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Acute myeloid leukemia (AML)
disease classification

based on:

* the morphology of the leukemic blasts and associated dysplasia,

{ *8
* specific chromosomal abnormalities l N X
8 21

Mutation Type

ggggg

H
]

* recurrent gene mutations i

v NI
MrHiLCOFD LT
bt T
iy
| A 11}

1 T 1T A 'll 1 M II|II|I'I

H | [ | (MMM 11
3 DH1 Il ] 1l
1] | LI i
¥ Ars (1] 0 I|I MM 1 T A 11 ||||||||||II
s v
& ohertyrknses || | | 1
B secThrbinses 1 | ] (T i ]
3 KRAS/NRAS | LA O A 1 W 1]
FTPs | L | | |

3. RuNXI U LR A A 11
£ cenm L] 1 LI | | 1

Other myeld TFs LT | (| I

MLLXfusions | I m -
ki MUPTD | (T 1
B o | | |
= asxu1 | 111 |
i wr | | |
: i | |
(U CAm A mm L1 [ 1

Orhermodifers
EEN LA T Qi |
sptcssorss 1 IRV | T e 1




FAVORABLE

INTERMEDIATE

> 1(8;21)(q22;922.1);
RUNX1-RUNX1T1

» inv(16)(p13.1922) or
£(16;16)(p13.1;922);
CBFB-MYH11

» Mutated NPM1
without FLT3-ITD

» bZIP in-frame mutated
CEBPA

» Mutated NPM1 with
FLT3-ITD

» Wild-type NPM1
without FLT3-ITD
(without adverse-risk
genetic lesions)

» t(9;11)(p21.3;923.3);
MLLT3-KMT2A?

» Cytogenetic
abnormalities not
classified as favorable
or adverse

European LeukemiaNet 2022 AML Genetic Risk Groups

ADVERSE

> t(6;9)(p23;934.1); DEK-NUP214
» t(v;11923.3); KMT2A rearranged
> 1(9;22)(q34.1;q11.2); BCR-ABL1
> t(8;16); KAT6A/CREBBP
» inv(3)(g21.3926.2) or
t(3;3)(g21.3;926.2);
GATA2, MECOM(EVI1)

» -5 or del(5q); -7; -17/abn(17p)

» Complex karyotype,® monosomal
karyotype!!

» Mutated RUNX1Y ASXL1, EZH?2,
BCOR, SF3B1, SRSF2, U2AF1, ZRSR2"

» Mutated TP53*

Dohner H, et al. Blood. 2022;129:424-447.
* ELN: European LeukemiaNet



Acute myeloid leukemia (AML)
disease classification- how did we come up with this?

Treatment (and
biobanking) site large
enough to contribute

to pivotal studies

Resulting manuscripts
informing
ELN/NCCN/(..)

. . Patient enrolling into
Patient presenting to &

CCC

biobanking (and clinical
trial?)




Overall survival of adult AML patients <60 years
based on European LeukemiaNet 2022 AML genetic
risk classification

1.0 Favorable vs Intermediate: P<0.001
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Overall Survival

Overall survival of adult AML patients <60 years
based on European LeukemiaNet 2022 AML genetic
risk classification
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African-American patients

Favorable vs Intermediate: P=0.05
Favorable vs Adverse: P<0.001
Intermediate vs Adverse: P=0.46

Favorable (n=29)

0.0

Overall Survival

Hispanic patients
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Mrozek K, et al.. Leukemia 2023, 32(6):in press



CONTRIBUTING FACTORS FOR RACIAL DISPARITIES IN
TREATMENT OUTCOMES ARE MULTIFACTORIAL AND
INTERCONNECTED

Differences in
the biologic
and/or
prognostic
impact of
genes

Differences

Socio- Access to Enrollment in
Structural

frequencies
of changes in
cancer genes

economic tertiary care into clinical

: racism
factors centers trials

Enrollment > Missing benefit of novel and potentially
~ Into advanced agents
biobanking - Underrepresentation in pivotal studies
protocols leading to drug approval
—> Underrepresentation in biobanking
and associated genetic studies that
inform disease knowledge




