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Abstract: To assess the diagnostic value of peripheral blood (PB) and bone marrow (BM) smears, SETBP1 gene 
mutation analysis, and bone marrow trephine biopsy (BMTB) histology, supplemented by immunohistochemistry in 
distinguishing chronic myelomonocytic leukemia (CMML) from chronic myeloid leukemia (CML) (chronic phase) and 
acute monocytic leukemia (AMoL). PB and BM smears were analyzed in 51 CMML patients. Immunostaining of my-
eloid- and monocyte-specific markers in 26 CMML patients was compared that observed in 30 CML patients and 30 
AMoL patients. SETBP1 mutations were investigated in 28 CMML patients. Most CMML patients presented with leu-
kocytosis (median WBC count, 41.90±36.70×109/l) with marked monocytosis (median: CMML-1, 5.04±3.90×109/l; 
CMML-2, 10.63±11.60×109/l). BM smears were hypercellular in 44 patients, with increased in granulocytic prolif-
eration and monocytes numbers. In BMTB, CMML was characterized as hypercellular in 84.6% patients, with a mod-
erate degree of monocytosis (76.9%). Approximately 34.6% of patients had slightly increased BM fibrosis. Positive 
immunoreactivity in CMML patients was as follows: MPO, 33.82±6.83%; CD15, 21.97±7.15%; CD34, 4.44±1.98%; 
CD117, 1.35±0.57%). Monocytic markers, such as CD14, CD56, CD68 (PG-M1) and CD163 were positive in mean 
10.30±2.55%, 8.61±2.99%, 13.24±4.64% and 10.50±4.21% of positive cells, respectively. No SETBP1 mutations 
were detected in 28 CMML patients. Morphological and immunohistochemical features of BMTB samples combined 
with analysis of PB and BM smears are helpful in distinguishing CMML from CML and AMoL.
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Introduction

Chronic myelomonocytic leukemia (CMML) is a 
clonal stem cell disorder defined as a myelo-
dysplastic syndrome (MDS)/myeloproliferative 
neoplasm (MPN) by the WHO classification of 
2008 [1]. It is characterized by dysplasia, 
monocytosis, varying degrees of hyperleukocy-
tosis, anemia and thrombocytopenia, with an 
increased risk of transformation to acute 
myeloid leukemia (AML) [2]. Clinical features 
include weight loss, malaise, fever, night-
sweats and hepatosplenomegaly. CMML, which 
is a heterogeneous condition, has a highly vari-
able clinical course and poor prognosis (2-3 
years median survival) [3]. CMML bone marrow 
(BM) smears are usually hypercellular, and in 
most patients, show significantly increased 
granulocytic proliferation with a variable degree 

of dysgranulopoiesis, in addition to dysplastic 
changes in erythroid precursors and megakary-
ocytes. Histopathological evaluation of bone 
marrow trephine biopsy (BMTB) in CMML is 
often difficult; however, BM immunohistochem-
istry, which is a reliable tool for “in situ” identifi-
cation of cells, has been shown to improve the 
accuracy of morphologic assessment. Hence, 
immunohistochemical evaluation of BMTB can 
provide an accurate estimate of the proportions 
of cells expressing particular antigens.

SETBP1 encodes SET binding protein 1, which 
is located on chromosome 18q21.1 [4]. SETBP1 
mutations, which are clustered in the SKI 
homologous region between codons 858 and 
871 [4], are associated with poor prognosis in 
CMML, occurring with a frequency of no more 
than 15% [5, 6].
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Materials and methods

Patients

Fifty-one CMML patients, 30 chronic myeloid 
leukemia (CML) patients in chronic phase and 
30 acute monocytic leukemia (AMoL) patients 
were enrolled in this study. All patients were 
admitted to the First Affiliated Hospital of 
Nanjing Medical University (China) from January 
2008 to January 2014. Written informed con-
sent was obtained from all patients.  

Peripheral blood and bone marrow cytomor-
phologic analysis

In addition to complete blood counts (CBC), 
Wright-Giemsa-stained smears of peripheral 
blood (PB) and BM were analyzed for all 51 
patients. Differential leukocyte counts were 
based on manual counts of 100 leukocytes in 
each PB smear sample. BM cytology was exam-
ined and cell differential counts were based on 
250 nucleated cells. Additional cell morphologi-
cal changes were recorded.

