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Realizing the goal of
precision medicine in oncology

DEFINE:
Baseline genetics/epigenetics

[germline]

Acquired genetics/epigenetics in the HSC

[clonal hematopoiesis]
Acquired genetics/epigenetics in the tumor
[tumor profiling]
Microbiome/Immunotype

to devise an effective treatment strategy for a particular patient




Germline predisposition to myeloid malignancies

ICC classification includes germline
predisposition: Blood 140: 1200-1228 (2022).
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WHO classification includes germline
predisposition to myeloid malignancies

IS now widely recognized
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Germline hematopoietic malignancy risk genes

Risk for myeloid
malignancies

Risk for lymphoid
malignancies or
immunodeficiency

Risk for hematopoietic
malignancies

Risk for hematopoietic
and non-hematopoietic
malignancies

ANKRD26, CBL, CEBPA,
DNAJC21, EFL1,
ERCC6L2, GATAZ2, JAKZ2,
MECOM/EVI1, MPL,
NAF1, NPM1, RBBP6,
RBMS8A, RTEL1, SAMD9,
SAMDIL, SBDS, SRP72

APOA1, APOA2,
ARID1A, BTK, CARD11,
CASP10, CD27,
CD40LG, CD70, CST3,
CTLA4, CTPS1, DIS3,
DOCKS, FGA, GSN,
IKZF1, ITK, KDM1A, LYZ,
MAGT1, MALT1, MRTFA,
NPAT, PAX5, PGM3,
PIK3CDG, RASGRP1,
STAT3, TTR, UNC13D,
USP45 TNFRSF9,
ZNF431

CSF3R, DDX41, ETVS,
RUNX1, TETZ2, trisomy 21

ATM, BLM, BRCAT1,
BRCA2, CHEK2, MBD4,
NBN, NF1, POT1, PTEN,

PTPN11, RECQLA4,

SH2B3, TP53, WAS,
BMF/DKC*, FA*, HBOC*,

LS*

* DKC, dyskeratosis congenita; FA, Fanconi anemia; HBOC, hereditary breast and ovarian cancer; LS, Lynch

syndrome
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ACD, ADH5/ALDH2, ALAS2, BRCA1/2, BRIP1, CECR1,
CSF3R, CTC1, CXCR4, DCLRE1B, DDX41, DKC1,
DNAJC21, DPP9, EFTUD1, ELANE, ERCCA4,
ERCC6L2, FANCA, FANCB, FANCC, FANCD2,
FANCE, FANCF, FANCG, FANCI, FANCL, G6PC3,
GATAL, GFI1, HAX1, LIG4, MAD2L2, MDM4, MECOM,
MPL, NAF1, NHP2, NOP10, NPM1, PALB2, PARN,
POT1, RAD51, RAD51C, RBM8A, RFWD3, RPLS5,
RPL11, RPL15, RPL18, RPL23, RPL26, RPL27, RPL31,
RPL35, RPL35A, RPL36, RPS7, RPS10, RPS15A,
RPS17, RPS19, RPS24, RPS26, RPS27, RPS28,
RPS29, RTEL1, RUNX1, SAMDY9, SAMDIL, SBDS,
SLX4, SRP54, SRP72, TERC, TERT, TINF2, TP53,
UBE2T, USB1, VPS45, WAS, WRAPS3, XRCC2
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Realizing the goal of
precision medicine in oncology

DEFINE:
Baseline genetics/epigenetics

[germline]

Acquired genetics/epigenetics in the HSC

[clonal hematopoiesis]
Acquired genetics/epigenetics in the tumor
[tumor profiling]
Microbiome/Immunotype

to devise an effective treatment strategy for a particular patient




Precision oncology from my perspective today

One of our oncology nurses was diagnosed with breast cancer...

