In addition to established

coexisting mutational features, 11 of 20 Black patients with NPM1 muta-
tions harbored at least one predicted pathogenic variantin genes not
yetimplicated in AML (Fig. 5a); however, no new recurrent variants
were identified.

Next, to evaluate possible molecular underpinnings, we analyzed
the transcriptomes of Black and white patients with NPM1 mutations
with genotype-confirmed ancestry. Interestingly, using the principal
component and reclassification analyses, we found distinguishing
marker genes that were differentially expressed between Black and
white patients (Fig. 5b). Only one Black patient’s AML resembled inits
expression the phenotype of white patients, while nine white patients
resembled the expression profile found in Black patients (Fig. 5¢).
Remarkably, the OS of these white patients who presented as transcrip-
tomically ‘adjacent’ to Black patients was also poor (Fig. 5d).
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Fig. 6 | Treatment outcomes of Black and white patients classified according
to three genetic risk stratification systems. a, EFS of Black and white patients
accordingto highand lowiScore status. b, OS of Black and white patients
accordingto highand low iScore status. ¢, EFS of Black and white patients with
low or high LSC17 scores. d, OS of Black and white patients with low or high LSC17
scores. e,f, EFS (e) and OS (f) of Black patients categorized into genetic risk

groups according to our modification of the 2022 ELN genetic risk classification
by the inclusion of NPM1, NRAS and IDHI and IDH2 mutations as adverse-risk
markers. Survival estimates were calculated using the Kaplan-Meier method
and compared using a two-sided log-rank test. Adv, adverse; Fav, favorable;

Int, intermediate.

Treatment outcomes accordingtoiScore, LSC17 and 2022 ELN

Inflammation has arole in the development and progression of AML;
high inflammation has emerged as a negative prognostic factor
independent of established genetic features®*°. Using the recently
published gene-expression-based iScore® as a proxy for inflamma-
tion, we noted an enrichment of high inflammation in Black patients
harboring NPM1 mutations compared to white patients (69% versus
45%; P=0.08; Supplementary Table 15). This is notable given the pre-
viously described association of high inflammation with poor-risk
genetic features and treatment response, and the identified inferior
survival of Black patients with NPM1 mutations "**. High inflammation
was predictive of poor EFS and OS for both Black and white patients
(P<0.001; Fig. 6a,b).

The LSC17 score represents a validated survival-associated gene
expression signature thought to be reflective of ‘stemness’in AML with
high score®**.LSC17 scores were predictive of EFSand OS inboth white
and Black patients (Fig. 6¢,d). Only 53% of Black 2022 ELN favorable-risk
patients had alow LSC17 score, compared with 69% of white 2022 ELN
favorable-risk patients. Notably, the incidence of NPMI mutations was
discrepant: only 13% of low LSC17 Black patients had NPMI mutations
compared with 38% of white patients, suggesting possible biological
differences between Black and white patients that require further
study. Similarly, only 16% of Black patientsin the low LSC17 group car-
ried NRAS mutations versus 26% of white patients, whichis consistent
with the observed contrasting survival impact of NRAS mutations
(Supplementary Table 16).
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Refinement of the 2022 ELN genetic risk classification

The 2022 ELN genetic risk classification performed suboptimally for
Black patients, especially with respect to identifying patients who
benefit from cytotoxic chemotherapy alone. Compared with white
patients, Black patients tended to have inferior EFS and OS in each risk
group, with the difference reaching statistical significance for EFS in the
2022 ELN favorable-risk group (Extended Data Fig. 9). The unfavorable
impact of NRAS, IDH1,IDH2 and NPM1 mutations on OS and DFS in our
Black patients suggest that these mutations should be included as
adverse-risk markers for Black patients. Indeed, implementing this
change improved genetic risk assignment, with 3-year EFS and OS pre-
dicted rates forthe 2022 ELN favorable-risk group improving from 37%
t056% and from 50%to 78%, and for the intermediate-risk patients from
28% to 38% and from 35% to 43%, respectively (Fig. 6e,f). Thisrevised,
ancestry-inclusive genetic risk assignment resulted in reclassification
of34% of Black patients to the adverse-risk group. This hasimportant
clinical ramifications because these patients would be considered for
alternative frontline regimens or allogeneic HSCT in first CR.

