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Clonality and Prognosis
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Impact of Mutations by IPSS Group
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Impact of Mutations

Probability of Overall Survival
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Additional Genes Predict Risk
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Clonality and Prognosis

ASXL1

Improved Sensitivity — Early Warning?
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Methods: IWG-PM MDS Sample Compilation

MDS sample data collected from 18 centers in Data Summary
Europe, the United States, and Asia

Clinical Features
- age and sex

- blast %
‘ - karyotype
- hemoglobin
- platelet count
‘ - neutrophil count

‘ Overall Survival Data:
- available for 3359

- 3.6 years follow-up
‘ - 1780 deaths

- median OS 2.65 years

Treatment Status

Gene Mutations

Kristen Stevenson Donna Neuberg Heinz Tuechler



Overall Survival by Mutation Number

17 genes sequenced in 1996 patients with OS data
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Mutated Genes and Clinical Phenotypes

Mutation
Frequency

26%

0.5%

Gene (% Mut|| FAB | WHO | IPSS-R |Blast%| Plts | Sex | Age | ANC | Hgb oS

TP53 8.9 p-value
ASXL1 21

SRSF2 15 adverse
U2AF1 8.9

NRAS 36 <0.0001
RUNX1 10

STAG2 5.6

IDH2 3.4

KRAS 2.3

NPM1 1.5

BCOR 4.7

TET2 26 — 0.01
ZRSR2 6.4

EZH2 5.9

CBL 4.4

RAD21 1.3

PTPN11 | 1.5

GATA2 1.3

NF1 4.5

ETV6 2.6 — 0.01
PRPF8 2.4

FLT3 0.9

IDH1 2.3

PHF6 2.9

GNAS 0.9

wr1 1.2 1
ATRX 2.1

U2AF2 1 <0.0001
SMC3 1.3 p-value
KIT 1.1

MPL 1.8 favorable
DNMT3A | 12

JAK2 3.6

SF3B1 22




IPSS-R Adjusted Odds Ratios for Mutated Genes
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Response to Therapy -

Respuesta al tratamiento



TET2 Mutations and HM Response

Including SD with HI Excluding SD with HI N = 86 patients

OR (95% Cl) P OR (95% Cl) P
Mutated TET2  5.92 (1.05-33.33) 0.044 5.92 (1.43-24.39) 0.014

Cytogenetic risk®
Intermediate  0.24 (0.06-0.98) 0.048 2.41 (0.60-9.71) 0.22

Poor 0.33 (0.11-0.95) 0.040 2.11 (0.68-6.45) 0.19
Previous therapy 1.56 (0.47-5.15) 0.47 0.47 (0.13-1.65 0.24 ltzykson et al. Leukemia. 2011
Factor N =92 patients Odds Ratio (95% CI)' p?
2?:%‘3\2 f}g;’)L | ® | 472(153-1452) 0.007
WBC, x10°%/L
<30 v:23_0) } o | 3.36(1.1-1020) 0.03

TET2/ DNMT3A mutation
(1 gene mubatisd vs0) 359(1.14-11.36)  0.03

Oddsratio 1 2 3 4 5§ 6 7 8 9 10 1 12 13 14 15

Traina et al. Leukemia. 2014



Hypomethylating Agent Response

Bejar et al., Blood. 2014

213 MDS patients Treated with Hypomethylating Agents

Low Intermediate-1 Intermediate-2 High
IPSS Risk Group
Karyotype
& Normal (50%) & Complex (24%)
Sample Sources FAB Classification Treatment Received Best Response

MD
Anderson
49%

RA
14%

Other

3%  CMML  RAEBT
10% 3%

Guillermo Garcia-Manero & Hagop Kantarjian David Steensma Michal Bar-Natan and Richard Stone



ASXL1 and TET2 Mutations

ASXL1 Only TET2 Only Bejar et al., Blood. 2014

ASXL1

H_J \ y )

Both Mutated Neither Mutated

Two Gene Analysis: ASXL1 and TET2

Odds Ratio of Response
0.1 1

1E12 only (26) | | TET2 mutant 2.37 0.049

+ ASXL1 wt (1.00, 5.58)
ASXL1 only (67) '

ASXL1+TET2 (32)

Neither (88)




Response by Variant Abundance

Variant Allele Frequencies by Mutated Gene

Variant Read Fraction

TET2 ASXL1 CBL NRAS SF3B1 U2AF1 SRSF2 TPS&3

Gene (n) Unadjusted Adjusted
VAF 20.1 OR (95% ClI) OR (95% ClI)

TET2 (50) 1.99 (1.05, 3.80) 0.036 1.98 (1.02, 3.85) 0.044

Bejar et al., Blood. 2014 Kristen Stevenson and Donna Neuberg



MDS Patients — Stem Cell Transplant

87 MDS patients transplanted at DFCI from 2004-2009

Karyotype

FAB Classification

RARS
8%

Conditioning Regimen
Other Bu/Flu

RAEB 54%

48%

Ablative

RA
28%

Cy/TBI
35%

Reduced

RAEBT 2
Other CMML 194 L i Intensity

9% 6% 1%

\ Normal (33%) ! Complex (32%) ! -7/del(7q) (14%)

Y Unknown (9%)

Patient/Donor Sexes

Bejar et al., JCO. 2014



Clinical Associations

Overall Survival After Transplant
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Mutations and Transplantation

Bejar et al., JCO. 2014
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Diagnosis — Diagnostico




Diagnostic Overlap

HIV
EBV

Fanconi

Hepatitis

Acute Myeloid
Leukemia (AML)

