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Background and Objectives. Molecular analysis has con-
tributed to the identification of several non-random chro-
mosomal translocations, such as t(15;17), t(8:21),
inv(16)/t(16;16) and 11q23 abnormalities, typically
associated with acute myeloid leukemia (AML). The iden-
tification of these chromosomal abnormalities helps not
only to define different AML subtypes with distinct prog-
noses and treatments but also to monitor the disappear-
ance of malignant cells after treatment. Recent reports
suggest that the frequency of these alterations may differ
according to geographic distribution. However, most of
these reports focus on just one or two genetic alterations,
which may lead to some selection bias. Appropriate epi-
demiological studies should be based on unselected con-
secutive series of patients in which all relevant genes are
simultaneously analyzed. The aim of the present study
was to explore whether or not the incidence of genetic
lesions in Spanish AML patients differs from that report-
ed in other countries.

Design and Methods. In a series of 145 consecutive un-
selected adult patients with AML we simultaneously ana-
lyzed the presence of 4 genetic abnormalities, PML/RARα
for t(15;17), AML1/ETO for t(8;21), CBFβ/MYH11 for
inv(16)/t(16;16) and rearrangements of the MLL gene for
11q23 abnormalities. AML were classified using the new
World Health Organization (WHO) classification for hema-
tologic malignancies. The techniques used were stan-
dardized according to the recommendations of the Euro-
pean BIOMED-1 Concerted Action.

Results. The PML/RARα transcript was present in 34
patients (23.4%) (23 were bcr1, 2 bcr2 and 9 bcr3). The
AML1/ETO fusion transcript was detected in only 2 cas-
es (1.4%) both with M2 morphology, but 29 other cases
with M2 morphology were negative. CBFβ/MYH11 tran-
script was present in 9 cases (6.2%) eight of them dis-
playing M4Eo morphology. Finally, 5 cases (3.5%)
showed rearrangements of the MLL gene. Our results dif-
fer from those reported from the United States and
North/Central Europe, particularly regarding the incidence
of t(15;17) and t(8;21) translocations. In Spain the fre-
quency of t(15;17) is higher while that of t(8;21) is low-
er.

Interpretation and Conclusions. These data add epi-
demiological information about geographic heterogene-
ity of such chromosome aberrations in AML and would
contribute to the design of specific screening strategies
adapted to the incidence in each country.
©2001, Ferrata Storti Foundation
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Several non-random chromosomal translocations are
associated with specific morphologic subtypes of
leukemia1 which result in distinctive clinical charac-

teristics, some with important therapeutic implications.
This has led the clinical advisory committee (CAC) of the
World Health Organization (WHO) to reclassify acute
myeloid leukemia (AML) into four different subgroups:2
AML with recurrent cytogenetic translocations, AML with
multilineage dysplasia, AML and myelodysplastic syn-
dromes (MDS) related to previous therapies, and AML not
otherwise characterized. The first group of leukemia is of
great importance because it is defined by four different
well-characterized types of translocations, which have rel-
evant clinical and therapeutic implications. Thus, AML
patients who have the t(15;17)(q22;q11-12) [PML/RAR-
α] benefit from the use of all-trans retinoic acid and have
a favorable outcome.3-5 Patients with AML harboring the
t(8;21)(q22;q22), [AML1/ETO] or the inv(16)/ t(16;16)
(p13;q22), [CBF-β/MYH11] have a better prognosis than
others lacking these alterations,6,7 particularly when treat-
ed with high dose ARA-C. Finally, the presence of translo-
cations involving 11q23 (MLL gene rearrangements) con-
fers an intermediate/poor prognosis to the disease.6-8 The
new classification of hematologic malignancies recently
proposed by the WHO2 requires the identification of these
translocations as a goal for good clinical practice. In addi-
tion, the increasing availability of different techniques to
detect such abnormalities [conventional cytogenetics, flu-
orescence in situ hybridization (FISH), and reverse tran-

