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Acute Myelomonocytic Leukemia with Abnormal Eosinophils:
A Case Report with Multi-Modality Diagnostic Work-up
Sheng-Tsung Chang1, MD; Yen-Chuan Hsieh1, BS; Li-Ping Lee1, BS;
Ching-Cherng Tzeng1, MD; Shih-Sung Chuang1,2, MD
Acute myeloid leukemia (AML) with recurrent genetic abnormalities often carries a favorable
prognosis. AML with inv(16)(p13q22) occurs predominantly in younger patients and usually shows
granulocytic and monocytic differentiation with abnormal eosinophils. It is referred to as acute
myelomonocytic leukemia with abnormal eosinophils (AMML Eo). We report a case in a 27-year-old
man with leukocytosis (10.6x 103/µL with 34% blasts), thrombocytopenia and splenomegaly. Marrow
aspiration showed 47% blasts and 33% eosinophils, of which 19% were morphologically abnormal
with both eosinophilic and basophilic cytoplasmic granules. Cytochemically, the blasts were positive
for myeloperoxidase while the granules of abnormal eosinophils were positive for naphthol ASD
chloroacetate esterase. With flow cytometric immunophenotyping the blasts expressed CD13, CD33,
CD117, myeloperoxidase and CD34. Marrow trephine showed 90% cellularity with 40% blasts
expressing CD34, CD117, and myeloperoxidase on immunohistochemistry. Chromosomal analysis
reveled a karyotype of 46, XY, inv(16)(p13q22). This case illustrates a typical AMML Eo confirmed
by a multi-modality diagnostic approach including morphology, cytochemistry, flow cytometry,
immunohistochemistry, and conventional cytogenetic study. (Chang Gung Med J 2006;29:532-7)
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A

cute myeloid leukemias (AMLs) with recurrent
genetic abnormalities are defined as a distinct
group of acute leukemias in the new World Health
Organization (WHO) classification. They have a
high rate of complete remission and a favorable
prognosis.(1) The most commonly identified abnormalities are reciprocal translocations: t(8;21),
inv(16)/t(16,16), t(15,17) and various translocations
involving the 11q23 breakpoint. All of these categories have certain degrees of correlation with morphology. AML with inversion or translocation
involving chromosome bands 16p13 and 16q22
accounts for 3% to 5% of all AML cases.(2,3) This

