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¢ƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ƻŦ a5{κatb ŜƴǘƛǘƛŜǎ ǘƻ ΨǇǳǊŜΩ 
MDS and MPN entities
ÅMDS/MPN diseases should exhibit the combined proliferative and 

dysplastic features at the initial diagnosis

ÅPatients with a previously established diagnosis of MDS or MPN may 
evolve to a picture mimicking MDS/MPN

ÅPersistent monocytosis and/or leukocytosis in MDS

ÅCytopenias, monocytosis, and/or new dysplastic morphology in MPN

ÅThese changes may be a sign of disease progression or even impending 
transformation to AML, but generally do not change the diagnosis to an 
MDS/MPN

ÅWHO 5th edition allows prior MDS or MPN for some MDS/MPN entities



Ψ5ȅǎǇƭŀǎǘƛŎΩ ŜǾƻƭǳǘƛƻƴ ƻŦ atb  ґ  a5{κatb

CML
PMF
CNL
ET
PV

1. Dysplastic morphology
2. Ring sideroblasts
3. Monocytosis

Often accompanied by 
cytopenias not explained by:
ωMarked marrow fibrosis
ωSplenomegaly
ωMetabolic deficiencies
ωTreatment

AML

Boiocchi L et al. Mod Pathol2013;26:204-12, Bain BJ et al. Am J Hematol2010;85:866, Boiocchi 
L et al. Hum Pathol2019;86:1, Chapman J et al. Mod Pathol2018;31:429

Primary myelofibrosis with dysmegakaryopoiesis



Myelodysplastic/myeloproliferative neoplasms 
(MDS/MPN)

2022 ICC 2022 WHO 2017 WHO Equivalents

Chronic myelomonocytic leukemia Chronic myelomonocytic leukemia Chronic myelomonocytic leukemia

Atypical chronic myeloid leukemia MDS/MPN with neutrophilia Atypical chronic myeloid leukemia, BCR-
ABL1negative

MDS/MPN with SF3B1mutation and 
thrombocytosis MDS/MPN with SF3B1mutation and 

thrombocytosis
MDS/MPN with ring sideroblasts and 
thrombocytosisMDS/MPN with ring sideroblasts and 

thrombocytosis, NOS

MDS/MPN, NOS MDS/MPN, NOS MDS/MPN, NOS

MDS/MPN with isolated i(17q)



Chronic myelomonocytic leukemia (CMML)

ÅMDS/MPN characterized by 
excess production of 
monocytes

ÅIneffective hematopoiesis 
manifesting as one or more 
cytopenias and dysplasia in 
non-monocytic lineages



The diverse causes of monocytosis

Reactive
ÅRecovering bone marrow post-

chemotherapy

ÅG-CSF therapy

ÅAutoimmune diseases

ÅSarcoidosis

ÅTuberculosis, brucellosis, 
leishmaniasis, viral infections

ÅEndocarditis

Neoplastic 
ÅCMML

ÅMDS with monocytic progression

ÅMPN with monocytic progression

ÅJMML

ÅAML with monocytic differentiation

Patnaik MM et al. BJH 2014 Courtesy of Dr David Steensma



CMMLperipheral blood



CMML bone marrow aspirate smear



CMML bone marrow biopsy



Chronic myelomonocytic leukemia (CMML)
Features WHO 5th ed ICC

Cytosis Persistent monocytes җлΦр Ȅ мл9κ[ ŀƴŘ җмл҈ ƻŦ ²./

Cytopenia None required At least 1 cytopenia

Blasts CMML-1: <10% BM and <5% PB
CMML-2: 10-19% BM or 5-19% PB or Auer rods

Morphology None specified BM hypercellularitydue to a myeloidproliferation
often with increasedmonocytes

Cases with 
monocytes җм 
x 109/L 

At least one of the following: 
1. Dysplasia
2. Abnormal monocyte partitioning*
3. Clonal genetic abnormality 

At least one of the following: 
1. Dysplasia or increased blasts
2. Abnormal monocyte immunophenotype
3. Clonal genetic abnormality (VAF җмл҈ύ

Cases with 
monocytes 
0.5-<1 x 109/L

Clonal genetic abnormality and dysplasia Clonal genetic abnormality (VAF җмл҈ύ

Exclusions CML, other MPN, MLN-TKF

Subtyping Dysplastic (WBC <13 x 109/L) and Proliferative(WBC җмо Ȅ мл9/L) subtypes

*Ҕфп҈ /5мп Ǉƻǎκ/5мс ƴŜƎ άŎƭŀǎǎƛŎŀƭέ ahм ƳƻƴƻŎȅǘŜǎ



Calvo X Blood Adv. 2020;4:5285, Geyer  JT Mod Pathol2017;30:1213 

җмл҈ ƳƻƴƻŎȅǘŜǎ
җм Ȅ мл9/L

άOligomonocyticέ 
җмл҈ ƳƻƴƻŎȅǘŜǎ
0.5-<1 x 109/L

CMML

OM-CMML

9ȄǇŀƴŘƛƴƎ /aa[ ǘƻ ƛƴŎƭǳŘŜ άoligomonocyticέ ŎŀǎŜǎ



CMML subgroups

ÅStratification based on white blood cell count
ïtǊƻƭƛŦŜǊŀǘƛǾŜ ǘȅǇŜΥ ²./ Ŏƻǳƴǘ җмо Ȅ мл9/L 