:—*ggyo Based on her personal and family history of cancer,
ovarian ca she underwent germline genetic testing
— 52y0 = * 57yo
mm breast ca breast ca
61yo
breast ca

The CHEK2 1200T (1157T) allele was identified
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The molecular impact of HR DNA repair pathway deficiencies
on DNA integrity within hematopoietic cells

DNA Damage
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Germline CHEK2 mutations and hematopoietic malignancies

representative pedigree

.

breast cancer

multiple myeloma  CHEK2WT B cell lymphoma
CHEK2!200T CHEK2!200T
K2I200T
CHEK2wT |MDS Macrocylosis cyeyowr CHEK2WT

breast ca |CHEK2'200T
hyroid ca
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Germline CHEK2 mutations and hematopoietic malignancies

Hematologic Malignancy Patients with CHEKZ2 Variant

Non-cancer ExAc Control Population

Hematologic Malignancy vs

Significance

(n=33) (gnomAD) gnomAD cohort
Proportion of .
Variant Individuals with the ¥ 2nant ExAc Allele Number Allele OR (95% Cl) p
. Frequenecy (excluding homozygous) Frequency
Mutation
p.200T 14 variant 691 variants
0.026 0.00489 5.37 (3.14109.18) p <0.0001
(c.470T>C) 544 total tests 141,208 total alleles
p.S428P 3 variant 19 variants
0.006 0.00025 22.20 (6.55 10 75.25) p <0.0001
(c.1283C>T) 544 total tests 76,097 total alleles
p.T367fs 1 variant 131 variants
0.002 0.00172 2.14 (0.53 to 8.65) p =0.2877
(c.1100delC) 544 total tests 76,103 total alleles
33 CHEKZ2
Total CHEKZ2 0.061

544 total tests
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Germline CHEK2 mutations and hematopoietic malignancies
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Germline CHEK2 mutations and hematopoietic malignancies

mutational spectrum in myeloid malignancies

IIIIIII I 0 1 2 3
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Germline CHEK2 mutations and hematopoietic malignancies

The CHEKZ2 I1200T variant predisposes to clonal hematopoiesis
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Myeloid malignancies, CLL

Clonal Hematopoiesis
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“ Dimer DNA Damage
response
.><.I200T

Protein

HSPC

expansion
Bao, E. L. et al. (2020) Nature

Smith, J., et al. (2010) Adv Cancer Res

Liu, C., et al. (2012) Asian Pac J Cancer Prev

Wang, Y., Dai, B. & Ye, D. (2015) Int J Clin Exp Med
Filippini, S. E. & Vega, A. (2013). Front Biosci

Liu, C., et al. (2012). Asian Pac J Cancer Prev
Janiszewska, H., et al. (2018) Leuk Res

Bick, A. G., et al. (2020) Nature



Germline CHEK2 mutations and hematopoietic malignancies

[

gDNA cDNA
WTalele CHEK2 | Tail | [ BM |[ Liver |
. WT
Targeting construct Tl
WT
[161T
Edited allele TisC
Southern Probe | LoxP site | 1 61 T
E3 H E4 [P E5 |mm— 1161T
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Germline CHEK2 mutations and hematopoietic malignancies

Total WBC by CHEK2 Genotype ALC by CHEK2 Genotype
20+ 15
- CHEK2 I1161T/I161T == CHEK21161T/161T
—15 -= CHEK2 161T/WT -= CHEK2I161T/WT
—l h —
5 ~ CHEK2WTWT & 10 == CHEK2 WT/WT
- -
310. 2-Way ANOVA vs. CHEK2 WTMWT = 2-Way ANOVA vs. CHEK2 WT/WT
0
g CHEK21161T/I161T: p < 0.0001 &I 5+ CHEK2 1161T/I1161T: p < 0.0001
57 CHEKZ2 1161T/WT: p = 0.0007 CHEKZ2 N61T/WT: p = 0.0002
c L] L] L] L] L L] L] L] L] L] L] L 0 L L] L L L] L] L L] L] L L] L]
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Months Months
ANC by CHEK2 Genotype CHEK2 Mouse Survival by Genotype
8] - CHEK21161T/1161T 100 . | = CHEK2 161T/1161T
6 -= CHEK2 I161T/WT E 80 == CHEK2 M61T/WT
N - CHEK2WTWT & —- CHEK2 WT/WT
- 60+
"5‘4' 2-Way ANOVA vs. CHEK2 WT/WT E
o 8 40- Log-Rank p =0.03 (*)
E CHEKZ2 1161T/161T: p = 0.0001 a—,
2+ o
CHEK2 M161T/WT: p = 0.0514 204
0 5 :‘ é é 1'0 1'2 1'4 1.6 1.8 2'0 2'2 2'4 0 2 4 6 8 1012 14 16 18 20 22 24 26
Months Overall Survival
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Do the knock-in Chek2181T-mutant mice
develop clonal hematopoiesis?

