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The World Health Organization criteria for diagnosing chronic myelomonocytic leukemia (CMML) are largely
based on findings observed in the peripheral blood and bone marrow aspirate. A specific diagnostic role for the
bone marrow biopsy has not been adequately explored. We examined whether bone marrow biopsy
supplemented by immunohistochemistry may be helpful in distinguishing CMML from cases of chronic
myelogenous leukemia and atypical chronic myeloid leukemia (aCML). We immunostained 25 cases of CMML
with paraffin reactive antibodies which included CD68 (KP1), CD68R (PG-M1), and CD163, and compared the
results with those observed in six cases of chronic myelogenous leukemia and in three cases of atypical CML.
In addition, we examined whether CD34 immunohistochemistry could be useful in separating cases of CMML
with less than 10% blasts (type-1) from cases of CMML with blasts accounting for 10–19% (type-2), and cases of
CMML in acute transformation to acute myeloid leukemia (blastsZ20%). The presence of nodules of
plasmacytoid monocytes was investigated by CD123 staining. CD42b was used to highlight abnormal
megakaryocytes. Our results demonstrate significant differences between the groups. CD34 analysis allowed
separating CMML type-1 from type-2 and the former from CMML in acute transformation. CD123-positive
plasmacytoid monocyte nodules were found only in CMML and not in the other two disease groups. Overlap
between CMML and the other two groups were observed with CD68 immunostaining. CD68R was more
restricted to bone marrow macrophages and monocytes than CD68, but the differences between CMML and
chronic myelogenous leukemia or atypical CML were still not significant. Although CD42b immunostaining
facilitated the detection of dwarf megakaryocytes often present in CMML, the distinction between those and the
small forms seen in chronic myelogenous leukemia was still problematic.
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Chronic myelomonocytic leukemia (CMML) is a
clonal hematopoietic malignancy which is charac-
terized by hybrid features, of both a myeloprolifera-
tive and a myelodysplastic syndrome.1–4 According
to the World Health Organization (WHO) criteria,
the diagnosis of CMML requires a persistent peri-
pheral blood monocytosis of more than 1� 109/l,
with a percentage of monocytes greater than 10% of
the white blood cell count (WBC). The peripheral
blood may demonstrate dysplastic changes typical
of the myelodysplastic syndromes, or dysplastic

changes may be minimal and limited to the
monocytes; mild anemia is usually seen.

The bone marrow of CMML is usually hyper-
cellular and in most cases, demonstrates a signifi-
cant degree of granulocytic proliferation.1–3 Erythroid
precursors and megakaryocytes may demonstrate
prominent dysplastic changes, but these cell types
are often normal in appearance.

Several studied have shown the importance of
blast enumeration in CMML, their excess being
associated with a poorer prognosis.3,5 On the basis of
these studies, the WHO classification scheme sub-
divides CMML into two subcategories, depending
on the number of blasts found in the peripheral
blood and bone marrow. These include: CMML
type-1 with blastso5% in the blood oro10% in the
bone marrow, and CMML type-2 which is character-
ized by blasts 5–19% in the blood or 10–19% in the
bone marrow, or when Auer rods are present and the
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blast count is less than 20% in blood or marrow.
If blasts and promonocytes account for Z20% of
the bone marrow differential count, the diagnosis
should be acute myeloid leukemia rather than
CMML.1

Besides the assessment of the blast number and
the presence and amount of dysplasia, it is unclear
how bone marrow morphology can be useful in
distinguishing CMML from other myeloid neo-
plasms, chronic myelogenous leukemia (CML) and
atypical chronic myeloid leukemia (aCML) in
particular. The two latter entities are also character-
ized by a degree of myeloid proliferation similar to
that seen in most cases of CMML.1,8,9

Although the presence of monocytosis in peri-
pheral blood is necessary for the diagnosis of
CMML, a similar criterion has not been proposed
for the bone marrow, in spite of the assumption than
monocytic proliferation is present in the marrow as
well. The rationale of this is that the presence of
pronounced granulocytic proliferation makes it
difficult to distinguish the monocytic population
from the granulocytic precursors, myelocytes, and
metamyelocytes in particular.1 To overcome this
difficulty, the use of cytochemical stains for mono-
cytes such as naphtyl butyrate esterase, or naphtyl
acetate esterase has been advocated.1,6