type of AML shows increased and abnormal
eosinophils in 85% of cases and is classified as acute
myelomonocytic leukemia with abnormal eosinophils (AMML Eo) in 50% of cases. The remaining cases show granulocytic (non-eosinophilic),
myelomonocytic, monocytic, megakaryocytic, or
only minimal differentiation.(4) Several clinical studies have shown that the patients with AMML Eo
achieve higher complete remission rates when treated with high dose cytarabine in the consolidation
phase.(5,6) Here we report a typical case of AMML Eo
in which a multi-modality diagnostic work-up was
used to reach the diagnosis.
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CASE REPORT
In February 2005, a 27-year-old Canadian
Caucasian man visited the emergency department
due to painful swelling of the right leg for one day
and body weight loss of 11.3 kg. He was admitted
under the impression of cellulitis. However, laboratory tests showed mild anemia (hemoglobin 13.9
g/dL), mild leukocytosis (WBC 10.6 x 103/µL) with
34% blasts and 0% eosinophils, marked thrombocytopenia (76 x 103/µL), and elevated C-reactive protein (33.4 mg/L) and lactate dehydrogenase (738
IU/L) levels. Abdominal sonography revealed
splenomegaly up to 13.5 cm while chest radiography
was unremarkable.
He received a bone marrow aspiration and biopsy. Wright-Giemsa and cytochemical stains including
myeloperoxidase (MPO), α-Naphthyl butyrate
esterase (BE), naphthol ASD chloroacetate esterase
(CLE) and combined esterase stain (BE/CLE) were
performed on the marrow aspirate. Flow cytometric
immunophenotyping was performed using marrow
aspirate, which was centrifuged in Biocoll separation
solution (Biochrom KG, Berlin, Germany) and the
mononuclear cell layer was then re-suspended at
1x107 cell/mL before incubation with antibodies at
room temperature. The suspension was centrifuged,
washed with phosphate buffered saline, and incubated with fluorochrome (phycoerythrin [PE], fluorescein isothiocyanate [FITC] or peridinin-chlorophyll
[PerCP]) conjugated monoclonal antibodies and analyzed with a FACSCalibur flow cytometer (Becton
Dickinson [BD], San Jose, CA) and CellQuest software. The antibody panels included CD14/CD45
(PE/PerCP), CD3/HLA-DR, CD19/κ, CD19/λ,
CD19/CD10, CD20/CD5, CD13/CD34, p-glycoprotein/CD33, CD117/CD33, CD7/CD33, CD13/CD56,
CD11b/CD33, and CD11c/CD15 (PE/FITC). To
detect cytoplasmic antigens, the cellular suspension
was pretreated with FACS permeabilizing solution 2
(BD) before incubation with the conjugated antibodies including CD33/cytoplasmic MPO (cMPO) and
cCD22/cytoplasmic terminal deoxynucleotidyl transferase (cTdT) (PE/FITC) (all from BD except for
TdT, from Serotec, Oxford, UK). Immunohistochemical stains on the biopsy specimen were performed using anti-CD34 (Serotec Inc., Raleigh, NC,
USA), CD117 and MPO (Dako Cytomation,
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Glostrup, Denmark) with pressure-cooking antigen
retrieval in citrate pH 6.0 and appropriate positive
controls. Cytogenetic study was done on marrow
mononuclear cells harvested directly and after a 24hour culture. Metaphases were banded by a conventional trypsin-Giemsa banding technique and the
karyotype was interpreted according to the
International System for Human Cytogenetic
Nomenclature (ISCN, 1995).(7)
The marrow aspirate smears showed 47% blasts
without Auer rods, 5% monocytes, and 33%
eosinophils and their precursors including morphologically normal (14%) and abnormal (19%) populations. In addition to the normal-appearing
eosinophilic granules, the abnormal eosinophilic precursors contained large, basophilic granules (Fig.
1A). Cytochemically, the blasts stained positive for
MPO while the large, basophilic granules in the
abnormal eosinophils stained positive for CLE (Fig.
1B-D). Flow cytometric immunophenotyping
showed that these blasts expressed myeloid antigens
CD13, CD33, CD117, and MPO in addition to HLADR and CD34 (Fig. 2). A fraction (30%) of these
blasts expressed CD11c. They were negative for
CD3, CD5, CD7, CD10, CD11b, CD14, CD15,
CD19, CD20, cCD22, CD56, p-glycophorin, and
TdT. The marrow trephine was hypercellular with
90% cellularity and 40% of the cellular components
were small to medium-sized blasts. Immunohistochemically, these blasts expressed CD34, CD117 and
MPO (Fig. 3). Chromosomal analysis of 22
metaphases revealed that 18 cells exhibited pericentric inversion of chromosome 16, i.e. inv(16)
(p13q22) (Fig. 4); while four cells showed a normal
karyotype.
After a complete diagnostic work-up, AMML
Eo with inv(16)(p13q22) was diagnosed and this
patient returned to Canada for treatment.