Private Information



Germline CHEK2 mutations and hematopoietic malignancies

T-helper cell Leukemia (18 mo) Lymphoma (24 mo)

Abdominal

Liver

CD19 =
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The molecular impact of HR DNA repair pathway deficiencies
on DNA integrity within hematopoietic cells
DNA Damage
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Brcal is a Fanconi gene (FANCS)

A® Bey . Breaty) D 7386 La
I R wanie S T
S0 3 : ‘\.@’—Oﬂ_.. E%..;? .b“‘ #"
A + = 1 Ev $
g: ;8 pan Fh o .&hoa‘ {10
s Breal ** ——ae—| & '73,;,17‘7‘7+ %
“ et % 5 et - —w—| %
& Breal ™" = ° Breca1i™ —e—| g .“Q
' Hmemontn © 7 ° ' Crime(monte) © ‘ﬂﬂ.ﬁ;
M Brcal +/+
"~ Brcal +/-
M Brcal -/-
100
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\reisanthakumed, A et al. Blood 127: 310-313 (2016)



Precision oncology from my perspective today

So what did we do for my colleague?

__*/69y0

ovarian ca
e 52y0 | I— *57y0
breast ca breast ca

N

61yo

Assessed for clonal hematopoiesis
breast ca

l

It was not there >
Surgical treatment for her breast cancer [she opted for bilateral mastectomy]
Cytotoxic chemotherapy
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Disease mechanisms—
What does age tell us?
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Germline mutations in young MDS/t-MDS/AA patients

Rationale

MDS is a disease of the elderly,
with a median age of diagnosis of 76 years in
the US
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Germline mutations in young MDS/t-MDS/AA patients

InCIUS|On Cr'ter'a -lllllllllllllllllllll) COhort Sequenced

n=121
Confirmed diagnosis of
 MDS MDS 75
+ Secondary AML (sAML) with t-MDS 9

myelodysplasia AA 33

* Therapy-related MDS (t-MDS) SAML 2
+ Aplastic anemia (AA) Cytopenia/BM dysplasia 2
AND Overall percentage of likely/known pathogenic
Age at diagnosis: 18-40yo variants:

in MDS- 19%
AND in AA- 15%

Sufficient germline DNA available
Irrespective of family history

Simone Feurstein, Jane E. Churpek, Tom Walsh, Sioban Keel, Marja Hakkarainen, Thomas Schroeder, Ulrich Germing, Stefanie Geyh, Michael Heuser, Felicitas Thol, Christian
Pohlkamp, Torsten Haferlach, Juehua Gao, Carolyn Owen, Gudrun Goehring, Brigitte Schlegelberger, Divij Verma, Daniela S. Krause, Guimin Gao, Tara Cronin, Suleyman
Gulsuner, Ming Lee, Colin C. Pritchard, Hari Prasanna Subramanian, Daniela del Gaudio, Zejuan Li, Soma Das, Oulti Kilpivaara, Ulla Wartiovaara-Kautto, Eunice S. Wang,
Efrixpted oGNS Konstanze Dohner, Hartmut Dohner, Mary-Claire King. Leukemia 35: 2439-2444 (2021)



Age of presentation (of MDS) is a surrogate
for the biological pathway

GATA2 DNA repair and

e
SAMD9/SAMD9L
[0-5 yo]

telomere biology
[13-25 yo] [18-40 yo]

FrivatteinfcBnetian. Leukemia 35: 2439-2444 (2021)



Determining the frequency of deleterious germline variants
In MDS across the age spectrum (CIBMTR cohort)

