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Artigo / Article

Frequency of the BCR/ABL rearrangements and associated alterations detected by
FISH during monitoring of patients taking imatinib mesylate in isolation
Freqüência do rearranjo BCR/ABL e alterações associadas detectadas por FISH no monitoramento
de pacientes em uso exclusivo do mesilato de imatinibe
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The introduction of imatinib mesylate as treatment of chronic myelogenous leukemia
has saved many patients, but the success of therapy is hampered by resistance and
possible non-destruction of the malignant clone. This article describes the cytogenetic
responses and abnormal cytogenetic patterns involving the ABL and BCR genes
detected by FISH in patients who use exclusively imatinib. The results showed that
other alterations involving the BCR and ABL genes do not seem to be related to
resistance to the drug as they occur in low frequencies and can not be associated to
the cytogenetic response or to the time of treatment. Moreover, the response to imatinib
seems to be individual and unpredictable, independent of the time of treatment and of
its initiation after diagnosis. Rev. bras. hematol. hemoter. 2006;28(2):115-119.
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Introduction

Chronic myelogenous leukemia (CML) is a malignant
myeloproliferative disorder originating from a pluripotent
hematopoietic stem cell that acquires a Philadelphia (Ph)
chromosome encoding the BCR/ABL oncogeneic fusion
protein, acting tyrosine kinase, essential for leukemic
transformation.1

The natural course of the disease is usually
characterized by three sequential phases, chronic, accelerated
and blast crisis, during which progressive resistance to
therapy can be acquired.2

Recently the treatment of CML has been revolutionized
by the introduction of imatinib mesylate. This is the
treatment of choice for the chronic phase of the disease and
is used in CML as the first therapeutic option after diagnosis
in cases where other treatments failed or in cases where it is
not possible to perform bone marrow transplantation.3

Imatinib stabilizes an inactive conformation of the BCR-
ABL protein and related kinase and suppresses the growth
of BCR-ABL expressing CML progenitor cells by the
blockade of the ATP-binding site of the kinase domain of
the protein.4,5,6

The success of imatinib is hampered by acquired
resistance, which occurs over months to years as a result of
the selection of a subclone bearing mutations in the kinase
domain.7

This outcome confirms the molecular basis for the
success of imatinib, but also points to issues that will likely
emerge with longer term use.8 In some patients clonal
cytogenetic aberrations can appear including an escape
strategy of leukemic clones from the action of the drug.9

Frequent periodic monitoring of a patient's response
to therapy has become an essential component of disease
evaluation, allowing possible alterations to drug dose
schedules, addition of other agents, or the change to other
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therapies, including allogeneic bone marrow
transplantation.10

This article describes the frequencies of BCR-ABL
(cytogenetic responses) and of abnormal cytogenetic patterns
involving ABL and BCR genes detected by Fluorescence in
situ Hybridization (FISH) in interphasic nuclei of leukemic
cells in bone marrow of Brazilian patients with CML
exclusively taking imatinib mesylate.

Materials and Methods

Cells aspirated from bone marrow of 28 patients with
CML were collected at different intervals of from 5 to 34
months after the beginning of treatment with imatinib,
according to doctor's requests. All the patients had the BCR/
ABL rearrangement detected at diagnosis and were being
treated continuously and exclusively with imatinib mesylate.

The cells were left for 24 hours in a non-stimulated
culture in RPMI1640 medium with 20% fetal cow serum.
FISH assays were performed with the DNA dual-color, dual
fusion probes for BCR-ABL (LSI/BCR labeled in
SpectrumGreen and LSI/ABL labeled in SpectrumOrange,
Vysis). The protocols for hybridization and detection were
made according to Estécio et al (2002)11 and the
manufacturer's instructions. At least 800 cells were analyzed
per patient per test and the data were described according
to the International System for Human Cytogenetic
Nomenclature (ISCN 1995).12 As controls, cells from
lymphocyte cultures of healthy individuals were utilized and
none presented with the two established signals. Cases with
BCR/ABL rearrangement frequencies of over 0.5% were
considered positive.13 The evaluation of the cytogenetic
response followed the criteria described by TBAKHI
(2002):14 complete, defined as non-detectable Ph+/BCR-
ABL+ cells; partial, in which there are 1-34% of Ph+/BCR-
ABL+ cells; minor, in which there are 35-94% of Ph+/BCR-
ABL+ cells and no response in which more than 95% of
Ph+/BCR-ABL+ cells are present in bone marrow. The ca-
ses with <35% of Ph+/BCR-ABL+ cells were also considered
as major response, defined as the sum of complete and partial
responses.

