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Review Series

THE UPDATED WHO CLASSIFICATION OF HEMATOLOGICAL MALIGNANCIES

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

Danial A. Arbar,’ Attiio Orazi® Robert Hasserian,® lirgen Thisle,* Michasl J. Borowitz,” Michalla M. Le Baauy,®
Clara D. Bloomfield,” Mario Cazzola® and James W. Vardiman®?
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The Word Health Organization (WHO)
classification of tumors of the hemato-
poletic and lymphold tissues was last
updated in 3008, Since then, there have
been numerous advances in the identifk
cation of unigue biomarkers associated
with some myelold neoplasms and scute
leukemiss, largely derived from gene ex-
pression analysis and next-generation
sequencing that can significantly im-
prove the diagnostic criteria as well as

the prognostic relevance of entities cur-
rently included in the WHO classification
and that also suggest new entities that
should be sdded. Themefore, there iz a
clear need for a revision to the current
classification. The revisions to the cate-
gories of nyelold neoplasms and acute
leukemia will be published in 8 mono-
graph in 2016 and reflect a consensus of
opinion of hematopathologists, hema-
tologists, oncologists, and geneticists.

The 2016 edition represents & revision
of the prior classification rather than
an entirely new classification and at-
tempts to incorporate new clinical, prog-
nostic, morphologic, Immunop henotypic,
and genstic data that have emerged
since the |ast edition. The major chan-
ges |n the class if ication and their mtio-
nale are presented here. ( Blood. 3016;
127( 20): 2391-2405)

Introduction

In collabomtion with the Society for Hemato patholo gy and the
European Asseciation for Haematopathology, the World Health
Organization (WHO) published the third and fourth editions of e
WHIOD Classification of Twmirs of Hasmatopoienie and Lymphoid
Tismies, in 2001 and 2008, respectively, as pant of a series of WHO
Classifficaton of Temowrs “blue book™ monographs. In the spring
of 2014, a clinical advisory commitiee {CAC) composed of - 100
pathologists, hematologizs, oncologizs, and geneticists from amound
the: warld convensd to propoes revisions to e fourt adition of the
classification. Therevizion of g founthedition follows the philesophy
of the third and fourth editions to incorporate clinical featumnes,
marphalogy, immumnophenotyping, cyiogenstics, and molscular genetics
o define disease entities of clinical s gnificance. The furt adition of the
clasification of henatopoistic and lymphoid omes was e spcond
wioshume of the WHO Trhue book™ tumor series, and e series publication is
atill in progres. A fifth edition series camnot begin until e fourt edition
series is oompleed; bt affer 8 years of infomaton and experience dat
haveemerged fom scientific and clinicalstudies, a revision ofthesechteria
fior hemaiopoictic and lymphaoid neoplasme was £t o be nocessary and
timely. In elation o nnyekoid neoplasns and acute leukemia, thisrevision
hes boen influenced by several factos including the following

. The discovery of recently identifiad molecular features has
yielded new perspectives reganding diagnostic and prognostic
markers that provide novel insights for the understanding of e
pathobiology of tese dizonders.

Subwnitiod Mash 16, 2016; acoapted Agri &, 2016 Prap
Bipod Fiest Edifion papar, Apdl 11, 2016; DOl 10, 1182%00
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. Improwed characterization and standardization of morphological
features aiding in the differentiation of disease groups, particularly
of the BCR-ABL]  myeloproliferative neoplasms (MPNs), has
increased the reliability and reproducibility of di-agnoses.

3. A number of clinical-pathological stdiss have now validaied e

WHO pemlae of an inegraied approach et includes hemato-

logic, morphaogic, cytogenetic, and molecular genetic findings.

Faorthese reasons, dhe founth edition isbeing uwpdaied, bt this 2016
classification is nota major overhaul of he disease cawegories. Rather, it
iz inended i incorporate new knowledge of these disorders obtained
since the 2008 publication and is a revision of tet clasification. The
plrpose of diis repont iz o summarize the major changesin the revised
WHO classificaion of myeloid neoplasms and acute leukemia and i
provide the rationale for thoee changes. Table | liststhe major subtypes
of myekid neoplasms and acute leukemias acconding o the updaied
(2016) WHO classification

Myeloproliferative neoplasms

The categories of MPMN: have not signi ficant]y ¢ hanged simoe the 2008
fourth editonofthe classification, but discoveries of new mutations and
improved wndergtanding of the morphologic fieatures of some entitics
have impacted the diagnostic eriteria for the disease entities.

