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Evaluation of minimal residual disease in patients with chronic
myeloid leukaemia on IFN -u 2b therapy using conventional
cytogenetics and fluorescence in situ hybridization

RASHMI TAL WAR, V. P. CHOUDHRY, VAIDEHI JOBANPUTRA, KIRAN KUCHERIA

ABSTRACT
Background. Chronic myeloid leukaemia (CML) is a

haematopoietic malignancy characterized by the presence of the
Philadelphia (Ph I) chromosome that results from balanced
reciprocal translocation between chromosomes 9 and 22 leading
to the formation of the ber/abl fusion gene. Studies have shown
that interferon-a (lFN-a) therapy induces both cytogenetic
(reduction in Ph+ cells) and molecular response (reduction in
the bcr/abl positive cells) in a large proportion of patients,
thereby improving their prognosis and survival. There are no
reports available from India on the clinical management of CML
patients using IFN-a therapy and molecular methods for the
evaluation of residual disease. We evaluated the efficacy of IFN-
a 2b therapy by sequential cytogenetic and molecular analysis.

Methods. Karyotypingwas done from G-banded metaphases
obtained from 24-hour culture of bone marrow aspirates of 45
patients. Cytogenetic analysis was repeated at intervals of 4-6
months during the course of IFN-a therapy. Dual-colour fluores-
cence in situ hybridization (FISH) analysis using specific probes
for ber and abl genes was done to assess the molecular response.

Results. Eight patients achieved complete cytogenetic re-
sponse with no Ph + cells. Using FISH analysis, 4 of these patients
were negative for the fusion gene implying a complete response,
while the remaining 4 patients showed ber/abl fusion signals that
represent residual disease.

Conclusion. Our study emphasizes the need for sequential
cytogenetic and molecular analysis in the management of
patients with CML and for the evaluation of minimal residual
disease in patients on IFN-a therapy.
Natl Med J India 2002; 15: 195-8

INTRODUCTION
Chronic myeloid leukaemia (CML) is a clonal myeloproliferative
disorder resulting from a neoplastic transformation of primitive
haematopoietic stem cells of the bone marrow. The cytogenetic
hallmark of CML is the presence of Philadelphia (Phi) chromo-
some that results from a balanced reciprocal translocation be-
tween the long arms of chromosomes 9 and 22, t(9 ;22)(q34;q 11).1.2
This leads to the repositioning of the Abelson (abl) proto-oncogene
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from its normal position on 9q34 to the breakpoint cluster region
(BCR) on 22qll resulting in the formation of a novel bcr/abl
fusion gene that expresses an abnormal fusion protein with ele-
vated tyrosine kinase activityY CML accounts for 7%-20% of all
leukaemias and affects an estimated 1 to 2 per 100 000 persons in
the general population.' CML is a multistage disease that progresses
from a benign chronic phase to a terminal blast crisis that may be
preceded by an ill-defined accelerated phase. Over the past two
decades, the management of CML has changed from the palliati ve
control of abnormal blood counts with myelosuppressive drugs
(hydroxyurea, busulphan) to the eradication of the malignant
clone harbouring the Ph+ cells. The two modalities of therapy that
have been shown to suppress the Ph+ clone are allogeneic bone
marrow transplantation and interferon-based regimens.v' Inter-
feron-a (IFN -«), alone or in combination with other
myelosuppressive drugs, can induce complete haematological
remission in about 70%-80% of CML patients and complete
cytogenetic response in up to 26% of patients treated at the time of
diagnosis." Complete responders survive significantly longer than
those without cytogenetic response but some patients relapse with
reappearance of the Ph+ clone. However, in most of these cases,
persistence of the bcrlabl fusion gene has been demonstrated by
highly sensitive molecular methods (FISH, RT-PCR, etc.).9·IOThe
frequency of bcrlabl positive cells in such cases varied in different
studies.

Minimal residual disease (MRD) provides an estimate of
tumour burden reduction or the evaluation of response to therapy.
The evaluation of MRD is an important prognostic factor and
detects early progression of the disease. 10 Thus, the detection and
quantification of MRD during IFN-a therapy has become the
primary concern of clinicians.

We evaluated the efficacy of IFN -o2b therapy in combination
with arabinoside-C (Ara-C) in CML patients by sequential cyto-
genetic analysis and fluorescence in situ hybridization (FISH).
The utility of FISH for the evaluation of MRD in IFN-treated
patients was also analysed.

PATIENTS AND METHODS
One hundred and five bone marrow samples from 45 CML
patients (33 men and 12 women) were analysed by conventional
and molecular cytogenetics at diagnosis and during IFN-a therapy.
The mean age at diagnosis was 31.3 years (range: 3 months-70
years). Sequential cytogenetic analysis was carried out every 3 or
4 months during the first year of therapy and then at 4- or 6-month
intervals up to a variable period of 3 years. Haematological and
clinical investigations were also done at each follow up. FISH
analysis was done on interphase nuclei and metaphases to assess
the response to therapy in 25 bone marrow aspirates obtained for
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cytogenetic evaluation (from cases with complete or major cyto-
genetic response and in cases where no analysable metaphases
were obtained).

