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Morphologic characterization of acute myeloid leukemia
with cytogenetic or molecular evidence of t(8;21),
t(15;17), inv(16) and 11q23 abnormalities

We reviewed the morphology of 110 acute myeloid
leukemias (AML) with recurrent cytogenetic/molecular
translocations. The t(8;21) cases had some pseudolymphoid
blasts and severe dysgranulopoiesis. Acute promyelocytic
leukemia showed atypical promyelocytes in peripheral blood
and maturation of abnormal granulocytes. The atypical
eosinophils were exclusive to inv(16). The cases with 11q23-
abnormalities had blasts of monocytic appearance.
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The WHO classification1 has divided AML into four categories,
one of which includes the well established types of AML with
recurrent cytogenetic/molecular translocations: AML with
t(8;21), AML with t(15;17) and variants, AML with inv(16) and
variants, and AML with 11q23 abnormalities. These AML have
some degree of correlation with morphology, together with
prognostic influence.2-8 We reviewed the morphologic and lab-
oratory characteristics of 110 cases of these AML subtypes diag-
nosed in seven hospitals in Catalonia from January 1994 to
December 1999. The aim was to know whether the morpholog-
ic findings associated with these cytogenetic/ molecular abnor-
malities were as constant as stated in the literature. Table 1
shows the main clinical and laboratory data. Leukocytosis was
significantly higher in 11q23 than in the other types. Cases with
t(15;17) and  M3 variant morphology had a mean (SD) leukocyte
count of 28.5 (27.2) ×109/L, higher than those with classical M3
[9.7 (24.8) ×109/L], but the difference was of borderline signifi-
cance (p=0.05). The percentage of blasts in peripheral blood (PB)
was significantly higher in 11q23 than in the other types, and
in bone marrow (BM), higher in 11q23 and t(15;17). Eosinophils
in BM were present in an appreciable amount in inv(16) and in
t(8;21). Table 2 shows the main morphologic data.

Twenty-two cases were AML-t(8;21), 4 M1 and 18 M2, coin-
ciding with the FAB subtypes usually described.1-3,9 Dysgranu-
lopoiesis was severe in all cases, with constant abnormal nuclear
segmentation (hyposegmentation or bizarrely segmented nuclei)
and hypo or hypergranulation. Two types of blasts were observed
in 9 (41%) cases in PB and 13 (59%) cases in BM, one type being
of myeloid appearance, and the other one of  pseudolymphoid

appearance (high nuclear-cytoplasmic ratio, irregular nucleus,
scant cytoplasm and moderate basophilia). Although the WHO
review states that the small blasts are predominantly found in
PB, we found them more frequently in BM. The myeloblasts had
fine granulation, frequent Auer rods, and in some cases pseudo-
Chediak granules, in agreement with the WHO report. Though
uncommon in the other subtypes, cytoplasmic vacuolization was

Table 1. Comparison of the main clinical and laboratory results
of the four types of AML. Results expressed as mean (SD).

Cytogenetic anomaly/ t(8;21) t(15;17) inv16 11q23 p
N. cases N=22 N=52 N=27 N=9

Age (years) 48 (17) 42 (16) 41 (17) 58 (23) 0.04
Hemoglobin (g/L) 85  (25) 92 (23) 86 (22) 108 (32) 0.07
Platelets (×109/L) 39 (22) 45 (41) 50 (42) 61 (37) 0.4
Leukocytes (×109/L) 12.1 (7.1) 12.6 (25.6) 45.5 (49.2) 85.3 (53.4) <0.001
Blasts in peripheral blood (%) 42.8 (25) 42.2 (34) 42.7 (33) 69.3 (32) 0.03
Blasts in bone marrow (%) 50.4 (19.9) 74.8 (17.3) 54.4 (19) 82.4 (14.8) 0.001
Eosinophils in bone marrow (%) 2.1 (2.9) 0.1 (0.5) 13 (9.6) 0.6 (1.7) <0.001

Table 2. Main morphologic data in the four types of AML wih recur-
rent cytogenetic abnormalities.

Cytogenetic anomaly t(8;21) t(15;17) inv16 11q23 p
n (%) n (%) n (%) n (%)

Peripheral blood 
Granulocytes
Abnormal granulation 17/18 (94) 5/30 (16) 16/23 (70) 1/7 (14) <0.0001
Abnormal segmentation 18/18 (100) 3/30 (10) 17/23 (74) 3/7 (43) <0.0001
Single Auer rods 0/18 (0) 1/30 (3) 3/23 (13) 0/7 (0) ns
Hybrid eosinophils 0/22 (0) 0/50 (0) 8/27 (30) 0/9 (0) 0.008