Aplastic Anemia

Autoimmune
Disorders

Vitamin’Deficiency
Copper Deficiency

Myeloproliferative
Neoplasms

Altbtohbturia
Abuse

Tet UC San Diego

MOORES CANCER CENTER

Non-Clonal



I'he NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ‘

Clonal Hematopoiesis and Blood-Cancer
Risk Inferred from Blood DNA Sequence

Giulio Genovese, Ph.D., Anna K. Kihler, Ph.D., Robert E. Handsaker, B.S.,
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’ ORIGINAL ARTICLE

Age-Related Clonal Hematopoiesis
Associated with Adverse Outcomes

Siddhartha Jaiswal, M.D., Ph.D., Pierre Fontanillas, Ph.D., Jason Flannick, Ph.D.,
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Hematopoyesis Clonal de Potencial Indeterminado

No. of Mutations

ORIGINAL ARTICLE

Clonal Hematopoiesisand Blood-Cancer
Risk Inferred from Blood DNA Sequence
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Proportion without Hematologic
Cancer

Category

No mutations
One mutation
Two mutations
CH-UD
CH-CD

CH

VAF

1.00+
0.994 No clonal
hematopoiesis
0.98- (N-8783)
0.97 Clonal
hematopoiesis
(N-439)
0.96
0.95+
Hazard ratio, 12.9 (95% Cl, 5.8-28.7)
0.94-, P<0.001
/4
0.00+ T T T |
0 20 40 60 80
Months
No. of
Patients Hazard Ratio for Hematologic Cancer (95% Cl)
8783 ] 1.00 (1.00-1.00)
1122 — . 0.47 (0.06-3.56)
237 e 1.99 (0.26-15.27)
170 | 11.34 (3.44-37.4])
269 : —m—  13.73 (5.74-32.83)
439 ! m 12.89 (5.78-28.72)

0.5

0.3+

0.1+

0.0

P=0.002 by Wilcoxon test

No mutation (referent)

Mutation, VAF =0.10

3/83
2/51
5/57
3/34
2/23

No Hematologic
Cancer

11/3208
10/2326
1/882
5/134

Hematologic

—————

————— 49 (21-120)

———m 90 (29-280)

<0.001

0.002
<0.001
<0.001
<0.001
<0.001



Prospective Trial

Diagnosis of MDS

Patients with Slood and B (n=24)
SuspectEd MDS oodan one Meets diagnostic criteria
Marrow
At least one CVtOpenia: Evaluation

Equivocal for MDS

Hgb < 11 g/dL (n=21)
ANC < 1.8 x 10%/L » Aspirate Morphology

Platelets < 100 x 10°/L Some dysplasia (< 10%)
Not diagnostic of MDS

_ Flow Cytometry
No other malignancy

B12, folate, Fe normal Cytogenetics/FISH No evidence of MDS
Alternative cause unlikely (n=99)

No dysplasia
Not diagnostic of MDS

Pathways Genes

RNA Splicing SF3B1, SRSF2, U2AF1, ZRSR2

Epigenetic Regulation | TET2, IDH1, IDH2, DNMT3A, EZH2, ASXL1, SETBP1
Tumor Suppression TP53, PHF6

Transcription RUNX1, ETV6

Activated Signaling CBL, NRAS, KIT, JAK2, MPL, FLT3 (TKD)
Other NPM1

Kwok B et al. Blood. 2015;126(21):2355-61.



Prospective Trial

Clonal Cytopenias of
Undetermined Significance Y\

m ccus
71% 27% i i

__________

> 1 Mutation
|dentified or
Clonal Karyotype

No Mutation L G

|dentified and
Normal Karyotype

/ ICUS

Idiopathic Cytopenias of Undetermined Significance

Kwok B et al. Blood. 2015;126(21):2355-61.



Prospective Trial

Variant Allele Fractions by Diagnhostic Group

Variant Allele Fraction
.

Group A
43 mutations
in 17 patients

Kwok B et al. Blood. 2015;126(21):2355-61.

Group B
20 mutations
in 13 patients

Group C
24 mutations
in 20 patients



CCUS to Malignancy

RAEB/AML
403 days (n=39)
Non-diagnostic
bone marrow
evaluation 606 days
\§

(0)
~91A’ 126 CC.US 43% acquired a
2 kil el new mutation
VAF ~40%

Cargo C et al. Blood. 2015. 126(21): 2362-2365.

ICUS
(n=69)

RA/RCMD
(n=30)




Comparisons

CHIP

Unselected
Population

CCUS

At Diagnosis

CCUS

Prior to MDS/AML
Progression

MDS

All Risk Groups

Mutated Genes

DNMT3A, TET2,ASXL1,

TET2, DNMT3A,ASXL1,

TET2, SRSF2, ASXL1,

SF3B1, TET2, ASXL1,

JAK2, TP53 ... SRSF2, TP53, ... U2AF1, DNMT3A, ... SRSF2, DNMT3A, ...
# of Mutations ~1 ~1.6 ~2 ~2.6
. 9'12% _ 0, ~ 0, _ 0,
Typical VAF e 30-40% 40% 30-50%
Maybe <20% of
Notes  |~10% of 70 year-olds| About 35% of ICUS | About 90% of ICUS aybe <20% o

cytopenic patients!

This suggests increasing risk from CHIP through CCUS to MDS

But we lack prospective follow-up data to quantify risk!




 Mutations have clear prognostic value
independent of existing clinical models

 Mutations may predict treatment response
but are not yet sufficient to direct therapy

* Sequencing cytopenic patients may find
clonal hematopoiesis at risk for MDS, but
mutations alone are not diagnostic.
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