Acute Leukemias

Molecular characterization of acute
myeloblastic leukemia according to
the new WHO classification:  a differ-
ent distribution in Central-West Spain

M. CARMEN CHILLÓN,* RAMÓN GARCÍA-SANZ,*°
ANA BALANZATEGUI,* FERNANDO RAMOS,# JAVIER FERNÁNDEZ-
CALVO,@ MARÍA JESÚS RODRÍGUEZ,^ MARÍA ISABEL RODRÍGUEZ-
SALAZAR,§ ALEJANDRO CORRALES,** MARÍA JOSÉ CALMUNTIA,°°
ALBERTO ORFÃO,*## MARCOS GONZÁLEZ,*°
JESÚS F. SAN MIGUEL*°

Correspondence: Jesús F. San Miguel, M.D., Department of Hematology,
University Hospital of Salamanca, Paseo de San Vicente, 58-182, Sala-
manca 37007, Spain. Phone: international +34-923-291384 – Fax: inter-
national +34-923-294624 - E-mail: sanmigiz@usal.es

original paper

haematologica 2001; 86:162-166
http://www.haematologica.it/2001_02/0162.htm

*Servicio de Hematología, Hospital Universitario de Salamanca,
°Centro de Investigación del Cáncer, Universidad de Salamanca,
#Hospital Virgen Blanca de León, @Hospital Universitario de Val-
ladolid, ^Hospital Nuestra Señora de Sonsoles de Ávila, §Hospital
General Yagüe de Burgos, **Hospital Nuestra Señora de la Con-
cha de Zamora, °°Hospital General de Segovia, ##Servicio de
Citometría de la Universidad de Salamanca, Spain



163

haematologica vol. 86(2):February 2001

scriptase-polymerase chain reaction (RT-PCR)] makes this
goal possible for all reference centers treating acute
leukemias. The European BIOMED-1 group has recently
published a standardized RT-PCR protocol to detect sever-
al fusion gene transcripts including the majority of those
usually present in AML.9 This effort will allow many centers
to use a well-standardized methodology for diagnosis of
AML according to the new WHO classification. The relative
frequencies of each AML subtype according to the WHO
classification have not been specifically investigated, but
they could be extrapolated from data reported in the liter-
ature.6-8,10,11 However, in order to estimate the incidence of
these genetic changes accurately, the studies should have
been performed on unselected consecutive series of
patients in whom the relevant genes were simultaneously
analyzed. Moreover, these frequencies can vary between
countries according to their different epidemiological dis-
tribution around the world.12 For instance, acute promye-
locytic leukemia (APL) has been shown to be less frequent
in USA and central European countries than it is in Latin
populations from the USA13 and countries such as Brazil,
Peru, Mexico and Spain.14-17 In addition, the t(8;21) has
been reported to be more frequent in Japan than in Aus-
tralia,18 with an incidence ranging from 18 to 88% within
leukemias with FAB-M2 morphology.19,20 This supports the
view that geographic variations in tumor-associated aber-
rations in hematologic malignancies exist.12,21 Our own
group has found an unexpectedly low frequency of t(12;21)
in patients with acute lymphoblastic leukemia (ALL) from
the western part of Spain.22 In this study, we analyzed a
large series of consecutive unselected patients with de novo
AML from the central-western region of Spain (Castilla y
León), in whom we simultaneously investigated the pres-
ence of the four types of chromosome aberrations that
define the four subgroups of AML with recurrent cytoge-
netic translocations according to the new WHO classifica-
tion, using well-standardized molecular methods.

Design and Methods

Patients and samples
From August 1994 to April 1999, samples from 233

newly diagnosed adult patients with AML were received
at the laboratory of the University Hospital of Sala-
manca for immunophenotypic, cytogenetic and molec-
ular studies. This is the reference laboratory for a region
of 2.2 million inhabitants in the central-western part of
Spain (Castilla y León). From them, 77 patients were
excluded from the analysis because they were referred
in a non-consecutive way from other regions of Spain.
Therefore, 156 cases were included in the study with
the guarantee that their diagnostic samples were con-
secutive and unselected.  Patients with secondary AML
after chemotherapy, myelodysplasia or myeloprolifera-
tive disorders were also excluded.