DISCUSSION
The overall incidence of acute leukemia is
approximately 4/100,000 population per year, with
70% of these cases being AML. AML is a heterogeneous clonal disorder with individual cases exhibiting variations in clinical presentation, cellular morphology, therapeutic response and overall prognosis.
In a cytogenetic study of 235 cases of AML in
Taiwanese, Tien et al. identified 12 cases with
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Fig. 1 (A) Marrow aspirate smear shows blasts and abnormal eosinophilic precursors containing a mixture of normal eosionphilic
granules and large, basophilic granules (Wright-Giemsa stain). (B) The blasts are positive for myeloperoxidase. (C) The marrow
monocytic component is highlighted by a naphthyl butyrate esterase stain. (D) In addition to myoperoxidase-positivity as shown in
Figure 1B, the abnormal granules in the eosinophilic precursors are positive for naphthol ASD chloroacetate esterase. (1000x)
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Fig. 2 (A) The blasts express myeloid antigens CD13/CD34 and (B) cytoplasmic CD33/myeloperoxidase (Flow cytometric
immunophenotyping).
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Fig. 4 Chromosomal analysis shows inv(16)(p13q22) with
pericentric inversion of chromosome 16 (arrow).

A
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Fig. 3 (A) Bone marrow biopsy shows packed marrow with
blasts and eosinophils. (H & E stain, 400x). (B) These blasts
express CD34 ( immunohistochemical stain, 400x).
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inv(16) and 11 of these were AMML Eo, accounting
for 24% (11/45 cases) of AML-M4.(8) They found
that the patents with inv(16) had the longest median
complete remission rate and median survival time,
followed by those with t(15;17) and t(8;21). A more
recent cytogenetic study of 111 cases of Taiwanese
childhood acute leukemia revealed four AML-M4
cases among 30 cases of AML. Of the three AMLM4 cases with cytogenetic abnormalities, one was
AMML Eo with t(7;16)(q21;q22).(9) Follow-up information on this patient was not available.
The most important diagnostic clue in our case
was the high percentage of marrow eosinophils,
more than half of which were morphologically
abnormal. Peripheral blood eosinophilia is occasionally encountered as a reactive process secondary to
infection/inflammation (allergy, parasitic infection,
or drug reaction) and non-myeloid neoplasms such
as acute lymphoblastic leukemia, and peripheral Tcell and Hodgkin lymphomas. Clonal eosinophilic
proliferations are neoplastic disorders involving
clonal expansion of eosinophils in AMML Eo,
myelodysplastic syndrome (MDS), and chronic
myeloproliferative disorders (CMPD) including
chronic myelogenous leukemia, chronic eosinophilic
leukemia, and idiopathic hypereosinophilic syndrome. The marrow blast count of 47% in our case
excluded the possibility of idiopathic hypereosinophilic syndrome, MDS, and CMPD. Although
excess blasts may be seen in the blastic phase of
chronic myelogenous leukemia, there was no
Philadelphia chromosome on conventional cytoge-
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netic study in our case, thus excluding this possibility.
The altered expression of gene products from
genetic aberrations in AML may contribute to the
initiation or progression of leukemogenesis. The
inv(16)(p13q22) or t(16;16)(p13;q22) result in the
fusion of the CBF β (core binding factor β subunit)
gene at 16q22 to the MYH11 gene at 16p13, which
encodes the smooth muscle myosin heavy chain. The
resultant chimeric protein blocks hematopoietic differentiation that characterizes AML.(10) Recent clinical and experimental studies strongly support the
concept that the CBF β fusion genes are present in
potential leukemic precursor cells but that additional
mutations, such as those involving mutations involving RTKs and RAS genes, are necessary for transformation.(11) By conventional cytogenetics, inv(16) is a
subtle rearrangement that may be overlooked when
metaphase preparations are suboptimal. Under these
circumstances, the use of interphase fluorescent in
situ hybridization and reverse transcription-polymerase chain reaction may be necessary to document
the genetic alternations.(1,3)
This case illustrates a typical case of AMML
Eo. The presumptive diagnosis was raised because of
the immature and mature eosinophils with abnormal
cytoplasmic granules (particularly evident at the
promyelocytic and myelocytic stages of differentiation) and was confirmed by a multi-modality diagnostic approach including morphology, cytochemistry, immunohistochemistry, flow cytometry,
immunohistochemistry, and conventional cytogenetics.