Cell type distribution and pathway activation of
NPMI-mutated AML
Toelucidate the potential underlying biological mechanisms responsi-
ble for the observed phenotype differences, we performed single-cell
RNA-seq (scRNA-seq) profiling with cellularindexing of transcriptomes
and epitopes (CITE-seq) on BM samples from six Black and seven white
patients with NPMI mutations, obtaining atotal of 112,017 cells (Fig. 7a).
To understand possible lineage relationships, we aligned cells from
these patients to our recent comprehensive multimodal BM progeni-
tor cell atlas®. Among 74 aligned cell populations, the most frequently
aligned cell state was to the annotated MultiLin-GMP-1cluster (34% of
cells on average), which usually is the most infrequently found tran-
sitional intermediate state in nonleukemic BM. Interestingly, when
comparing cell type proportions with respect to ancestry, lymphoid
myeloid primed progenitor (LMPP-2) cells showed consistent differ-
ences between Black and white patients (P=0.04; Fig. 7b). While the
leukemic cell state is probably an important mediator of response to
therapy, transcriptomic impacts differentiated according to ances-
try could reveal unique AML survival gene programs. To exclude bias
in cell capture frequency, we compared gene expression among the
reference-annotated pseudobulk cell populations using the software
cellHarmony. cellHarmony revealed cell state-specific and lineage
impacts when comparing the scRNA-seq profiles of Black and white
patients that nominated broadly shared AML blast ancestry programs
and cell state-specificimpacts (Fig. 7c and Extended Data Fig. 10).
Arare intermediate mixed-lineage progenitor, megakaryocyte-
erythroid progenitor (MEP-2) cell population showed the greatest
gene expression changes according to ancestry. Notably, we also
observed consistent downregulation of NPM1 in the MEP-2 cells of
Black compared to white patients (P = 0.008), but notin any other cell
populations. As identified using gene set enrichment analysis, Black
patients had lower expression of splicing factors, and transcription,
translation and mitochondrial energy pathway, which was consistent
among patients (Fig. 7d). These pathways and other were substantially
enriched when considering shared progenitor lineage impacts from
cell[Harmony (MPP and MEP combined), including apoptosis, Wnt
signaling, EGFR signaling and stress granule production (AGO4, GIGYF2,
MBNL1, CIRBP, DDX3X, HNRNPK, PABPC1, YBX1, ZFP36) (Fig.7¢e). These
data point to contributing posttranscriptional regulatory mechanisms
driving ancestry-associated survival of the leukemic clone.

Discussion

Current clinical NGS panels for AML-associated mutations and genetic
risk stratification assume that these clinical standards perform equally
for all patients. However, our results suggest that these panels are
not delivering adequate results for Black patients. This conclusion

is highlighted by the 10% of ‘mutation-negative’ Black patients in the
routinely used testing panels, and the identification of recurrent gene
mutationsin Black patients, which were not recurrentin previous AML
hallmarkstudies®®. These findings are consistent with studies on other
cancers, which found that genetic ancestry contributes to patterns of
somatic mutations®*"> and suggest the need to expand current clinical
NGS panelstoinclude ancestry-associated mutations. However, their
addition to routine clinical testing of AML is at present premature;
further studies are necessary to gather information on the biological
and clinical relevance of these variants.