Bone marrow biopsy and immunohistochemi-
cal analysis

BMTB samples (approximately 1 cm in length) 
obtained from 26 patients were fixed in acetic 
acid-zinc-formalin fixative. After approximately 
24 h, the specimens were washed in distilled 
water for 30 min, decalcified in 10% nitric acid, 
and embedded in paraffin-wax before 2.5-µm- 
thick sections were cut.

After being deparaffinized, sections were 
stained with hematoxylin and eosin (H&E) stain 

then incubated with the appropriate antigen 
specific primary detection antibodies for 2 h. 
Slides were then incubated with biotinylated 
secondary detection antibodies for 25 min and 
finally counterstained with hematoxylin. The 
cells were counted in five randomly selected 
fields of haemopoietic tissue (×400). A total of 
500 nucleated cells were counted and the per-
centage of positive cells was recorded. BMTB 
samples of 30 CML patients and 30 AMoL 
patients were also analyzed for comparison.

Mutation screening  

Genomic DNA was extracted from BM cells  
of 28 CMML patients and amplified by poly-
merase chain reaction (PCR). Mutation analysis 
of the SETBP1 gene was performed by Sanger 
sequencing [7] of the mutational hotspots with 
the following primers: Forward 5’-GGAACACG- 
TGGAGTCAGTTG-3’ and Reverse 5’-GGGGCTC- 
CTTTGTACCTCC-3’ to cover codons for the 
amino acid region 232; Forward 5’-ACAAACC- 
CATGAGCGAGATG-3’ and Reverse 5’-AGATGGT- 
TCCCCTCTTGCTG-3’ to cover codons for the 
amino acid region 645; Forward 5’-GGGAC- 
AGACAACAACAGCAC-3’ and Reverse 5’-CAG- 
AAACTGGAGGTCATCGC-3’ to cover codons for 
the amino acid region 858-871.

Diagnosis

The diagnosis of CMML was established on the 
basis of PB monocytosis, morphology and cyto-
genetics, in accordance with the guidelines out-
lined in the current WHO classification [1]. 
Patients are subcategorized as CMML-1 (<5% 
peripheral blasts, <10% marrow blasts) and 
CMML-2 (5-19% peripheral blasts and 10-19% 

Table 1. Main hematological features of patients with CMML-1 and CMML-2 (mean ± SD)
WBC (109/l) 
(mean ± SD)

N (109/l) 
(mean ± SD)

MO (109/l) 
(mean ± SD)

L (109/l) 
(mean ± SD)

EO (109/l) 
(mean ± SD)

BA (109/l) 
(mean ± SD)

Hb (g/dl) 
(mean ± SD)

PLT (109/l) 
(mean ± SD)

CMML-1 (n=24) 39.19±38.20 25.71±25.22 5.04±3.90 8.01±14.21 0.16±0.21 0.26±0.73 90.21±23.38 62.29±51.83

CMML-2 (n=27) 44.64±35.22 21.99±18.46 10.63±11.60 10.81±16.39 0.12±0.24 0.20±0.31 84.76±24.01 105.38±189.34

P-values 0.668 0.617 0.051 0.605 0.592 0.741 0.511 0.414
CMML, chronic myelomonocytic leukemia; WBC, white blood cell; N, neutrophil; MO, monocytes; L, lymphocytes; EO, eosinophilic granulocyte; BA, basophilic granulocyte; Hb, 
hemoglobin; PLT, platelet.

Table 2. Peripheral blood smears findings for CMML
Myeloblasts 

(%)
Immature 

monocytes (%)
Mature  

monocytes (%)
CMML-1 (n=24) 0.55±1.19 1.45±2.91 22.95±15.75
CMML-2 (n=27) 3.76±4.95 3.40±2.94 27.60±18.02
P-values 0.004 0.032 0.368

or immunohistochemically for CD15, 
MPO, CD34, CD117, CD14, CD56, CD68 
(PG-M1) and CD163, respectively. These 
antibodies were purchased from Zhuhai 
Spring Fai Enterprise Co., LTD (Zhuhai, 
China). After initial sectioning, unstained 
sections were placed on poly-L-lysine 
coated slides for immunostaining, and 
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marrow blasts), whereas the presence of ≥20% 
blasts in the PB or BM indicates AML. CML is a 
myeloproliferative neoplasm that originates in 
an abnormal BM stem cell and is consistently 
associated with the BCR-ABL1 fusion gene [1]. 
AMoL is myeloid leukemia, in which 80% or 
more of the leukemic cells are promonocytes 
and monocytes [1].

