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Overview
• Introduction MDS/MPN
• Definition CMML
• Approach to monocytosis
• Peripheral blood morphology
• Routine cellcounter and peripheral blood flowcytometry
• Bonemarrow aspirate cytology and corebiopsy evaluation
• Molecular testing
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MDS/MPN

3 Chan et al. Chronic myelomonocytic leukemia diagnosis and management. Leukemia. 2021 Jun;35(6):1552-1562. 



4 Fontana et al. Myelodysplastic Syndromes/Myeloproliferative Overlap Neoplasms and Differential Diagnosis in the WHO and ICC 2022 Era: A Focused 
Review. Cancers (Basel). 2023 Jun 13;15(12):3175. 



WHO 2022
• Prerequisite criteria

• Supporting criteria
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1. Persistent absolute (≥0.5 × 109/ L) and relative (≥10%) peripheral blood monocytosis.

2. Blasts constitute <20% of the cells in the peripheral blood and bone marrow.a

3. Not meeting diagnostic criteria of chronic myeloid leukaemia or other myeloproliferative neoplasms.b

4. Not meeting diagnostic criteria of myeloid/lymphoid neoplasms with tyrosine kinase fusions.c

1. Dysplasia involving ≥1 myeloid lineages.d

2. Acquired clonal cytogenetic or molecular abnormality.

3. Abnormal partitioning of peripheral blood monocyte subsets.e

Khoury et al. The 5th edition of the World Health Organization Classification of Haematolymphoid Tumours: Myeloid and 
Histiocytic/Dendritic Neoplasms. Leukemia. 2022 Jul;36(7):1703-1719. 



ICC 2022

6 Arber et al. International Consensus Classification of Myeloid Neoplasms and Acute Leukemias: integrating morphologic, clinical, 
and genomic data. Blood. 2022 Sep 15;140(11):1200-1228. 
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Subclassifications
• Important for prognosis: WBC count and blast%

• WBC ≥13 × 109/L MPN‐CMML
• WBC < 13 x 109/L  MDS‐CMML

• CMML‐1 (<5% in PB and/or <10% in BM)
• CMML‐2 (5%‐19% blasts in PB and/or 10%‐19% in BM and/or Auer rods 

are present
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Changes in classification

9 Baumgartner  et al. Comparing malignant monocytosis across the updated WHO and ICC classifications of 2022. Blood. 2023 Dec 
8:blood.2023021199. doi: 10.1182/blood.2023021199. Epub ahead of print. PMID: 38064663.



Epidemiology
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Monocytosis
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12 Mangaonkar et al. Differential Diagnosis and Workup of Monocytosis: A Systematic Approach to a 
Common Hematologic Finding. Curr Hematol Malig Rep. 2021 Jun;16(3):267-275..
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BJH guidelines 2020 
• Diagnostic criteria not

adapted yet to the new 
classification

• Bone marrow aspirate 
should be assessed for 
monocytes, 
promonocytes and 
monoblasts

14 Beckers et al. Belgian guidelines for diagnosis and treatment of chronic myelomonocytic leukaemia (BELG J HEMATOL 2020;12(2):66-76)



Recommendations
• Complete blood count including peripheral blood smear
• Bone marrow aspirate
• Bone marrow biopsy
• Cytogenetic analysis (at least twenty mitoses) of preferably bone 

marrow is mandatory in the diagnostic work-up of CMML
• Mutational analysis, using a conventional myeloid panel should also be 

included
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Case 1
• 87y woman
• Medical History:

• Partial colectomy
• Hysterectomy
• Age related macula degeneration

• Admitted for a femur fracture and osteoporosis
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Absolute count/µL %



WBC 4740/µL

38,6% 
neutrophils

29,6% 
lymphocytes

29,8% 
monocytes

0,6% 
eosinophils

0,8% basophils

No nRBCs
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Mono-dysplasia score
• Calculation based on 

• Monocyte count
• Neutrophil count/Monocyte cound
• NE-WX

• Positive if > 0,160
• Sensitivity: 92,3%
• Specificity: 93,6%

20 Schillinger F et al. (2018): A new approach for diagnosing chronic myelomonocytic leukemia using structural parameters of Sysmex XN 
analyzers in routine laboratory practice. Scand J Clin Lab Invest. 78(3)
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22 Kocaturk et al. A new approach for diagnosing hematological malignancies using monocytosis workflow optimization and abnormal 
lymphocyte/blast flag of Sysmex XN series of blood count analyzers. Int J Lab Hematol. 2020 Dec;42(6):744-749. 



Neutrophils
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Monocytes

24



25
Cellwiki.net



Flow cytometry
• Monocyten subsetanalysis

• cMo CD14++ CD16-
• iMo CD14++ CD16+
• ncMo CD14 low/neg CD16++

• Sensitivity 90,6-91,9%, specificity 94,1-95,1%
• CMML based on old WHO 2016 criteria 

26 Selimoglu-Buet D, et al. Characteristic repartition of monocyte subsets as a diagnostic signature of chronic myelomonocytic 
leukaemia. Blood. 2015; 125(23):3618-26. 