The presence of an early-onset myelodysplastic phenotype in
Black patients associated with poor survival suggests the presence
of intrinsic and/or extrinsic stressors that cause these changes at an
unusually young age. Racial discrimination and safety-related insecu-
rities have been linked to inflammation, which is known to influence
mutagenesis and promote the development of myeloid neoplasms,
highlighting theimportance of considering ethnicity and ancestry in
the assessment of disparities as they provide additive information ™,
Notably, this observationis consistent with epidemiological dataon
prostate and breast cancer showing earlier disease onset in Black
patients than white patients**>. The mechanisms driving the early
myelodysplastic phenotype are unknown, but lung cancer tumors
from patients with African ancestry have higher levels of genomic
instability and ancestry-associated defects in homologous recom-
bination repair?”’.

Genetic risk stratification has a central role in therapeutic decision-
making for patients with AML. Our findingsindicate that the current risk
stratification system does not capture important ancestry-associated
biological differences with treatment implications. As all patients
received cytarabine/daunorubicin-based therapy, we were able to
perform rigorous outcome analyses. We identified contrasting survival
predictors between Black and white patients, indicating an inferior
genetic risk assignment for almost one-third of Black patients based
on current classification systems.

Specifically, the presence of NPM1 mutations confers an adverse
riskin Black patients, while current clinical guidelines consider NPM1
mutations to bestow favorable or intermediate risk depending on
FLT3-1TD status’, suggesting a potential undertreatment of Black
patients with NPMI1 mutations. Notably, our data provide evidence
ofunderlying biological differences in patients with NPMI mutations
with respect to genetic ancestry, including differences in cell type
distribution, with an increase of LMPP-2 cells in Black patients with
confirmed African ancestry. Remarkably, this distinct phenotype
identified in all but one Black patient was identified in 3.8% of white
patients with genotype-confirmed European ancestry, who also had
poor survival.

We believe our results indicate the need to modify the current
AML risk stratification by inclusion of ancestry-specific molecular
prognostic factors, and to prospectively test their validity in rand-
omized clinical trials. Furthermore, they indicate the urgent need to
understand the functional significance of the hitherto unrecognized
putative pathogenic variants and their relevance in leukemogenesis
using murine models. Future genomic studies of patients with cancer
from ancestry-diverse populations should include ancestry-weighted
models and a more refined assessment of ancestry that may uncover
additional differences within different African patient populations.
Such efforts are necessary for the equitable distribution of molecu-
lar medicine and to address long-standing disparities in survival of
patients with AML.

Importantly, our results call for large-scale follow-up efforts. While
adults of all ages were included in the analyses of mutation frequencies
in Black and white patients, the outcome analyses were limited to fit
patients aged younger than 60 years, for whom intensive induction
is still standard of care. None of these patients received an allogeneic
HSCT in first CR, which represents a limitation of our study and thus
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Fig.7|Identification of adurable clonal gene expression programin
patients with NPM1I-mutated AML based on ancestry. a, Uniform manifold
approximation and projection (UMAP) of scRNA-seq profiles from 13 patients
with NPMI-mutated AML (six with African ancestry, seven with European
ancestry), and to a nonleukemic reference BM cell populations (inset). b, Cell
population frequency for each patient with AML with respect to genetic ancestry
(two-sided uncorrected Welch t-test). ¢, Differential expression heatmap of
pseudobulk clusters (cellHarmony), comparing patients with European and
African ancestry (fold change greater than 1.2, eBayes t-test P< 0.01). d, Heatmap
showing differentially expressed genes (DEGs) in MEP-2 according to ancestry
derived from cellHarmony. Red, splicing regulator. e, Gene set enrichment of

European-enriched (left) and African-enriched (right) differentially expressed
Gene Ontology terms in MPP/MEP combined pseudobulk RNA-seq data