]

puiOAcH — MM[\‘

(2?';‘; 1°:::it;?":s) Sanger validation of

PILP germline variants
e E—
- 233 genes

J " —
404 MDS recipients DNA extraction . SNV & CNV calling CNV curation
404 related donors WES f’k“.me“te: with (334 variants)
Spike-in probes RT-qPCR validation of
P/LP germline variants
P/LP germline Manner of Germline status Univariate outcome
variant status inheritance of donor cells analysis group
K =! n=20
Shared variant |+ i ~
:. n=25 F. | Heterozygous
i )/ AR ...s forAR disease
n= (wthet)

hoe Healthy carrierst

N n=8
404MDS F .| Notshared |, . AD Wildtype |
Patients | n=3 n=3 n=3

kl Wildtype
y Novarant | [Eede No P/LP variant
n=376 na e n=376
AD (wt/mut)

n=1

FeléRinfog et al. Blood 140: 2533-2548 (2022)



Number of patients

Frequency of deleterious germline variants
In MDS across the age spectrum:
7% (>5% in all age deciles)

— wildtype
— variant carriers
7] "\ —= variant carriers**
- 'l \\ — germline precentage -40
150'_ ,l \ —= germline percentage**
)
= ' —
100 ,l 3
- ©
] / 2
1 | :
4 / 2
50 = [} L
- [/

0= -0
0-10 1-20 21-30 3140 4150 51-60 61-70 71-80
Age at diagnosis in deciles Feurstein, S. et al. Blood 140: 2533-2548 (2022)



Number of patients

0-10

11-20

Frequency of deleterious germline variants

In MDS across the age spectrum:
7% (>5% in all age deciles)

— wildtype

— variant carriers

== variant carriers**
— germline precentage

\ =~ germline percentage**

21-30 31-40 41-50 51-60
Age at diagnosis in deciles

61-70

71-80

- 40

E-N
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w
L

Number of variants
1N

abejuaosiad auljuwisn
o
L

=0

Feurstein, S. et al. Blood 140: 2533-2548 (2022)



Somatic mutation spectrum = that of de novo MDS

ASXL1
TP53
DNMT3A
TET2
SRSF2
RUNX1
U2AF1
SF3B1
SETBP1
STAG2
cBL
EZH2 3%,
BCOR 2.7%
PTPN11 2.5Y,
cux1
ETV6
IDH2
JAK2
NF1
PHF6

9.7%
9.2%

Cytokine receptor/kinase/phophatase

11.9%
11.6%
10.4%

19.1%

Il wildtype
Bl germline

DNA methylation
Chromatin modifier
Spliceosome
Transcription
Checkpoint/cell cycle
Ras signaling

Cohesin complex
DNA replication
DNA repair

T T v T T T
0 10 20 30

Feinsteinfonetiah. Blood 140: 2533-2548 (2022)

40

27.7%
25.5%
24.5%
24%
13.1%
11.1% Il wildtype
7.9% I germline
5%
4.7%
1.5%
T T T T T T T T T 1
25 50 75 100 125



Age of presentation (of MDS) is a surrogate
for the biological pathway

“,‘. ?J, f

- .S ». 8 ~~ o . N | &
. ' _____________________________________________|

SAMD9/SAMD9L GATA2 DNA repair and
telomere biology

[0-5 yo] [13-25 yo] [18+ yo]

Feurstein, S. et al. Leukemia 35: 2439-2444 (2021)
FerivateinfoBetiah. Blood 140: 2533-2548 (2022)



Disease mechanisms—
DDX41 and its unique biology
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Makishima, H. et al. Blood epub (2022)
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DDX41 on 5935.3 encodes a DEAD/H-Box helicase

Germline variants
NM 016222
Somatic variants

DDX41
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Germline DDX41™mUt predispose to late-onset malignancies

<50 years 250 years

12%
[2/16]

14%
[7/49] 29%
10% [14/49]

[5/49]
[14/16] [23/49]
| J
p<0.0001
1 No Disease Il Solid Tumor

Bl Hematopoietic Malignancy [ Hematopoietic Malignancy
and Solid Tumor
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Mechanistic model for DDX41m''-mediated tumorigenesis