Statistical analysis

The Statistical Package for the Social Sciences 
(SPSS) version 19.0 was used for all statistical 
analysis. All experimental data were analyzed 
for normality, and the data were shown as 
mean ± SD. PB results, PB and BM smears 
were analyzed by using Student’s t-tests, and 
significance was defined by P-values < 0.05. 
The differences in immunohistochemistry 
between the cohorts were evaluated using one-
way analysis of variance (ANOVA) with signifi-
cance defined by P-values < 0.001.

Results

Clinical characteristics

Of the 51 patients enrolled in this study, 35 
(71%) were male and 16 (29%) were female, 
with a median age of 65 y (range, 16-84 y). 
Twenty-four patients were subclassified as 
CMML-1, while the other 27 patients were 
CMML-2. Nine patients underwent transforma-
tion to AML. According to the CMML-specific 
prognostic scoring system (CPSS) [8], six 
patients (12%) were classified as low risk, 20 
patients (39%) as intermediate-1, 21 patients 
(41%) as intermediate-2, and 4 patients (8%) 
were classified as high risk.

CBC results

CBC results are summarized in Table 1. At the 
initial examination, the majority of the patients 
showed mild-to-moderate anemia, and almost 
all patients showed significant leukocytosis 

Peripheral blood and bone marrow smears 
findings

PB and BM smear results are summarized in 
Tables 2 and 3. In 45 patients, PB smears 
showed markedly increased mature mono-
cytes, while myeloblasts and immature mono-
cytes were more obviously increased in CMML-
2 patients than in CMML-1 patients. As ex- 
pected, BM smears of 44 patients showed 
hypercellularity. Increased granulocytic prolif-
eration was consistently observed in 41 pati- 
ents, and dysgranulopoiesis was also observed 
in 34 patients, with 18 patients exhibiting 
nuclear-cytoplasm asynchrony, nine showing 
nuclear hypolobation (pseudo-Pelger-Huet), 
four showing hypogranularity, and three show-
ing binucleate granulocytes; however, no Auer 
rods were found in these patients. In addition, 
35 (68.6%) patients exhibited mature monocy-
tosis, including 13 CMML-1 and 22 CMML-2. In 
CMML-2, the percentage of myeloblasts was 
significantly higher than CMML-1 (P < 0.05).

Bone marrow pathology and immunohisto-
chemistry results

BMTB of CMML patients revealed several char-
acteristic features, although none was specific 
enough to confirm the diagnosis. Hypercellularity 
was the most prominent feature of BM histolo-
gy in 22 CMML patients (84.6%). Increased 
granulocytic proliferation and dysgranulopoie-
sis were present in the majority of the patients, 
and the myeloid: erythroid (M:E) ratios were sig-
nificantly raised. Monocytic cells were increased 
in 20 patients (76.9%) appearing as diffuse 
cells, clusters or nodules that were often very 
difficult to discern. Blast counts were increased, 
especially in CMML-2 and CMML in acute trans-
formation, and abnormal localization of imma-
ture precursor (ALIP) was found in 23.1% (6/26) 
of patients. Furthermore, 14 patients (53.8%) 
exhibited dysmegakaryopoiesis characterized 
by the presence of micromegakaryocytes or 

Table 3. Bone marrow smears findings for CMML

Myeloblasts 
(%)

Granulocytic 
(%)

Immature  
monocytes 

(%)

Mature  
monocytes 

(%)
CMML-1 (n=24) 2.64±2.96 66.04±17.57 3.12±6.32 9.34±8.60
CMML-2 (n=27) 8.49±8.12 63.71±16.97 4.42±3.15 10.79±10.51
P-values 0.002 0.636 0.368 0.621

with monocytosis. Platelet 
(PLT) counts were variable. 
Eosinophil counts were low and 
basophil counts were minimally 
elevated. No significant differ-
ences in CBC were observed 
between CMML-1 and CMML-2 
(P > 0.05).
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hypolobated nuclei. Nine patients (34.6%) had 
a slight increase in BM fibrosis and approxi-
mately 25.0% of the patients exhibited dys-
erythropoiesis, particularly in the form of multi-
nuclearity and megaloblastoid changes (Figure 
1).