(raw Pvalues from a two-sided Fisher’s exact test). BMCP, basophil/mast cell
progenitor; cDC, conventional dendritic cell; DC, dendritic cell; EGFR, epidermal
growth factor receptor; ER, endoplasmic reticulum; eryth, erythroid; GMP,
granulocyte-monocyte progenitor; LMPP, lympho-myeloid primed progenitor;
MAIT, mucosal associated invariant T; MAPK, mitogen-activated protein kinase;
MDP, monocyte-dendritic progenitor; mono, monocyte; MKP, megakaryocyte
progenitor; MPP, multipotent progenitor; Neu, neutrophil; NK, natural killer;
pDC, plasmacytoid dendritic cell; Ty, central memory T; Ty, effector memory T.

warrants performing similar analysesin the transplant setting. Finally,
giventhe retrospective nature of this work, it is unclear ifimprovements
inrisk stratification for Black patients would translate into improved
outcomes. For this, future prospective clinical trials are needed.

We hope that this large-scale study focused on patients with Afri-
can ancestry with AML sets a precedent for future genomic profiling
efforts, as the current underrepresentation of minority patients not
only constrains our ability to provide the best possible care, but also
limits our understanding of AML biology. Future studies should occur
inconjunction withincreased efforts to address major contributors to

the long-standing survival disparities reflective of structural racism,
including clinical trial enrollment, access to care and social determi-
nants of health.
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Methods

Our study was undertaken to analyze differences in genomic data
between Black and white patients with AML and correlate the results
with clinical outcome datato shed light onthe origins of survival dispar-
itybetween these diverse genetic ancestry patient groups. We used the
population descriptors Black and white to refer to groups of individuals
who have different constitutional genetic backgrounds, typically result-
inginobservable phenotypic differences. For most cases, the classifica-
tion of Black or white was determined by SNP array genotyping, but fora
subset of patients we relied on self-reported race alone (fully described
below). These descriptors were operationalized by using self-reported
race to select white and Black patients from the described cohorts of
either available samples or available omics data, then validating the
geneticancestry associated with the self-reported race for each patient
inthe subset of patients for whom existing genotyping data were avail-
able, as described below. We note that not having genetic ancestry data
onafractionof patientsisalimitation of this study. We acknowledge that
additional genetic ancestry groups exist other than white and Black but
justify the focus of the current study on only these two groups because
they were thelargestavailable genetic ancestry groupsin the assessed
cohorts; further comparisons are outside the scope of this work. This
work complies with all relevant ethical regulations and was approved
by theInstitutional Review Board (IRB) of the Ohio State University and
the Cancer Therapy Evaluation Program of the National Cancer Institute
(NCI). The University of Ibadan/University College Hospital (UI/UCH)
Research Ethics Committee, whichisthe equivalent of anIRB, approved
the study (no. UI/EC/23/0295). All patients provided written informed
consent to participate in the treatment studies before enrollment and
for theresearch use of their specimensin agreement withthe 2013 ver-
sionof the Declaration of Helsinki. Patients provided written informed
consent to participate in protocols CALGB 8461 (cytogenetic stud-
ies), CALGB 9665 (Leukemia Tissue Bank) and CALGB 20202 (molecu-
lar studies), which involved collection of pretreatment BM aspirates
and blood samples. No patient was compensated for participation
inthis study. Study protocols were approved by the IRB at each center.

Patients and treatment (CALGB/Alliance)

In the CALGB/Alliance database, there were 1,660 adults diagnosed
with de novo AML (other than acute promyelocytic leukemia) who
had molecular genetic data available, including 1,519 self-reported
white and 141 self-reported Black patients, of whom 1,149 and 100,
respectively, had their genetic ancestry confirmed by genotyping
(seebelow and Extended Data Fig. 5). All but three patients were simi-
larly treated with intensive chemotherapy consisting of cytarabine/
daunorubicin-based induction and cytarabine-based consolidation
or received autologous HSCT after attaining a CR on the CALGB/AlIi-
ance protocols, the details of which are provided in the Supplementary
Information. The aforementioned three patients received consolida-
tion with mitoxantrone/diaziquone and cyclophosphamide/etoposide.
Patients removed from protocol treatment to undergo allogeneic
HSCT infirst CR were excluded from the survival analysis. Two patients
were treated at the Ohio State University and received cytarabine/
daunorubicin-based induction (in one patient together with gemtu-
zumab ozogamicin) followed by high-dose cytarabine.