Hematopoietic Malignancy

- . i Bone Marrow
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Mechanistic model for DDX41M'"-mediated tumorigenesis

T inflammation?
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DDX41YT

DDX41™m

Hematopoietic Malignancy
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People with deleterious germline DDX41m'tdevelop
more GVHD post-transplant (with WT donors)

Severe aGVHD (stage 3-4)
100+
80
60 p= 0.002
40

e 1N

Saygin, C. et al. Blood Advances epub (2022) PMID: 36001442



People with deleterious germline DDX41m'tdevelop
more GVHD post-transplant (with WT donors)

Severe aGVHD (stage 3-4)

1001 Acute GVHD (all stages) Odds ratio (OR) p value Acute GVHD (stage lI-1V) Odds ratio (OR) p value
804 Post-HCT cyclophosphamide 4—— s - 0.10 (0.01 - 0.71) 0.008 1 ¢ | 0.06 (0.01 - 0.68) 0.02
MAC vs RIC e 0.69 (0.34—142) 032 - —.t 0.78(0.37 — 1.64) 0.51
60+ p= 0.002 Active disease vs CR- —e—t 1.34(0.63-2.85) 043
40- MRD vs haplo/cord —— 1.28 (0.41 -3.95) 0.66 E —— 0.53(0.17-1.7) 0.29
MRD vs MUD- ——t 142 (0.60-3.31) 042 - —— 1.19(0.48-2.9) 0.69

204 Germline P/LP DDX41 variant- — e 476(1.27-17.9) 0.01 - —e 1 4.84(1.54-15.1) 0.006

0 2 a0 1 2 2 a0 12

i .{_,’L PO Log(OR) Log(OR)
oF & & &
LS M N N )
0\‘5‘

Saygin, C. et al. Blood Advances epub (2022) PMID: 36001442



The unique biology of deleterious germline DDX41 variants

- Some variants are more common in particular populations:
o Asian: A500fs
o Northern European: M1? and D140fs

- Clonal hematopoiesis does not exist decades before malignancy

- Malignancies develop LATER in life, on average = de novo
o Myeloid > Lymphoid
o Men > Women

- Severe GVHD develops after allogeneic HSCT unless post-transplant cytoxan
Is used—-> suggesting inflammatory milieu?

- In families with solid tumors, second deleterious germline variants often exist—>
suggesting permissive role of the DDX41 variant in solid tumor growth, through
iInflammatory milieu?
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Testing and Management Considerations
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Key features that signal patients/families who
warrant PROPER germline predisposition testing

o Multiple cancers within a single individual (t-MN versus ‘double cancers’)

o Diagnosis of a hematopoietic malignancy at a much younger age than expected
from the general population

BUT... people who present at an “average” age for a particular diagnosis are still
potentially deserving of genetic predisposition testing _ o

(i.e., presentation at an average age does not preclude germline contribution and need for
genetic testing).

o Other hematopoietic malignancies or young onset (<50yo) solid tumors within 2
generations

o Other hematopoietic abnormalities within the family o
(e.g., macrocytosis, bleeding propensity, severe anemia, or anemia in men)

o Identification of a pathogenic DNA variant at a VAF consistent with germline status
on tumor-based molecular profiling
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Key features that signal patients/families who
warrant PROPER germline predisposition testing

o Multiple cancers within a single individual (t-MN versus ‘double cancers’)

o Diagnosis of a hematopoietic malignancy at a much younger age than expected
from the general population

BUT... people who present at an “average” age for a particular diagnosis are still
potentially deserving of genetic predi?jposition testing _ o

(i.e., presentation at an average age does not preclude germline contribution and need for
genetic testing).

o Other hematopoietic malignancies or young onset (<50yo) solid tumors within 2
generations

o Other hematopoietic abnormalities within the family o
(e.g., macrocytosis, bleeding propensity, severe anemia, or anemia in men)

o Identification of a pathogenic DNA variant at a VAF consistent with germline status
on tumor-based molecular profiling

Soon... all patients diagnosed with a hematopoietic malignancy [and their donors]
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An algorithm for patient work-up

