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Criteria fora positive smear

Morphology Abnormal cell types
Red cell 2+4/moderate/> Blast>/=1
Platelet morph (giant Meta>2
forms) at 2+/> Myelo/promyelo>/=2
Platelet clumps at > Atypical lymph>5
rare NRBC>/=1
Toxic granulation at Plasma cells >/=1
2+/[>

Vacuoles at 2+/>



rS OF PRELEUKEMIA + MYELODYSPLASIA
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Preleukemia
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MPN, MPN/MDS overlap, MDS
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ASXL1 EZH2
SRSF2
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MDS with
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WHO Classification of MDS

« WHO 2008: Combination of morphology, immunophenotype, genetics, and
clinical features

* The WHO classification system distinguishes six general entities with the
following estimated percentages:

1. Refractory cytopenia with unilineage dysplasia (refractory anemia, refractory
neutropenia, or refractory thrombocytopenia) — <5 percent

Refractory anemia with ring sideroblasts — <5 percent
Refractory cytopenia with multilineage dysplasia — 70 percent
Refractory anemia with excess blasts — 25 percent

MDS with isolated del(5q) — 5 percent

MDS, unclassified — <5 percent

Oy g

® Childhood MDS —half of childhood MDS, the most common subtype in this setting
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1. Low risk MDS{5~%1]5%
2. High risk MDS{595%
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* CBC/DC: FZRRES ~ 4iIHEIE %L ~ AHAE T
* Cell dysplasia
* Cytopenia
* Premature cells in peripheral blood

* False negative
* False positive
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Diagnostic criteria for MDS and common findings

Compressor Free Version

Peripheral blood findings Bone marrow findings Chromosomal abnormalities considered
presumptive evidence of discase
One or more of the following: And one or more of the following: Translocations:
Hemoglobin <11 g/dL >10 % dysplasia in the granulocytic, l(ll 16Mg23;pl13.3)
erythroid, or megakaryocytic lincage H2:114p21:923)
Absolute neutrophil count Myeloblasts compnise 5-19 % mvi3xg21g26.2)
<1500/ul (1.5 x 10%L) of tow cellulanty 1(3;21X426.2:922.1)
Platclet count Presence of an acquired chromosomal ((1:3Xp36.3:q21.2)
<100,000/ul (100 x 10%/1L) abnormality specific for MDS U6:9Xp23:934)
Commonly observed features: Commonly observed features: Abnomal copy number:
Neutrophil hypogranularity Hypercellularity =7 or del(7q)
Hypolobulated neutrophil nucle Nuclear-cytoplasmic asynchrony =5 or del{3q)

(¢.g., pseudo Pelger-Huét cells) Karyorrhexis it17q) or t(17p)
Monocytosis (in CMML) Irregular nuclear contours =13 or del(13q)
Immature leukocytes Ring sideroblasts del(12p) ar ((12p)
Macrocytosis Hypolobated megakaryocytes del(9q)
Anisopoikilocytosis Micromegakaryocytes del(11q)

Hypochromic erythrocytes Abnormal leukocyte granulation idic{X)q13)
Large or hypogranular platelets Abnormal locahization of immature precursors Complex karyotype
Ectopic antigen expression by flow cytometry (3 or more abnormalitics)
Mild to moderate reticulin fibrosis
2019/3/31 LS R E gl

Curr Hematol Malig Rep. 2015; 10(3): 282-291.




IPSS-R

Categories and Associated Scores
Good Intermediate —

Cytogenetic
risk group 0 | 2 3 4
Marrowblast N >2-<5%  5-10% [N
proportion 0 | ’ 3

; 8 - <10 g/dL <8 g/dL
Hemoglobin

I 1.5
Absolute  |EORBIONE <08 x 10°L
neutrophil
count 0 0.5
50 - 100 x |
<50 x 10%L
Platelet count 10%/L
0.5 I

Possible range of summed scores: 0-10

Greenberg P et al Blood 2012 Sep 20;120(12):2454-65.



Prognostication of MDS in daily practice

Results from the Dutch PHAROS MDS registry
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Clonal hematopotesis and blood-cancer
risk inferred from blood DNA sequence.

N Engl J Med. 2014 Dec 25;371(26):2477-87.

Clonal hematopoiesis with somatic mutations was observed in 10% of persons older
than 65 years of age but in only 1% of those vounger than 50 years of age. Detect-

able clonal expansions most frequently involved somatic mutations in three genes
(DNMT3A, ASXL1, and TET2) that have previously been implicated in hematologic
cancers. Clonal hematopoiesis was a strong risk factor for subsequent hematologic
cancer (hazard ratio, 12.9; 95% confidence interval, 5.8 to 28.7). Approximately 42% of
hematologic cancers in this cohort arose in persons who had clonality at the time
of DNA sampling, more than 6 months before a first diagnosis of cancer. Analysis
of bone marrow-biopsy specimens obtained from two patients at the time‘{:ﬁ\ag-

nosis of acute myeloid leukemia revealed that their cancers arose from the earlier
clones.
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Blood 2015 Apr 30, pii: blood-2015-03-631747. [Epub ahead of print]

Clonal hematopoiesis of indeterminate potential and its distinction from myelodysplastic syndromes.
Steensma 0P, Belar R?, Jaiswal S Lindsir BGi-Sakatee st Hasserlian RP®, EbentBL>.