The granulocytic lineage expresses CD15 and 
MPO, myeloblasts typically express CD34 and 
CD117, and monocytes were investigated by 
CD14, CD56, CD68 (PG-M1) and CD163 ex- 
pression (Figures 2 and 3). Our results demon-
strated some differences between the three 
groups (Table 4).

The percentage of CD15 positive cells de- 
creased in CMML (21.97±7.15%) compared to 

CML (40.44±12.60%) and even compared to 
AMoL (6.29±3.54%). MPO-positive myeloid 
cells were found in CMML and CML but not in 
AMoL. Immunostaining with MPO showed sig-
nificantly decreased numbers of granulocytes 
in CMML patients (33.82±6.83%) compared to 
CML patients (54.78±12.33%).

CD34 reactivity was observed in all groups, 
with increased blast counts in patients with 
AMoL (5.92±3.84%) and CMML (4.44±1.98%) 
in comparison with those with CML (0.64± 
0.42%). The immunohistochemical positivity  
for CD117 was weak and variable. CD117 posi-
tive percentages were 4.83±2.56% for AMoL, 
1.35±0.57% for CMML, but no immunoreactiv-
ity for CD117 was seen in CML.

Figure 1. A, B. Bone marrow biopsy appearances in CMML showing hypercellularity with a predominant granulocytic 
proliferation and an increase of monocytes. C, D. There are abnormal megakaryocytes with dwarf, hypolobated or 
abnormally lobated nuclei. CMML, H&E staining (A×100, B×200, C×200, D×400).
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Monocytes are difficult to identify morphologi-
cally although their identification is greatly facil-
itated by immunohistochemical staining of anti-
bodies. CD14, which is considered to be a 
mature monocytic marker, was detected in 
10.30±2.55% of CMML patients but only in 
5.31±1.38% of AMoL and 0.97±0.47% of CML. 
CD56 positive percentages were 10.15±2.52% 
for AMoL, 8.61±2.99% for CMML and 0.68± 
0.40% for CML. The percentage of CD68 (PG-
M1) positive cells was increased in AMoL 
(20.89±9.25%) as compared with CMML 
(13.24±4.64%) and CML (0.78±0.33%). CD163 
positive percentages were 23.39±6.02% for 
AMoL, 10.50±4.21% for CMML and 2.57± 
1.36% for CML.

Cytogenetic results

Although SETBP1 mutation is not disease-spe-
cific, the frequencies of mutations in this gene 
are typically low in CMML. No SETBP1 muta-
tions were detected in any of the 28 patients.

Discussion

CMML is a rare clonal hematologic disorder 
that is characterized by absolute peripheral 
monocytosis with myelodysplastic and myelo-
proliferative overlap features. According to the 
WHO guidelines, CMML patients are classified 
into two categories, CMML-1 and CMML-2, 
defined by the proportion of blasts in the PB 
and BM [1].

Figure 2. A. Granulocytes showing expression of CD15. B. Granulocytes were strongly positive by anti-MPO stain. 
C. CD34 positive cells are seen, it may be helpful in identifying immature precursors. D. The immunohistochemical 
positivity for CD117 was weak. A-D×400.
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In this study, the monocyte (MO) counts in PB 
smears were increased and higher than the 
WHO diagnostic criteria (MO ≥1×109/l). No sig-
nificant differences in clinical, hematologic and 
cytogenetic features were found between 
CMML-1 and CMML-2. The WBC and MO counts 
in CMML-1 were lower than those in CMML-2, 
but these differences did not reach the level of 
statistical significance.

Blast counts in the PB and BM smears were 
higher, and the proportion of immature mono-
cytes greater in CMML-2 than in CMML-1. 
Compared with CMML-1, CMML-2 patients have 
a greater risk of transformation to AML [9]. 
Thus, blast counts are one of the most impor-

tant prognostic factors for CMML patients. In 
our study, increased granulocytic proliferation 
was consistently found, and dysgranulopoieis 
and dysmegakaryocytopoiesis were frequently 
observed, although these findings were not 
found to be of specific value for diagnosis.