Genetic ancestry analyses

Genetic ancestry was inferred for 1,149 of 1,519 self-reported white
patients, who had genotyping dataavailable based on 650K Omniarrays
using the method inrefs. 43,44, For all 1,149 patients, geneticancestry
was confirmed as white European. Additionally, amore refined African
ancestry was confirmed using WES-based SNP analysis as detailed
below. For more refined genetic ancestry for the self-reported Black
patients of the WES cohort, we used the SNVstory workflow* (https://
github.com/nch-igm/snvstory). SNVstory is a method built on three
independent machine learning models for accurately inferring the

continental and subcontinental ancestry of individuals. Germline
variants from VCF were used as input to the workflow. Genetic ancestry
assignment was determined as the output model label with the highest
probability; ancestry assignments from each of the three continental
models were supplied together. For study inclusion, patients needed
to have 40% African ancestry (Genome Aggregation Database).

Gene mutation frequency comparisons versus Beat AML
Mutations and frequencies were generated from the publicly available
calls for BeatAML (https://github.com/biodev/beataml2.0_data/blob/
main/beataml_wes_wvlto4 _mutations_dbgap.txt) fromref. 46, which
are acombination of Mutect and VarScan2: (1) the overall cohort con-
sists of 762 samples with 531 of these being from the initial diagnosis
samples; (2) we defined the white cohort as having self-reported white
race without self-reported Hispanic ethnicity (n=323). In all cases,
samples were first limited to those referenced in ref. 46, where each
patient wasrepresented by asingle sample. Allgenes found to berecur-
rently mutated in Black patients were reanalyzed using the analytical
workflow and variant curation as outlined for the Black patient cohort.

The genetic ancestry for each patient, inferred from genomic
data using the method in ref. 43 was assessed for 177 (55%) of the 323
patients, as previously described by the Beat AML investigators*®,
whichincluded all patients of their initial sequencing effort; patients
sequenced onthe second sequencing effort did not have sufficient data
available for the ancestry analyses. There were only two white patients
with a discordance between their self-reported and inferred genetic
ancestry, as previously reported*.

PHIP mutation profiling in the African patient cohorts
We collaborate with two investigative sitesin Nigeria, the Ul/UCH and
University of llorin Teaching Hospital (UITH). The BM aspirate slides
were from samples archived between June 1985 and December 2022.
As they were archived samples, all patients were deceased at the time
of the analysis. UI/UCH and UITH provided the archived BM aspirate
slides and correlated clinical datawhere available. DNA was extracted
centrally using the QIAGEN QIAamp DNA Micro extractionkit. Illumina
TruSeq-derived, targeted sequencing data for 46 patients (29 males,
17 females; aged 4-86 years) passed the quality control criteria and are
included. Library preparations and subsequent sequencing were per-
formed centrally at the Bloomfield Center at the Ohio State University.
In addition, we partnered with investigators at the University of
the Free State in Bloemfontein, South Africa. All research was approved
under UFS-HSD2022/0299. Tumor DNA was analyzed centrally at the
Bloomfield Center for 20 patients with AML (18 self-reported with
African ancestry, two self-reported with mixed ancestry; eight males,
12 females; aged 18-82 years), as detailed above.

