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Abstract

Introduction: Chronic myelomonocytic leukemia (CMML) is a myelodysplastic/myeloproliferative 
neoplasm. In 2022, updated diagnostic classifications for CMML were introduced by the International 
Consensus Classification (ICC) and World Health Organization (WHO). Monocytes are subdivided into 
three populations: classical (MO1), intermediate (MO2), and non-classical (MO3). One of the newly 
established diagnostic criteria for CMML is an increase in the MO1 fraction to ≥ 94%, as determined 
by multiparametric flow cytometry (MFC). This parameter has been shown to be a highly sensitive and 
specific marker that can rapidly and accurately differentiate CMML from other conditions.

Material and methods: At the Department of Hematology, Cellular Therapies, and Internal Med-
icine, University Clinical Hospital in Wrocław, we evaluated the distribution of monocytes and their 
subpopulations using MFC in 27 patients with newly diagnosed CMML, classified according to the up-
dated WHO criteria.

Results: The criterion of an MO1 fraction ≥ 94% was fulfilled in 22 patients (81.5%).
Conclusions: Our findings are consistent with previously published data and support the utility 

of this method as a reliable tool for both initial screening and longitudinal monitoring of CMML.

Key words: chronic myelomonocytic leukemia, classical monocytes, reactive monocytosis, monocyte 
subsets.

(Cent Eur J Immunol 2026; 51: 1-9)

Introduction
Chronic myelomonocytic leukemia (CMML) is one 

of the neoplasms within a heterogeneous group of myeloid 
malignancies, characterized by both myelodysplastic and 
myeloproliferative features [1, 2]. Over the past decade, 
significant advances have been made in the molecular di-
agnosis of myelodysplastic syndrome/myeloproliferative 
neoplasm (MDS/MPN), among others. This has led to 
changes in the classification and nomenclature of the dis-
ease. Recently, the International Consensus Classification 
(ICC) of myeloid neoplasms was published, updating 
the diagnostic criteria for CMML, among others (Table 1A) 
[3]. Additionally, the fifth edition of the World Health Or-
ganization (WHO) classification of hematopoietic tumors 
was published in 2022 (Table 1B) [3]. These classifica-
tions have been expanded to include recurrent genetic al-
terations, precursor states, and early stages of MDS/MPN 
disease, which were not included in previous versions [4].

The revised fifth edition of the WHO classification 
has integrated monocyte subset partitioning by multipara-
metric flow cytometry (MFC) as a supporting criterion for 

CMML diagnosis [3], while the ICC recommends search-
ing for an abnormal monocyte profile [5].

A prerequisite for the diagnosis of CMML is an in-
creased number of monocytes. Monocytosis has various 
causes; therefore, as long as CMML is not confirmed in 
a patient with monocytosis, a differential diagnostic pro-
cess is required. The differential diagnosis in such patients 
should include reactive monocytosis and an increased 
monocyte count associated with conditions such as inflam-
matory processes or MPN [6].

There are three subpopulations of monocytes: classi-
cal (MO1), intermediate (MO2), and non-classical (MO3). 
MO1 cells strongly express the CD14 antigen and are neg-
ative for the CD16 antigen. They constitute the majority 
of monocytes in the blood of healthy individuals, approx-
imately 85%. MO2 cells express CD14 and lack CD16, 
while MO3 cells show weak CD14 expression and positive 
CD16 expression. It is known that the MO1 percentage is 
elevated in patients with CMML. When the cut-off point 
for MO1 percentage in MFC is set at ≥ 94%, both the sen-
sitivity and specificity of CMML diagnosis exceed 90%. 
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Furthermore, an MO3 fraction of < 1.13% is also useful 
in distinguishing CMML from other diseases [7-9]. This 
pattern is independent of CMML subtype, karyotype, and 
mutational factors. Additionally, MFC can be used to as-
sess response to treatment.

False-negative results can occur in the presence of con-
current inflammatory conditions, including autoimmune 
diseases. Conversely, false-positive results may arise due 
to the presence of other myeloid malignancies, such as 
atypical chronic myeloid leukemia (aCML) [10].

The ICC has proposed revising the diagnostic criteria 
for CMML by lowering the threshold for monocytosis in 
peripheral blood (PB), adding cytopenias as a new diag-
nostic requirement, and emphasizing the role of genetic 
abnormalities in assessing disease clonality [5].