= Author information
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2Moores Cancer Center at the University of California, San Diege, La Jolla, CA, United States;
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4Cleveland Clinic Taussig Cancer Institute, Cleveland. OH, United States.

SMassachusetts General Hospital, Boston, MA, United States.

Comparison of MGUS, MBL and CHIP: Precussor States For Hematological Neoplasms

: M 40
._ + yemmopathy of SAT Patierds 30 NOL RIogIess Mo
o genied | SIGIINCance (MGUS) death from
v wnrefated causes

O § 8l

91

Mhyeoo progesia:
Nl prgetas o
TP Nyt prongesdyr
w e 2l



2019/3/31

Age-Related Clenatl-Hematopoiesis (CHIP) is

Linked to Risk of Inflammatory Co-morbidities

* Whole exome NGS on PB of 17,182 liiiution Fremuanoy by Age
persons; median f/u 8 years 03-
« 805 somatic mutations found in 73 genes o
from 746 (4.3%) individuals g o
« Maijority involved 1 mutation: DNMT3A £ o
(n=403), TET2 (72), & ASXL1 (62) 0J-
+ Median VAF was 0.09, ~18% of WBC °‘;:é E PP TP T,
« Risk of myeloid malignancy was markedly bt &
increased in mutation carriers [HR 11, 95% Risk of Heme Malignancy

008

Cl 3.9-33] & higher VAF

CHIP was associated with greater risk for
inflammatory morbidities: Type 2 DM

Mutation+malignancy. 5/134

Qo4

0.0z

No mutation+malignancy, 11/3208
P

[OR1.3, 95% CI 1.1-1.5], CAD [HR 2.0, 95%
- Cl 1.2-3.4] or stroke [HR 2.6, 95% Cl1.4-4.8]

200

0 50 100 150
Months
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Traditional ICUS MDS by WHO 2008
| lonal
Non-clona
CHIP ICUS
Clonality + - + + ++
Dysplasia| —/+ - - + ++
Cytopenias X + o + ++
BM Bl % | <5% < 5% < 5% < 5% 5-19%
Overall Risk Very Low Very Low High

TR L

Are these two the same?
Does morphologic
dysplasia matter?

CCUS = clonal cytopenias of undetermined significance; ICUS = idiopathic
cytopenias of undetermined significance; CHIP = clonal hematopoiesis of

indeterminate potential; LR = lower risk, HR = gl‘i %g%ishejar Totsoal etal Blsid 2015
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Maximal deviation
/\ Polyblastic myelogenous leukemia

Oligoblastic myelogenous leukemia
Gradient Clonal multicytopenia

(mutational burden)
Clonal unicytopenia (eg, clonal anemia)

Clonal hematopoiesis of indeterminate potential

Minimal deviation

A schematic relationship among the disorders that fall under the rubric of myelodysplastic neoplasms. Myelodysplastic
disorders are less deviated forms of acute myelogenous leukemia.” Here, deviation is considered in terms of loss of
regulated processes of proliferation, differentiation, and maturation compared with normal polyclonal hematopoiesis.
Mutational burden considers qualitative as well as quantitative oncogenetic contributions to neoplasia. Professional
illustration by Patrick Lane, ScEYEnce Studios.

BLOOD, 2 JULY 2015 - VOLUME 126, NUMBER 1

WLt e R IS



2019/3/31

Risk of Hematologic Cancer for Participants with
Clonal HematopoiesiS empresor rree version
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Cytopenic and clonatl-states and their relationship to
MDS

