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Karataén WHO (11.x.OMA)

Acute myeloid leukemia (AML) and related neoplasms

AML with recurrent genetic abnormalities

AML with t(8;21)(q22;g22.1);RUNX1-RUNX1T1

AML with inv(16)(p13.1922) or t(16;16)(p13.1;922);CBFB-MYH11
APL with PML-RARA

AML with t(9;11)(p21.3;923.3); MLLT3-KMT2A

AML with t(6;9)(p23;934.1); DEK-NUP214

AML with inv(3)(q21.3926.2) or t(3;3)(21.3;G26.2); GATA2, MECOM

AML (megakaryoblastic) with t(1;22)(p13.3;913.3);RBM15-MKL1
Provisional entity: AML with BCR-ABL1
AML with mutated NPM1
AML with biallelic mutations of CEBPA
Provisional entity: AML with mutated RUNX1
AML with myelodysplasia-related changes
Therapy-related myeloid neoplasms
AML, NOS
AML with minimal differentiation
AML without maturation
AML with maturation
Acute myelomonocytic leukemia
Acute monoblastic/monocytic leukemia
Pure erythroid leukemia
Acute megakaryoblastic leukemia
Acute basophilic leukemia
Acute panmyelosis with myelofibrosis
Myeloid sarcoma
Myeloid proliferations related to Down syndrome
Transient abnormal myelopoiesis (TAM)
Myeloid leukemia associated with Down syndrome



Karataén WHO (11.x.OMA)

Acute myeloid leukemia (AML) and related neoplasms Myeloid neoplasm classification

AML with recurrent genetic abnormalities Myeloid neoplasms with germ line predisposition without a preexisting

AML with t(8;21)(q22;g22.1);RUNX1-RUNX1T1

AML with inv(16)(p13.1922) or t(16;16)(p13.1;922);CBFB-MYH11
APL with PML-RARA

AML with t(9;11)(p21.3;923.3); MLLT3-KMT2A

AML with t(6;9)(p23;934.1); DEK-NUP214

AML with inv(3)(q21.3926.2) or t(3;3)(21.3;G26.2); GATA2, MECOM

AML (megakaryoblastic) with t(1;22)(p13.3;913.3);RBM15-MKL1
Provisional entity: AML with BCR-ABL1

AML with mutated NPM1

AML with biallelic mutations of CEBPA

Provisional entity: AML with mutated RUNX1

disorder or organ dysfunction
AML with germ line CEBPA mutation
Myeloid neoplasms with germ line DDX41 mutation®

Myeloid neoplasms with germ line predisposition and preexisting platelet
disorders

Myeloid neoplasms with germ line RUNX1 mutation®
Myeloid neoplasms with germ line ANKRD26 mutation®
Myeloid neoplasms with germ line ETV6 mutation®

Myeloid neoplasms with germ line predisposition and other organ
dysfunction

AML with myelodysplasia-related changes
Therapy-related myeloid neoplasms
AML, NOS
AML with minimal differentiation
AML without maturation
AML with maturation
Acute myelomonocytic leukemia
Acute monoblastic/monocytic leukemia
Pure erythroid leukemia
Acute megakaryoblastic leukemia
Acute basophilic leukemia
Acute panmyelosis with myelofibrosis
Myeloid sarcoma
Myeloid proliferations related to Down syndrome
Transient abnormal myelopoiesis (TAM)
Myeloid leukemia associated with Down syndrome

Myeloid neoplasms with germ line GATA2 mutation
Myeloid neoplasms associated with BM failure syndromes

Myeloid neoplasms associated with telomere biology disorders

JMML associated with neurofibromatosis, Noonan syndrome or

Noonan syndrome-like disorders
Myeloid neoplasms associated with Down syndrome”


http://www.bloodjournal.org/content/127/20/2391?sso-checked=true#fn-34
http://www.bloodjournal.org/content/127/20/2391?sso-checked=true#fn-34
http://www.bloodjournal.org/content/127/20/2391?sso-checked=true#fn-34
http://www.bloodjournal.org/content/127/20/2391?sso-checked=true#fn-34
http://www.bloodjournal.org/content/127/20/2391?sso-checked=true#fn-34
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Whole Genome Seq Whole Exome Seq Targeted panels
3 000 000 000 pb 21 000 genes 100 genes

WGS, WES, Gene panels: xonoIUOTIOIOLVTAI OTA EPYAOCTNPIO
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IATPIKN AKPIREIAC
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DOPTIO METAOANAEEWV/KAPKIVO