Both the 2022 WHO classification and the ICC recog-
nize the importance of phenotypic testing in distinguishing 
CMML from other causes of monocytosis. Thus, the diag-
nosis of CMML must always be based on a combination 
of clinicopathological, phenotypic, and molecular data [3, 
5]. Currently, there are two updated yet divergent CMML 
classifications, each based on partially different diagnostic 
criteria [11]. The differences include requirements for bone 
marrow (BM) characteristics, MFC results, and variant al-
lele frequency (VAF) thresholds used to define clonality 
based on mutations [3, 5].

Material and methods
A retrospective analysis was conducted on patients with 

newly diagnosed, previously untreated CMML at the De-
partment of Hematology, Cellular Therapies, and Internal 
Medicine, University Clinical Hospital in Wrocław. Periph-
eral blood and BM samples were collected in EDTA tubes 
after obtaining written informed consent, in accordance 
with the Declaration of Helsinki. The aim of the study was 
to assess the fulfillment of the WHO 2022 classification 
criteria for CMML, in particular the MO1 ≥ 94% threshold, 
among newly diagnosed patients.

A total of 27 patients diagnosed between January 2022 
and June 2025 were included, comprising 7 women and  
20 men. The median age was 74 years (range: 61-87 years).

Patients were evaluated based on the new 2022 WHO 
criteria (we did not assess patients according to the ICC 
classification). Monocytosis greater than 0.7 × 109/l was 
observed in their PB, with monocytes accounting for ≥ 10% 
of white blood cells (WBC). Monocytosis was accompa-
nied by cytopenias and dysplasia, along with clonal genet-
ic abnormalities. Acute myeloid leukemia (AML), MDS, 
CML with p190 fusion, and myeloid/lymphoid neoplasms 
with eosinophilia and tyrosine kinase gene fusions (M/LN- 
Eo-TK) were excluded. Among the various classifica-
tion criteria for the disease, this study primarily focused 

Table 1A. The ICC diagnostic criteria for chronic myelo-
monocytic leukemia (CMML) [3]

Monocytosis defined as monocytes ≥ 0.5 × 109/l  
and ≥ 10% of WBC

Cytopeniaa

Blasts (including promonocytes) < 20% of nucleated cells 
in PB and BM

Presence of clonality
Abnormal cytogenetics and/or

≥ 1 myeloid neoplasm-associated gene mutation (VAF ≥ 10%)b

In cases without evidence of clonality:
Monocytes ≥ 1.0 × 109/l and ≥ 10% of WBCs with ≥ 1 

of the following:
–– increased blasts (including promonocytes)c

–– morphologic dysplasia
–– abnormal immunophenotype consistent with CMML

BM examination consistent with CMML (hypercellularity due to 
myeloid proliferation often with increased monocytes) and lacking 
diagnostic features of AML, MPN or other conditions associated 

with monocytosis

No BCR: ABL1 fusion or genetic abnormalities consistent  
with M/LN-eo-TK

aRare cases may show borderline or no cytopenia usually in phase disease, 
bBased on International Consensus Group Conference, Vienna, 2018 [48];  
cDefined as blasts ≥ 5% in BM and ≥ 2% in PB
AML – acute myeloid leukemia, BM – bone marrow, CMML – chronic myelo-
monocytic leukemia, M/LN-eo-TK – myeloid/lymphoid neoplasms with eosin-
ophilia and tyrosine kinase gene fusion, MPN – myeloproliferative neoplasm,  
PB – peripheral blood, VAF – variant allele frequency, WBCs – white blood cells

Table 1B. 2022 WHO diagnostic criteria for chronic my-
elomonocytic leukemia (CMML) [3]

Prerequisite criteria
1. �Persistent monocytosis, defined as monocytes ≥ 0.5 × 109/l  

and ≥ 10% of WBCs

2. Blastsa < 20% of nucleated cells in PB and BM
3. Not meeting diagnostic criteria of CML or other MPN
4. Not meeting diagnostic criteria of M/LN-eo-TK