Patient acquired through
strong personal/family

Patient acquired through
routine clinical testing of

Family identified through
evaluation of related

Private Information

history presenting leukemia allogeneic stem donor
ANKRD26 bi-allelic CEBPA mutations
ATM RUNX1/ETV6/GATA2/TP53 mutation
B Marrow Failure
BRCA1/2 . .
CEBPA Perform skin biopsy-=> Perform detailed personal
DDX41 grow skin fibroblasts—> bleeding/family history
ETV6 isolate gDNA
Fanconi anemia *
GATA?2
SAMD9 if strong
SAMDIL :
SRP72 Run augmented WES with
RUNX1 bioinformatic analysis to
Telomere Biol if positive detect SNVs and CNVs if negative
TP53

Family-based genetic counseling and
clinical site-specific testing

Research-based

whole exome/genome sequencing




We perform our molecular panel every time
a patient with leukemia has a bone marrow biopsy

100%-

L 50%- - ~germline

3 somatic

Time
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Sometimes people with germline predisposition
do not have strong personal/family histories

breast ca lung ca
52yo0 smoker

lung ca
smoker

o

This person has Li-Fraumeni w
Syndrome-- deleterious ”
germline TP53 variant! AML

78yo0 Diagnosis | Remission
DNMT3A 36% 3%
VAFs
TP53 64% 45%

Careful interpretation of “somatic” testing can help identify such people
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Detecting germline mutations
from molecular profiling data over time

TP53 Allele Frequency BRCAZ2 Allele Frequency

Allele Frequency
o

10
Months

Months
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Tumor-based versus germline predisposition testing

Tumor-based Testing Germline Testing
- samples LACKING hematopoietic cells
EANiple -any sample with hematopoietic tumor cells
type (e.g., cultured skin fibroblasts, hair bulbs, and

bone marrow-derived mesenchymal stromal cells)

Abbreviations used: CNV, copy number variant; CSF, cerebrospinal fluid; indel, insertion/deletion; SNV, single nucleotide variant;
Privatt  VAF, variant allele frequency



Tumor-based versus germline predisposition testing

Tumor-based Testing

Germline Testing

- samples LACKING hematopoietic cells

EANiple -any sample with hematopoietic tumor cells
type (e.g., cultured skin fibroblasts, hair bulbs, and
bone marrow-derived mesenchymal stromal cells)
Benefits Sample already collected for other tests Resultis equivalent to germline and facilitates cascade testing in families

Abbreviations used: CNV, copy number variant; CSF, cerebrospinal fluid; indel, insertion/deletion; SNV, single nucleotide variant;

Privatt  VAF, variant allele frequency
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Tumor-based versus germline predisposition testing

Tumor-based Testing

Germline Testing

- samples LACKING hematopoietic cells

EANiple -any sample with hematopoietic tumor cells
type (e.g., cultured skin fibroblasts, hair bulbs, and

bone marrow-derived mesenchymal stromal cells)

Benefits Sample already collected for other tests Resultis equivalent to germline and facilitates cascade testing in families
Cover gene exons as well as non-coding regions

(e.g., promoters and enhancers)
Cover gene exons
Detect SNVs and CNVs.
Platforms Detect SNVs and large CNVs

Coverage depth: 100s-1000s to detect small clones

Require flexibility to accommodate the predisposition genes that continue
to be discovered

Coverage depth 30-50-fold is sufficient to detect germline-range VAFs.

Abbreviations used: CNV, copy number variant; CSF, cerebrospinal fluid; indel, insertion/deletion; SNV, single nucleotide variant;
VAF, variant allele frequency
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Tumor-based versus germline predisposition testing