The role of bone marrow biopsy in this condition
is even less clear than that of the marrow aspirate.
Besides the detection of an increased marrow
cellularity owing to myeloid proliferation and the
identification of fibrosis, additional diagnostic roles
have not been explored. Bone marrow biopsy could
be potentially more useful than the bone marrow
aspirate in the presence of marrow fibrosis, which
may cause a spurious dilution of the marrow
cellularity owing to ‘contamination’ of the sample
with peripheral blood.7 Potentially, immunohisto-
chemistry applied to the bone marrow biopsy
should provide a reliable tool for the ‘in situ’
identification of monocytes and monocytic cells, as
well as facilitate the identification of plasmacytoid
monocytes nodules, a relatively common finding in
CMML.1

In this study, we examined whether bone marrow
histology, supplemented by immunohistochemistry
for monocytic markers may be helpful in distin-
guishing CMML from chronic myelogenous leuke-
mia and atypical CML. We have also investigated
CD34 immunostaining of bone marrow biopsy as a
tool to separate CMML type-1 from cases of CMML
type-2 and CMML in acute transformation to acute
myeloid leukemia (Figures 1–3).

Materials and methods

The materials studied included 25 cases of CMML,
(20 cases of CMML type-1 and five cases of chronic
myelomonocytic leukemia type-2), six cases of
chronic myelogenous leukemia in stable phase,

and three cases of atypical CML. Additionally, a
series of seven cases of CMML in acute transforma-
tion to acute myeloid leukemia were also included.
For the purpose of this study, CMML in acute
transformation to acute myeloid leukemia was
defined by the presence of Z20% marrow blasts in
a patient with a previously documented diagnosis of
CMML.

The cases were obtained from the files of the
Department of Pathology, Indiana University School
of Medicine/Clarian Health Partners, Indianapolis,
Indiana. All cases were consecutively diagnosed
within a period of approximately 10 years. Only ‘de
novo’ (ie non-therapy-related) myeloid neoplasms
were included. Peripheral blood smear, bone mar-
row aspirate smear, and paraffin-embedded bone
marrow biopsy and/or particle sections were avail-
able for all cases used in this study. The diagnostic
categorization of these cases was based on a
comprehensive multiparametric evaluation, which
included a combination of clinical characteristics,
morphology, immunohistochemistry, and when
available, flow cytometry and cytogenetics, in
accordance with the diagnostic guidelines for
CMML, chronic myelogenous leukemia, and atypical
CML outlined in the current WHO classification.1

Peripheral Blood and Bone Marrow Aspirate
Evaluation

A Wright-stained peripheral blood smear was eval-
uated and the percentage of circulating blasts as well
as the absolute value and relative proportion of
monocytes determined. Bone marrow aspirate
smears were examined and a 300 cells differential
count obtained. In 17 cases, naphtyl butyrate
esterase was performed and used to assess the
frequency of bone marrow monocytes.

Histologic Evaluation

In each case, hematoxylin–eosin-stained sections of
the bone marrow biopsy and/or clot preparation was
examined. In histology sections, blasts were defined
as cells with high nuclear:cytoplasmic ratio, dis-
persed nuclear chromatin, and scant cytoplasm. A
comparison ‘side by side’ with a corresponding
section stained with CD34 (see below) was parti-
cularly helpful in confirming the increased marrow
blast percentage seen in the aggressive cases of
CMML (ie CMML type-2 and CMML in acute
transformation). In addition, in each case, a section
of the bone marrow biopsy was stained with Gomori
and the degree of reticulin fibrosis was measured,
according to the system originally proposed by
Manoharan et al10 on a scale of 0–3þ . It should be
noted that 4þ fibrosis (presence of mature collagen)
can be established only by the application of a
trichrome stain, which was not performed for the
purpose of this study.
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Figure 1 a1–5, CMML. b1–5, chronic myelogenous leukemia (CML). c1–5, atypical chronic myeloid leukemia (aCML). a1—H&E of bone
marrow section in CMML-1. Note the dwarf size megakaryocytes. b1—H&E section of CML. Small, unilobate megakaryocytes are
typically seen in CML. c1—H&E section of aCML. Although there are subtle morphologic differences, the core biopsy findings of these
three disorders (eg CMML, CML, and aCML) are quite similar. a2—CD68 (KP1) staining in CMML. Scattered myeloid cells and marrow
macrophages are positively stained. b2—CD68 (KP1) staining in CML. Strong diffuse staining is seen in myeloid elements. c2—CD68
(KP1) staining in aCML. Diffuse staining is also seen. a3—CD68R (PGM-1) staining in CMML. CD68R-positive bone marrow macrophages
are seen. Inset: note the few positive monocytes also stained. b3—CML and c3—aCML, CD68 (PGM-1) staining. Only marrow
macrophages stain positively. a4—CMML, b4—CML, c4—aCML, CD163 stained mostly bone marrow macrophages in all three groups.
a5—CMML, no increase in blasts are identified by CD34 staining in this case of CMML. b5—CML and c5—aCML, rare blasts stain for
CD34. Note the increased vascular density highlighted by CD34.
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Immunoperoxidase Methods