Red cells
Dysplasia 1/21 (5) 13/49 (26) 3/22 (13) 2/9 (22) ns

Platelets
Dysplasia 0/19 (0) 2/42 (5) 2/26 (7) 2/9 (22) ns

Bone marrow 
Dyserythropoiesis 2/17 (12) 3/39 (7) 3/22 (13) 0/5 (0) ns
Dysmegakaryopoiesis 2/15 (13) 0/17 (0) 2/18 (11) 0/5 (0) ns

Granulocytes
Abnormal granulation 21/21 (100) 22/30 (73) 19/24 (79) 1/6 (16) <0.0001
Abnormal segmentation 21/21 (100) 14/30 (46) 17/24 (71) 0/6 (0) <0.0001
Single Auer rods 5/21 (24) 2/30 (6) 5/24 (21) 0/6 (0) ns
Vacuoles 8/21  (38) 1/30 (3) 1/24  (4) 0/6 (0) 0.001
Hybrid eosinophils 0/22 (0) 0/50 (0) 27/27 (100) 0/9 (0) <0.001

Blast characteristics
Irregular or bilobed nuclei 11/22 (50) 40/50 (80) 20/27 (74) 3/9 (33) 0.001
Fine granulation 15/22  (68) 8/50 (16) 18/27 (66) 5/9 (55) 0.0001
Large granulation 4/22 (18) 42/50 (84) 1/27 (4) 0/9 (0) 0.0001
Pseudo-Chediak granules 6/22 (27) 7/50 (14) 1/27 (4) 0/9 (0) ns
Single Auer rods 16/22 (73) 8/50 (16) 7/27 (26) 2/9 (22) 0.002
Faggots 0/22 (0) 46/50 (92) 1/27 (4) 0/9 (0) <0.0001
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frequent and useful for raising suspicion. The presence of Auer
rods in the mature granulocytes, referred in the WHO descrip-
tion as typical in this AML, was occasional, as in the other sub-
types.

Fifty-two cases were AML-t(15;17)/PML/RARα (43 classical
hypergranular M3, 8 hypogranular variant and 1 M1). Although
the WHO report describes occasional leukemic promyelocytes in
PB, we found them in 44 cases. In many cases, the most notice-
able trait was the atypical maturation of white cell precursors
further than the promyelocytic stage, which were identified by
the presence of typical M3 granules and/or faggots. RT-PCR for
PML-RARα was performed in 47 cases in a single laboratory,
showing a bcr1 rearrangement in 23 and bcr2/bcr3 in 24. Con-
trary to the published data5, 10 we did not find any significant dif-
ferences between the 2 types of rearrangement regarding atyp-
ical maturation, classical or variant morphology, hemoglobin
level, leukocyte count or blast percentage. Although the mean
(SD) leukocyte count was higher in cases with the bcr2/bcr3 iso-
form than with the bcrI one [15.4 (32.2) vs 7.2 (13)], the differ-
ence was not significant.

Twenty-seven cases were of the inv(16) category (6 M2, 2
M4, 18 M4Eo and 1 M5). Dysgranulopoiesis was frequent, but
scanty hyposegmentation was observed (9/24). There were two
types of blasts in 6 cases: 1 M2 and 5 M4. The presence of atyp-
ical eosinophils, which have been identified as part of the
leukemic cell population,7 was observed in BM in all cases and
frequently in PB, a fact seldom described in the literature.6 This
was a constant and exclusive feature of this subtype of leukemia,
irrespective of the FAB subtype.

Finally, 9 cases were adult primary AML with 11q23 abnor-
malities (1 M0, 2 M4, 5 M5a and 1 M5b). Although in all the
reports 11q23 abnormalities are associated with M5 and M4
FAB subtypes,1,8 few morphologic data are reported. The blasts
of monocytic appearance were quite homogeneous, and no Auer
rods or vacuolization were seen in the mature granulocytes.

In comparing the morphologic data among the groups, we
found that dyserythropoiesis and dysmegakaryopoiesis were
uncommon in all types. Dysgranulopoiesis  was highly marked
and statistically significant in t(8;21), marked in inv(16), inter-
mediate in 11q23, and low in t(15;17). The irregular nuclear pro-
file of the blasts showed statistical significance among the dif-
ferent types. The presence of atypical eosinophils was exclusive
to inv(16). Despite the need for the new technologies to accu-
rately diagnose and predict clinical outcome, morphologic
aspects are still the first step in the evaluation of AML.