The prevalence of somatic mutations across human cancer types
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LB Alexandrov et al. Nature, 1-7 (2013) doi:10.1038/naturel2477



, et al. NEJM 2013;368:2059-74
Papaemmanuil E., et al. Blood 2013;122:3616-27
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Sanger sequencing - NGS

SANGER NGS

MASSIVELY
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ey VvV Vv

1 oTOXOG/6¢Eiya
Evaicbnoia 20%
MNeplopiopevo VP0G (500-600bp)

CNV, QVTIUETABETEIC, HEYAAEC
EANEIPEIG: eV avixveLOVTAI

YOVOETN aAANAoLXIa: SOLCKOAO va
EKTIUNOE

Evaicbnoia ~5-10%

ExTeTapevo e0poG (1000’s bp)

CNV, QVTIUETABETEIC, MEYAAES
EANEIYPEIG: SEV AVIXVELOVTAI KAAC

YOVOETN aAAnAovxia: mBava
EVKOANOTEPO VA EKTIUNOE]




NGS pon €pyaoiac

“Wet Bench” Siadikaoia

[1oo avaAvTIKO OTASIO
Pre-analytic

[pooeToiuacia
BIBAIOOBNKNG
Library Prep

[poeToIpacia MNTPAGC
Template Prep

- AANNAoLXIoN

Sequencing

“Dry Bench” éiaéikaoia

e Demultiplexing
e Base calling

e YTOiXION, Alignment
e VVariant calling
e Specialized applications

e \Varlant Annotation (XxohNlaocuoc)
e Variant significance



“Wet Bench” Pre-analytic

» Aciypa €i6oc¢ (T1.X. PPECKO VS. FFPE), QVTITTNKTIKO, KATT.

» Tumor percentage requirement
» Need for microdissection (FFPE)

» Cell sorting
» ExkxOAIon DNA () RNA)
» XpnNnon puoIoAOYIKOL &eiypaTocg (paired)

> YTOUATIKO EKTTALUA, KATT.



“Wet Bench” Library Prep

Amplicon-based

V. N Ve NV V

Highly multiplexed PCR >
Less DNA input required

Faster library generation

Limited target region coverage :
CNV assessment more difficult

Best for hot spot/regions

Cheaper? >

Capture-based

Bait (oligonucleotide) probe pull-
down of fragmented high quality
DNA

More DNA input required
Longer library preparation

Better and more even target
region coverage

CNV detection easier

Note: Sample throughput and accuracy similar



“Wet Bench” Sequencing

lllumina MiSeq

Ve Y V. V

Bridge amplification
Paired end reads possible
Sequencing-by-synthesis
Slower (~24 hrs)

Less artifact

Higher output*

lon Torrent S5

» Emulsion droplet PCR

Single end reads

Longer read lengths
Semiconductor chip sequencing
Homopolymer artifacts

Faster (<24 hrs)

V N W eV



NGS pon €pyaoiac

“Wet Bench” diadikaoia “Dry Bench” 6iaéikaoia

NooeToluaacia = Demultiplexing

BIBAIOBAKNC e Base calling

Library Prep
Moo avaluTIKO oTASIo e YTOiXION, Alignment
Pre-analytic e Variant calling

lpoeToiuacia MATPAS|  « Specialized applications
Template Prep

e VVarlant Annotation (XxohNlaocpoc)
ANNAOLXION - e Variant significance
Sequencing




“Dry Bench” AvaAvon

» Bioinformatics processing
» Index demultiplexing, base call and quality, sequencer performance data

» Secondary pipelines: initial alignment to reference, SNV and indel detection,
variant calling

» Additional analyses: breakpoint analysis, structural variant (SV) detection,
specialized applications (RNAseq, immunology, microbial, etc.)

» Data and computationally intensive

» Eppnveia (Interpretation)
» TeAIKOG oXOoAIaouog (variant annotation) kai €mMPEAEIQ TNG TTAPAAANAYNG

» KabBopiouog MNaboyovikotntag (5 level: pathogenic, likely pathogenic, variant
uncertain significance, likely benign, benign)

» [MBavn cLOXETION (CLOXETICEIC) YE TN YAUETIKN O€I0d
> ANUIOLEYIA AETTTOUEPOVLS AVAPOPAC



[TOAANEC TTANPOPOPIEC

iINnformation overload




“Although not detracting from the excitement and opportunity that

the current situation affords us, we would introduce a note of caution.
Like modern-day archeologists confronted with ancient Egyptian

hieroglyphs, our current ability to confidently translate the presence of
these mutations into clinical gains for individual patients significantly
lags behind our ability to detect them.”