Formalin-fixed, nitric acid decalcified, paraffin-
embedded bone marrow biopsies and/or particle
sections were used for immunoperoxidase staining.
This was performed by an automated immunostainer
(DAKO, Carpinteria, CA, USA) using a standard
streptavidin–biotin–peroxidase complex technique.
The progenitor/early precursor associated antibody
CD34 (QBEND10), an antigen expressed on blasts
in most cases of myelodysplastic syndromes and
myelodysplastic/myeloproliferative diseases7,11 and
antibodies reactive with histiocytes/monocytes

were investigated. The latter group included the
following markers: CD68 (KP1), CD68R (PG-M1),
and CD163 (10B6).12–15 The presence of nodules of
plasmacytoid monocytes was investigated by CD123
(IL-3R-alpha) immunostaining. This antibody is
considered as the most reliable marker to identify
plasmacytoid monocytes present in myeloid neo-
plasms.16,17 CD42b (MM2/174), a marker expressed
on megakaryocytes, was used to highlight the
presence of dysplastic megakaryocytic forms, an
approach that was recently found useful in a study
from our group.7 Briefly, endogenous peroxidase
activity was blocked with 3% hydrogen peroxide
in methanol, and endogenous biotin activity was
blocked using avidin and biotin. The peroxidase
activity was developed with 3,3-diaminobenzidene,
and counterstained with hematoxylin. Positive and
negative controls were prepared and they stained
appropriately. The immunohistochemical results
were expressed as mean percentage, plus/minus
standard deviation, (7s.d.), of marrow cells reactive
with the given antibody. Student’s t-test was used to
compare the results observed in the various groups.

Cytogenetic Methods

For bone marrow aspirate specimens, the cell
culture, harvesting, and GTG-banding karyotype
methods were performed as described previously.18

Results

Patient Population

The 32 patients in the CMML group ranged in age
from 39 to 89, their median age was 68 years; 19
were males and 13 were female. The six chronic

Figure 2 (a) Bone marrow aspirate smear of CMML. Numerous
neutrophils and maturing myeloid elements are identified. (b)
Cytochemical staining for naphtyl butyrate esterase highlighting
monocytic elements in the aspirate smear.

Figure 3 (a) Bone marrow biopsy of a case of CMML. Plasmacytoid monocyte nodules, as the one shown here, are often inapparent in
H&E-stained bone marrow sections. If detected, in the absence of immunohistochemistry, are difficult to distinguish from aggregates of
immature myeloid cells. (b) Immunohistochemical staining for CD123 highlights a large nodule of plasmacytoid monocytes and greatly
helps in the identification of these cells.
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myelogenous leukemia patients ranged in age from
21 to 60, their median age was 42 years; four were
males and two were females. In the three patients
with atypical CML the age ranged from 61 to 87,
their median age was 74 years; all three were males.

Follow-up data were available for most cases. In
CMML (non in transformation), three patients died
of disease; their survival from diagnosis to death
ranged from 5 to 8 months, with a median value of 7
months. The other 20 patients were alive with
disease at a median follow-up interval of 11 months
(range 2–56). In CMML in acute transformation, all
seven patients were alive with disease at a median
follow-up interval of 10 months (range 2–23). In the
chronic myelogenous leukemia group, two patients
died following bone marrow transplant at 3 and 4
months, respectively. Of the remaining four pa-
tients, two were in complete remission at 14 and 46
months, from the disease onset, respectively; the
remaining two patients had persistent disease at 65
and 70 months from the onset, respectively. The
atypical CML patients were alive with disease at a
median follow-up of 10 months (range 1–26).