KEY FINDING 1: Black AML patients have poor survival
outcomes compared to White patients

Overall survival of AML patients treated on Alliance

Overall survival of AML patients in SEER, 1986-2015 frontline protocols, 1986-2016
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Bhatnagar B et al, Cancer Discovery 2021; 11:540-1




Key finding 2: The survival disparity also exists in very young
patients treated on clinical trials

T T
18-29 years

Black White Black White
patients | patients | patients | patients

OS Median (years) 1.3

Outcome Black White 1.0
end point patients  patients P .
P n=44 n=252 '
Early death, % 16 3 0.002 e
Shipe

4] ﬂ—ﬂ*HH++wﬁHﬂm

Complete o4 T A
remission, % 8 83 0.01 02-
0.0

Larkin K et al, Blood Advances 2022




KEY FINDING 3: Differences in frequencies of established
molecular features exist between Black and White AML
patients

Black patients 18-39 years White patients 18-39 years

Gene Black, % | White, %
mutation

NPM1 0.04
WT1 3 10 0.05
IDH?2 17 38 0.03

Bhatnagar B et al, Cancer Discovery 2021; 11:540-1 Larkin K et al, Blood Advances 2022




KEY FINDING 3: Differences in frequencies of established
molecular features exist between Black and White AML
patients

—> Profiling of n=160 de novo AML patients seen in Central
South Africa for FLT3-ITD and NPM1 mutations
- NPM1 mutations only seen in 7.5% of patients
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Social Deprivation
Index Quartiles
1- 19 (Lowest deprivation)

65 - 100 (Highest deprivation)

Key finding 4: Socioeconomic features impact on survival but

race remains an independently impactful

SDI assignment

Zip codes with no participants / suppressed zip codes

Overall survival based on SDI

1.0
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© SDI high (n=800)
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0.0

p =0-005
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Number at Risk Years
SDI low pts 269 200 149 133 126 116 85

SDI high pts

7 8

72 57

800 531 387 329 298 267 222 177 146 110 70
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Overall survival based on SDI

Overall Survival

Number at Risk

27

SDI high and white pts 643 426
SDI high and black pts

Variable Categories p-value | Hazard ratio (95% CI)
SDI score More than 50 v less than 50 .005 1.33 (1.09, 1.64)
ELN
Intermediate v Favorable <.001 2.48 (1.90, 3.24)
Adverse v Favorable <.001 3.56 (2.79, 4.54)
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and-race

SDI low and white (n=249)

p=001

SDI high and white (n=643)

sDI high and black (n=90) L+
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135 121 115 107 77 64 52 40 24
314 266 243 218 180 140 113 87 55

28 24 21 17 17 17 11 7

Rebechi et al, Blood Advances 2023; in press




THE “AFRICAN-AMERICAN AML PROJECT” - with the IGM/Elaine Mardis

- 100 African-American AML* patients, with genotype-confirmed ancestry
- (*hereafter referred to as Black patients)
- similarly treated with intensive induction chemotherapy

on CALGB/Alliance frontline protocols
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FREQUENCIES OF SHARED VS. ANCESTRY-ASSOCIATED
VARIANTS

n=168 recurrently mutated genes in Black AML patients

67%

ons reported in 20.04% (=1 mutated patient)
@Walte BEAT AML patients

Mutations reported in <0.04% (<1 mutated patient)
of White BEAT AML patients

n=55/168 genes mutated in 20.04% (=1 mutated patient) of White BEAT AML patients
n=113/168 genes found mutated in <0.04% (<1 mutated patient)




THE MUTATIONAL LANDSCAPE OF BLACK AML PATIENTS
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PHIP mutations in 7% of Black AML patients (<1% in Whites)
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« previously reported mutations in myelodysplastic syndromes, blast crisis CML as well as clonal
hematopoiesis (no functional data, just reported mutation).

* not reported as recurrently mutated in AML

« In BEAT AML cohort, only 1 White patient with a PHIP mutation was identified out of 741 patients (7%
vs. 0.3%, P<.001).

