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HMLL Karyotype: 46,XX,del(5)(q15932)

Al H e

o 6 non i

NNN 8 %

‘19.'23 RELamer e ){



real time PCR

11000 r———
2 Repli. of 1000 i
3100 - 0.55-
4 Repli. of 100
510 P 050~
6 Repli. of 10 - s
71 —— L '
8 Repli. of 1 : N 0.40-
9 00-966 —
10 Repli. of 00-966 — N 035-
11 00-967 Q
12 Repli. of 00-967 ‘é feg=
1300-975 ) 0.25-
14 Repli. of 00-975 (3]
15 00-979 ()] 0.20-
16 Repli. o 00-979 P o
17 00-992 E (@) '
18 Repli. of 00-992 E 3 e
19h20 i
20 00-966 ahl — 0.05-
21 Repli. of 00-966 abl —
22 00-967 abl : 0.00 - p=gpetm=
.J RBplLPTFU.U-Qﬁ? anl e T a0 9 4 7 ©t U F L 0 4 0 1 E L F .0 4 0 & & 1 E & i
24 00-975 ahl 17 18 19 20 21 22 23 24 25 256 27 28 20 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45
25 Repli. of 00-975 abl
26 00-979 ahl
27 Repli. of 00-979 abl CYC'G Number
28 00-992 E ahl
70 i nf0N-9497
;3 EUBEEQDLUSJJA E abl - ST Baseline Adjustment: Noise Band Cursor: N/JA Analysis Method: Second
Proportional Derivative Maximum

31 Repli. of 00-992 H abl  Ee
32 h20




Methods for 2015+7?




HI\/ILL Some defi nitil ons

A Genome: complete DNA of a being
A Intron: non coding region of a gene
A Exon: coding region of a gene (1.5%)



HI\/ILL Exon (expressed region) or Intron (intervening region)
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Transcript ID: ENST00000344691

E3
270bp

E4
157bp)

E5
05bp

RUNX1: Exon Structure
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192bp

E7
162bp

ES8
476bp

7 amplicons

A  Median:
A Minimum:
A Maximum:

342 bp A
341 bp

> Bi-directional sequencing

348 bp )



HI\/ILL TET2: Exon Structure

13 amplicons 6 amplicons

E3 E4 E5 E6 E7 E8 E9 E10 Ell
3,409bp 91bp| |94bp| [209bp| [151bp| |90bp| [138bp 355bp 1,472bp

27 amplicons

A Median: 343 bp |
A Minimum: 336 bp > Bi-directional sequencing
A Maximum: 350 bp )




Frequency and location of CALRmut
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Frequency and location of NOTCH1mut

HMLL
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HMLL Landscape of RUNX1 Mutations in AML

A 275 RUNX1 mutations observed in 25.9% (211/814) of cases
A Median clone size: 39% (ranging from 2% to 96%)
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A Mutated cases: I missense  34.9% (96/275)
U 73.9% (156/211): 1 mutation [ nonsense  14.2% (39/275)

frame-shift 42.5% (117/275)
] in-frame  4.0% (11/275)

U Recurrent codons: Arg135, Arg139, Aspl71, Argl74 splicing 4.4% (12/275)

U 26.1% (55/211): 2 (n=46) or more (n=9) mutations




HI\/ILL Molecular workflow for hematology in 2015+

malignant cells ——,

DNA RNA

viable cells

PCR NGS

melting curve
Sanger /

Software tools

Report
Incl. results and
recommendations



HI\/ILL Fluidigm 48.48. Access Array Sample Prep

Interface Accumulator
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Droplet-based PCR Process

{éﬂ_)

Primer Pair
Library

—

Genomic DNA
Template Mix

2,000,000
Single Template PCR&

—> PCR —> Sequencing
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U 31 Gene panel

Too oo Joo oo o o o o To o To o To To o

ASXL1
BCOR
BRAF
CALR
CBL
CSF3R
DNMT3A
ETV6
EZH2
FLT3-TKD
GATAl
GATAZ2
IDH1
IDH2
JAK?2

Myeloid Gene Panel (Dx v2)
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KIT
KLHLG6
KRAS
MPL
NPM1
NRAS
PHF6
PTPN11
SETBP1
SF1
SF3B1
SRSF2
TET2
TP33
U2AF1
WT1

cC:. C: C: C:

Turn-around time: 6-7 days
Input: 2.2 ug DNA
489 amplicons
10 samples per run
J




HI\/ILL CLL Gene Panel

U 13 Gene panel: U Turn-around time: 6-7 days
ATM U Input: 2.2 ug DNA
BIRC3 U 323 amplicons

BRAF (V600) U 10 samples per run
FBXW7

KLHL6

KRAS

NOTCH1 (PEST)
NRAS :
MYD88 O Y
POT1 D'

SF3B1 (HEAT)
TP53

XPO1

Too Too oo o o o o o o o To To Do




HI\/ILL RainDrop System for Panel/MRD




RainDrop PCR Process
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53 Gene panel