grimwade d, et al. blood 2016;127(1):29-41
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Genomics of AML: Clinical Applications of Next-Generation ;

Sequencing Pathogenesis

journal homepage: http:// www.pathogenesisjournal.com/
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Review article

The impact of next generation sequencing technologies on
haematological research — A review
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Targeted Therapies and Cancer (l)

Colon Ca

NSCLC

Other solid
Tumors

EGFR

PD1

EGFR

RET

ROS1, ALK
PD1

cetuximab

pembrolizumab
cetuximab
cabozantinib
crizotinib
pembrolizumab

Contraindicated if K/NRAS, RAF
mutation

MSI status

T790M mutation resistance
Rare, young age, non-smoker
Rare, female, younger

H&N squamous Ca; GU tumors,
breast



Targeted Therapies and Cancer (ll)

CHL
NHL

MM

PD1

BCR signaling
(BTK, PIK3CD)

CD20, CD22,
CD25

BCL2

CD19

26S proteasome
CRBN pathway

pembrolizumab
Ibrutinib, idelasilib

Rituximab, epratuzumab,
alemtuzumab, blinatumomab

Venetoclax

CAR-T

Bortezomib
Lenalidomide (IMID)

ABVD Rx effective

ABC-DLBCL, LPL/WM,
CLL

Humanized
antibodies,
BITE agents, etc.

ALL, expanding
+2nd generation drugs

+2nd generation drugs



Targeted Therapies and Cancer (lll)

» MoEAOYEVEIC KOKONDEIES:
» BCR-ABL (CML, Ph+ B-ALL)
» PML-RARA (APL)
» AOITTEC:
> OXI S1I06ES0UEVEC OTOXELUEVEC BEPATTEIES



Sighal Transduction: Transcription Factor: Tumor Suppressor:

GATA1/2
P53
RUNX1
CEBPA . :
Epigenetic:
ETV6
K/NRAS . NOTCH1
MPL .. " "BCOE g ET2
CBL . WT1 « EZH2
PTPN11 . PHF6 - ASXLL
- i o DNMT3A
RNA Splicing: Chromosome stabillity:
SF3B1 . TERT
SRSF2 - Cohesin complex Other:
U2AF1 (STAG1, SMC3, RAD21) . SETBP1
ZRSR2 . CALR

NPM1



MYELOID NEOPLASIA

Spectrum and prognostic relevance of driver gene mutations in acute
myeloid leukemia

- oA . [ |

Klaus H. Metzeler,"™ Tobias Herold,' Maja Rothenberg-Thurley,' Susanne Amler,” Maria C. St

Stephanie Schneider,’ Nikola P. Konstandin,! Annika Dufour,’ Kathrin Braundl,' Bianka Ksienz

Luise Hartmann,'™ Philipp A. Greif,"® Michael Fiegl," Marion Subklewe,'™ Stefan K. Bohlander, The NEW ENGLAND
Andreas Faldum,® Wolfgang E. Berdel,” Bernhard Wérmann,® Thomas Bichner,” Wolfgang Hi

and Karsten Spiekermann,’™ on behalf of the AMLCG Study Group ] OUR N AL Of MEDICI N E

Blood. 2016:128(5):686-698

ESTABLISHED IN 1812 MAY 30, 2013 VOL. 368 NO. 22
DOI 10.1038/541408-018-0148-6 Blood ( Acute Myeloid Leukemia

The Cancer Genome Atlas Research Network

MYELOID NEOPLASIA

Acute myeloid leukemia ontogeny is defined by distinct
somatic mutations

REVIEW ARTICLE
R. Coleman Lindsley,"' Brenton G. Mar,? Emanuele Mazzola,® Peter V. Grauman,* Sarah Shareef, Steven L. Allen,®

Challenges in the introduc
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diagnostics of myeloid malignancies into R
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Ulrike Bacher', Evgenii Shumilov®, Johanna Flach?, Naomi Porret’, Raphael Joncourt!, Gertrud Wiedemann',
Martin Fiedler’, Urban Novak®, Ursula Amstutz” and Thomas Pabst’




MoTIBA YETAAANAEEY TNV OMA

Secondary AML De novo AML

SF3B1 IDH1/2
U2AF1 K/NRAS
ZRSR2 e
PTPN11 CEBPA
- - DNMT3A
GATA2

FLT3

RUNX1

Blood. 2015;125(9):1367-1376



Genomic Classification and Prognosis in Acute Myeloid Leukemia

Elli Papaemmanuil, et al.
N Engl J Med 2016; 374:2209-2221 DOI: 10.1056/NEJM0al1516192