« PHIP mutation frequency was validated in a cohort of 38 Nigerian AML patients (3 mutations detected),
while 0/23 Black AML patients from South Africa carried mutations




PHIP: AN UNDERAPPRECIATED GENE IN MYELOID DISEASES?

Chung-Jansen Syndrome CHIP MDS
n=84 n=58 n=71
Jansen.et al 2018 UK Biobank cBioPortal for
Kampmeier et al 2023 Bick et al Nature 2020 Cancer Genomics
Sudnawa et al 2024
B Frame shift

Bl Nonsense

[ In frame (insertion or deletion) B Splice site

Bl Missense




FUSION GENES: KNOWN AND NOVEL




GROSSLY CONCORDANT CLUSTERING OF BLACK AND WHITE
AML PATIENTS
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POOR SURVIVAL OF MYELODYSPLASIA-RELATED AML

1.0 P=0.05

0.8 1

Black patients White patients
(n=31) (n=62)
ED (6%)

2 (6% 5 (8%) 1.00
CR 21 (67%) 34 (55%) 0.27

White AML (n=34) Relapse 20 (95%) 23 (68%) 0.02

Black AML (n=21)

0.6 1

0.4

0.2 7

Disease-free Survival

0.0 1

Years

Stiff A et al, Nature Genetics, in press



INCIDENCE AND RELAPSE RISK OF BLACK AML PATIENTS WITH
CLONAL HEMATOPOIESIS

DNMT3A, n=4 T ey mate
TET2, n=3
TP53, n=2
ASXL1, n=2
MPL, n=2
CBL, n=1
SRSF2, n=1
SMC1A, n=1
SH2B3, n=1 ptwith t(8;21) AML |  .co ma/icer aenlont anm | T R N P S

15% (23/156) Of BIaCk AML Cverall Survival (Years)
= not found mutated in BEAT AML cohort patients have evidence of

- lymphocyte-specific adapter protein underlying CH ~80% of Black AML patients with underlying
CH experience disease relapse

Survival Probability

Stiff A et al, Nature Genetics, in press



THE EXPRESSION PROFILE OF LONG NON-CODING RNAS
DIFFERS WITH RESPECT TO ANCESTRY

Color Key ‘

» n=135 IncRNAs were up-regulated in Black AML
patients and

» n=55 IncRNAs were down-regulated in Black AML
patients compared to White AML patients

» The differentially expressed INcRNAs were equally
distributed throughout the genome, indicating high
conservation as shown in the Manhattan plot below:

-logso(FDR)

Blue along the top dendrogram indicates White patients
Red along the top dendrogram indicates Black patients




LNC RNAS ABERRANTLY EXPRESSED IN BLACK PATIENTS
ASSOCIATE WITH POOR SURVIVAL

» Given the shorter survival of Black compared to o |
White AML patients, even in the same genetic risk - P<0.0001
groups, we hypothesized that aberrantly expressed ©
IncRNAs may carry prognostic significance, S
irrespective of race/ethnicity R

S oS

> Using the 190 aberrantly expressed INcRNAs in 2
Black compared to White patients, we derived a g A
prognostic score (INC Score) O

N
Sparse regression
IncRNA signature analyses N 2
(n=190 genes) (n=13 IncRNASs)




LNC RNA SCORE ASSOCIATES WITH SURVIVAL IRRESPECTIVE
OF ANCESTRY

Low IncRNA score High IncRNA score
o S
2 P=0.80 - P=0.20
o )
o o
T - . T
% g by .Whlte (N=310) % g
Z —HedrER e | o
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¢ o o S
© S
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- Black (N=41)
S | 3 |
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ANCESTRY-ASSOCIATED POLYMORPHISMS MAY MODULATE LNC
RNA EXPRESSION

« Examination of the genomic context of regulatory regions within the 13 IncCRNAs
revealed multiple ancestry-associated SNPs that putatively altered transcription
factor (TF) / chromatin regulator binding sites in cis-regulatory regions.