State Key features Comment
Normal hematopolesis No cytopenias, no clonal mutation. Mild cellular Healthy state.
dysplasia may be present, especially in older persons.
IcUs Cytopenias are present. Dysplasia may be present, but | Heterogeneous cluster of pathophysiologically unrelated disorders. May
is minimal (<10% of cells per lineage). By definition,a | resolve with time, or a diagnosis may become clearer. Some patients with
clonal mutation is not known to be present, either ICUS have MDS but do not meet current diagnostic criteria.
because testing was not performed or because testing
was unrevealing.
CHIP Cytopenias are not necessarily present. Dysplasia may | Common in the healthy aging population. Confers a 0.5-1.0% per year risk of
be present, but Is minimal (<10% of cells per lincage). | progression to MDS, AML or another neoplasm. Most patients bave just 1
By definition, patients with CHIP do not meet WHO mutation detectable. Certain mutations may confer a higher risk of
criteria for a hematological neoplasm. A clonal progression, but this is not yet clear,
mutation is present.
ccus Required: both cytopenia(s) and clonal mutation(s) in | Could be considered a subset of CHIP, probably with a higher risk of *
a gene or genes associated with myeloid neoplasia. By | progression to hematological neoplasia, Some patients with CCUS may have
definition, patients with CCUS do not meet WHO clonal mutations that are not actually responsible for the cytopenia, therefore
criteria for MDS or another hematological neoplasm. having CHIP plus a reactive, non-clonal cause of cytopenias, In other patents,
the clone contributes to ineffective hematopoiesis. Patients often have 2 or
more mutations detectable.
MDS Cytopenias are required for diagnosis. Clonal disorder. | In the future, specific mutations or combinations of mutations may define
without bost increase Usually, extensive dysplasia is seen; using WHO MDS, even in the absence of dysplasia.
criteria, diagnosis currently can be made in the absence
of dysplasta if certain karyotypic markers are present
(e.g. monosomy 7 or del{5q)).
HDSWM _ ammmmmmmmun Nolociulbtlmﬁhrhom Mkm&wbﬁema
blast increase differentiation is impaired and blast cells accumulate in | requiring 20% marrow or blood blasts (or else one of a short list of

the marrow or blood. The WHO calls this "refractory

‘anemia with excess blasts™ (RAEH), but anemita is not

necessarily present (though cytopenias are typical),
nor is dysplasia always present.

AML-defining karyotypes such as t(8:21), regardless of blast
mam&wm with excess blasts can be considered an oligoblastic

2019/3/31

Blood 2015 126:2349-2351

& Lt e e I SR 19



PDF Compressor Free Version

Proposed criteria for CCUS

2019/3/

Peripheral blood findings Bone marrow findings Genetic findings
1 or more of the following: None of the following: 1 or more of the following:
Hemoglobin, <11 g/dL >10% dysplasia in the granulocytic., An acquired chromosomal

erythroid, or megakaryocytic lineage abnormality not diagnostic of a
heme malignancy

ANC <1500/uL, 1.5 109/‘L Mveloblasts comprise >5% of total Presence of a somatic mutation with
cellularity a VAF >2% in a heme malignancy—
associated gene in the peripheral
blood or bone marrow

Plagtelet count <100 000/uL. 100 x  An acquired chromosomal
10°/L abnormality specific for MDS/AML

Additional criteria: No other likely cause of cytopenias or evidence of another hematologic disorder.

31 e {L i el I S



Diagnostic approach to MDS 2016

Dutch/EU guidelines

Diagnostic tool Diagnostic value Priority
Penpheral blood « Evaluation of dyspiasia in one or more cell ines Mandatory
smear « Enumeration of blasts

« Evaluation of dysplasia in one or more
Bone marmow myeloid cell lines
aspirate « Enumeration of blasts Mandatory

» Enumeration of ring sideroblasts
Bone mammow biopsy  « Assessment of cellulanty, CD34+ cells, and fibrosis Mandatory
« Detection of acquired clonal chromosomal

g:,\g?g;rs\enc abnormalities that can allow a conclusive diagnosis  Mandatory
y and also prognostic assessment
+ Detection of targeted chromosomal abnormalities
FISH in interphase nucler following fadure of standard G-  Recommended
banding
* Detection of abnormalities in erythroid, Recommended’
rr;on:vu‘:\?o:l ;t;y immature myeloid, maturing granulocytes, If according to
P type monocytes, immature iymphoid compartments ELN guidelines
« Detection of chromosomal defects at a high sgmid (Wcly to
SNP-array resolution in combination with metaphase ;
cytogenetics diagnostic teol In
: the near future)
. ™
Mutation analysis of Detecuon of somatic mutations that can allow  Suggested (likely
candidate genes a conclusive dlagnps:s and also reliable to become a
prognostic evaluation diagnostic tool in
the near future)
VU :.'-: Malcovati L, et al., ELN guidelines. Blood 2013;122:2943-64; Greenberg P et al., J Nat Compr Netw

Hematologie Canc 2013;11:838-74; "Westers TM, et al., Leukemia 2012:26:1730-41
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_ | IPSS independent good Prognosis

- ) No clear mdependent effect
- l IPSS mdependent poor prognosls

l Impaired leferentlatlon

i Proliferation CDKN2A (<1%)

BRAF(<I%) @

GNAS(< 1%)

 Epigenetic regulation ]
ASXL1 |
DNMT3A 14%
%)

CBL
2%

PTPNI1I(<1%)

| Pre-mRNA splicing J

3
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The future of CB&/DE&-diagnosis and
‘herapeutic Strategy

* CBC/DC: hematology analyzer

* Cell morphology, cell counting, cell differentiation
Electronic impedance

Light scattered

Image analysis + Al?

* Manual microscopy

* Genetic mutation
* Aged (>65 y/o)
* MDS associated genes mutation

* CTC: flow cytometry, MEMS

* Correct chronic inflame:
* Gut microbiota correction
* Immune system strengthen
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