ABL1
ASXL1
BCOR
BCORL1
BIRC3
BRAF
CALR
CBL
CBLB
CDKNZ2A
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CSF3R
DNMT3A
ETV6
EZH2
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ThunderBolts Myeloid Panel

GNAS
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IKZF1
JAK2
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KDMG6A
KIT
KRAS
MAP2K1
MLL
MPL
MYD88
NOTCH1
NPM1
NRAS
PHF6
PTEN
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U Input: <100ng DNA
U 533 amplicons

PTPN11 3}
U 8 samples per run

RAD21
RHOA
RUNX1
SETBP1 N
SF3B1
SMC1A
SMC3
SRSF2
STAG2
STAT3
TET2
TP53
U2AF1
WT1
XPO1
ZRSR2

As agreed upon by HemOnc Consortium and Raindance 10/2014



HI\/ILL Read-out: lllumina Miseq
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HMLL Myeloid Panel: Turn-around time

A 10 samples per run
A Sample receipt on Monday

DNA fragmentation Data analysis

Breaking/Purification Clinical report
ThunderStorm 2nd PCR/znd Purification ) P
Sample receipt Droplet merge Pooling
Ficoll DNA isolation

Sequencing end

Quantification
Run Preparation MiSeq

Sequencing
Mon Tue Wed Thu Fri Sun Mon

mm) Turn-around time: 6 business days
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HMLL MDS: ELN recommondations

Table 2. Diagnostic approach to MDS.

Diagnostic tool Diagnostic value Priority

_ * Evaluation of dysplasia in one or more cell lines
Peripheral blood smear . Mandatory
* Enumeration of blasts

» Evaluation of dysplasia in one or more hematopoietic cell lines
Bone marrow aspirate * Enumeration of blasts Mandatory

* Enumeration of ring sideroblasts

Bone marrow biopsy * Assessment of cellularity, CD34+ cells, and fibrosis Mandatory

* Detection of acquired clonal chromosomal abnormalities that
Cytogenetic analysis can allow a conclusive diagnosis and also prognostic Mandatory

assessment

* Detection of targeted chromosomal abnormalities in interphase
FISH Recommended
nuclei following repeated failure of standard G-banding

* Detection of abnormalities in erythroid, immature myeloid,
Flow cytometry . .
. . maturing granulocytes, monocytes, immature and mature Recommended
immunophenotyping* .

lymphoid compartments

* Detection of chromosomal defects at a high resolution in
SNP-array o _ . Suggested
combination with metaphase cytogenetics

Mutation analysis of » Detection of somatic mutations that can allow a conclusive
. . . . . . Suggested
candidate genes diagnosis and also reliable prognostic evaluation

*Standard methods from the International Flow Cytometry Working Group of the European Leukemia

L. Malcovati et al. for ELN, Blood, 122, 2943-2964, 2013



HMLL MDS: ELN recommondations

Table 2. Diagnostic approach to MDS.

Diagnostic tool Diagnostic value Priority

_ * Evaluation of dysplasia in one or more cell lines
Peripheral blood smear . Mandatory
* Enumeration of blasts

» Evaluation of dysplasia in one or more hematopoietic cell lines
Bone marrow aspirate * Enumeration of blasts Mandatory

* Enumeration of ring sideroblasts

Bone marrow biopsy * Assessment of cellularity, CD34+ cells, and fibrosis Mandatory

* Detection of acquired clonal chromosomal abnormalities that
Cytogenetic analysis can allow a conclusive diagnosis and also prognostic Mandatory

assessment

* Detection of targeted chromosomal abnormalities in interphase
FISH Recommended
nuclei following repeated failure of standard G-banding

* Detection of abnormalities in erythroid, immature myeloid,
Flow cytometry . .
. . maturing granulocytes, monocytes, immature and mature Recommended
immunophenotyping* .

lymphoid compartments

* Detection of chromosomal defects at a high resolution in
SNP-array o _ . Suggested
combination with metaphase cytogenetics

Mutation analysis of » Detection of somatic mutations that can allow a conclusive
Suggested

candidate genes diagnosis and also reliable prognostic evaluation

L. Malcovati et al. for ELN, Blood, 122, 2943-2964, 2013
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HMLL Genes mutated in MDS

e~ Y driver mutationsidéntihed (n=118)
1 driver mutations identified (n=138)
2 driver mutations identified (n=167)
3 driver mutations identified (n=111)
4-5 driver mutations identified (n=50)

_E =6 driver mutations identified (n=13)
=
=
A
W
@ =
JI: "\-“.“t-
o - .
£
@
—
-
Y 0.2+
p < 0.0001
0.0 —
| | | | | | |
0 10 20 30 40 50 60

Time (months)

E. Papaemmanuil et al., Blood 122, 3616-3627, 2013
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Leukemia—free survival

1.0

0.8 -

0.6 -

Genes mutated in MDS

IPSS: Low

0 driver mutations identified
1 driver mutations identified
2 driver mutations identified
3 driver mutations identified
4 driver mutations identified