Treatment protocol
Following an initial cytoreductive phase of chemotherapy with
hydroxyurea, the patients were started on IFN-a 2b at an initial
dose of 3x 106units/m" on alternate days for one week. The dose of
IFN-a was increased to 5x106 units/m-end Ara-C was added after
one month of IFN-a therapy. Patients with no cytogenetic re-
sponse after 6 months of therapy were taken off IFN-a, continued
on hydroxyurea and followed up regularly. Patients who achieved
partial or major cytogenetic response were continued on therapy
with IFN-a (5x106 units/m-) and Ara-C (15 mg/m-). Treatment
was stopped for patients with no change in the cytogenetic profile
after 12 months of therapy and such patients were continued on
hydroxyurea and followed up. Patients with major cytogenetic
response were continued on IFN-a for 2 years after which therapy
was stopped and regular follow up maintained.

Cytogenetic analysis
Cytogenetic analysis was performed on 105 bone marrow aspi-
rates of all 45 CML patients at diagnosis and during IFN-a
therapy. During the course of IFN-a therapy, 45 patients had two
sequential cytogenetic evaluations, 28 had three, 11 had four, 9
had five, 6 had six, 3 had seven, 2 had eight while 1 patient had
nine sequential cytogenetic evaluations. The response criteria
used for assessing the cytogenetic response in these patients on
IFN-a therapy were the standard ones defined in earlier studies
(Table I).

Chromosomal spreads were obtained from unstimulated 24-
hour culture of bone marrow aspirates using standard protocols. I I

Karyotyping was done on GTG-banded metaphases by both auto-
mated and manual methods, following the ISCN nomenclature. 12

Fluorescence in situ hybridization (FISH) analysis
FISH analysis was performed on interphase nuclei and metaphases
obtained from 25 bone marrow aspirates using a Vysis LSI bcrlabl
extra signal (ES) translocation probe. The abl probe (labelled with
Spectrum Orange) is approximately 650 kb extending from an area
centromeric to the arginosuccinate synthetase gene (ASS) to well

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 15, NO. 4, 2002

telomeric of the last abl exon, while the ber probe (labelled with
Spectrum Green) is approximately 300 kb beginning between bcr
exons 13and 14 and extending well beyond the m-ber region. This
commercially available probe produces 2 green and 2 orange
signals in a normal cell representing the native bcr gene (chromo-
some 22) and the native abl gene (chromosome 9), respectively. In
a cell possessing the bcrlabl translocation, a yellow signal repre-
senting the bcrlabl fusion gene and an additional orange signal on
the derivative (chromosome 9) are present, apart from one green
(bcr) and one orange (abl) signal. The use of this ES probe reduces
interpretation problems resulting from random juxtapositioning of
differently labelled genes producing co-localized signals. 13.14Be-
fore its use in the study, the probe was standardized on blood
samples obtained from normal healthy individuals, and bone
marrow samples obtained from patients with CML as well as those
with haematological disorders other than CML.

The slides, prepared from fixed cell suspensions obtained
during cytogenetic analysis, were denatured in 70% formamide/
2X SSC at 73°C for 2-5 minutes. The slides were then dehydrated
in an ethanol (70%, 85% and 100%) series. After the slide was
dried, 10 /J-Lof denatured probe was applied to the marked area of
the slide with the highest cell density. Hybridization was done
overnight at 37°C in a humidified chamber. Post-hybridization
washes were given in 0.3% NP-40/0.4X SSC (73 DC;2 minutes)
followed by 0.1% NP-40/0.4X SSC (room temperature; 1minute).
The slide was then counter-stained with DAPI and viewed under
a Zeiss Axiophot fluorescence microscope. Images were captured
using a CCD camera attached to the microscope and analysed
using Quips Smart Capture FISH imaging software (Vysis, USA).
Wherever possible, a minimum of 200 interphase nuclei and 20
metaphases were scored in each case. Nuclei with signals having
low fluorescence intensity were excluded. A sample was consid-
ered as bcrlabl positive if> 10% of interphase cells or metaphases
showed bcrlabl fusion signals.

RESULTS
At presentation, all 45 patients were in the early chronic phase

of CML and Ph+ on cytogenetic analysis. Thirty-eight patients
(84%) had 90%-100% Ph+ metaphases (Fig. 1) while 6 patients
(14%) had 60%-80% Ph+ metaphases; the remaining had normal
metaphases. One patient had the standard translocation,
t(9;22)(q34;q 11) in only 18% of metaphases while the rest of the

TABLE1. Standard criteria for response to interferon-a in chronic
myeloid leukaemia5.6.8.16

f~ I( ••
Response Type of response Criteria (, j
Haematological Complete Normalization of white cell , a , s
response counts to <9000/ml, normal

differentials, normalization of
platelet count to <450 000 ml,

.. . ,,if Ie ( ,f ,
disappearance of signs and Q ~ • ••symptoms of disease 1 • • • '<J-. ,. 11 12

Partial Normalization of white cell
counts with persistent a t!