Arbor DA, et al. BLOOD 127:2391-2405, 2016.
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myeloid neoplasms and acute leukemia

Myeloproliferative neoplasms (MPHM)
Chronic myaloid leukemia (CML), BCH-A8L1"
Chronic neutrophilic leukemia (CHL)
Polycythemia varma (PV)
Primary myelofibrosis (PMF)
PMF, prafibrotic/early stage
PMF, oved fibrotic stage
Essantal thrombocy hamia (ET)
Chronic ecsinophilic leukemia, not otherwise spacified (NOS)
MPHM, unclassiliabde
Mastocytosis
Myeloidlymphoid neoplasms with eosinophilia and rearrangement of
PDGFRA, PDGFRB, or FGFR1, or with PCM1-JAK2
Myalaidflymphoid neoplasms with PDGFARA reamangemeant
Myeloidilymphoid neoplasms with POGFRA rearangement
Mysaloidflymphoid neoplasms with FGFRT rearangeameant
Provisional antity: MyaloidWymphoid neoplasms with PCM 1-JAK2
Myelodysplastic/myeloproliferative neoplasms (MDS/MPN)
Chronic myakomonocytic leukemia (CMML)
Atypical chronic myeloid leukemia (aCML), BCR-ABL1
Juvenile myelomonocytic leukemia (JMML)
MOS/MPN with ring siderablasts and thrombocytosis (MDS/MPMN-RS-T)
MOS/MPN, _u‘lclassﬂiad:lle

Myelodysplastic syndromes (MDS)
MDOS with single linsage dysplasia
MDS with rng sideroblasts (MDS-RS)
MDS-RS and single lineage dysplasia
MDS-RS and muliineage dysplasia
MDS with multilineage dysplasia
MDOS with excess blasts
MDOS with isolated del(54q)
MOS, unclassifiable
FProvisional entilty: Refractory eylopenia of chidhood

My aloid neoplasms with gem line predisposition

Acute myeloid leukemia (AML) and related neoplasms
AML with recurrant ganatic abnomn alities
AML with H(B;21)(g22,922.1); FLWX 1-FLUNXT T1
AML with irv{ 16)(p13.1922) or 1{18;16)(p13.1;022):CBFE-MYH 11
APL with PML-RARA
AML with £5;11)(p21.3;023 3 MLL TI-KMT24
AML with 16;9)( p23:q34.1; DEK-NLP214
AML with irme(3)(g21.3g26.2) or 1(33)(g21.3;026.2); GATAZ, MECOM
AML (megakaryoblastic) with 11:22)(p13.3:413.3); REM15-MKL 1
Provisional aniily: AML with BCR-ABL1
AML with mutated NPT
AML with biallalic mutations of CEBPA
Provisional antity: AML with mutated RUNXT
AML with myelodysplasia-ralated changes
Therapy -related myeloid neoplasms
AML, NOS
AML with minimal diflerantiatiion
AML without maturation
AML with maturation
Acute ryalomonocytic leukemia
Acute monoblastic/monocytic leukemia
Pure ery throid leukemia
Acute megakaryoblastic leukemia
Acute basophilic leukermia
Acute panmyelosis with myelofibrosis
Myaloid sarcoma
Myeloid proliferations related to Down syndrome
Transient abnomal myelopoiesis [ TAM)
Myeloid leukemia associaled with Down syndrome
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> CMPD : Chronic myeloproliferative disorder
><MPN : Myeloproliferative neoplasms ‘
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Table 2. Criteria for CML, accelerated phase

CML, accelerated phase criteria

Any 1 or more of the following hematologic/cytogenetic criteria or respQnsed0-TKL i8I s s s ananannn s s s nnnnns

»

« Persistent or increasing WBC (=10 x 10%L), unresponsive to therapy = “Provisional” response-to-TKI criteria -
» Persistent or increasing splenomegaly, unresponsive to therapy e Hematologic resistance to the first TKI (or failure to -
= achieve a complete hematologic response” to the first .