In the present study, BMTB was performed to 
provide supplementary information for BM 
smears. This technique facilitates assessment 
of the overall bone marrow architecture and 
cellularity, with trephine sections also providing 
greater sensitivity for the assessment of focal 
lesions, patchy infiltrates and the presence of 
fibrosis [10]. Based on these investigations in a 
small series of patients, the utility of BMTB was 

Figure 3. A. Some mature monocytic cells express CD14. B. A few of the monocytic cells express CD56. C. CD68 
(PG-M1) highlights different cell types of monocytic cells in the bone marrow. D. Monocytic cells immunoreactivity 
for CD163. A-D×400.
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confirmed as an aid to the diagnosis of CMML. 
Almost all of the patients exhibited hypercellu-
larity and showed a significant increase in gran-
ulocytic proliferation. A high proportion of pa- 
tients had monocytosis, and ALIP was clearly 
observed in CMML. When BM smears contain 
few megakaryocytes, BMTB is essential for  
the accurate assessment of megakaryocyte 
dysplasia.

Fewer CD15-positive cells were detected in 
AMoL compared with those in CML and CMML; 
however, in CMML, there was a slight decrease 
in the numbers of granulocytes expressing 
CD15 compared with CML. Compared with 
CML, a slight decrease in the number of myeloid 
MPO-positive cells was detected in CMML. In 
addition, the absence of MPO-immunoreactivity 
is often observed in AMoL [11]. Generally, this 
is due to the absence of erythroblastic hypopla-
sia in CMML, and the decreased numbers of 
polymorphonuclear granulocytes and mono-
cytes from the granulocyte lineage [12]. In the 
current study, fewer granulocytes expressing 
MPO and CD15 were observed in CMML com-
pared to CML, which is consistent with the 
report of CD15-staining by Qubaja et al [12], 
which suggested that this was related to 
dysgranulopoiesis.

CD34 immunostaining facilitates the reliable 
identification of patients with an increased 
number of blasts, based on CD34-positive cells 
representing 1% of cells in normal bone. Orazi 
et al [13] examined the use of a CD34-specific 
antibody as an immunohistochemical tool to 
distinguish CMML-1, CMML-2 and CMML in 
acute transformation to AML, and showed that 
increased numbers of blasts are associated 
with a poorer prognosis. These results also 
indicated that the presence of CD34-positive 
cell clusters is a risk factor for progression to 

AML. In our study, CD34-positive blasts were 
observed in some AMoL and CMML patients, 
with no significant difference between the two 
populations, largely because monoblasts are 
frequently negative for CD34 [14]; however, 
CD34-positive blasts were rarely seen in CML 
patients. In addition, CMML patients have 
some marrow blasts, making them distinguish-
able from CMML and AMoL on the basis of 
CD117 immunostaining. The study reported by 
Villeneuve et al [15] showed that CD34 and 
CD117 were detected in only 29.9% and 11.1% 
of the AMoL patients, respectively.

Mature monocytes strongly express CD14, 
while most immature leukemic monocytes lack 
CD14 expression. In our study, CD14 expres-
sion by monocytes in CMML appeared to be 
stronger than in AMoL, which is consistent with 
previous reports that most AMoL patients are 
CD14-negative [16]. Furthermore, the percent-
age of CD14-positive cells in CMML was higher 
than in CML, which provides further evidence in 
support of the proposal by Qubaja et al [12] 
that CD14 expression is helpful in distinguish-
ing CMML and CML. Thus, CD14 is useful in 
distinguishing CMML from AMoL and CML.

CD56 expression was weak and very homoge-
neous on monocytes. CD56 expression com-
bined with underexpression of a myeloid mark-
er is unique to CMML monocytes [17]. Fur- 
thermore, aberrant CD56 expression in mono-
cytopoiesis has been reported to be highly 
characteristic of CMML and AMoL [18]. Wolf-
gang et al [19] showed aberrant expression of 
CD56 by monocytopoietic cells in 100% of 
AMoL patients and 81.9% of CMML patients. 
This also showed that monocytes from patients 
of CMML bear multiple immunophenotypic 
anomalies, including underexpression of CD15 
and aberrant expression of CD56 [20].