María Rozman,* José-Tomás Navarro,° Alicia Domingo,#
Ramón Ayats,@ Teresa Vallespí,^ Miquel Gallart,§

Lourdes Florensa** on behalf of the Catalan Cooperative Group
of Hematologic Cytology

Departments of Hematology and Pathology *IDIBAPS, Hospital
Clínic Barcelona; °Hospital Germans Trias i Pujol Badalona;

#Hospital de Bellvitge (Hospitalet de Llobregat); 
@Hospital de Sant Pau Barcelona; ^Hospital Vall d’Hebron

Barcelona; §Hospital Arnau de Vilanova Lleida;
**Escola de Citologia Hematológica Soledad Woessner,

Hospital del Mar Barcelona, Spain
Key words: acute myeloid leukemia, morphology, t(15;17), inv(16),
t(8;21), 11q23.
Acknowledgments: all the authors contributed to the conception
of this study and to data collection. Authors are listed according
to the extent of their contribution to the work (with considera-
tion to the number of patients included by each hospital). SW
had a major role as senior author in the conception and revision
of the article, FM and EP-V contributed to the morphologic review
as members of the Catalan Cooperative Group. All the authors
approved the submitted version of the article. We thank A. Oriol
for performing statistical analysis, A. Aventín, A. Carrió, D. Costa,
I. Granada, M. Xandri, F. Solé and M. Teixidó for performing the

cytogenetic studies, D. Colomer for the molecular studies, and E.
Alonso, P. García and I. Larriba for collecting data.
Funding: this study was supported in part by a grant from the
“Fundación Internacional José Carreras para la lucha contra la
leucemia” P-EF-00.
Correspondence: María Rozman, M.D., Hematopathology Unit,
Hospital Clínic Barcelona, C/ Villarroel 170, 08036 Barcelona,
Spain. Phone/Fax: international +34.93.2275572.
E-mail: mrozman@clinic.ub.es

Manuscript processing
This manuscript was peer-reviewed by two external referees
and by Dr. Cristina Mecucci, who acted as an Associate Edi-
tor. The final decision to accept this paper for publication
was taken jointly by Dr. Mecucci and the Editors. Manuscript
received March 19, 2002; accepted June 11, 2002.

References

1. Jaffe ES, Harris NL, Stein H, Vardiman J. World Health Orga-
nization Classification of Tumours. Pathology and Genet-
ics of Tumours of Hematopoietic and Lymphoid Tissues.
IARC Press; Lyon: 2001. p. 81-7.

2. Haferlach T, Bennett JM, Löffler H, Gassmann W, Andersen
JW, Tuzuner N, et al. Acute myeloid leukemia with translo-
cation (8;21). Cytomorphology, dysplasia and prognostic
factors in 41 cases. Leuk Lymphoma 1996; 23:227-34.

3. Andrièu V, Radford-Weiss I, Troussard X, Chane C, Valensi
F, Guesnu M, et al. Molecular detection of t(8;21)/AML-ETO
in AML M1/M2: correlation with cytogenetics, morpholo-
gy and immunophenotype. Br J Haematol 1996; 92:855-65.

4. Bennett JM, Catovsky D, Daniel M-T, Flandrin G, Galton
DAG, Gralnick HR, et al. Hypergranular promyelocytic
leukemia: correlation between morphology and chromo-
somal translocations including t(15;17) and (11;17).
Leukemia 2000; 14:1197-200.

5. Gallagher RE, Willman CL, Slack JL, Andersen JW, Li YP,
Viswanatha D, et al. Association of PML-RARα fusion
mRNA type with pretreatment hematologic characteristics
but not treatment outcome in acute promyelocytic
leukemia: an intergroup molecular study. Blood 1997;
90:1656-63.

6. Poirel H, Radford-Weiss I, Rack K, Troussard X, Veil A, Valen-
si F, et al. Detection of the chromosome 16 CBFβ-MYH11
fusion transcript in myelomonocytic leukemias. Blood
1995; 85:1313-22.

7. Haferlach T, Winkemann M, Löffler H, Schoch R, Gassmann
W, Fonatsch C, et al. The abnormal eosinophils are part of
the leukemic cell population in acute myelomonocytic
leukemia with abnormal eosinophils (AML M4Eo) and car-
ry the pericentric inversion 16: a combination of May-
Grünwald-Giemsa staining and fluorescence in situ
hybridization. Blood 1996; 87:2459-63.

8. Cortes J, O’Brien S, Kantarjian H, Cork A, Stass S, Freireich
EJ, et al. Abnormalities in the long arm of chromosome 11
(11q) in patients with de novo and secondary acute myel-
ogenous leukemias and myelodysplastic syndromes.
Leukemia 1994; 8:2174-8.

9. Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton DAG,
Gralnick HR, et al. Proposed revised criteria for the classi-
fication of acute myeloid leukemia. A report of the French-
American-British cooperative group. Ann Intern Med 1985;
103:626-9.

10. González M, Barragán E, Bolufer P, Chillón C, Colomer D,
Borstein R, et al. Pretreatment characteristics and clinical
outcome of acute promyelocytic leukemia patients accord-
ing to the PML-RARα isoforms: a study of the PETHEMA
group. Br J Haematol 2001; 114: 99-103.