1) rs58515841 in a CTCF binding site

rs5851584 1
within the IncRNA (ENSG00000284052)
with minor allele frequency 24% vs 9% in ————— -
White vs Black patients NSGO000PEA05S . —
2) rs1400262 in a REST binding site CTCF —
upstream of the INncRNA (NCK1-DT) with  pnase st s e

minor allele frequency 62% vs 10% in
White vs Black patients



ANCESTRY-ASSOCIATED SURVIVAL PROGNOSTICATORS MAY REFINE
GENETIC RISK ASSIGNMENT FOR BLACK AML PATIENTS

Multivariable models, final analyses

iR(55% )

NPM1 0.003 2.67 (1.41, 5.06)
Disease-free survival

NRAS 0.02 2.26 (1.17,4.37)

IDH1/2 0.05 1.73 (1.01, 2.97)

Overall survival

Additional markers in final DFS MVA: WBC, complex karyotype, MR-AML genes

Additional markers in final OS MVA: WBC, CBF AML
. e Ty
- 2 enet/c




NPM1, NRAS AND IDH1/2 MUTATIONS CONFER ADVERSE RISK
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Black IDH pts (n=13)

ELN 2022 – Adverse pts (n=285)

White IDH pts (n=155)

Years

Overall Survival

Black IDH pts v. ELN Adv: P = 0.84

White IDH pts v. ELN Adv: P < 0.001
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Overall Survival

Black NPM1/FLT3-ITD- pts (n=10)

ELN 2022 – Adverse pts (n=316)

White NPM1/FLT3-ITD- pts (n=191)

White NPM1/FLT3-ITD+ pts (n=120)

Black NPM1/FLT3-ITD+ pts (n=8)

Years

Black NPM1/FLT3-ITD- pts v. ELN Adv: P = 0.88

White NPM1/FLT3-ITD- pts v. ELN Adv: P < 0.001

Black NPM1/FLT3-ITD+ pts v. ELN Adv: P = 0.72

White NPM1/FLT3-ITD+ pts v. ELN Adv: P = 0.02
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Black NPM1 pts (n=18)

ELN 2022 – Adverse pts (n=313)

White NPM1 pts (n=314)

Years

Overall Survival

Black NPM1 pts v. ELN Adv: P = 0.81

White NPM1 pts v. ELN Adv: P < 0.001
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Black NRAS pts (n=20)

ELN 2022 – Adverse pts (n=283)

White NRAS pts (n=191)

Years

Overall Survival

Black NRAS pts v. ELN Adv: P = 0.79

White NRAS pts v. ELN Adv: P < 0.001
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Acute myeloid leukemia (AML)
PROGNOSIS ASSESSMENT

FAVORABLE

> 1(8;21)(q22;G22.1);
RUNXI1-RUNX1T1

» inv(16)(p13.1922) or
t(16;16)(p13.1;922);
CBFB-MYH11

» Mutated NPM 1
without FLT3-ITD

» bZIP in-frame
mutated CEBPA

INTERMEDIATE

» Mutated NPM1 with
FLT3-ITD

» Wild-type NPM1
without FLT3-ITD
(without adverse-risk
genetic lesions)

> 1(9;11)(p21.3;923.3);
MLLT3-KMT2A*

» Cytogenetic
abnormalities not
classified as favorable
or adverse

ADVERSE

> t(6;9)(p23;q34.1); DEK-NUP214

» t(v;11923.3); KMT2A rearranged

> t(9;22)(q34.1;q11.2); BCR-ABL1

> 1(8;16); KAT6A/CREBBP

» inv(3)(921.3926.2) or
£(3;3)(q21.3;026.2);
GATA2,MECOM(EVI1)

» -5 or del(5q); -7; -17/abn(17p)

» Complex karyotype,® monosomal
karyotypel!