Gene Fusions 03 No Gene Fusions No Genomic Classification

inv(16)
= " ~ . CEBpAbiaIIeIic
t(15;17) ' | No driver mutations detected
. IDHZ®7 \

t(8;21) NPM1

Chromatin-spliceosome "1 Drivers but not class-defining

MLL fusions
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inv(3) TP53-aneuploidy




National

Initial Diagnostic Workup of Acute Leukerr'.mm

WNOOWNE Cancer
Network®

Guideline From the College of American Pathologists and the Americ
of Hematology

NCCN
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THE UPDATED WHO CLASSIFICATION OF HEMATOLOGICAL MALIGNANCIES

The 2016 revision to the World Health Organization classification of
myeloid neoplasms and acute leukemia

Daniel A. Arber,’ Attilio Orazi,” Robert Hasserjian,® Jirgen Thiele,* Michael J. Borowitz,> Michelle M. Le Beau,®
Clara D. Bloomfield,” Mario Cazzola,® and James W. Vardiman®




[TOOMIA HETOANOEEWYV YOVISIWV:
MOEAOVYEVEIC KOKONOEIEC

AML:
Tier 1
Tier 2
Tier 3

\Y/|DRY
MDS/MPN:
MPN (PMF):

FLT3-ITD, IDH2, TP53, CEBPA-dm
Spliceosome/epigenetic, TP53, KIT, RUNX1,?DNMT3A

YXETICOVTAI PE YAUETIKN o€1pd: GATA2, DDX41, ANKRD26,
CEBPA...

SF3B1, TP53, AAANO (pOPTIO HETAANAENC)
ASXL1, TET2, SRSF2, JAK2, SETBP1, ETNK1, RAS povoTtarT
JAK2, CALR, MPL, ASXL1, TP53, CSF3R



CMML:

main genes whose recurrent mutation has been observed in CMML
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S An evolutionary perspective on chronic myelomonocytic leukemia

ltzykson R and Solary E., Leukemia 2013;27:1441
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Age-related cancer mutations associated with clonal
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Clonal haematop0|e5|s harbouring AML associated
mutations is ubiquitous in healthy adults
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KAGQVIKN AlgoTToinoN
Clonal Hematopolesis, CH

N ETTEKTAOCN TV AIJOKLTTAPWYV TTOL TTOOEPXOVTAI ATTO £VA
LOVO TTOOYOVIKO AIUOTTOINTIKO KOTTAPO KAl EivVAl TO

KABOPIOTIKO XAQAKTNEIOTIKO TRV AIUATOAOYIKWV KAPKIVWV

CH ¢ival yia ouxvn CLVETTEIA TNS YNEAVONCG
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Figure 1. Prevalence of Somatic
Mutations, According to Age.

Colored bands, in increasingly

: No. with Mutation 1 50 138 282 219 37 14
lighter shades, represent the 50th, Total 240 855 2894 5441 5002 2300 317 86

75th, and 95th percentiles.




CHIP-ICUS-CCUS-Cancer Spectrum

CHIP

ICUS

CCUS

ACDEVEIC XWPEIC TTEONYOLUEVN N TALTOXPOVN AIUATOAOYIKI KOKONBEIX
YWUATIKEC PETAANAEEIC O€ Eva N PEPIKES POPES >1 yoVibio o€ TTOCOOTO
>2% variant allele fraction (VAF)

e TET2, DNMT3A, ASXL1, SF3B1, TP53
ALENON €TITTTWONG YE TNV NAIKIA
AvayvpioTnkayv pe WES/WGS o€ peyaAousg TANBLCHOVG
Kivbuvog e€eNiENG o€ puehoyevn kakonBeia (0.5-1% /£Tog; 10X KivéLVoL)

AVEENYNTN KLTTAPOTTEVIA PE ATTOLCIA KLTTAPOYEVETIKOL KAl
AVIXVELOIUOL pE NGS KAWVIKOL TTANBLO OV
APRERAIOC KiVELVOC VEOTTAQOUATIKNG EEEAIENG, TTIBAVA XAUNAOG

CHIP + ICUS

O kivéuvoc eEENIENG O€ pLEAOYEVN KAKONBEIa gival LYNAOTEPOG



CHIP: Associations

» CHIP is highly prevalent (>90%) after age 50 with high sensitivity
techniques

» As defined, CHIP increases risk for developing a hematologic neoplasm

» Risk increases if multiple mutations, higher VAF%

» Risk of all-cause mortality and cardiovascular disease

» Therapy-related myeloid neoplasms: higher risk for development of T-MN
with pre-existing CHIP