Peripheral Blood Results

Peripheral blood results are summarized in Table 1.
The majority of patients in all group showed mild-
to-moderate anemia. Anemia was more severe in
patients with CMML in acute transformation and
atypical CML. The median hemoglobin values were:
10.0 g/dl in CMML type-1; 9.7 g/dl in CMML type-2;
8.8 g/dl in CMML in acute transformation; 10.9 g/dl
in chronic myelogenous leukemia; and 9.6 g/dl in
atypical CML. WBC value was variable in CMML
cases. The median WBC was: 11.8� 109/l in CMML
type-1; 13.5� 109/l in CMML type-2; and 5.5� 109/l
in CMML in acute transformation. All cases of

chronic myelogenous leukemia and atypical CML
showed significant leukocytosis (chronic myelo-
genous leukemia: median WBC 82.6� 109/l; atypical
CML: median WBC 48.3� 109/l). The basophil count
was within normal limits or only minimally ele-
vated in both CMML and atypical CML. Basophilia
was present in all cases of CML with a median
value of 3%. Platelet counts were variable in CMML
type-1 and CMML type-2 (median value 185.0 and
180.0, respectively). The lowest platelet counts were
observed in patients with CMML in acute trans-
formation (median 28� 109/l) and atypical CML
(median 75� 109/l). As expected, monocytosis was
encountered only in CMML cases. The monocytes
showed variable degrees of dysplastic changes,
particularly nuclear abnormalities. Dysgranulo-
poiesis, usually mild, was observed in most cases
of CMML but not of chronic myelogenous leukemia.
Dysgranulopoiesis was particularly pronounced in
the three cases of atypical CML and in the majority
of cases of CMML in acute transformation. Rare
circulating blasts were found in CMML and chronic
myelogenous leukemia patients (mediano1%). The
blasts were more numerous in cases of CMML type-2
(median 3%) and CMML in acute transformation
(median 2%). In none of the cases the blasts showed
the presence of Auer rods.

Bone Marrow Results

Bone marrow results are summarized in Table 1. The
marrow was hypercellular in the majority of cases of
CMML and atypical CML, and hypercellular in all
cases of chronic myelogenous leukemia. In all three
groups, increased granulocytic proliferation was
a constant finding, erythropoiesis was relatively
decreased, and megakaryopoiesis was variable.
Monocytic proliferation was difficult to detect

Table 1 Peripheral blood and bone marrow aspirate results

Results Hgb g/dl (mean7s.d.) Plts (109/l) (mean7s.d.) WBC (109/l) (mean7s.d.) Mono (109/l) (mean7s.d.) Mono (%)

CMML-1 10.3 (2.1) 175.3 (113.6) 21.6 (27.9) 5.5 (6.4) 28.2 (12.4)
CMML-2 9.0 (1.1) 227.4 (205.2) 36.2 (52.8) 4.3 (6.3) 14.2 (8.1)
CMML-AT 8.3 (2.0) 49.9 (64.8) 15.7 (21.2) 8.1 (14.4) 27.6 (21.5)
CML 11.5 (1.7) 348.1 (308.5) 85.2 (73.4) 1.1 (0.6) 3.5 (4.8)
aCML 10.1 (2.4) 116.6 (112.4) 51.9 (36.9) 1.6 (1.7) 2.6 (1.2)

Results PB blasts (%) BM blasts (%) BM mono NBE (%)
CMML-1 0.4 (+0.7) 3.3 (+2.2) 15.0 (+9.3)
CMML-2 3.4 (+1.1) 11.4 (+0.8) 6.0 (+5.7)
CMML-AT 3.0 (+2.0) 35.0 (+13.5) 26.0 (+19.5)
CML 1.4 (+1.1) 2.1 (+1.1) 0.6 (+0.9)
aCML 1.0 (+1.0) 3.6 (+3.8) 1.1 (+1.4)