Integrated molecular profiling

One hundred Black patients with AML, selected to represent major
morphological and cytogenetic subtypes of AML (Table 1), under-
went integrated mutational and transcriptional profiling of their
pretreatment samples, which was also performed in relapse sam-
ples from 18 of these patients. African ancestry for Black patients
was confirmed via genotype analyses of germline variants. This
included DNA-based tumor-normal comparison by Integrated DNA
Technologies xGen Lockdown probe-based whole-exome hybrid cap-
ture with chromosomal tiling probes and NGS (250 target cover-
age of paired-end 151-bp reads) of genomic DNA from leukemic and
flow-sorted B and T cells as germline tissue. Secondary analysis was
performed using Churchill, which includes alignment to the GRCh38
reference genome, deduplication, germline and somatic SNVs and
small insertion and deletion calling, as well as copy number and loss
of heterozygosity detection and clonal predictions*. Post-variant
calling analysis identified AML-associated and hitherto unreported
somatic and germline alterations, using a variant allele fraction
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cutoff of 2% or more. A gene was considered recurrently mutated if
nonsynonymous, protein sequence-altering variants were detected
in two or more patients. Ribo-depleted, paired-end 151-bp RNA-seq
(60-80 million reads per sample) was performed on RNA extracted
from diagnosis and relapse materials, followed by identification of
gene fusions and ITDs”, and gene expression profiling (see Supplemen-
tary Information for details of the referenced methods). CH was defined
by simultaneous detection of variantsinboth Band T cell fraction DNA
and DNA from leukemic blasts in the absence of other somatic muta-
tionsinBand T cell fractions and after filtering known polymorphisms.

scRNA-seq and CITE-seq

scRNA-Seq and CITE-seqwas conducted using the 10X genomics plat-
form onsamples fromrandomly selected Black and white patients with
NPM1 mutations, who were not significantly different from the entire
Alliance cohorts of Black and white patients with respect to age, sex
and OS (see the Supplementary Information for additional details).

Genomiclandscape of relapsed or refractory AML among
Black patients

Blood and BM samples from 43 relapsed or refractory patients were
obtained and sequenced using MSK-IMPACT Heme, a capture-based,
NGSassay. This platformtargets400 genes thatareknowntobeinvolved
inthe pathobiology of hematological neoplasms. Tumor-specific vari-
ants were identified in comparison to a patient-specific or pooled set
of normal variants, as described previously*®.

Statistics and reproducibility

Statistical analyses were performed using SAS v.9.4, R v.4 and TIBCO
Spotfire S+ 8.2. Alliance data were locked on 31July 2022. No statisti-
cal method was used to predetermine sample size as sample size was
limited by the availability of the material. For the two patients who were
hypermutated, nonrecurrent mutations were excluded from the fre-
quency comparison analyses. The experiments were not randomized.
Theinvestigators were blinded to allocation during the experiments.

Outcome analysis of patients younger than 60 years
Among141Black patientsin the CALGB/Alliance database, 103 patients
were younger than 60 years; among 1,519 white patients, 952 were
younger than 60 years. For select survival comparisons with103 Black
patients, acohort of 206 white patients was matched with regard to age,
sex and study date. Clinical and biological characteristics were com-
pared using Fisher’s exact and Wilcoxon rank-sum tests for categorical
and continuous variables, respectively. For CR, we calculated Pvalues
using aFisher’s exact test. For the time-to-event analyses, we calculated
survival estimates using the Kaplan-Meier method and compared
groups using a log-rank test. A limited backward selection technique
was used to build the final multivariable models within the 103 Black
patients younger than 60 years for the achievement of CR, DFS, OS and
EFS. We used logistic regression to model CR and Cox proportional
hazards regression to model DFS, OS and EFS for the univariable and
multivariable outcome analyses. In our outcome analyses, we used
Pvalues adjusted to control for the family error rate (probability of a
type l error) for all variables considered in the univariable analyses.
The families were all variables considered in each outcome analysis and
only variables whose likelihood ratio test-adjusted P < 0.20 from the
univariable models were considered in the multivariable analyses. To
identify variables associated with the achievement of CR, DFS, EFS and
0S, the following parameters were included in the univariable outcome
analyses: age, sex, hemoglobin, platelets, white blood cell count, per-
centage of blood and BM blasts, extramedullary involvement, CN-AML,
CBF-AML, AML with complex karyotype, FLT3-ITD and FLT3-TKD status,
and mutational status of the genes defining myelodysplasia-related
AML (that is, SRSF2, SF3B1, RUNX1, U2AF1, ZRSR2, ASXL1, EZH2, BCOR
and STAG2) and DNMT3A, IDH1, IDH2, NPM1 and NRAS.