ïDysplastic type: WBC count <13 x 109/L 

ïDifferences in mutation profile and prognosis
ÅRAS pathway mutations more common in proliferative

ÅStratification based on blast + promonocyte %
ïCMML-0: <5% BM blasts, <2% PB blasts

ïCMML-1: 0-9% BM blasts and 0-4% PB blasts

ïCMML-2: 10-19% BM blasts or 5-19% PB blasts 
(or any Auer rods)

Schuler E et al. LeukRes 2014;38:1413, CerveraN et al. Am J Hematol2014;89:604, Ricci C et al. Clin Cancer Res 2010;16:2246 
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CMML patients with proliferative 
phenotype, median survival ~19 months.

CMML patients with dysplastic phenotype, 
survival ~30 months.



Is oligomonocyticCMML an early stage of CMML?

Calvo X Blood Adv 2022;6:3921



CMML: Genetic features
Å60-80% have normal karyotype 

ïMust exclude t(5;12)(PDGFRBfusion) in cases with eosinophilia

ÅDistinctive (but not specific) mutation profile

ïTET2, SRSF2, or ASXL1mutated in 80-90% of cases

ïRUNX1, CBL, KRAS/NRAS, and other mutations also occur

ïMutations support the diagnosis, but in the absence of CMML morphology 

ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ άŎƭƻƴŀƭ ƳƻƴƻŎȅǘƻǎƛǎ ƻŦ ǳƴŘŜǘŜǊƳƛƴŜŘ ǎƛƎƴƛŦƛŎŀƴŎŜέ ƛƴ L//

ïNPM1mutation or 11q23 (KMT2A) rearrangements may occur in 

monocytic proliferations mimicking CMML, and are now generally 

considered to be AML-defining in ICC/WHO5th ed
ItzyksonR JCO2013;31:2428. Courville E Mod Pathol2013;26:751, GoasguenJE Haematologica2009;94:994-7, Cargo Blood. 2019;133:1325-1334



Diagnostic issues with CMML

Lysozyme

Skin infiltration by CMML monocytesÅExtramedullary 
manifestations

ïMature monocytic infiltrates 
in skin, CSF, other sites

ïPlasmacytoid dendritic cell 
nodules

ÅDistinguishing blast 
equivalents (promonocytes) 
from atypical monocytes

ïCMML-1 versus CMML-2

ïCMML versus AML with 
monocytic features



Monocyticcells

Monoblasts Promonocytes Monocytes

BLAST EQUIVALENTS



Blasts in CMML: Blasts and Promonocytes (blast equivalents)

Goasguen J et al. Haematologica 2009

Monoblasts

Promonocytes  Promonocytes with granules

Courtesy of Attilio Orazi, Texas Tech University



Other diagnostic issues with CMML

ÅAlways check the monocyte count before diagnosing MDS!

ïNew monocyte threshold of 0.5 x 109/L: but should document persistence 
on multiple measurements over time

ïMarrow monocytes often are NOT increasedτdefinition is based on 
peripheral blood monocytes

ïDysplasia in CMML can be subtle or even absent

ÅKeep an eye out for other myeloid cell proliferations that may 
accompany CMML in the bone marrow

ïSystemic mastocytosis (may be subtleτconsider CD117/tryptase staining!)

ÅDetection of a KITmutation by NGS should prompt a re-look for mastocytosis

ïMature plasmacytoid dendritic cell nodules (CD4+, CD56+, CD123-)

Craig JW Mod Pathol2020;33:1135, Geyer JT Mod Pathol2017;30:1213, Calvo X Blood Adv 2020;4:5285



CMML with associated systemic mastocytosis (SM-AHN) Tryptase

CD25

Craig JW Mod Pathol2020;33:1135



Atypical CML BCR-ABL1negative(ICC)
MDS/MPN with neutrophilia (WHO 5th ed)

ÅMDS/MPN characterized by excess 
production of granulocytes

ÅMarked granulocytic dysplasia and 
left-shift in blood

ÅCan mimic CML in its 
presentation, but is a completely 
unrelated disease



Atypical CML definition

Å[ŜǳƪƻŎȅǘƻǎƛǎ ό²./ җмо Ȅ мл9κ[ύ ǿƛǘƘ җмл҈ ƛƳƳŀǘǳǊŜ 
granulocytic forms

ÅDysgranulopoiesis in blood and marrow

ÅExclusion of common mimics

ïCML

ïChronic neutrophilic leukemia (CNL)

ïCMML

ïGenetically-defined eosinophilic neoplasms



Atypical CML peripheral blood



Atypical CML bone marrow