Results

Table 1 shows the relative frequency of the BCR/ABL
rearrangement and of other alterations observed in each case,
in different periods after the beginning of therapy using
imatinib. With the exception of case 25 in blast crisis, the
others were in the chronic phase of the disease when they
started imatinib treatment.

The time of treatment with imatinib and the period
from diagnosis until the start of treatment was very
heterogeneous in the studied series. This variation made
the observation irregularities in the cytogenetic response to

Table 1
Relative frequency of the BCR/ABL rearrangement and of other

alterations observed in each case
Case DF TDT TTI BCR-ABL

%
Other alterations

%

1 CP 39 10 51.0 7.0

2 CP 15 8
9
20

0
0
0

0
0

2;0

3 CP 16 7
17
24
34

80.0
31.0
52.0
9.0

0
0
0
0

4 CP 16 12 1.0 1.5

5 CP 28 12
27

0
0

0
0

6 CP 31 10
17

0
0

0
0

7 CP 66 14 66.0 2.0

8 CP 72 7 89.0 0

9 CP 43 12 5.0 0

10 CP 58 15 1.0 10.5

11 CP 20 11 31.0 0

12 CP 6 7 4.0 0

13 CP 4 12
16

1.0
1.0

0
0

14 CP 3 6
14

0
0

0
0

15 CP 21 15 56.0 0

16 CP 3 5
15

4.0
60.0

0
0

17 CP 41 26
31

0
0

0
0

18 CP 3 8 26.0 0

19 CP 5 16
27

3.0
27.0

0
0

20 CP 2 6
11

0
0

0
0

21 CP 2 5 3.0 0.5

22 CP 2 5 0 0

23 CP 2 6 0 0

24 CP 2 6 6.0 0

25 BC 35 15 73.5 0

26 CP 40 8 23.0 0

27 CP 48 13 8.0 0

28 CP 14 12 1.0 0

Phase of disease at the beginning of treatment (DF); time (months)
from diagnosis of CML until the start of treatment (TDT); time
(months) of treatment with imatinib (TTI), CP= Chronic phase; BC=
Blast crisis
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the drug possible reflecting individual and unexpected
responses.

For ten patients, cytogenetic investigations were made
more than once and in eight of them the frequencies obtained
after variable periods of treatment were zero, low or
progressively reduced, suggesting a good therapeutic
response. Two patients presented with progressively higher
rearrangement frequencies, suggesting worsening of the
disease.

In eight (28.6%) patients no BCR/ABL rearrangement
was identified, suggesting complete cytogenetic response.
In case 2, even though the patient achieved complete
cytogenetic response at eight and nine months after treatment
with imatinib, at 20 months the patient presented with 2%
of cells with another previously non-detected alteration.

In 15 (53.6%) cases the frequency of the rearrangement
was low (1% to 31%) indicating partial cytogenetic response,
observed in a period varying from 5 to 34 months of
treatment. Seven (25%) patients presented high frequencies
of the rearrangement (35% to 94%), that is a minor response,
obtained from 7 to 24 months of treatment. Cases 3 and 16
presented with variable cytogenetic responses and were
included in the two last categories. However, a major
cytogenetic response was observed in 82.2% of the patients.

Six cases (21.4%) showed the BCR/ABL re-
arrangement associated with other alterations, such as
additional simple fusions and extra copies of ABL or BCR
in non-polyploid cells not present at diagnosis, suggesting
clonal evolution of the disease with involvement of the same
genes and chromosomes. Case 2 (3.6%) presented with an
extra copy of the BCR gene without the presence of the
typical rearrangement of the disease. Table 2 shows the types
and frequencies of the other alterations found.

to other treatment methods, cytogenic responses with
imatinib occur much more rapidly, in many cases within
three and six months of treatment.16 In the cases studied
here, patients in the chronic phase had varying responses
to the drug which were not associated to the time of
treatment. The patient in the blast crisis phase did not
improve with imatinib.

A shorter interval between CML diagnosis and the
initiation of imatinib is predictive of a better molecular
response to therapy.17 Eight cases of this study took imatinib
shortly after diagnosis (from 2 to 3 months) and four of
these (14, 20, 22 and 23) presented complete cytogenetic
responses in at least the first six months of the treatment.
However, another three (18, 21 and 24) achieved partial
responses and the other patient (16) had partial and later
minor response at different times of treatment.