Table 4. Percentage of CD15, MPO, CD14, CD56, CD68 (PG-M1), CD163, CD34 and CD117 positive 
cells in bone marrow trephine biopsies among cases of CMML, AMoL and CML

CD15 (%) 
(mean ± SD)

MPO (%) 
(mean ± SD)

CD14 (%) 
(mean ± SD)

CD56 (%) 
(mean ± SD)

CD68 (%) 
(mean ± SD)

CD163 (%) 
(mean ± SD)

CD34 (%) 
(mean ± SD)

CD117 (%) 
(mean ± SD)

CMML (n=26) 21.97±7.15 33.82±6.83 10.30±2.55 8.61±2.99 13.24±4.64 10.50±4.21 4.44±1.98 1.35±0.57

CML (n=30) 40.44±12.6 54.78±12.33 0.97±0.47 0.68±0.40 0.78±0.33 2.57±1.36 0.64±0.42 0

AMoL (n=30) 6.29±3.54 0 5.31±1.38 10.15±2.52 20.89±9.25 23.39±6.02 5.92±3.84 4.83±2.56

P1-values <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

P2-values <0.001 <0.001 <0.001 0.071 <0.001 <0.001 0.007 <0.001
P1-values: CMML compared with CML. P2-values: CMML compared with AMoL.
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In our study, the percentage of CD68 (PG-M1)-
positive cells, which was highest in AMoL, was 
higher in CMML than in CML. Similarly, Ngo et al 
[21] reported significantly higher levels of CD68 
(PG-M1)-positive cells in CMML (20.7±6.1%) 
compared to CML. Furthermore, Marian et al 
[22] observed significantly increased CD68 
(PG-M1)-positive cells were observed in most 
AMoL patients, but rarely in CMML patients. 
However, Orazi [13] and Qubaja [12] et al 
reported that there were no significant differ-
ences in the percentages of CD68 (PG-M1)- 
and CD163-positive cells between CMML and 
CML patients. In CMML, a greater proportion of 
monocytes were positive for CD68 (PG-M1) as 
compared to CD163. In contrast, in AMoL, a 
higher proportion of monocytes are positive for 
CD163 as compared to CD68 (PG-M1). Naresh 
et al [23] also reported that the proportion of 
CD163-positive cells exceeded that of CD68 
(PG-M1) in AMoL, while Ngo et al [21] demon-
strated that CD163 was less helpful than CD68 
(PG-M1) in identifying monocytes and pro-
monocytes in CMML. The results of these stud-
ies indicate that CD163 is a more reliable mark-
er of early monocytic cells, and is useful in 
AMoL, where the majority of the cells are atypi-
cal or blastic. Based on previous data, CD163 
is a more specific marker of disorders of mono-
cyte-origin than CD68 (PG-M1) [24]. Moreover, 
Rollins-Raval et al [22] showed that the 
increased percentage of CD68 (PG-M1)-posi- 
tive cells is more sensitive for diagnosing AMoL 
than CD14.

SETBP1 mutations are found not only in CMML, 
but also in aCML, secondary acute myeloid leu-
kemia, and MDS/MPN [4, 25], with different 
mutational frequencies in these diseases 
reported in the range of 4.5-15% [4, 5, 7, 26]. 
Although there are no significant differences in 
SETBP1 mutations between CMML-1 and 
CMML-2 [25], some reports have indicated that 
patients with SETBP1 mutations have a signifi-
cantly worse overall survival (OS) and leukemia-
free survival compared with patients with wild-
type SETBP1 [4, 7, 27, 28]. Patients with 
SETBP1 mutations also have significantly high-
er WBC counts and lower PLT and Hb levels 
than patients with wild-type SETBP1 [29], sug-
gesting that SETBP1 mutations play a role in 
disease progression [30].

In summary, while the diagnosis of CMML is still 
based largely on PB and BM smears, we showed 

that BMTB investigations, particularly, immuno-
histochemical analysis, provides important 
supplementary information that can aid in the 
diagnosis of CMML. It is hoped that this 
approach will improve the diagnostic accuracy 
of CMML.
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