Supporting criteria
1. Dysplasia involving ≥ 1 myeloid lineageb

2. Acquired clonal cytogenetic or molecular abnormality
3. Abnormal partitioning of PB monocyte subsetsc

Diagnostic requirements
A diagnosis of CMML is made if all prerequisite criteria 

are present together with:
–– ≥ 1 supporting criterion, if monocytosis is ≥ 1 × 109/l
–– both supporting criteria #1 and #2, if monocytosis is  

0.5-1.0 × 109/l

Subtyping criteria
–– Myelodysplastic CMML: WBCs < 13 × 109/l
–– Myeloproliferative CMML: WBCs ≥ 13 × 109/l

Subgrouping criteria (based on percentage of blasts 
and promonocytes)

–– CMML-1: < 5% in PB < 10% in BM
–– CMML-2: 5-19% in PB and 10-19% in BM

a Blast count includes myeloblasts, monoblasts and promonocytes; b Dysplasia 
should be present in ≥ 10% of cells of a hematopoietic lineage in the BM; 
c Based on detection of > 94% classical monocytes in the absence of known 
active autoimmune disease and/or systemic inflammatory syndromes
BM – bone marrow, CML – chronic myeloproliferative neoplasm, MPN – my-
eloproliferative neoplasm, PB – peripheral blood, WBCs – white blood cells
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on the phenotypic analysis of monocyte subpopulations. 
Patients were examined not only for the percentage dis-
tribution of monocyte subpopulations in PB using MFC, 
but also to determine how many met the cut-off criterion 
of ≥ 94% for MO1 in CMML. Additionally, we assessed 
how many patients had MO3 < 1.13%. The control group 
consisted of 10 healthy individuals. The median age was 
comparable to that of the study group (Table 2).

Mouse anti-human monoclonal antibodies, all pur-
chased from Becton Dickinson and Company (BD), San 
Jose, CA, were used for analysis: CD64, CD16, CD2, CD56, 
CD123, CD14, HLA-DR, and CD45. For MFC analysis,  
4 ml of blood was collected in EDTA tubes (BD). Whole 
PB (150 μl) nucleated cells were surface-stained with 
the following fluorescence-conjugated mouse anti-human 
monoclonal antibodies in a single eight-color tube: CD64 
FITC, CD16 PE, CD2 PerCP-Cy5.5, CD56 PC-7, CD123 
APC, CD14 APC-H7, HLA-DR V450, and CD45 V500 
with procedure lyse/wash. Lysing solution from BD was 
diluted 10-fold and used for lysing. The evaluation of nu-
cleated cells was carried out using an eight-color FACS 
Canto II flow cytometer BD. In each test tube, as many cells 
as possible were collected, with an average of 200,000 cells 
per sample, resulting in an average of 50,000 monocytes 
with the CD14+CD16– phenotype. The data were analyzed 
using BD FACSDiva software v8.0 (Fig. 1). Cell stain-
ing and sample acquisition took place immediately after 
the sample was delivered to the flow cytometry laboratory, 
i.e. within 4 hours of collection.

Statistical calculations were performed in R software 
(version R 4.4.2). Categorical parameters were presented 
with n (%). Numerical parameters were presented with 
mean ±standard deviation (SD) or median (interquartile 
range – IQR). Normality was verified with the Shap-
iro-Wilk test as well as skewness and kurtosis. Compari-
sons were made using Student’s t test, Welch’s t test and 
the Mann-Whitney U test, as appropriate. The mean/medi-
an difference (MD) with 95% confidence interval (CI) was 
calculated for all comparisons. Correlation analysis was 
conducted using the Spearman correlation method due to 
non-normal distribution of some variables. All statistical 
tests assumed significance when p < 0.05 (Table 3).

Results

All monocyte-related parameters demonstrated a sig-
nificant difference between patients with CMML and 
the control group. MO1 in PB was higher among patients 
with CMML compared to the control group, MD = 5.10, 
95% CI: 2.90 to 7.50, p = 0.001. MO2 in PB was lower 
among patients with CMML compared to the control 
group, MD = –2.70, 95% CI: –4.20 to –1.10, p = 0.007. 
MO3 in PB was lower among patients with CMML com-
pared to the control group, MD = –2.70, 95% CI: –4.10 
to –1.80, p < 0.001. The proportion of monocytes in PB 
was higher among patients with CMML compared to 
the control group, MD = 18.71, 95% CI: 14.56 to 22.85,  
p < 0.001. PB monocytosis was higher among patients 
with CMML compared to the control group, MD = 2.23, 
95% CI: 1.11 to 2.91, p < 0.001 (Fig. 2).