= TKI) or :

» Persistent thrombocytosis (=1000 x 10°1L), unresponsive to therapy = Any hematological, cytogenetic, or molecular indicationsg
= of resistance to 2 sequential TKis or .

e Persistent thrombocytopenia (<100 x 10%L) unrelated to therapy = » Occurrence of 2 or more mutations in BCR-ABL1 during:
= TKI therapy .

G EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEY

* 20% or more basophils in the PB

e 10%-19% blastst in the PB and/or BM

« Additional clonal chromosomal abnormalities in Ph™ cells at diagnosis that include
“major route” abnormalities (second Ph, trisomy 8, isochromosome 17q, trisomy
19), complex karyotype, or abnormalities of 3q26.2

= Any new clonal chromosomal abnormality in Ph™ cells that occurs during therapy

Large clusters 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 1 or more of the criteria listed above.

*Complete hematologic response: WBC, <10 x 10%L; platelet count, <450 % 10%L, no immature granulocytes in the differential, and spleen nonpalpable.

1The finding of bona fide lymphaoblasts in the blood or marrow, even if <<10%, should prompt concern that lymphaoblastic transformation may be imminent and warrants
further clinical and genetic investigation; 20% or more blasts in blood or BM, or an infiltrative proliferation of blasts in an extramedullary site is CML, blast phase.

[_,\

Mprovisonal (EE) oA T =
HIymphoid BPTIL. #{THEE ﬁ'@ﬁ)éf:&)s 555}220%13,U:‘V3ﬁiﬁ91*
BRI d LEEHELECTERULDE LAY,




Table 3. Diagnostic criteria for CNL

CNL diagnostic criteria

1. PB WBC =25 x 10%/L
Segmented neutrophils plus band forms =80% of WBCs
Neutrophil precursors (promyelocytes, myelocytes, and metamyelocytes) <<10%
of WBC
Myeloblasts rarely observed
Monocyte count <1 x 10%/L
No dysgranulopoiesis
2. Hypercellular BM
Neutrophil granulocytes increased in percentage and number
Neutrophil maturation appears normal
Myeloblasts <<5% of nucleated cells
3. Not meeting WHO criteria for BCR-ABL1" CML, PV, ET, or PMF
4. No rearrangement of PDGFRA, PDGFRB, or FGFR1, or PCM1-JAKZ2

5 Presence of CSF3R T618I or other activating CSF3R mutation

a Or

In the absence of a CSFR3R mutation, persistent neutrophilia (at least 3 mo),
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 cytogenetic or molecular studies

B CSF3R B FEEIFCNL
B ELTWWAIEN
M EZEITEMSN AN,
WAZEIE B TIEELY,

B CSF3RELFDTEI18ILE
I CBE AR,

BithiZE CSFIREIZFMEMN
IESNE=EENFET Do




CSF3R1EIGFIZDL\T

B CSF3R : colony stimulating factor 3 receptor.

B CSF3RBEInFDT6181 ZE(L, BIEF Rk M s (CNL)&
EEMRLNESND,

BCNLO AT ARAFTNI=A HIATEB TIEELY,

BCDEEFERIL aCML, AML, CMMLTHABNEHY, 20D
SR (TR LY

B CSF3REBMNFEM BRI —RHEF (G-CSF) DR R T

&Y. CNLTIXCSFIR DEMBREENFELTNSEMNDG,

G-CSFICKDRIFEMNESELE DT T FILAEEIZF R

LTWWSEZEZLND,




Table 4. WHO criteria for PV

WHO PV criteria

= Major criteria

1. Hemoglobin >16.5 g/dL in men

:Hemoglobin =>16.0 g/dL in women

for,

= Hematocrit >49% in men

EHematocrit =48% in women

sor,

=increased red cell mass (RCM)*

EE. BM biopsy showing hypercellularity for age with
trilineage growth (panmyelosis) including
prominent erythroid, granulocytic, and
megakaryocytic proliferation with pleomorphic,
mature megakaryocytes (differences in size)
= 3. Presence of JAK2V617F or JAKZ exon 12

mutation
‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'

Minor criterion
Subnormal serum erythropoietin level EPOIE{E PV T20%IE &
Diagnosis of PV requires meeting either all 3 major criteria, or the first 2 major criteria
and the minor criteriont

*More than 25% above mean normal predicted value.