» Mutated RUNX1Y ASXL1, EZH2,
BCOR, SF3B1, SRSF2, U2AF1,
ZRSR21

» Mutated TP53*

Mutated IDH1/2
Mutated NRAS

Dohner H, et al. Blood. 2022;129:424-447.
* ELN: European LeukemiaNet




NPM1, NRAS AND IDH1/2 MUTATIONS CAN REFINE ELN 2022
GENETIC RISK GROUP ASSIGNMENTS FOR BLACK AML
PATIENTS

ELN 2022, Black AML patients <60y

ELN 2022, Black AML patients <60y -refined with NPM1, NRAS, IDH1/2 as adverse risk-
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UNDERSTANDING THE DIFFERENCES IN NPM1-ASSOCIATED
SURVIVAL
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WHITE NPM1 PATIENTS THAT ARE “GENOMIC PHENOCOPIES”
ALSO SHARE THE INFERIOR SURVIVAL

1.0 P<0.001

0.8
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Stiff A et al, Nature Genetics, in press
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UNDERSTANDING THE DIFFERENCES IN NPM1-ASSOCIATED

SURVIVAL

d B Memory-1
BMCP-% - "B Memory-2

Erythroblast-3 3
ERIP-B —MKP-late MPP-2

=MKP-early |

BMCPY -

cyc:llng 1—

Erythroblas!-‘l

MEP-Eryth-1 _
MEP-Eryth-2 LMP

Multilin-1 LR
MultiLin- GMP-S/
MultiLin-GMP-2——"7"_

preNeu—-==
immNeu-1—

NK-MIature

Myelou:lrlnt 1
Myeloid int 2
Myeloid int 3

cDC2-1

Plasma Cell

Classical-Mono—- cDC2-2

Intermediate Mono-3———
Intermediate Mono-2-2&— -

UMAP-Y

UMAP-X v T
Non-Classical Mono-2
Intermediate Mono-1

UMAP-Y

@European NPM1

UMAP-X @African NPM1

Stiff A et al, Nature Genetics, in press




UNDERSTANDING THE DIFFERENCES IN NPM1-ASSOCIATED
SURVIVAL
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UNDERSTANDING THE DIFFERENCES IN NPM1-ASSOCIATED
SURVIVAL

i European Ancestry Dominant African Ancestry Dominant
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CONCLUSIONS

« NPM1-mutated AML has contrasting prognostic impact in patients of African
compared to European ancestry

« There are distinct differences in cell proportions (= increase of LMPPs), and cell
state/lineage specific programs (= NPM1 downregulation in MEPS)

« White patients who share this “phenotype” also share the poor survival

Together, this suggests a biologic rationale for the poor survival of Black patients
with NPM1 mutations, that is mirrored in the rare White patients presenting with the
same features.




TOWARDS ANCESTRY-INCLUSIVITY: “HISPANIC” AML

« "Hispanic or Latino": a person of Spanish culture

Gnomad
or origin-regardless of race.

« The commonality among Hispanic patients (and
associated knowledge and care disparities) is
heavily influenced by social, economic and/or
environmental disadvantages that are shared
among them

« However, this ancestral diversity is likely further

>
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> m > m > un 0
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increasing the number of thus far unrecognized
genetic and genomic features in Hispanic patient,
as each geographically and/or ancestral defined
group likely presents with distinct genetic
features.




RACE AND ETHNICITY PROVIDE ADDITIVE INFORMATIION

c 751 SRR-unique genes g

race/ethnicity ancestry

exogenous endogenous
“lived experience” constitutional
genetic background

AA =~ Ethiopian &
only ﬂ Ghanaian
I enrichment of genes in known canonical

pathways associated with environmental
exposures and/or comorbidities.

Martini et al, Cancer Discov. 2022 Nov 2; 12(11): 2530-2551.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9627137/

SOMATIC GENETIC LANDSCAPE OF HISPANIC AML
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CONTRIBUTING FACTORS FOR RACIAL DISPARITIES IN TREATMENT OUTCOMES ARE
MULTIFACTORIAL AND INTERCONNECTED

—>we are decades behind in our knowledge regarding AML biology in basically all patients that are not of
European ancestry
—>we need to be mindful about our knowledge gap when taking care of patients with myeloid malignancies
from different racial/ethnic backgrounds

> more patients that are “marker negative”

> potential differences in survival associations of established markers
—>we need to be mindful about our knowledge gap and possible limitations when we interpret our
experimental data

From a cancer genetics perspective

—>we need to study more patients, especially patients that do NOT reside in the US or Europe.

—>we need to partner with other countries

—>we need to know which of these variants are recurrent, which ones are functionally important and which ones
might be even targetable

—->We need more and better model systems
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