Comparative survival analyses from the Flatiron dataset

The nationwide Flatiron Health electronic health record-derived data-
baseisalongitudinal database comprising de-identified patient-level
structured and unstructured data, curated using technology-enabled
abstraction. During the study period, the de-identified data originated
from approximately 280 US cancer clinics (-800 sites of care). Most
patients in the database originate from community oncology settings;
relative community and academic proportions may vary depending on
the study cohort. The data cutoff date was 30 June 2022. The OS was
calculated from the date of diagnosis to the last documented follow-up
or data cutoff or death. The Flatiron Health dataset consists of 2,245
patients with AML who had NPMI molecular testing performed, of
whom 140 patients were younger than 60 years and were treated with
anthracycline-based induction chemotherapy (seven Black, 133 white).

Definition of the clinical endpoints

Forthe Alliance data, ED was defined as a patient’s death within 30 days
of starting therapy, irrespective of the cause. CRrequired an absolute
neutrophil count of 1.5 x 10° per liter or greater, a platelet count greater
than 100 x 10° per liter, no leukemic blasts in the blood, cellularity
greater than 20% with maturation of all cell lines, no Auer rods, less
than 5% BM blast cells and no evidence of extramedullary leukemia,
all of which had persisted for at least 1 month. Relapse was defined by
5% or more BM blasts, circulating leukemicblasts or the development
of extramedullary leukemia*. DFS was measured from the date of CR
until the date of relapse or death; patients alive and relapse-free at the
last follow-up were censored. EFS was measured from the date of study
entry until the date of failure to achieve CR, relapse or death. Patients
alive and in CR at the last follow-up were censored. OS was measured
from the date onstudy until the date of death; patients alive at the last
follow-up were censored.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The RNA-seq datafromde novo patients with AML werein part derived
from our previously published datasets that are publicly available
via the Gene Expression Omnibus under accession nos. GSE137851,
GSE63646and GSE216738. Newly generated data are available under
accession nos. GSE266099and GSE266498. Genetic variants and raw
filesareavailableinthe database of Genotypes and Phenotypes (https://
www.ncbi.nlm.nih.gov/gap/) under accession no. phs003728.v1.

Code availability

The AltAnalyze v.2.1.4 graphical user interface was used as described
for the cellHarmony, principal component and differential expres-
sion analyses (https://www.altanalyze.org). Similarly, the graphical
user interface of Prism v.10 (GraphPad Software) was used for cell
frequency plotting. Accessory analysis scripts for cellHarmony, SoupX,
count-scalingand UMAP supervised mapping (approximateUMAP) are
provided at https://www.synapse.org/Synapse:syn53222724.
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P-values were calculated using two-sided Fisher’s exact test. For time-to-event
analyses (a-c), survival estimates were calculated using the Kaplan-Meier method
and compared using the two-sided log-rank test.
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- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

RNA-seq data from de novo patients with AML was in part derived from our previously published datasets available publicly via GSE26639, GSE137851, GSE63646
and GSE216738. The additional RNAseq data (bulk and single cell) generated in this study is publicly available in Gene Expression Omnibus (GEO) via GSE266498.
Genetic variants are deposited in dbGAP (phs 003728.v1).
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Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Self-reported sex was confirmed by karyotype for each patient and included into the description of cohort characteristics as
well as included as biologic variable into survival models.