1Criterion number 2 (BM biopsy) may not be required in cases with sustained
absolute erythrocytosis: hemoglobin levels =18.5 g/dL in men (hematocrit, 55.5%) or
=>16.5 g/dL in women (hematocrit, 49.5%) if major criterion 3 and the minor criterion
are present. However, initial myelofibrosis (present in up to 20% of patients) can only
be detected by performing a BM biopsy; this finding may predict a more rapid
progression to overt myelofibrosis (post-PV MF).

AS&

1. HoDEZEEEDEE (2008D1HE)
- B >16.5g/dL (>18.5¢/dL)
- 2% >16.0g/dL (>16.5g/dL)

BHtL 2T R IR A
B >49%., Lt >48%

2. BREERR (2008 TIX/NEH#ELHT-)
-3MERZDIE ., 2Bk

(FBRRTIEHLEE) D MEFED,
3. JAK2V617F%71-Idexonl12 &

DHFE,
KEHERERSESIE, LUFTDHD, Ht
(B f:555%. &it:405%) LN LDV ETH S,

[/NEE#E)
B AR 4RI =——R A
BRSOV ENT=,
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ET 20 %
A REAE iR 2 £960% 1~3% 25%
PMF HEN 100 .
St B B o £950% 5~10% 35%

*Klampfl 5D (896 Hil)

ET.PMFIX. JAK2, MPL, CALRAINHIDEBEGEFEREHTHEFMNZL.




Table 5. WHO criteria for ET

WHO ET criteria

Major criteria [jc%%]

1. Platelet count =450 x 10%/L

2. BM biopsy showing proliferation mainly of the megakaryocyte lineage with increased numbers of enlarged, mature megakaryocytes with hyperlobulated nuclei. No
significant increase or left shift in neutrophil granulopoiesis or erythropoiesis and very rarely minor (grade 1) increase in reticulin fibers

3. Not meeting WHO criteria for BCR-ABL1" CML, PV, PMF, myelodysplastic syndromes, or other myeloid neoplasms MIgHLIZHHOTHI(RE

[ REHE] (1~31FTFHL)
4. JAK2, CALRHDWE MPL ZEEERH 5,

[/NEHE)

B O0—FILEY—h—ERBHEH. Kt
2B,

B UAK2, CALR, MPL BIEFERNThEEMEDIBECE, KE%E
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Fm/NMRISMEDRT R %
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Table 8. Grading of myelofibrosis

I~

{if

Myelofibrosis grading

MF-0 Scattered linear reticulin with no intersections MF-3
(crossovers) corresponding to normal BM

MF-1 Loose network of reticulin with many intersections,
especially in perivascular areas

MF-2 Diffuse and dense increase in reticulin with

Diffuse and dense increase in reticulin with
extensive intersections and coarse bundles of
thick fibers consistent with collagen, usually
associated with osteosclerosis*

extensive intersections, occasionally with focal
bundles of thick fibers mostly consistent with

poietic areas.
collagen, and/or focal osteosclerosis*

Semiquantitative grading of BM fibrosis (MF) with minor modifications concem-
ing collagen and osteosclerosis. Fiber density should be assessed only in hemato-

*In grades MF-2 or MF-3 an additional trichrome stain is recommended.
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Table 6. WHO criteria for prePMF

= WHO prePMF criteria §

Major criteria [*Eﬁ]