A total of 22 patients (81.5%) fulfilled the criterion 
of MO1 > 94% in PB. In 19 patients (70.0%), MO3 < 1.13% 
was observed. Concurrent fulfillment of both conditions 
was noted in 18 patients (66.7%) (Table 2).

The first set of figures presents histograms, shown only 
for the study group, illustrating the distribution of all con-
tinuous parameters within this cohort (Fig. 3). The second 
figure is a box-and-whisker plot (boxplot), which pro-
vides a clear comparison of the values and distributions 
of the analyzed parameters between groups. Comparisons 
are shown only for those parameters for which data were 
available in both groups.

Discussion

Multiparametric flow cytometry is valuable for con-
firming the number of monocytes and blast cells, as well 
as identifying different monocyte populations. Analyzing 
the percentage of PB monocyte subpopulations using MFC 
has been proposed as a quick and effective method to dif-
ferentiate CMML from reactive monocytosis, emphasizing 
an increase in the MO1 fraction above 94% and a decrease 
in the percentage of MO3. Our experience with routine 
MFC testing on PB samples from newly diagnosed CMML 
patients is similar to findings reported in the literature.

Table 2. Comparison of monocyte-related parameters between study group and control group

Variable Study group (n = 27) Control group (n = 10) MD (95% CI) p

MO1 in PB (%) 96.10 (94.20-97.55) 91.00 (88.90-92.80) 5.10 (2.90-7.50) 0.001

MO2 in PB (%) 2.90 (1.65-4.45) 5.60 (4.48-6.60) –2.70 (–4.20-–1.10) 0.007

MO3 in PB (%) 0.50 (0.10-1.35) 3.20 (2.58-5.07) –2.70 (–4.10-–1.80) < 0.001

Monocytes in PB (%) 24.78 ±10.37 6.07 ±1.02 18.71 (14.56-22.85) < 0.001

PB monocytosis (×103/μl)* 2.68 (1.57-3.46) 0.45 (0.38-0.56) 2.23 (1.11-2.91) < 0.001

MD – mean or median difference, CI – confidence interval, PB – peripheral blood. Data presented as mean± standard deviation in case of monocytes in PB 
or median (interquartile range) in case of other variables, depending on distribution normality. Comparisons made with Welch’s t test (monocytes in PB)  
or Mann-Whitney U test (other variables)
* PB monocytosis available for n = 25 patients
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Fig. 1. Example of cytometric dot plots from a patient diagnosed with CMML and a patient with non-CMML monocy-
tosis. Summary of the gating strategy with key dot plots – comparison: A-D) Patient with CMML, A1-D1) Patient with 
non-CMML monocytosis. A, A1) Discrimination of doublets (FSC-A vs. FSC-H); B, B1) Leukocyte subsets (CD45 vs. 
SSC-A): green – lymphocytes, blue – basophils, yellow – dendritic cells, purple – monocytes, orange – granulocytes;  
C, C1) Monocytes (CD64bright+ cells) (CD64 vs. SSC-A); D, D1) Monocyte subsets (CD14 vs.CD16). D) The patient was 
diagnosed with CMML, with monocytes in peripheral blood accounting for 33.2%. The monocyte subpopulations were: 
classical monocytes 94.7%, intermediate monocytes 4.9%, and non-classical. D1) The patient with reactive monocyto-
sis, with monocytes in peripheral blood accounting for 21.0%. The monocyte subpopulations were: classical monocytes 
89.7%, intermediate monocytes 8.8%, and non-classical monocytes 1.5%. Dendritic cells should be excluded from 
the analysis before gating monocytes
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Researchers from France [7] developed an MFC assay to 
distinguish MO1, MO2, and MO3 subgroups in PB mono-
nuclear cells using a cohort of 175 patients with CMML. 
Compared to 307 healthy donors and patients with reactive 
monocytosis or other hematologic malignancies, patients 

with CMML showed a characteristic increase in the MO1 
fraction. Their research indicates that an increase in MO1 
to ≥ 94% of the total monocyte count is a highly sensitive 
and specific diagnostic marker that quickly and accurately 
distinguishes CMML from other conditions. This study, 
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Fig. 1. Cont.
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conducted on a large cohort of patients, laid the foundation 
for the subsequent modification of the diagnostic classifica-
tion of CMML. Based on its findings, the criterion of MO1 
> 94% was explicitly added as a supportive (non-mandato-
ry) criterion for the diagnosis of CMML. Our results differ 
slightly, mainly due to the small group of patients originat-
ing from a single clinical center.