Diagnostic criteria
Patients were initially diagnosed using the standard

morphologic criteria used by the FAB group.23 Once the
status of the different translocations was known, all

cases were reviewed in order to assign the AML subtype
definitively according to the WHO classification.2

Immunophenotypic studies
Immunophenotypic studies were performed in ery-

throcyte lysed samples using a large panel of monoclon-
al antibodies (MoAbs) in triple-staining combinations
analyzed by flow cytometry as previously described.24,25 

RT-PCR assay
Total RNA was extracted from bone marrow (BM)

and/or peripheral blood (PB) samples by the guanidini-
um thiocyanate/phenol chloroform method.26 The
mRNA quality was always assessed in all cases by RT-PCR
amplification of the ABL transcript, and was acceptable
in 145 out of the 156 cases (93%). All these samples
were analyzed for presence of the PML/RAR-α,
AML1/ETO and CBF-β/MYH11 fusion transcripts accord-
ing to the primers, protocols and criteria of the European
BIOMED 1 Concerted Action for standardization of MRD
studies in acute leukaemia.9 All assays were carried out
at least twice, using appropriate positive (cDNA from the
NB4, KASUMI1 & ME-1 cell lines) and negative controls
(cDNA from a healthy donor and H2O). PCR products
were electrophoresed on 2% NuSieve agarose gels and
visualized by ethidium bromide staining under UV light.

Southern blot assay (MLL rearrangements)
High molecular weight DNA was isolated by standard

proteinase K digestion, phenol-chloroform extraction and
ethanol precipitation according to standard procedures.27

For Southern blot analysis, 10 µg of DNA were digested
to completion with the BamHI restriction enzyme, size
fractionated in 0.8% agarose gel, denatured, neutralized,
and transferred to nylon membranes (Hybond-N+, Amer-
sham, Little Chalfont, UK). The blots were hybridized with
the appropriate 32P-labeled probe, washed twice in 0.1X
SSC, 1% sodium dodecyl sulfate (SDS) for 30 minutes at
65ºC, and autoradiographed between 48 and 96 hours at
–80ºC, according to previously published standard meth-
ods .27 The probe used in this study was a 0.74 kb BamHI
cDNA fragment which spans the 8.3 kb breakpoint clus-
ter region within the MLL gene.28 

Results
The distribution of the 145 cases that were finally

included in the study, according to the FAB classifica-
tion was as follows: M0 in eight cases, M1 in 20, M2 in
32, M3 in 37 (32 hypergranular and 5 microgranular),
M4 in 24 (including 8 M4Eo), M5 in 19, M6 in four and
M7 in only one case. There were 87 males and 58
females, with a median age of 63 years (range 6-90).
Four patients were aged <14 years.

The relative frequencies of each group according to
the WHO classification within the 145 consecutive valid
cases are shown in Table 1. Thirty-four patients (23.5%)
were found to have the PML/RAR-α fusion transcript
(23 with type bcr1, two bcr2 and nine bcr3) that identi-
fies the presence of t(15;17). Of these, 33 (97%) corre-
sponded to cases identified as having a M3 morphology
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(30 hypergranular, 3 microgranular), while there was one
case initially diagnosed as having an M0 morphology. In
this specific patient, the positive PCR result was con-
firmed by using different sets of primers and cDNAs, as
well as a FISH technique.25 The presence of the AML1/ETO
fusion transcript which results from the t(8;21) was
detected in only 2 cases (1.4%). Both cases displayed a
M2 morphology, while the remaining 29 cases with such
morphology were negative. The presence of the CBF-
β/MYH11 fusion transcript was detected in 9 cases
(6.2%). Eight of them corresponded to the 8 AML cases
with FAB-M4Eo morphology. The other remaining CBF-
β/MYH11 positive case was identified as a FAB-M4, but
without a sufficient number of eosinophils to be classi-
fied as M4Eo. The type of fusion transcript was A in sev-
en cases, C in one and D in the other.