1. Megakaryocytic proliferation and atypia, without reticulin fibrosis >grade 1*, accompanied by increased age-adjusted BM cellularity, granulocytic proliferation, and often

decreased erythropoiesis

2. Not meeting the WHO criteria for BCR-ABL1" CML, PV, ET, myelodysplastic syndromes, or other myeloid neoplasms

3. Presence of JAKZ, CALR, or MPL mutation or in the absence of these mutations, presence of another clonal marker, or absence of minor reactive BM reticulin fibrosist
Minor criteria (]]\Eﬁ]
Presence of at least 1 of the following, confirmed in 2 consecutive determinations:

a. Anemia not attributed to a comorbid condition

b. Leukocytosis =11 x 10%L

c. Palpable splenomegaly

d. LDH increased to above upper normal limit of institutional reference range

Diagnosis of prePMF requires meeting all 3 major criteria, and at least 1 minor criterion

*See Table 8.

tIn the absence of any of the 3 major clonal mutations, the search for the most frequent accompanying mutations (eg, ASXL1, EZH2, TETZ2, IDH1/IDH2, SRSF2, SF3B1)
are of help in determining the clonal nature of the disease.

$Minor (grade 1) reticulin fibrosis secondary to infection, autoimmune disorder or other chronic inflammatory conditions, hairy cell leukemia or other lymphoid neoplasm,
metastatic malignancy, or toxic (chronic) myelopathies.

MICIIREZEDIER EPNEEDVKEBITERZmI=I ENDE,
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Table 7. WHO criteria for overt PMF

u WHO overt PMF crlterla .
EEEEEN

G EEEEEEEEEN
Major criteria [*Eﬁ]
1. Presence of megakaryocytic proliferation and atypia, accompanied by either reticulin and/or collagen fibrosis grades 2 or 3"
2. Not meeting WHO criteria for ET, PV, BCR-ABL1™ CML, myelodysplastic syndromes, or other myeloid neoplasms
3. Presence of JAK2, CALR, or MPL mutation or in the absence of these mutations, presence of another clonal marker,t or absence of reactive myelofibrosist
Minor criteria [I]\Eﬁ]
Presence of at least 1 of the following, confirmed in 2 consecutive determinations:
a. Anemia not attributed to a comorbid condition
b. Leukocytosis =11 x 10%L
c. Palpable splenomegaly
d. LDH increased to above upper normal limit of institutional reference range

e. Leukoerythroblastosis E %%Eﬁﬁ

Diagnosis of overt PMF requires meeting all 3 major criteria, and at least 1 minor criterion

*See Table 8.

tIn the absence of any of the 3 major clonal mutations, the search for the most frequent accompanying mutations (eg, ASXL1, EZH2, TETZ2, IDH1/IDH2, SRSF2, SF3B1)
are of help in determining the clonal nature of the disease.

1BM fibrosis secondary to infection, autoimmune disorder, or other chronic inflammatory conditions, hairy cell leukemia or other lymphoid neoplasm, metastatic
malignancy, or toxic (chronic) myelopathies.

MICIIREZEDIER EPNEEDVKEBITERZmI=I ENDE,
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Table 9. WHO classification of mastocytosis

WHO mastocytosis classification

1. Cutaneous mastocytosis (CM)
2. Systemic mastocytosis
a. Indolent systemic mastocytosis (ISM)*
b. Smoldering systemic mastocytosis (SSM)*
c. Systemic mastocytosis with an associated hematological neoplasm (SM-AHN)t
d. Aggressive systemic mastocytosis (ASM)*
e. Mast cell leukemia (MCL)
3. Mast cell sarcoma (MCS)

*These subtypes require information regarding B and C findings for complete
diagnosis,® all of which may not be available at the time of initial tissue diagnosis.

1This category is equivalent to the previously described “systemic mastocytosis
with an associated clonal hematological non-mast cell lineage disease (SM-
AHNMD).” AHNMD and AHN can be used synonymously.
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2. PDGFRA. PDGFRB F1-I3FGFRT B{zF DB
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3. BEREE/ B iatEEEiES (MDS/MPN)

4. BREER BEIZEE (MDS)
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Table 10. Molecular genetic abnormalities in myeloid/lymphoid neoplasms associated with eosinophilia