REFERENCES
1. Brunning RD, Matutes E, Flandrin, Vardiman J, Bennett
J, Hrad D, Harris NL. Acute myeloid leukaemia with
recurrent cytogenetic abnormalities. In: Jaffe ES, Harris
NL, Stein H, Vardiman JW, eds. World Health
Organization classification of tumors. Pathology and
genetics of tumors of hematopoietic and lymphoid tissues.

536

Lyon: IARC Press, 2001:81-7.
2. Perkins D, Brennan S, Carstairs K, Bailey D, Pantalony
D, Poon A, Fernandes B, Dube I. Regional cancer cytogenetics: a report on 1,143 diagnostic cases. Cancer Genet
Cytogenet 1997;96:64-80.
3. Tanaka K, Arif M, Eguchi M, Shintani T, Kumaravel TS,
Asaoku H, Kyo T, Dohy H, Kamada N. Interphase fluorescence in situ hybridization overcomes pitfalls of Gbanding analysis with special reference to underestimation of chromosomal aberration rates. Cancer Genet
Cytogenet 1999;115:32-8.
4. Farhi DC, Chai CC, Edelman AS, Parveen T, Vo TLT.
Acute myeloid leukemia. In: Pathology of bone marrow
and blood cells. Philadelphia: Lippincott Williams &
Wilkins Co., 2004:201-27.
5. Larson RA, Williams SF, Le Beau MM, Bitter MA,
Vardiman JW, Rowley JD. Acute myelomonocytic
leukemia with abnormal eosinophils and inv(16) or
t(16;16) has a favorable prognosis. Blood 1986;68:12429.
6. Grimwade D, Walker H, Oliver F, Wheatley K, Harrison
C, Harrison G, Rees J, Hann I, Stevens R, Burnett A,
Goldstone A. The importance of diagnostic cytogenetics
on outcome in AML: analysis of 1612 patients entered
into the MRC AML 10 trial. The Medical Research
Council Adult and Children’s Leukaemia Working
Parties. Blood 1998;92:2322-33.
7. Mitelman F, ed. ISCN (1995): An International System
for Human Cytogenetic Nomenclature. Basel: S. Karger,
1995.
8. Tien HF, Wang CH, Lin MT, Lee FY, Liu MC, Chuang
SM, Chen YC, Shen MC, Lin KH, Lin DT. Correlation of
cytogenetic results with immunophenotype, genotype,
clinical features, and ras mutation in acute myeloid
leukemia. A study of 235 Chinese patients in Taiwan.
Cancer Genet Cytogenet 1995;84:60-8.
9. Yang CP, Wu JH, Hung IJ, Jaing TH. Cytogenetic pattern
of childhood leukemia in Taiwan. J Formos Med Assoc
2000;99:281-9.
10. Kundu M, Chen A, Anderson S, Kirby M, Xu L, Castilla
LH, Bodine D, Liu PP. Role of Cbfb in hematopoiesis and
perturbations resulting from expression of the leukemogenic fusion gene Cbfb-MYH11. Blood 2002;100:
2449-56.
11. Reilly JT. Pathogenesis of acute myeloid leukemia and
inv(16)(p13;q22): a paradigm for understanding leukaemogenesis? Br J Haematol 2005;128:18-34.

Chang Gung Med J Vol. 29 No. 5
September-October 2006

537

1

1

1

1

1,2

(AML)
16

inv(16)(p13q22)

Eo
34%

AMML Eo
M4
3
(10.6 10 /µL
13.5
( 33%)
19%

27
)

(76
47%

(MPO)

103/µL)

naphthol ASD chloroacetate esterase
40%

CD34

CD117

MPO
AMML Eo

16

inv(16)(p13q22)
(

1

2006;29:532-7)

2

94

9

27

94

12

15
710

(06)2511235; E-mail: cmh5301@mail.chimei.org.tw

901

Tel.: (06)2812811 ext. 53686; Fax:

