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WHO Classification,"™Edition ¢ Update 2016
Myeloid Neoplasms

WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues

Presentation will focus on:

I Myeloproliferative neoplasmis

I Myelodysplastic/myeloprolifel
tive neoplasms

*Arber DA, Orazi AjasserjiarRP et al. Th2016 revision to the World Health Organization (WHO)
classification of myeloid neoplasms and acletigkemia.Blood,pre-published Apri7, 2016



Myeloproliferative Neoplasms*

A Chronic myeloid leukemia (CMBCRABL1pos.

A Chronic neutrophilic leukemia (CNL)

A Polycythemiavera(PV)

A Primary myelofibrosis (PMF)

A Essential thrombocythemia (ET)

A Myeloproliferative neoplasmynclassifiable (MPI)
A Chronic eosinophilic leukemia, NOS (GIEIS)

*Note: In the 2016 update mastocytosis has been moved out into
a separate category



ChronicMyeloid LeukemiaBCRABL1positive
(update 2016)

Abl YS OKIVWHS 2%
A New definition of lymphoid .

blast crisis .
i Any lymphoblast(s) in the PBM ‘
raise concern for blast crisis

I Cases with*?5% lymphoblasts
In the BM should be
diagnosedasblast crisis

a‘

A Resistancdo TKI| treatment is .Q
included in the definition of $ ”
diseasgirogression r ¥ ~

A @™ &

Courtesy of Daniel Arber, Stanford Universit



Criteria for CML, Accelerated Phase

Anyone or more of the following hematologic/cytogenetic criteria or respotws@d Kl criteria:

o To Do T Po Do D»

Persistenibr increasing WBC (>10 X/,
unresponsive to therapy

Persistentor increasing splenomegaly,
unresponsive to therapy

Persistenthrombocytosis (>1000 X0°/L),
unresponsive taherapy

Persistenthrombocytopenia(<100 X
10°%L) unrelated to therapy

20% or more basophils in tHeB
10-19%blasts*inthe PB and/or BM

Additionalclonalchromosomal
abnormalitiesin Pht cells at diagnosthat
include"major route" abnormalities
(secondPh, trisomy 8,jsochromosome
17q, trisomy 19), complex karyotyper
abnormalitiesof 3g26.2

Anynew clonal chromosomabnormality
in Ph+ cells that occurs during therapy

"Provisional” Respons®-TKI Criteria

wHematologic resistance to the first TKI (pr
failure to achieve a complete hematologic
responsé&*to the first TKI) or

wAny hematological, cytogenetic or
molecular indications of resistance to two
sequential TKIs or

wOccurrence of two or more mutations in
BCRABL1 during TKI therapy

Largeclusters or sheets of small, abnormal megakaryocytes,
associated with marked reticulin or collagen fibrosis in
biopsy specimens may be considered as presumptive
evidence of AP, although these findings are usually
associated with one or more of the criteria listed above.
*The finding of bona fide lymphoblasts in the blood or
marrow, even if less than 10%, should prompt concern that
lymphoblastic transformation may be imminent and
warrants further clinical and genetic investigation; 20% or
more blasts in blood or bone marrow, or an infiltrative
proliferation of blasts in an extramedullary site is CML, blast
phase.**Complete hematologic response: WBQGx1G/L,
Platelet count <450 £0° /L, noimmature granulocyten

the differential and spleen noipalpable.



Chronic Neutrophilic Leukemia (CNL

| CSF3mutations
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Membrane Truncation

Proximal Mutations
Mutations

A True CNL: >90%SFR mutations
A Membraneproximal mutation: Empirical trial with JAK2 inhibitomsxplitinib)
A Truncation mutation(s): Empirical trial with SRC inhibitdesétinib

A CSF3R dten comutated (SETBP1, ASXL1  Maxson NewEngll Med,2013
LashoTlL, Leukemi&014

Tefferi Curr Opin HematoR015
Elliott MA, AmJ Hematol2015



CNL: WHO 2008 requirements

ANQ identifiable cause for;
physiQlogianeutrophilie

ANoinfectieus or inflammatory
process. Noedaderlying tumor

ANo evidence of axplasma cell
neoplasm

AHepatosplenomegaly



Diagnostic criterigor CNL (update 2016)

A

To o To Ix

Peripheralb f 2 2 R 2x.1@/L witkksegmentecheutrophils plus band
T2 N¥a MBGC TheylaEk dysplasia but may have toxic granulations
Promyelocytes, myelocytespetamyelocyte$<10% ofWBC

Myeloblasts rarely observed in PB. In the BM <5%

Monocytecount <1x 10°/L

Hypercellulabonemarrow with neutrophilgranulocytes increased in
percentage anchumber. Neutrophimaturation appearsnormal

No BCRABL lor rearrangement oPDGFRADGFRBr FGFR1or PCM1JAK?2

To To | I

Presenceof CSF3R 618l or other activatingCSF3Rhutation*

Not meeting WHO criteria foP\/ ET oiPMF. Aprevious history of MPN, the
presence of MPNfeatures in the bone marrow and/or MPassociated
mutations (in JAK2, CALR or MPL) tend to exclude a diagnGHH.of