» Presence of CHIP in donor HSCT allograft can result in impaired graft
function in recipient but not donor-derived leukemia

» Not all CHIP is equal

» TET2 and DNMT3A very common, yet not clearly associated with adverse
effects on hematopoietic function, or risk of myeloid neoplasia

» Clonal size expands with age in some individuals: ? Compensation for failing
wild type HSCs

Nat Commun. 2016;7:12484, Lancet Oncol. 2017;18:100-11, Lancet Oncol. 2017;18:112-21, Blood, 2017;130:91-94, Blood, 2017;130(6):753-762



CCUS: kKivbLVOC VEOTTAACUATIKNG
eGENIENG

» Earlier studies: highly suggestive of increased risk for ICUS with clonal
hematopoietic mutations to progress to overt myeloid cancers

» Recent large studies confirm and delineate the risk more specifically
» Longitudinal follow-up

» VAF>10%; >2 mutations and spliceosome mutations with classic CHIP
alterations have very high PPV for progression to myeloid neoplasm

» HR for progression 13.9

» Certain mutation patterns may be more strongly predictive and can
provide presumptive evidence for early myeloid neoplasia in the
absence of definitive morphologic criteria or cytogenetic abnormalities

» Conversely the absence of mutations (with sufficiently comprehensive
screening) has very high NPV for neoplasia, even in the setting of
morphologic “atypia”

Blood. 2015;126(21):2362-2365, Blood. 2015;126(21):2355-2361, Blood. 2017;129(25):3371-3378, Am. J. Hematol. 91:1234-1238, 2016



NGS kal Myeloma

HD (odd chromosome #°’s)
CNA at +1q, dellp, dell7p

t(11;14) CCND1, t(6;14) CCND3
t(14;16) ka1 t(14,;20) MAF;MAFB
t(4,14) FGFR3; NSD2 (MMSET, WHSC1)
8924 MYC

Standard (35-40%)
High (5-10% each)

Standard (15%)

High (<5%)
Intermediate (10-15%)
High (20%)

Notes:
Based on Mayo mSMART 2.0
High risk GEP signature is also high risk feature



NGS kal Myeloma

» Modify or additionally stratify current FISH-defined risk classification

» Focus on additional prognostic alterations and
therapeutic/resistance genotypes

» “ldeal state” is a single test to capture most relevant alterations in
SMM, MM (e.g. SNV, SV, CNV)

» Technically difficult

» Possible utility for refractory/relapsed disease

» In early stages of application and clinical utility determination
(indications)



NGS and Myeloma

» Modify or additionally stratify current FISH-defined risk classification

» Focus on additional prognostic alterations and
therapeutic/resistance genotypes

» “ldeal state” is a single test to capture most relevant alterations in
SMM, MM (e.g. SNV, SV, CNV)

» Technically difficult

» Possible utility for refractory/relapsed disease

» In early stages of application and clinical utility determination
(indications)



NGS and Myeloma

MAPK IMID
- N/KRAS . CRBN
- BRAF .. CUEGE
DNA DR:
. IKZF1
*. G B P53
. ATM
Other NFKB
. ATR
- FGFR3 - TRAF3 . EGR1
. CCND1 o CYED
- FAM46C

- DIS3



Evéeicelc yia epapuoyn NGS

XPNOIUO
» Algyvewon OMA

Ve Y V. V

Ymrotporiy OMA

Alayvewon Dx MDS

MDS/MPN (11.X. CMML)
MPN-PMF | ToITTAQ apvNTIKG
AveENynTn kuttaportrevia (“ICUS™)

Agv evoeikvuTal/ARERaIO
Palliative situation

MaoTtokuTTapwon (KITD816V, KIT seq)
MPN-PV, MPN-ET (MPN-R)

MPN-CNL (CSF3R)

CML (BCR-ABL)

CEL/HES kal OANeC NEOTTAQCUATIKEG
Howoivogihiec (FISH)

V N W eV



rovoyn

» NGS cival yia TToO0ITr TTAEOV TEXVOAOYIA YIA EPAPUOYN OTA KAIVIKO
epyaoTneIa
> UE KOOTOC TTOL OLVEXWGS WEIVETAI

> UE PEYAAO OYKO TTANPOPOPIWV TTOL TTPETTEl VA SIAXEIOIOTOLY

Boiokel epapuoyn
> OTN Slayveon TV AlATOAOYIKGV KOKONOEIWV
> OTNV MPOYVWOoN,

> OTn OepayvwOoTIKN

» KATAvONonN: co-mutation patterns + clonal hematopoiesis



>AC ELXAPIOTW
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