Really, it is not clear if the resulting cytogenetic
remissions with the use of the drug are lasting or if the
mesylate imatinib can eliminate the malignant primitive
progenitors from which the disease arises.18

The origin of CML begins in a hematopoietic stem
cell, a target population that is largely quiescent, which
either does not express BCR-ABL or is unaffected by the
BCR-ABL expression. Quiescent Ph+ stem cells are
insensitive to mesylate imatinib treatment in vitro. This
suggests that the Ph+ cells may not be eliminated by
mesylate imatinib treatment in CML patients. Long-term
mesylate imatinib mono-therapy may be required to
continually suppress leukemic development but this may
lead to the generation and selection of BCR-ABL resistant
escape mutants.9

Results for the chronic phase of CML obtained during
efficacy and safety studies are outstanding, but few data are
available about long-term effects.19 Some authors described
cytogenetic relapse after the interruption of the treatment
with imatinib. Mauro et al.20 reported two cases of CML in
which imatinib therapy, which sustained complete
cytogenetic response, was ceased after 14 months and the
disease relapsed. Usuki et al.21 described a case in which
complete cytogenetic response was maintained for 24 months
with imatinib, followed by cytogenetic relapse after cessation
of imatinib therapy. In the cases studied here, the patients
who achieved complete cytogenetic response, sustained for
periods varying from 5 to 31 months, were all maintained
in therapy exactly because of the possibility of relapse after
the interruption of the treatment.

Most patients in the chronic phase maintain lasting
responses however, many in blast crisis fail to respond and
the evolution of the disease is quick as was observed in this
study. When CML progresses to "blast" crisis, cytogenetic
changes in addition to the Ph chromosome are often evident
as can explain the less efficacious effects of imatinib.8

Patients who do not present cytogenetic responses after
six months of therapy are generally defined as having

Table 2
Description and frequency of other alterations involving

 the BCR and/or ABL genes

Case Alteration %

1 FFFRG/FFFFRG 7.0

2 GGG 2.0

4 FRG 1.5

7 FRG 2.0

10 FRG
FRRG

6.5
4.0

21 GGG 0.5

F = fusion, R = red (ABL gene), G = green (BCR gene)

Discussion

Imatinib mesylate has given efficient results in all
phases of LMC, although the responses are more significant
and lasting in patients in the chronic phase.15 Compared
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primary resistance to imatinib and are likely to present
mutations in ABL.22 Kinase domain mutations are the most
commonly identified mechanism associated with relapse.
Many of these mutations decrease the sensitivity of ABL
kinase to imatinib, thus accounting for resistance to
imatinib.5,15 This was not evaluated in this study, nor was
the presence of other cytogenetic alterations without the
involvement of the 9 and 22 chromosomes.

In several cases the appearance of other alterations of
clonal chromosomal abnormalities after therapy using
imatinib have also been reported, but their incidence,
etiology and prognosis remain unclear.23 Our patients who
presented with other alterations involving the BCR and ABL
genes do not seem to have developed them as a result of
resistance to imatinib as, apart from the alterations occurring
in low frequencies, they were not be correlated to the
cytogenetic response or to the time of treatment using the
drug.

Deletions of der(9) have been recognized in 9% to
15% of patients with CML over recent years. These deletions
are usually large, involving several megabases and are
thought to occur at the time of the Ph chromosome
translocation rather than during disease progression.24

Alterations, as observed in case H14 (one fusion, two red
signals and one green signal) have been described as
resulting from the microinsertion of ABL in the BCR, of
complex rearrangements including deletion of adjacent
flanking sequences and of complex rearrangements
involving other chromosomes.25 However, a single fusion
can be related to deletions from derivative chromosome 9.26

The presence or absence of alterations do not change the
response to imatinib. The alterations observed in the other
cases that presented fusions, a green signal and a red signal
could be related to the loss of one of the chromosomes derived
from the translocation.

In spite of the Brazilian series being small, the
frequencies of the cytogenetic response to imatinib mesylate
were equal as previously described by other authors.18,27 This
response to imatinib, which was good in the majority of the
cases, seems to be individual and unpredictable, independently
of the phase, the initiation and time of treatment using the
drug.

Resumo

A introdução do mesilato de imatinibe como tratamento da
leucemia mielóide crônica tem salvado muitos pacientes, mas o
sucesso da terapia tem sido prejudicado pela resistência e possí-
vel não destruição do clone maligno. Este artigo descreve a res-
posta citogenética e padrões citogenéticos anormais envolvendo
os genes ABL e BCR detectados por FISH em pacientes em uso
exclusivo de imatinibe. Os resultados mostraram que outras alte-
rações envolvendo os genes BCR e ABL não parecem estar relaci-
onadas à resistência à droga, elas ocorrem em baixas freqüênci-
as e podem não estar associadas à resposta citogenética ou ao

tempo de tratamento. Contudo, a resposta ao imatinibe parece
ser individual e imprevisível, independente do tempo e do início
do tratamento após o diagnóstico. Rev. bras. hematol. hemoter.
2006;28(2):115-119.

Palavras-chave: Leucemia mielóide crônica; imatinibe; FISH.
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