The MLL gene was rearranged by Southern blot analy-

sis in 5 cases (3.5%). These included one M1, two M2,
one M4 and one M5.

As far as the age distribution was concerned, the
study sample was representative of the population of
our region, characterized by advanced age (mean 63
years; range, 14-90). Upon dividing the series into three
age groups (14-35, 36-60 and >60 years), we observed
that the overall frequency of leukemia displaying one of
the four recurrent cytogenetic translocations was much
higher in the youngest age group. By contrast, the fre-
quency of AML not otherwise characterized increased
with age (8%, 22% and 70%) (p <0.05, Table 2). It
should be noted that this difference was mainly due to
the higher incidence of PML/RARα positive cases among
young AML patients, while 11q23 abnormalities were
more frequent in the advanced age group.

In addition, considering the whole series (consecutive
unselected patients plus referred patients), 222 cases pre-
sented valid data. In this series, as might be expected, the
incidence of PML/RAR-α positive cases was higher than
in the unselected series, but the incidence of the other
genetic abnormalities did not differ (Table 1).

Discussion
In the present study we prospectively analyzed, in a

series of AML patients representative of the population
from the central-western region of Spain, the incidence
of the most frequent chromosome abnormalities
described in AML. Two important pre requisites of this
study were: i) the series of patients was based on con-
secutive unselected AML cases and ii) in all cases the
four genetic abnormalities were simultaneously
explored, using well-standardized molecular techniques
according to BIOMED-1 protocols.9 Our data show that
in Spain the t(15;17) is more frequent and the t(8;21) is
rarer than in other countries (USA and North-Central
Europe). Although many cases were also analyzed by
cytogenetics, there were a substantial number of cases
lacking these data due to inappropriate storage or trans-
portation, or due to the lack of metaphases or clonal
cytogenetic abnormalities after the analysis. So, no epi-
demiological data can be added based on conventional
cytogenetics, although we can say that no differences
were observed between the two techniques when cyto-
genetics was available.

Using cytogenetic and morphologic data it was
reported that the incidence of M3/t(15;17) positive AML
was between 5%23,29-31 and 11%32-34 in United States
and North-Central Europe. More recent data confirm
that the frequency is around 10%6,8 as it is in Australia
and Japan.19 In a British series including 1,612 AML
patients and based on cytogenetic data, the incidence
of t(15;17) is 13%.7 However, there are some data sug-
gesting that the frequency of the t(15;17) can be high-
er in some countries and/or specific populations. Thus,
this frequency increases to 17% in Italian children35 and
seems to be over 20% in countries such as Brazil, Mex-
ico, Peru and Spain.14-17 Even more significantly, this fre-
quency has been shown to be as high as 37.5% in

Table 1. Relative frequencies of the different AML subtypes
both in consecutive patients and in the whole series of
patients.

Acute myeloid leukemias Consecutive cases Whole series
n = 145 % n = 222 %

AML with recurrent cytogenetic translocations 50 34.5% 98 43.8%
AML with t(15;176) PML/RAR-α 34 23.5% 78 35.1%
AML with t(8;21) AML1/ETO 2 1.4% 3 1.4%
AML with inv(16) or t(16;16) CBF-β/MYH11 9 6.2% 11 5.0%
AML with 11q23 abnormalities (MLL) 5 3.4% 6 2.7%

AML not otherwise characterized 95 65.5% 124 56.2%
AML minimally differentiated 7 4.8% 8 3.6%
AML without maturation 21 14.5% 29 13.1%
AML with maturation 29 20.0% 42 18.9%
Acute myelomonocytic leukemia 15 10.5% 19 8.5%
Acute monocytic leukemia 18 12.4% 20 9.0%
Acute erythroid leukemia 4 2.8% 5 2.3%
Acute megakaryocytic leukemia 1 0.7% 1 0.5%
Acute basophilic leukemia 0 0.0% 0 0.0%
Acute pan-myelosis with myelofibrosis 0 0.0% 0 0.0%

Table 2. Distribution of chromosomal translocations in AML
according to patients’ age.

Acute myeloid leukemias 6-35 36-60 >60 Total
years years years

AML with t(15;176) PML/RAR-α 14 10 10 34
(42%) (29%) (29%) (23.5%)

AML with t(8;21) AML1/ETO 0 1 1 2
(0%) (50%) (50%) (1.4%)

AML with inv(16) or t(16;16) CBF-β/MYH11 4 2 3 9
(44%) (23%) (33%) (6.2%)

AML with 11q23 abnormalities (MLL) 1 1 3 5
(20%) (20%) (60%) (3.4%)

AML not otherwise characterized 8 21 66 95
(8%) (22%) (70%) (65.5%)

Total 27 35 83 145
(18%) (24%) (56%)



Molecular distribution of AML in Spain 165

haematologica vol. 86(2):February 2001

patients of Latin origin from Los Angeles.13 However, as
mentioned above, these findings are mainly based on
morphologic and cytogenetic data, so some variations
could be expected upon using molecular analysis. Our
study confirms that AML with t(15;17) represents one
quarter of all de novo AML, which actually means that
it is the most frequent type of acute leukemia in our
population. Moreover, the incidence is greater in
younger patients, which makes this epidemiological data
even more valuable, since such patients can take advan-
tage of curative treatments5 and quick screening tests
for the disease.25 The second observation of note in the
present study is the extremely low frequency of t(8;21)
AML1/ETO found: only 1.4%, even when we included
specially referred patients (whole series of 222 patients).
So far, we have only seen 5 cases in more than 400
AMLs already screened in our laboratory for this genet-
ic abnormality. The initial reports showed a global fre-
quency of t(8;21) of around 15%, increasing within
those cases with FAB-M2 morphology.36-38 However,
marked geographic variations have been shown. Thus,
the reported incidence of t(8;21) within the FAB M2
subtype ranges from 58-88% in Asian patients, 19-54%
in other European countries and 12-27% in USA.12,18,39

In addition, the most recent data from European coun-
tries based on cytogenetic or molecular studies have
shown that the frequency of this aberration is around
8% of all AMLs.7,8 These data indicate that, according to
the frequency detected in the present study (1.4% of all
AMLs; 6% of all FAB M2 morphologies), this genetic
abnormality is more unusual in Spain than in other
countries, although apparently the incidence of t(8;21)
is higher in young AML patients,40 and our series could
be biased by the advanced age of our population. Nev er-
theless, this factor is not strong enough to justify the great
variation that has been obtained compared to previous
reports and moreover, our analysis according to age sub-
groups did not show any difference.

Finally, the frequencies of the CBF-β/MYH11 fusion
gene and MLL rearrangements (6% and 4%, respective-
ly) coincide with data reported in the literature.6-8

In summary, the results presented here, especially
those referring to the t(15;17) and t(8;21) transloca-
tions, support the existence of epidemiological/geo-
graphic variations in the presentation of AML. Aware-
ness of these variations should contribute to the design
of cost-effective screening strategies, adapted by indi-
vidual National Health systems according to the inci-
dence of locally detected genetic aberrations.
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Potential implications for clinical practice

The findings presented here constitute an epidemio-
logical tool for the diagnosis of AML in Spain and may be
very useful in the design of diagnostic strategies in our
country. In addition, this information must be taken into
account during the development of therapeutic proto-
cols, since the data reflect the distribution of some
leukemias, such as promyelocytic leukemias, with spe-
cific therapeutic strategies.41
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