Flowcytometry

27 Selimoglu-Buet D, et al. Characteristic repartition of monocyte subsets as a diagnostic signature of chronic myelomonocytic 
leukaemia. Blood. 2015; 125(23):3618-26. 



28 Selimoglu-Buet D, et al. Characteristic repartition of monocyte subsets as a diagnostic signature of chronic myelomonocytic 
leukaemia. Blood. 2015; 125(23):3618-26. 



29 Selimoglu-Buet D, et al. Characteristic repartition of monocyte subsets as a diagnostic signature of chronic myelomonocytic 
leukaemia. Blood. 2015; 125(23):3618-26. 
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32 Picot et al. Evaluation by Flow Cytometry of Mature Monocyte Subpopulations for the Diagnosis and Follow-Up of Chronic 
Myelomonocytic Leukemia. Front Oncol. 2018 Apr 12;8:109. 



33 Picot et al. Evaluation by Flow Cytometry of Mature Monocyte Subpopulations for the Diagnosis and Follow-Up of Chronic 
Myelomonocytic Leukemia. Front Oncol. 2018 Apr 12;8:109. 



34 Selimoglu-Buet et al. Accumulation of classical monocytes defines a subgroup of MDS that frequently evolves into CMML. Blood. 2017 Aug 
10;130(6):832-835. 



35 Tarfi et al. Disappearance of slan-positive non-classical monocytes for diagnosis of chronic myelomonocytic leukemia with associated 
inflammatory state. Haematologica. 2019;105:e147–e152.



Approach mono-dysplasia + flow 

36 Zhu et al. A hierarchical approach in the diagnostic workflow of chronic myelomonocytic leukemia: Pivotal role of 
the "Mono-dysplasia-score" combined with flow cytometric quantification of monocyte subsets. Int J Lab Hematol. 
2019 Dec;41(6):782-790.



Flow cytometry blood
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Bonemarrow aspirate
10x spicule
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Key abnormalities
Megakaryocytic
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Key abnormalities
Erythroid
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Key abnormalities
Myeloid
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Key abnormalities
Monocytic
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Conclusion cytology
• Mild hypogranulation and seldom nuclear abnormality of myeloid cells
• Seldom erythroid nuclear abnormality
• Seldom mono- and bilobed megakaryocytes
= Dysplasia in the 3 lineages

• Normal blast count (2,6%) (ref <2,9%)
• Elevated monocyte count (9,4%) (ref <5,2%)
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Cytogenetics
• 20-30% of the patients have an abnormality
• Frequent abnormalities include:

• Trisomy 8
• Loss of Y chromosome

• Not disease specific
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Molecular origin of CMML

50 Chan et al. Chronic myelomonocytic leukemia diagnosis and management. Leukemia. 2021 Jun;35(6):1552-1562.



Most frequently affected
molecular genes
• Epigenetic regulation

• TET2, ASXL1
• Spliceosome

• SRSF2
• Signal transduction

• RAS pathway
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52 Chan et al. Chronic myelomonocytic leukemia diagnosis and management. Leukemia. 2021 Jun;35(6):1552-1562. 



53 Patnaik et al. Myelodysplastic syndrome/myeloproliferative neoplasm overlap syndromes: a focused review. Hematology Am Soc Hematol Educ Program. 
2020 Dec 4;2020(1):460-464..



Molecular approach
• BCR-ABL P190 P210
• NGS myeloid panel DNA
• NGS myeloid panel RNA
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NGS
AmpliSeq for Illumina Myeloid Panel (74 genes) on the Miseq
• DNA-NGS panel for all (suspected) myeloid samples
• Plus RNA-NGS panel for AML and (suspected) MPN with eosinophilia
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• 0 Pathogenic variants
• 2 Probably pathogenic variants
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Case 2
APD

58

• 73 years old man
• History:  1995 Car accident talusfracture
• 1997 Psychotic depression
• Bilateral pneumonia 2005
• Umbilical hernia reapir 2010
• Arthroscopic evaluation right shoulder
• Lumbalgia

• Leukocytosis with myelomonocytic formula
• -> bone marrow evaluation



Peripheral blood
• WBC 12600
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APD
• Hypercellular

for age

60 Courtesy of Dr. T. Steelandt
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APD conclusion
• Hypercellular for age
• Proliferation of myeloid lineage
• No specific abnormalities in erythroid and megakaryocytic lineage
• Grade 1 fibrosis (MF-1)
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Aspirate conclusion
• Mild hypogranulation and nuclear abnormalities in myeloid lineage
• Normal erythroid lineage
• Seldom monolobar megakaryocytes

• Normal blast count (0,8%) (ref <2,9%)
• Monocytosis (12,8%) (ref <5,4%)
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Molecular results
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• 1 Pathogenic variants
• 3 Probably pathogenic variants



Prognosis
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CPSS-Mol part A
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CPSS-Mol part B
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Summary
• Important changes in diagnostic criteria
• Implementation of peripheral blood flow cytometry
• Role of molecular diagnostics
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