Reporting on race, ethnicity, or  Self-reported race for Black patients from CALGB/Alliance who underwent whole-exome sequencing was confirmed via
other socially relevant SNVstory workflow (doi: https://doi.org/10.1101/2023.06.02.543369) (https://github.com/nch-igm/snvstory). For White
groupings CALGB/Alliance and White BeatAML patients, self-reported race was inferred via genomic data using the Zheng & Weir
method for all patients with available data.
For definition of race, the CALGB/Alliance Registration forms follow guidelines from the National Cancer Institute: 1) White: A
person having origins in any of the original peoples of Europe, the Middle East, or North Africa. 2) Black or African American:
A person having origins in any of the Black racial groups of Africa.
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Population characteristics The patient population of the study includes patients similarly treated with intensive induction chemotherapy on Alliance for
Clinical Trials in Oncology (Alliance) protocols. The survival of Black patients was compared to younger 952 White patients
treated on the same Alliance protocols. In brief, the patients received intensive cytarabine/daunorubicin-based induction
chemotherapy and consolidation with high-dose chemotherapy or autologous hematopoietic stem-cell transplantation
(HSCT; details of treatment trials are provided in the supplemental Data).

Patients provided written informed consent to participate in protocols CALGB 8461 (cytogenetic studies), CALGB 9665
(leukemia tissue bank) and CALGB 20202 (molecular studies), which involved collection of pretreatment Bone Marrow (BM)
aspirates and peripheral blood (PB) samples. Study protocols were approved by the Institutional Review Board at each

center.
Recruitment N/A
Ethics oversight All patients provided written informed consent to participate in treatment studies before enrollment and for the research

use of their specimens in agreement with the Declaration of Helsinki. Study protocols were approved by the Institutional
Review Board at each center.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|X| Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Patients were chosen based on availability of samples and clinical and genetic data to maximize sample size.

Data exclusions = Two patients with hyper-mutated AML were excluded for the purpose of determining recurrently mutated genes in Black patients.

Replication Given absence of a validation set of Black AML patients at time of diagnosis, for whom treatment and molecular data are available, we utilized
the molecular profiles of relapsed/refractory, sef-reported Black AML patients who were treated at Memorial Sloan Kettering Cancer Center
as only available validation.

Randomization Patients were not randomized to comparison groups, comparison groups were based on race.

Blinding During data collection patients and investigators were blinded per individual CALGB treatment protocol guidelines and rules.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.




Materials & experimental systems Methods
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Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  Patients provided written informed consent to participate in protocols CALGB 8461 (cytogenetic studies), CALGB 9665 (leukemia
tissue bank) and CALGB 20202 (molecular studies), which involved collection of pretreatment BM aspirates and PB samples. Study
protocols were approved by the Institutional Review Board at each center.

Study protocol CALGB 8461 (cytogenetic studies), CALGB 9665 (leukemia tissue bank) and CALGB 20202 (molecular studies)

Data collection CALGB/Alliance patient data was collect using treatment protocol specific collection forms by CALGB between 1986-2022. The Ohio
State University patient data was collected using REDCap.

Outcomes For Alliance data, early death was defined as patient’s death within 30 days of starting therapy, irrespective of cause. Complete
Remission (CR) required an absolute neutrophil count 1.5 x 10"9/I, a platelet count >100 x 10"9/I, no leukemic blasts in the blood or
BM, cellularity greater than 20% with maturation of all cell lines, no Auer rods, less than 5% BM blast cells, and no evidence of
extramedullary leukemia, all of which had persisted for at least one month. Relapse was defined by >5% BM blasts, circulating
leukemic blasts, or the development of extramedullary leukemia. Disease-free survival (DFS) was measured from the date of CR until
the date of relapse or death; patients alive and relapse-free at last follow-up were censored. Overall survival (OS) was measured from
the date on study until the date of death, and patients alive at last follow-up were censored. In our outcome analyses, we used P-
values adjusted to control for per family error rate (probability of a Type | error) for all variables considered in univariable analyses.
The families were all variables considered in each outcome analysis and only the variables whose likelihood ratio test adjusted P-
value was <0.20 from the univariable models were considered in the multivariable analysis.
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Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A
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