A group of scientists from South Korea [12] assessed 
PB monocyte subsets in 50 patients with CMML, reactive 
monocytosis, and healthy controls using MFC. They ob-
served false-negative results in CMML patients with con-
current inflammation due to increased MO2, suggesting 
that inflammation was present at the time of diagnosis. We 

observed a similar pattern in our patients with MO1 < 94% 
and elevated MO2, but we did not detect active infection in 
them at the time of diagnosis. We evaluated only patients 
with de novo CMML, and in laboratory tests of our patients, 
we did not detect the simultaneous presence of other causes 
of monocytosis. In the remaining patients, the decrease in 
MO1 could potentially be related to an active infection, 
which may have distorted the outcome. However, in our 
patients, this was not confirmed by blood tests, imaging 
studies, microbiological tests, or clinical presentation.

The monocyte test presents challenges, including both 
false-positive and false-negative results. Certain situations 
may cause a relative accumulation of MO1, resulting in 
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false-positive findings. A common cause of such accumula-
tion is recovery from bone marrow aplasia. It has been shown 
that MO1 appear first in the marrow, followed by the se-
quential maturation of MO2 and then MO3 [13]. Glucocor-
ticoid [14, 15] therapy can also lead to depletion of MO2 
monocytes, resulting in a relative accumulation of MO1 and 
mimicking an MFC profile characteristic of CMML.

In false-negative cases, some patients with genuine 
CMML may exhibit an MO1 percentage below the 94% 
threshold. An inflammatory state may occur in 16-20% 
of CMML cases [16, 17]. In inflammatory conditions, 
a decrease in the MO3 population is observed alongside 
an increase in the MO2 population, leading to a concurrent 
reduction in the relative MO1 percentage below the typical 
94% threshold, thus preventing the recognition of CMML. 
CMML patients in inflammatory conditions show the “bul-
bous” profile with an increased MO2 population [17].

The disappearance of the MO3 population is consid-
ered a hallmark of CMML. It has been confirmed that slan, 
a known MO3 marker, is expressed by approximately half 
of the MO3 population [18]. The study by Tarfi et al. 
showed that 55 CMML patients demonstrated a relative 
decrease in slan-positive MO3 percentage to below 1.7%. 
Notably, the most significant decrease was observed in 
seven patients exhibiting a “bulbous” profile in MFC [18]. 
The 1.7% threshold was established to achieve 100% sen-
sitivity, ensuring the capture of all CMML diagnoses, par-
ticularly in cases with an inflammatory profile in MFC. 
A two-step algorithm has been proposed. First, the MO1 
subset should be quantified; when the MO1 percentage is 
below 94% and only if the MFC profile displays a charac-
teristic “bulbous” aspect, the slan-positive MO3 fraction 

should then be assessed. A percentage below 1.7% indicates 
CMML associated with an inflammatory state. Genuine 
reactive monocytosis may display a slan-positive MO3 
fraction below 1.7%. It is recommended to add the slan 
antibody to the antibody panel to minimize false-negative 
results due to inflammation in CMML patients [19]. Unfor-
tunately, our study is retrospective, and we did not have ac-
cess to the slan antibody at the time, so it was not assessed.

An Australian study validated flow cytometry mono-
cyte subset partitioning for CMML diagnosis. Cut-offs of  
> 94% classical and < 1.13% non-classical monocytes dif-
ferentiated CMML from other causes of monocytosis, with 
sensitivities of 73-82% and specificities of 83-89% [20].