Hgb g/dl, Plts (109/l), WBC (109/l), Mono (109/l): the results are expressed as mean value7s.d.; the remaining results are in expressed as
percentage (%) values.
Hgb: hemoglobin; Plts: platelets; WBC: white blood-cell count; Mono: monocytes; PB: peripheral blood; BM: bone marrow; BM mono NBE: bone
marrow monocytes positive for naphtyl butyrate esterase. CMML: chronic myelomonocytic leukemia; CMML-1: CMML with o5% blasts in the
blood, o10% of blasts in the BM. CMML-2: CMML with blasts 5–19% in the blood or 10–19% in the bone marrow. CMML-AT: CMML in acute
transformation (420% blasts in the blood and/or bone marrow in a patient with a previous diagnosis of CMML); CML: chronic myelogenous
leukemia; aCML: atypical chronic myeloid leukemia.
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morphologically both in the bone marrow aspirate
smears and in the histologic sections of biopsy and
clot preparation in all cases studied. In cases in
which aspirate smears were stained by naphtyl
butyrate esterase cytochemistry, a higher propor-
tion of monocytes were identified in CMML
(Table 2). The difference between CMML (median
naphtyl butyrate esterase positivity, 10%), chronic
myelogenous leukemia (median naphtyl butyrate
esterase positivity, o1%), and atypical CML
(median naphtyl butyrate esterase positivity, 1%)
was significant (CMML vs chronic myelogenous
leukemia: Po0.001; CMML vs atypical CML:
Po0.05). By careful analysis of the naphtyl butyrate
esterase stained smear, a large proportion of the
positive cells corresponded to promonocytes.
Mature monocytes (the only cell type easily distin-
guishable in Wright–Giemsa-stained smears) were
less constantly present. The blasts counts were
increased in CMML type-2 (median 12%) and
CMML in acute transformation (median 35%) in
comparison with CMML type-1 (median 3%),
chronic myelogenous leukemia (median 2%), and
atypical CML (median 2%). Histologically, the blasts
were identified mostly by their propensity to form
discrete clusters and aggregates. In none of the cases
the blasts showed the presence of Auer rods.

Dysgranulopoiesis, which was present in a vari-
able degree in the majority of the CMML patients,
was often more evident in the bone marrow than in
the peripheral blood. The dysgranulopoietic changes
usually consisted of mild abnormalities such as
the presence of hypo- or abnormal nuclear lobation
and cytoplasmic hypo- or abnormal granularity.
Dyserythropoiesis, particularly megaloblastoid
changes, were seen in approximately half of the
cases of CMML. Dysmegakaryopoiesis, character-
ized by the presence of dwarf megakaryocytes and/
or megakaryocytes with hypolobated or abnormally
lobated nuclei, was found in 75% of the CMML
cases. Similar alterations in the megakaryocytic
morphology were also noted in cases of chronic
myelogenous leukemia and atypical CML. In
chronic myelogenous leukemia, however, a more
pronounced degree of megakaryocytic proliferation

was often seen. Reticulin staining showed only a
modest (1–2þ ) degree of reticulin fibrosis in most of
the cases of CMML and atypical CML. Most cases
of chronic myelogenous leukemia showed normal
to þ 1 reticulin fibrosis. The differences between the
groups were not significant. None of the marrows
included in this series, with the exception of
two cases of CMML in acute transformation, showed
42þ reticulin fibrosis.

Bone Marrow Biopsy Immunohistology

The immunohistochemical results are summarized
in Table 2.

CD68 (KP1)

Frequent KP1 reactivity was observed in all groups.
The monocytic elements of CMML were often
difficult to discern from the granulocytic elements
particularly from band forms and metamyelocytes.
The highest frequency of positive cells was seen
in the cases of chronic myelogenous leukemia.
The often hypogranulated neutrophils seen in
CMML were only weakly positive or occasionally
completely negative with KP1.

CD68R (PG-M1) and CD163

PG-M1 and CD163 showed comparable results
in our series. Both antigens were much more
restricted to macrophages and monocytic cells than
KP1. The number of reactive cells in CMML cases
was small and the differences observed between
CMML, chronic myelogenous leukemia, and atypi-
cal CML were not statistically significant. When
the results obtained with both antibodies were
compared to those seen by cytochemistry with
naphtyl butyrate esterase, it was apparent that there
was a relative lack of sensitivity of the immuno-
histochemical approach to identifying monocytic
cells in paraffin-embedded bone marrow sections in
all cases.

Table 2 Bone marrow biopsy: immunohistologic results

Results CD34a (7s.d.) CD68/KP1a (7s.d.) CD68/PG-M1a (7s.d.) CD163a (7s.d.) Cases pos. for CD123 PM Nodulesb

CMML (all) 4.71 (3.7) 30.38 (27.7) 3.72(3.5) 2.91 (2.1) 6 (19%)
CMML-1 3.12 (1.9) 26.9 (24.3) 4.3 (4.2) 2.53 (1.4) 4 (21%)
CMML-2 11.8 (1.3) 56.2 (28.7) 2.6 (2.1) 4.4 (3.5) 2 (40%)
CMML-AT 39.00 (20.1) 23.14 (29.4) 2.83 (0.8) 4.14(4.0) 1 (14%)
CML 3.83 (1.9) 90.83 (8.7) 2.80 (0.8) 2.0 (0.6) 0
aCML 3.6 (3.8) 72.3 (9.3) 1.0 (0.1) 1.0 (0.1) 0

a
The results are expressed as mean (7s.d.) percentage value of nucleated marrow cells positive with the given marker.