Tumor-based Testing

Germline Testing

- samples LACKING hematopoietic cells

EANiple -any sample with hematopoietic tumor cells
type (e.g., cultured skin fibroblasts, hair bulbs, and
bone marrow-derived mesenchymal stromal cells)
Benefits Sample already collected for other tests Resultis equivalent to germline and facilitates cascade testing in families
Cover gene exons as well as non-coding regions
(e.g., promoters and enhancers)
Cover gene exons
Detect SNVs and CNVs.
Platforms Detect SNVs and large CNVs
Require flexibility to accommodate the predisposition genes that continue
Coverage depth: 100s-1000s to detect small clones to be discovered
Coverage depth 30-50-fold is sufficient to detect germline-range VAFs.
Hematopoietic tissues undergo somatic reversion easily,
so the absence of a finding does not give assurance that
Cautions/ there is no deleterious germline variant. Time to results: up to three months
caveats

These assays typically do NOT cover:
non-coding gene regions or smaller CNVs

Abbreviations used: CNV, copy number variant; CSF, cerebrospinal fluid; indel, insertion/deletion; SNV, single nucleotide variant;
VAF, variant allele frequency
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Tumor-based versus germline predisposition testing

Tumor-based Testing

Germline Testing

- samples LACKING hematopoietic cells

e -any sample with hematopoietic tumor cells
type (e.g., cultured skin fibroblasts, hair bulbs, and
bone marrow-derived mesenchymal stromal cells)
Benefits Sample already collected for other tests Resultis equivalent to germline and facilitates cascade testing in families
Cover gene exons as well as non-coding regions
(e.g., promoters and enhancers)
Cover gene exons
Detect SNVs and CNVs.
Platforms Detect SNVs and large CNVs
Require flexibility to accommodate the predisposition genes that continue
Coverage depth: 100s-1000s to detect small clones to be discovered
Coverage depth 30-50-fold is sufficient to detect germline-range VAFs.
Hematopoietic tissues undergo somatic reversion easily,
so the absence of a finding does not give assurance that
Cautions/ there is no deleterious germline variant. Time to results: up to three months
caveats
These assays typically do NOT cover:
non-coding gene regions or smaller CNVs
Same allele . .
Specific . Specific alleles (e.g., in CHEK2 and DDX41)
alleles (i BU S CEale ADUgCEr) are overwhelmingly likely to be germline

can be somatic or germline

Abbreviations used: CNV, copy number variant; CSF, cerebrospinal fluid; indel, insertion/deletion; SNV, single nucleotide variant;
VAF, variant allele frequency




Growing list of germline predisposition genes

|

Testing platforms/submitted samples are not standardized

+ 5

Laboratory A
Laboratory B
Laboratory C
Laboratory D
Laboratory E
Laboratory F
Laboratory G
Laboratory H

%

. gene on panel . gene not on panel

Private Information Roloff, G.W. et al. Genet Med. 23: 211-214 (2021)



Disease mechanisms-—
Is clonal hematopoiesis a universal predictor of HHMs?

CH HHM
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Survelllance recommendations

Blood counts stable
normal or mild/moderate cytopenias

v \

Bone marrow:

Bone marrow:

Mo significant dysplasia No significant dysplasia
No clonal cytogenetic abnormality Single low-risk clone
OR

Single clone of unclear significance

!

CBC in one month
Marrow exam in 3-12 months

CBC every 3-6 months
Consider marrow exam every year

Reduce frequency if stable

L

Blood counts falling

OR

Bone marrow:
Increasing dysplasia
High risk clone

CBC in 2-4 weeks™
Marrow exam in 1-3 months™

v

HSCT***

Blood counts:
severely low
OR
symptomatic cytopenias

OR

Bone marrow:
MDS
AML

HSCT***

Recommend
additional
cancer and
other organ
surveillance
strategies as
appropriate

~

GodieypfhrAa@nd Shimamura, A. Blood 130: 424-432 (2017)



Following CH over time

germline RUNX1mut 100
AML o Does detection of this clone constitute molecular MDS?
[} 6 O D'_‘) C) ] < Do we need dysplastic cells to call MDS?
Low piatelets Low platelets -~ Low platelets How do we intervene to slow/stop malignant progression?
(100K/uL) (110K/uL) (110K/uL) 50
Endometrial ca.
E ow platelets mut
bI'ElelaSSIﬁg bEJaI;?;g bru?sslig L(ﬁglK;u:_)t BCOR
Brain bleed 25
. Time
Q)QQ;F 9\{5@
o O
& n
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Disease mechanisms-—
Is clonal hematopoiesis a universal predictor of HHMs?