Liu et al. [21] analyzed 56 PB and 69 BM samples us-
ing a new gating strategy. The PB cohort included CMML, 
non-MN (patients without myeloid neoplasms) and non-
CMML-MN (other myeloid neoplasms, e.g. MDS, AML). 
The BM cohort included the same groups. MO1 > 94% 
in blood distinguished CMML with 90% sensitivity and 
88.9% specificity, while MO3 < 1.24% in marrow showed 
96% sensitivity and 79.5% specificity.

Our experience is similar to findings reported in the liter-
ature. Potential reasons for lower test performance compared 
to its use in larger institutions may include variations in gat-
ing strategy or antibodies used. However, the main limitation 
of our study was the small sample size. Not all patients un-
derwent molecular testing, or cytogenetic analysis. The abili-
ty to analyze only a limited number of markers simultaneous-
ly in MFC is another limitation. Monocyte subpopulations 
in our study were analyzed exclusively on monocyte cells, 
with lymphocytes not being considered. However, lympho-
cytes are shown in the dot plot presented in the study. This 

Table 3. Study group characteristics

Variable Mean ±SD or n (%) Median (IQR) Range

Number 27 (100.0) – –

Sex

Female 7 (25.9) – –

Male 20 (74.1) – –

Age (years) 74.74 ±6.71 74.00 (70.00-80.00) 61.00-87.00

MO1 in PB (%) 94.94 ±4.45 96.10 (94.20-97.55) 81.00-99.60

MO2 in PB (%) 3.78 ±3.40 2.90 (1.65-4.45) 0.30-14.00

MO3 in PB (%) 0.94 ±1.22 0.50 (0.10-1.35) 0.00-5.00

Blasts in PB (%)* 0.48 ±0.68 0.10 (0.06-0.72) 0.00-2.60

Monocytes in PB (%) 24.78 ±10.37 22.40 (17.85-30.30) 10.00-55.30

MO1 in PB ≥ 94% 22 (81.5) – –

MO3 in PB < 1.13% 19 (70.0) – –

MO1 in PB ≥ 94% and MO3 in PB < 1.13% 18 (66.66) – –

PB monocytosis (×103/μl)* 3.85 ±4.66 2.68 (1.57-3.46) 0.70-19.17

SD – standard deviation, IQR – interquartile range, PB – peripheral blood
* Blasts in PB available for n = 24 patients, PB monocytosis available for n = 25 patients



Central European Journal of Immunology 2026; 51

The significance of the classical monocyte subpopulation in chronic myelomonocytic leukemia: a single-center experience

7

Fig. 2. Histograms of analyzed parameters, study group
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is because there is often an issue with gating CD16-positive 
monocytes, and NK cells physiologically express CD16 on 
their surface, serving as a biological control for this antigen. 
Additionally, in the method used, monocytes were gated ex-
clusively on strong CD64 (CD64bright+). CD64 can be very 
dim in MO3 [22], so this gating strategy could potentially 

miss MO3 and lead to an overestimation of MO1. However, 
this is how our 8-color panel was designed, and there was no 
room for additional antibodies.

The study primarily focused on meeting the criterion 
of monocyte subpopulation phenotypes. The study findings 
do not influence current recommendations or therapeutic 
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Fig. 3. Boxplots presenting distribution of monocyte-related parameters in study group and control group
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strategies. Conducting research with a larger sample size 
might yield results more consistent with those reported in 
the literature. Further research is needed, potentially focus-
ing on evaluating more diagnostic aspects of CMML, such 
as blast count or the presence of specific genetic mutations. 
Assessing our patients according to the ICC classification 
as well might have led to the identification of more CMML 
cases. Unlike the WHO classification, the ICC does not 
specify an exact percentage distribution of monocyte 
subpopulations, which was a key focus of our study, and 
therefore we did not take it into account.

Conclusions

In conclusion, our experience with routine MFC test-
ing of PB samples from newly diagnosed CMML patients, 
according to WHO criteria, is largely consistent with pre-
viously reported findings. Potential reasons for lower test 
performance compared with larger institutions may include 
variations in gating strategies or antibody panels. To im-
prove accuracy and reliability, a larger sample size would 
be necessary. Nonetheless, we believe that PB samples 
can be effectively used for CMML diagnosis using MFC. 
Monocyte subset analysis remains a valuable tool for both 
screening and disease monitoring. Our study was not de-
signed to propose changes to the standardization of mono-
cyte subset analysis protocols.
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