b
Cases pos. for CD123 PM nodules: indicates the number of cases positive and in the brackets, the percentage of cases positive for the presence of
CD123-positive nodules of plasmacytoid monocytes.
CD68/KP1: CMML, CMML-1, CMML-2 vs CML, Po0.001. CD34: CMML vs CMML-AT, Po0.001; CMML-1 vs CMML-2, Po0.05; CMML-1 vs
CMML-AT, Po0.001; CML vs CMML-AT, Po0.01; aCML vs CMML-AT, Po0.05.
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CD34/QBEnd10

CD34 stained blasts in most cases of CMML type-2
and CMML in acute transformation, and the differ-
ences observed between these and chronic myelo-
genous leukemia, CMML type-1 and atypical CML
CD34-stained marrows were statistically significant.
All cases of CML were stable phase disease, a group
characterized by low number of CD34-positive
marrow cells.19 The cases of atypical CML in this
study did not have an increased number of marrow
blasts, making them indistinguishable from CML
and CMML type-1, by CD34 immunostaining. How-
ever, owing to small number of cases of atypical
CML studied, the CD34 result should not be
considered as representative for this disease entity
as a whole.

CD123

Although nodules of plasmacytoid monocytes can
be identified morphologically, their identification is
much facilitated by immunohistochemistry with
CD123. Their presence was restricted to cases of
CMML and they were not found in cases of chronic
myelogenous leukemia or atypical CML. The
plasmacytoid monocytes nodules were composed
of variable number of cells and were found scattered
throughout the marrow cavity in a nodular/inter-
stitial pattern. The plasmacytoid monocytes were
consistently negative with CD163 and variably
positively stained with CD68 and CD68R.

CD42b

CD42b immunostained strongly the megakaryocytes
in all the cases. An increased number of dysplastic
megakaryocytes (see bone marrow findings) were
commonly seen in cases of CMML and atypical CML.
The use of CD42b made their recognition easier;
however, the differences observed with chronic
myelogenous leukemia, a disease also characterized
by the presence of small megakaryocytes, were not of
a sufficient specificity to allow for a reproducible
distinction.

Cytogenetic Results

Bone marrow karyotype results are summarized in
Table 3. Marrow cytogenetics was available in 17 of
20 CMML type-1, in all five cases of CMML type-2,
in five of seven cases of CMML in acute transforma-
tion, in all cases of chronic myelogenous leukemia,
and in two of three cases of atypical CML. Clonal
cytogenetic abnormalities were found in five CMML
type-1 patients (29%). One patient showed loss of
chromosome Y only. The other four cytogenetically
abnormal patients showed a del(12)(p11.2p13), a
del(11)(q21), monosomy 7, and trisomy14 abnorm-
alities, respectively. Two of five CMML type-2 had

abnormal marrow karyotypes. One of these had a
complex karyotype with, among other abnormal-
ities, monosomy 5 and monosomy 7; the second
case showed monosomy 7 only. Of five CMML in
acute transformation cases with karyotype results,
three were abnormal. These included one case with
a I(17)q10, one case with a t(11;22)(q24;q11.2),
and a third case with a t(2;11)(p15;q23),�7,
der(11)t(2;11)(p15;q23). All the chronic myelo-
genous leukemia cases showed t(9;22) as a single
abnormality; of the two atypical CML analyzed,
one showed a complex karyotype which included
both a del(6)(q13q23) and a ?add(9)(q22) as well as
multiple trisomies (Table 3).

Table 3 Bone marrow karyotype results

CMML-1
46,XY[20]
46,XX,del(12)(p11.2p13)[20]
46,XX[29]/Nonclonal[1]
46,XY[30]
46,XX[30]
46,XY[29]/Nonclonal[1]
46,XY,del(11)(q21)[20]
45,XY,�7[3]/Nonclonal[1]/46,XY[2]
46,XY[30]
46,XY[31]
46,XY[na]
46,XY[30]
46,XY[22]
46,XX[20]
47,XY,+14[18]/46 XY[2]
45,X,�Y[20]
46,XY[na]

CMML-2
46,XX[20]
45,XX,�7[19]/46,XX[1]
46,XX[32]
45,X,�X,?t(3;14)(q13.2;p11.2),�5,del(6)(q15q23),
�7,hsr(12)(q13),t(15;21)(p11.2;p13),
�18,add(19)(p13.3),�21,+r,+1B4mar[13]/
40B42,idem,r(7)(p22q36),�9,�r,
�2B4mar,+mar9[cp2]/Nonclonal[4]/46,XX[1]
46,XY[19]/Nonclonal[1]