*In the absence of &SFR3Rutation, persistent neutrophilia (at least 3 months),
splenomegaly and no identifiable cause of reactive neutrophilia including absence of a

plasma cell neoplasm or, if present, demonstration of clonality of myeloid cells by
cytogeneticor molecularstudies

Adapted from ArbeDA, Orazi A, Hasserjian RP etglbod April 27, 2016



The Classic8CR/ABL1eg.
MPNS

PV, PMF and ET



Diagnosed according to WHO, they are distinct diseases

with different natural history
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Tefferi A et al. Blood 2014;124:2507-2513



Update 2016

A The integration of mutational data in
diagnostic algorithms for the classi¢éaPN

A The identification of early PV
A Refinements in the diagnosis of PMF



Driver Mutations in MPN Subtypes

JAK?2

A 95% PV have JAK/B17F (exon 14) mutatioB% have
JAKZ2 exol2 mutation

A 60% PMF and ET have JAK2 Véiift&tion

CALR

A 20-30% PMF and ET have CAuRations*

MPL

A 5-10% PMF and ET have MPL exomii€ation

Triple negative

A 1015> | NB yESENN WHieSases, mytational
analysis for a broad panel of genes associated with
myeloid neoplasms is indicated

*Nangalial et al.N EnglJ Med.2013;369:239405.
*KlampflT,et al.N Engld Med.2013; 369:2379D0.



PMF: Comparison of survival among patients
stratified by their mutational status
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Tefferi A et al. Blood 2014;124:2507-2513

©2014 by American Society of Hematology

Survival

JAK2VB1TF vs type 1/type 1-like, p<0.0001; HR 2.7, 95% CI 1.9-3.7
JAK2V1TF vs type 2/type 2-like, p=0.84; HR 1.1, 95% C1 0.6-1.8
Type 2Aype 2-like vs type 1/type 1-like, p=0.003; HR 2.5, 95% CI 1.4-4.5

Type-1hype 1-llke
CALR mutated
N=110
Medlan 13.7 years

Type-2type 2-like
CALR mutated
N=21
Medlan 3.5 years m
JAK2-mutated
N=309
Median 4 years A
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Years

Tefferi A et al. Blood 2014;124:2465-2466
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ET: Survival is thiongest for triplenegative and shortest for MRmutated

patients. Mediansurvival: 19years for JAK2 and 20 years for CAhRtated
cases (P=0.32

1
CALR mutated
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Madian ~20 years
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Triple-negative
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E
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Figure 2.

Kaplan-Meier estimates of overall survival in 299 patients with ET stratified by mutation type.

Tefferi A, et al.Leukemia 2014:28:2308



Prognostically detrimental mutated
genes: ASXL1, EZH2, SRSF2 and IDH1/2

The presence of two or more mutations
predicted the worst survival:

A Two mutations: median 2.6 years (hazard

ratio (HR) 3.8, 95% confidence interval (Cl)
2.6-5.7)

A One mutation: 7.0 years (HR 1.9, 95% CI
1.4-2.6)

A No mutation: 12.3 years

Guglielmelli P, et al. Leukemia. 2014 Sep;28(9):1804-10.



Updates for PV



PolycythemiaVera: capturing the earlylisease phase

Evolution — Manifestation » Transformation

Post-polycythaemic
myeloid metaplasia
(post-PV MF)

~ 20 %

|

<10 %
Post-PV MF with
blastic transformation

JAK2 +/-
JAK2 +/+

Il

re—polycythaeny wlycythemic StagyTerminal stage
styge

N N———

Modified from: Thiele J, Kvasnicka HM, Orazi A et al. WHO 2
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BMBcorrelateswell with RCM. In a mildly erythrocytotipatient with
JAKZ2mutation in the proper clinical context, BM biopsy allows
diagnostic confirmation oV

©2014 by American Society of Hematology

Silver RT, Chow W, Orazi A, et al. Blood 2013;122:1881-6



PV criteria (update 2016)

BarbuiT, et al. Leukemia. 2014,28:11%1
1. Increased red cell production

I Hemoglobin>16.5/16.0 gdLin men/women
or hematocrit >49/48% in men/women

| II_elmggIeb_m ll.;’is gjl:"'ﬁ"'e!“;“g“'e“

baselne
—lnereasedred-cellmass{(>25%above-nrermal)
T b | . o
2. Bone marrow showing PV histology
3. _;JAKZmutation

Decreased serum EPO levels

End | id | f :
Diagnosis requires the presence of the three major criteria. If JAK2 cannot be obtained the first twe
major criteria plus the minor criterion (decreased EPO)Hblevels > 18.5 glLin men Hct55.5 %)

or >16.5 gdLin women Hct49.5 %), BM biopsy may not be necessary for diagnosis if major
criterion 3 and the minor criterion arg@resent

Mino