Disease Presentation Genetics Treatment
PDGFRA Eosinophilia Cryptic deletion at 4q12 Respond to TKI
1Serum tryptase FIP1L1-PDGFRA, at least 66 other pariners
tMarrow mast cells
PDGFRB Eosinophilia 1(5;12)(q32;p13.2) ETV6-PDGFRB, at least 25 Respond to TKI
Monocytosis mimicking CMML other partners
FGFR1 Eosinophilia Translocations of 8p11.2 Poor prognosis; do not respond to TKI
............. R e T DL 1 L S L DR DTN ST ST ET TR SO
= PCM1-JAK2 Eosinophilia 1(8;9)(p22;p24.1) PCM1-JAKZ May respond to JAK2 inhibitors

Rarely presents with T-LBL or B-ALL
Bone marrow shows left-shifted erythroid
predominance and lymphoid aggregates

1, Increased.

Mt(8:9) (p22:p24.1) PCMI-JAK? Z{ESBEEME/1) /4
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Myelodysplastic/myeloproliferative neoplasms (MDS/MPN)
Chronic myelomonocytic leukemia (CMML)
Atypical chronic myeloid leukemia (aCML), BCR-ABL1"
Juvenile myelomonocytic leukemia (JMML)

MDS/MPN with ring sideroblasts and thrombocytosis (MDS/MPN-RS-T)
MDS/MPN, unclassifiable

BCMMLIZICMML-0(£0) I1A RSN T=,

W2 WEFICPRN T DB FEELLTPCMI-JAKZ2 Y
BNt
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Table 11. Diagnostic criteria for CMML

CMML diagnostic criteria . CMMLTE&\EE':&I;)%%
» Persistent PB monocytosis =1 x 10%/L, with monocytes accounting for =10% of E{Z_: % % ; ( TETZ\ /4 SXL 7\

the WBC count R S=A bl
« Not meeting WHO criteria for BCR-ABLT™ CML, PMF, PV, or ET* SETBP/T 13.& ) 75\ =2 Iitﬁ' H% 1)) %E %
s No evidence of PDGFRA, PDGFRB, or FGFR1 rearrangement or PCM 1-JAKZ2
(should be specifically excluded in cases with eosinophilia) t fd: é o
e <<20% blasts in the blood and BMt
# Dysplasia in 1 or more myeloid lineages. If myelodysplasia is absent or minimal, the
diagnosis of CMML may still be made if the other requirements are met and

s An acquired clonal cytogenetic or molecular genetic abnormality is present in ﬂ'_/ = E/] el %Ijz e

hemopoietic cellsf . j 'ﬁh‘la:\' i K ' S— r H IJ 7 ( ﬂ: I* 1:& L \ ) J
n > i (XY - E’__ J bé::
* The monocytosis (as previously defined) has persisted for at least 3 mo and t r Jjjzl %_\;l'gi* J O) ﬁml %I \ Ei g (o]

s All other causes of monocytosis have been excluded

*Cases of MPN can be associated with monocytosis or they can develop it CM M Lw ;ﬁ g'l ﬁﬁ

during the course of the disease. These cases may simulate CMML. In these
rare instances, a previous documented history of MPN excludes CMML,

whereas the presence of MPN features in the BM and/or of MPN-associated FR% PB BM
mutations (JAKZ, CALR, or MPL) tend to support MPN with monocytosis rather
than CMML.
""" }Biasts "and blast equivalents include myeloblasts, monoblasts, and promon- = o : N

3 3 ™ e “~ ~
ocytes. Promonocytes are monocytic precursors with abundant light gray or slightly § C M M L O 2 A) * IE 5* Iﬁ

basophilic cyloplasm with a few scaftered, fine lilac-colored granules, finely:
distributed, stippled nuclear chromatin, variably prominent nucleoli, and dalicale:
nuclear folding or creasing. Abnormal monocytes, which can be present both in the s
PB and BM, are excluded from the blast count. - C M M L— 1 2 ~ 4 % 5 ~ 9 %