CMML-AT
46,XY[na]
46,XY,i(17)(q10)[15]/nonclonal[1]/46,XY[4]
46,XX,t(11;22)(q24;q11.2)[20]
46,XY[20]
45,XX,t(2;11)(p15;q23),�7,der(11)t(2;11)(p15;q23)

CML
46,XX,t(9;22)(q34;q11.2)[20]
46,XX,t(9;22)(q34;q11.2)[20]
46,XX,t(9;22)(q34;q11.2)[20]
46,XY,t(9;22)(q34;q11.2)[na]
46,XY,t(9;22)(q34;q11.2)[4]/46,XY[16]
46,XY,t(9;22)(q34;q11.2)[20]

aCML
46,XY[na]
46,XY,del(6)(q13q23),?add(9)(q22)[11]/
54,XY,del(6)(q13q23)x2,?add(9)(q22),+10,+12,+19,+19,+21,
+21[5]/Nonclonal[1]/46XY[3]
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Discussion

The true biologic nature of CMML is not well
understood.1,20 Cases of CMML are cytogenetically
heterogeneous, and may include abnormalities such
as trisomy 8, monosomy 7/7q�, and abnormalities
of 12p.21 A small proportion of CMML cases are
associated with a t(5;12)(q33;p13) chromosome
abnormality involving the PDGFRb and TEL
genes.22,23

Overall, cytogenetical abnormalities are seen
20–40% of the cases,1 a frequency similar to that
observed in our series. Cases of atypical CML
display a high incidence of complex karyotypes
involving both chromosome 5 or 7, similar to
myelodysplastic syndromes and secondary acute
myeloid leukemia.1,24

In contrast to chronic myelogenous leukemia
and a large proportion of the other subtypes of
chronic myeloproliferative disorders, the molecular
pathogenesis of CMML is still only minimally
understood. Mutations of RAS are detected in
approximately one-third of CMML cases.25,26

Although detection of RAS mutations is not
generally useful for diagnosis, abnormalities invol-
ving the RAS pathway are thought to be an im-
portant mechanism for this and other chronic
myeloproliferative disorders, including chronic
myelogenous leukemia.

In contrast with the Philadelphia chromosome-
negative chronic myeloproliferative disorders, in
CMML the JAK2 V617F mutation has not been
found to be implicated in the vast majority of cases.
In the Philadelphia chromosome-negative chronic
myeloproliferative disorders, the JAK2 V617F
mutation is thought to contribute to the marrow
myeloproliferation by its induction of growth
factor independence.27

In view of the lack of specific disease marker, the
diagnosis of CMML is still largely based on clinical-
morphologic observations. The hybrid nature of
CMML with features of both a myelodysplastic
syndrome and a myeloproliferative disorder creates
both diagnostic difficulties and difficulties in the
prediction of clinical behavior.1–4 Although other
conditions may enter the differential diagnosis of
CMML, its primary distinction is, in particular, with
chronic myelogenous leukemia and atypical CML.
The most important of the conventional diagnostic
parameters is the presence of peripheral blood
monocytosis, truly the sine qua non of CMML.
Except for the monocytosis, these disorders are
known to show overlapping clinical and morpho-
logic characteristics. This is particularly true of their
bone marrow morphologic characteristics, as also
confirmed by this study. Although usually above
normal levels, the bone marrow monocyte count has
never been shown to be of diagnostic value. It has
been suggested that this may be due to the difficulty
one has in distinguishing the monocytic population
from myelocytes in bone marrows which usually

display significant degrees of granulocytic hyper-
plasia. Several authors have suggested the utility
of cytochemical stains for nonspecific esterase
(eg naphtyl butyrate esterase) for the purpose
of highlighting the increased number of monocytes
present in bone marrow aspirates.1,6,28,29 However,
no adequate information is available concerning
the diagnostic value of such approach to confirm
a diagnosis of CMML, and its ability to provide
a way for separating CMML from other morpho-
logically similar myeloid neoplasms, particularly
in cases when peripheral blood results are not
available.