50

Months

150

E. Papaemmanuil et al., Blood 122, 3616-3627, 2013



Genes mutated in MDS
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n =944, 104 genes, 47 genes with mutations

median age: 72.8 (range 23.3-90.8)

patients with cytogenetic aberrations: 31.4%

patients with molecular aberrations: 89.5%

T. Haferlach et al., Leukemia, 28, 241-247, 2014
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HMLL Prognostic models beyond IPSS-R

A B
1 0- — 1.0
lay low
™ (n=160) 031 -
0.8 o T low
T;E intermediate = (n=230)
S 06- (n=260) = 061
> =
041 S 047
= = ; 5
o high o very high intermediate
0.2 - very high (n=120) 0.2- (n=65) (n=198)
(n=71) high
0| P<0.001 g P<0.001 (n=118)
0 12 24 36 48 60 72 (m) 0 12 24 36 48 60 72 (m)
Model 1: 14 genes + age + WBC, Model 2: 14 genes only
Hb, PIt, % blasts, Cytogenetics (13/14 from Model 1)

according IPSS-R

T. Haferlach et al., Leukemia, 28, 241-247, 2014
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Comparison of two MDS Cohorts

Papaemmanuil et al.

Haferlach et al.

Demographics

Patients (n=) 738 944
Age (years) 68 (median) 72.8 (mean)
Males:females (ratio) 415:323 (1.3) 580:364 (1.6)
Median follow-up (in months) 12 32.3
MDS subtypes
RA 139 (18.8%) 41 (4.3%)
RARS 92 (12.5%) 81 (8.6%)
RARS-T 17 (2.3%) 28 (3.0%)
RCMD 126 (17.1%) 195 (20.7%)
RCMD-RS 59 (8.0%) 183 (19.4%)
50- 20 (2.7%) 37 (3.9%)
other 285 (38.6%) 379 (40.1%)

Cytogenetics, karyotype

Normal:abnormal (ratio)

425:213 (2.0)

648:296 (2.2)

Targeted DNA sequencing
Genes, analyzed
Genes, significantly mutated!*!
Number of mutations

Affected patients (%)

111
43
2,260
549 (74.4%)

104
47
2,764
845 (89.5%)

. Rose et al., BJH, 167, 278-281, 2014



HMLL

Comparison of two MDS Cohorts

Haferlach et al.

Overlap

Papaemmanuil et al.

J

172

D. Rose et al., BJH, 167, 278-281, 2014



HMLL

T. Haferlach et al.

p<10°

Comparison of two MDS Cohorts

TET2
SF3B1
ASXL1
SRSF2
DNMT3A
RUNX1
U2AF1
ZRSR2

STAG2
TP53
EZH2
CBL
JAK2
BCOR
IDH2

Rank

T © o N R WN

- %
A WODN

15

SF3B1
TET2
SRSF2
ASXL1
DNMT3A
RUNX1
U2AF1
TP53

E. Papaemmanuil et al.

EZHZ?
IDHZ2
STAGZ2
ZRSR2
CBL
NRAS
BCOR

D. Rose et al., BJH, 167, 278-281, 2014
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Tyrosin Kinase Pathway

@ KRAS BRAF
o @

PTPN11

Mutations in MDS

Transcription Factors

EP300

@ GATA2

others

NPM1

Cohesin
GNAS/GNB1
BCOR RNA Helicase

Epigenetic Regulation

Splicing

SETBPl

SF1

(adapted from G. Mufti)



HI\/ILL RainDrop System for MRD

1. Screening

‘ s PeR

Sequencing

Droplet
Generation

‘ —> PCR —>

\%_/
=

Droplet Droplet
Generation Detection




HI\/ILL RainDrop System for MRD

1. Screening
‘l —> PCR ——> 3 —_>
Sequencing
Droplet
Generation
2. MRD
‘ —> PCR ——> —_
X =
Droplet Droplet

Generation Detection



HI\/ILL NPM1mut/ABL: RainDrop vs. Fluidigm EP1

100k
10k
1k
100

10

aberration load (%)

0.1

0.001 T T l I I l T
#1 #2 #3 #4 #5 #6 #7

[L|EP1 NPM1mut/ABL B RainDrop NPM1mut/ABL

-

I I
#8 #9 #10 #11 #12 #13 #14 #15 #16 "7 #18

r=0.75



HMLL RUNX1: RainDrop vs. Roche 454

#1 #2 #3 #4 #5 #6 #7 #38 #9 #10 #11 #12 #13 #14 #15 #16 #17 #18 #19 #20 #21 #22 #23 #24 #25 #26 #27 #28 #29 #30 #31 #32

1k

100

1

o

aberration load (%)

0.

-—

0.0

-—

M 454 load (%) RainDrop load Run #1 W RainDrop load Run #2

45417 Run #1 r = 0,9966
45417 Run #2 r = 0,9968
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Guidelines for NGS ?



HI\/ILL NGS: Standardization of Clinical Testing (Nex-StoCT)

Nature Biotechnology; Vol. 30: Issue 11, 2012 A. Gargis et al., Nature Biotechnology; 30: 1033-1036, 2012