¥The presence of mutations in genes often associated with CMML (eg, TET2, »
SRSF2, ASXL1, SETBFT) in the proper clinical contest can be used to support am
diagnosis. It should be noted however, that many of these mutations can be age- 3
related or be present in subclones. Therefore, caution would have to be used in the § 5 ~ 1 9 % 1 O ~ 1 9 %

int tati f thi ti lts. - —
§ interpretation of these geneticresuts. . GMML-2

FOI)LIMK




CH) PR ER R

Bk iR

i RE 5 RO7E i

AEMha<T, EBNLWNEREERET S,

PEE~BOFIEEMETHY . BERK

Y |zR2H52LhHb. HETHIMNTX—
IVEERIEZERZER I A ENH D,
% AR, 2a<xFoE TV 7 — ML — XK
= THY. ABELTRNMAERT B,
4mBa BEEFRELYITFEEMEIEEE<. LIXLIEH
HCHREGT7 X—ILEBRVYCZEREE T 5,
57 FETTIVT—MEHaMZZED B,
HRE |RE&. mlE7X—ILERNRET S,
% FETEAVCUNAHAZET %,

TEBK I ETRTEIK (X, BRIEAR TV DOLEANTE DL
TRV RIEMD A MNRALHIELZDHZENZLY,




Table 12. Diagnostic criteria for aCML, BCR-ABL1~

aCML diagnostic criteria

+ PB leukocytosis due to increased numbers of neutrophils and their precursors
(promyelocytes, myelocytes, metamyelocytes) comprising =10% of leukocytes)

* Dysgranulopoiesis, which may include abnormal chromatin clumping

« Mo or minimal absolute basophilia; basophils usually <2% of leukocytes

+ Mo or minimal absolute monocytosis; monocytes <10% of leukocytes

* Hypercellular BM with granulocytic proliferation and granulocytic dysplasia, with or
without dysplasia in the erythroid and megakaryocytic lineages

s << 20% blasts in the blood and BM

+ Mo evidence of PDGFRA, PDGFRB, or FGFR1 rearrangement, or PCM1-JAKZ2

» Not meeting WHO criteria for BCR-ABL1" CML, PMF, PV, or ET*

*Cases of MPN, particularly those in accelerated phase and/or in post-
polycythemic or post-essential thrombocythemic myelofibrosis, if neutrophilic, may
simulate aCML. A previous history of MPN, the presence of MPN features in the BEM
and/or MPN-associated mutations (in JAKZ2, CALA, or MPL) tend to exclude a
diagnosis of aCML. Conversely, a diagnosis of aCML is supported by the presence
of SETBP1 and/or ETNK1 mutations. The presence of a CSF3R mutation is
uncommon in aCML and if detected should prompt a careful morphologic review to
- exclude an alternative diagnosis of CHNL or other myeloid neoplasm.

B CSF3REEIICNLTIEEEH, aCMLTIIFHTH D,

B SETBP/I and /or ETNKT ZE(I#91/3DEHIZH S,
MPNIZBEELT-FSA/\—Z & (UAK2. CALR. MPL) |3 1B&
LY (WA AR
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Table 13. Diagnostic criteria for MDS/MPN with ring sideroblasts
and thrombocytosis

MDS/MPN diagnostic criteria

= Anemia associated with erythroid lineage dysplasia with or without multilineage
dysplasia, =15% ring sideroblasts,” < 1% blasts in PB and <5% blasts in the BM

+ Persistent thrombocytosis with platelet count =450 x 10°/L

» Presence of a SF3B1 mutation or, in the absence of SF3B1 mutation, no history of
recent cytotoxic or growth factor therapy that could explain the myelodysplastic/
myeloproliferative featurest

« No BCR-ABL1 fusion gene, no rearrangement of PDGFRA, PDGFRB, or FGFRT;
or PCM1-JAKZ: no (3;3)(q21;926), inv(3)(q21g26) or del(5q)F

* No preceding history of MPN, MDS (except MDS-RS), or other type of MDS/MPN

*At least 15% ring sideroblasts required even if SF3B1 mutation is detected.

tA diagnosis of MDS/MPN-RS-T is strongly supported by the presence of
SF3B1 mutation together with a mutation in JAKZ V617F, CALR, or MPL genes.

$In a case which otherwise fulfills the diagnostic criteria for MDS with isolated del
= (5g)-no or minimal absolute basophilia; basophils usually <2% of leukocytes.
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