Our study has confirmed the previously suspected
usefulness of routine nonspecific esterase
cytochemical staining to confirm a diagnosis of
CMML in bone marrow aspirates. More proble-
matic is the use of bone marrow biopsy for the
same purpose. Our study has attempted to circum-
vent the difficulties in distinguishing myelocytes
and monocytic cells in bone marrow biopsy by
using immunohistology with markers, which
are considered both sensitive and specific for the
monocyte/macrophage lineage. However, in spite
of this approach, the number of cells identified
as monocytic remained low and considerable over-
lap between CMML and chronic myelogenous
leukemia was observed. Although both CD68R
(PG-M1) and CD163 were much more restricted to
bone marrow macrophages and monocytes than
CD68 (KP1), the differences between CMML
and chronic myelogenous leukemia were still not
significant. Our results in this regard, are thus
similar to those observed by others.13–15 Paradoxi-
cally, CD68 (KP1), an antigen which is localized
to lysosomes and neutrophil granules,30,31 seems
to be more strongly expressed in the myeloid cells
of chronic myelogenous leukemia than in CMML.
This may be due to the presence of a lesser/
abnormal granularity in the myeloid cells and
neutrophils in CMML in comparison with chronic
myelogenous leukemia.32,33

When results of bone marrow biopsy immuno-
histochemistry for monocytes were compared to
those obtained by staining the bone marrow aspirate
by naphtyl butyrate esterase, only a modest degree
of correlation was observed with a percentage of
monocytes generally higher in the cytochemically
stained aspirate smears than in the immunostained
biopsies. The most likely explanation is one of
a lower sensitivity of CD163 and CD68/PG-M1
antibodies for monocytic cells of CMML, in com-
parison to cytochemistry. The relative insensitivity
of these markers for leukemic monocytic cells
as opposed to tissue histiocytes/macrophages has
been reported by others.14,15 On the contrary, CD123
appeared a potentially useful antibody, given its
ability in enhancing the visibility of nodular
proliferation of plasmacytoid monocytes, a pheno-
menon which at least in our small series, was largely
restricted to CMML.
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Irrespective of the technique used to assess the
degree of monocytic differentiation, the dissociation
observed between the peripheral blood monocytosis
and the relatively paucicity of those cells in the bone
marrow biopsy is nothing new. In 1974, Miesher
and Farquet34 have described CMML as follows:
‘A myelomonocytic variant of leukemia with a
predominantly monocytic pattern in the peripheral
blood and a predominantly myelocytic pattern in
the bone marrow’. This apparent paradox may,
perhaps, be explained by a rapid egression from
the bone marrow of terminally differentiated mono-
cytes whereas the less mature promonocytes are ‘left
behind’. This seems to be confirmed by our staining
results with naphtyl butyrate esterase, which by
highlighting their presence confirms their relative
high frequency in cases of CMML. To this regard, it
has been recently demonstrated by in vitro studies
that in CMML, GM-CSF produced by either auto-
crine or paracrine mechanisms is the major growth
determinant.35 Moreover, in some patients with
CMML, high serum value of this cytokine has been
documented.36 It is therefore possible that the
mobilizing effects of GM-CSF, which has been
shown for monocytes as well as for other myeloid
precursors, may play a role by facilitating the
egression of monocytes from the marrow and their
subsequent localization to the peripheral blood and
other tissue.

CD34 immunostaining allowed for a reliable
distinction of cases with an increased number of
blasts (420% on the corresponding aspirate), which
represent evolution into acute myeloid leukemia. In
this regards, our results with CD34 are comparable
to those previously obtained by our group as well as
by others in myelodysplastic syndromes as well as
in cases of chronic myelogenous leukemia.11,19,37,38

Therefore CD34 appears useful in the work-up of
cases such as CMML, in which the marrow blast
count maintains an important prognostic value, as
also demonstrated by the inclusion of this parameter
in the various staging system employed by the
clinical hematologists.

In summary, CMML remains a morphological
diagnosis. In the absence of peripheral blood smear
demonstrating monocytosis, the bone marrow aspi-
rate smear should be stained with a nonspecific
esterase (eg naphtyl butyrate esterase) which, at
least in this study, was useful in detecting mono-
cytes and promonocytes, thus separating CMML
from the monocytic poor chronic myelogenous
leukemia and atypical CML. Although nodules of
plasmacytoid monocytes can be identified morpho-
logically and immunostained by CD68, their strong
reactivity with CD123 makes their detection much
easier. Their presence reinforce a suspected diag-
nosis of CMML, as there are rarely found in other
types of chronic myeloproliferative disorders. CD34
is useful to detect the increased number of blasts
seen in aggressive cases of the disease including the
cases in transformation to acute myeloid leukemia.
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