CH HHM
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We need to interpret carefully the molecular
data we generate
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Allogeneic stem cell donors:
they can have deleterious germline variants too!

Patient with
leukemia
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Allogeneic stem cell donors:
they can have deleterious germline variants too!

Patient with
leukemia

Molecular profiling

of patient leukemia:
DDX41 D140fs (VAF 49%)
DDX41 R525H (VAF 9%)
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Allogeneic stem cell donors:
they can have deleterious germline variants too!

Patient with
leukemia

Molecular profiling

of patient leukemia:
DDX41 D140fs (VAF 49%)
DDX41 R525H (VAF 9%)

W

THINK GERMLINE
PREDISPOSITION!

Private Information



Allogeneic stem cell donors:
they can have deleterious germline variants too!

Patient with Patient in
leukemia remission

Molecular profiling

of patient leukemia:
DDX41 D140fs (VAF 49%)
DDX41 R525H (VAF 9%)

W

THINK GERMLINE
PREDISPOSITION!
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Allogeneic stem cell donors:
they can have deleterious germline variants too!

T ) )
Patient with Patient in Donor
leukemia remission

Molecular profiling

of patient leukemia:
DDX41 D140fs (VAF 49%)
DDX41 R525H (VAF 9%)

W

THINK GERMLINE
PREDISPOSITION!
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Allogeneic stem cell donors:
they can have deleterious germline variants too!

[ v

_ o K
Patient with Patient in Donor ~° ° Patient in
leukemia remission remission

Molecular profiling

of patient leukemia:
DDX41 D140fs (VAF 49%)
DDX41 R525H (VAF 9%)

W

THINK GERMLINE
PREDISPOSITION!
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Allogeneic stem cell donors:
they can have deleterious germline variants too!

[ v

_ o K
Patient with Patient in Donor ~° ° Patient in
leukemia remission remission

hd

Molecular profiling Engraftment analysis:
of patient leukemia: >95% donor

DDX41 D140fs (VAF 49%)
DDX41 R525H (VAF 9%)

W

THINK GERMLINE
PREDISPOSITION!
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Allogeneic stem cell donors:
they can have deleterious germline variants too!

' ® ] o
w ﬂ w ﬁ w CD34+
Patient with Patient in Donor ~° ° Patient in
leukemia remission remission

hd

Molecular profiling Engraftment analysis:
of patient leukemia: >95% donor

DDX41 D140fs (VAF 49%)
DDX41 R525H (VAF 9%)

Molecular profiling
. of patient post-transplant:
THINK GERMLINE CHEK2 1200T (VAF 51%)

PREDISPOSITION!
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Allogeneic stem cell donors:
they can have deleterious germline variants too!

® ® S ®
|n| > lnl el lw CD34+
Patient with Patient in Donor ~° Patient in
leukemia remission remission
Molecular profiling Allogeneic stem cell transplantation Engraftment analysis:
of patient leukemia: is ethically compromised- >95% donor

DDX41 D140fs (VAF 49%)
DDX41 R525H (VAF 9%)  especially when related donors are used

Molecular profiling
' especially when you perform molecular of patient post-transplac?t:
THINK GERMLINE testing post-transplant CHEK2 1200T (VAF 51%)

PREDISPOSITION! with 100% donor chimerism

Private Information



Inherited predisposition to hematopoietic malignancies:

What have we learned?

* Germline predisposition to all cancers is COMMON, and there is significant
overlap between ‘solid’ and ‘liquid’ cancer syndromes.

® Testing for risk to hematopoietic malignancies is complicated by high
frequency of somatic reversion in hematopoietic tissues and inadequate
testing platforms from many laboratories.

* Careful interpretation of tumor profiling data can prioritize patients with likely
germline predisposition alleles.

* Post-transplant GVHD prophylaxis should include cytoxan for those with
germline DDX41 mutations

Future:
Standardization of germline testing for some/all patients with hematopoietic
malignancies and their donors

Qther lreatment plans based on susceptibilities conferred by germline variants
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