"
• II : iisplenomegaly or immature 1

1) 1< 15 rs " ,.
peripheral cells or thrombocytosis
<50% of pretreatment value

Cytogenetic response Complete* 0% Ph+ metaphases
•. L " j'. "-- tPartial * 5%-34% Ph+ metaphases •• t•• :>0 " 22 y

Minor 35%-90% Ph+ metaphases
No response Ph+ metaphases >90%

• Major cytogenetic response: complete or partial cytogenetic response «35% Ph+ FIG1. G-banded karyotype showingt(9;22)(q34;ql1). Arrows
metaphases) indicate der(9) and der(22)
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metaphases analysed had a normal chromosomal constitution. No
variant translocation was observed in any of these patients.

Sequential cytogenetic analysis on 105 bone marrow aspirates
revealed varied degrees of cytogenetic response in the 45 patients
on IFN-a therapy: complete cytogenetic response (CCR) was
achieved in 8 patients (17.8%), partial cytogenetic response in 2
(4%), minor response in 17 (37.8%) while 15 patients (33%) did
not show any response. The time taken to achieve response varied
from case to case. The response persisted in all the patients till last
studied; however, a slight variation in the percentage of Ph+ cells
was observed in some cases.

Due to a poor quality of metaphase spreads, cytogenetic analy-
sis was not informative in 3 bone marrow samples: after 12
months of IFN-a therapy in 2 patients and after 16 months in I
patient. All these patients showed a major cytogenetic response
(<35% Ph+ cells) in their previous cytogenetic evaluation. These
samples were then analysed using FISH on interphase nuclei,
which revealed bcr/abl fusion signals in 80%-90% of cells in 2
samples (obtained after 12 and 16 months of IFN-a therapy),
indicating residual disease (Figs. 2a, b). However, the third
sample (obtained after 12months ofIFN -c therapy) did not reveal
any bcrlabl fusion signals, implying a complete cytogenetic and
molecular response.

Of the 45 patients on IFN-a therapy, 8 patients achieved CCR
of whom 3 achieved the response after 8 months ofIFN-a therapy
while the remaining 5 patients achieved this response after 12
months. The median time for achieving CCR was 10 months. All
these patients maintained the response till the last analysis.

FISH analysis in these 8 patients with CCR (0% Ph+ cells)
revealed bcrlabl rearrangement in 60%-80% of cells in 4 patients
(Fig. 2c). In one of these patients (18% Ph+ at initiation of IFN-
a therapy and then in CCR), 20% of the cells showed double berl
abl fusion signals (Fig. 2d), while 60%-70% of cells showed
single fusion signals using FISH analysis after 22 months ofIFN-
a therapy. The remaining 4 of the 8 patients in CCR did not have
the bcrlabl rearrangement at the molecular level.

DISCUSSION
Interferon-a therapy in CML patients has been reported to revert
the bone marrow to normal with a reduction or complete disap-
pearance of the Ph+ clone in 38% of patients. CCR has been
reported in up to 26% of patients who were treated at the time of
diagnosis.v" In our study, 30 CML patients (67%) achieved
cytogenetic response of varying degrees during the course ofIFN-
a therapy; of these, 8 (17.8%) achieved CCR. Though the mecha-
nism of action of IFN-a in CML has not been clearly understood,
it has been proposed that IFN-a may stimulate antileukaemic
immune mechanisms that lead to the reduction or even complete
disappearance of the Ph+ clone.v'?

Of the 8 patients who achieved CCR, 4 had bcr/abl fusion
signals using FISH on metaphases and interphase nuclei. One of
these 4 Ph-negative, bcr/abl positive patients had double fusion
signals in 20% ofthe cells analysed using FISH. How the molecu-
lar event occurs without the cytogenetic findings is not known.
Some studies have suggested a double translocation mechanism
where the first event is the standard Ph translocation followed by
a second translocation between der(9) and der(22) which masks
the first chromosomal exchange thus resulting in a normal karyo-
type.":" Others have suggested that a small segment of chromo-
some 9q34 might be inserted into chromosome 22 in the middle of
the ber gene.IS,17,19Some studies also suggest that these bcr/abl
positive cells in IFN-a responders may representresiduallympho-

FIG2. Identification of berlabl rearrangement in interphase
nucleus and metaphase chromosomes from bone marrow
sample of a patient using FISH analysis.
(a) bcr/abl positive nucleus showing ber (green), abl (red),
der(9) (extra red signal or es) and berlabl fusion gene (red!
green) (b) and (c) Clumped metaphase and well-spread
metaphase showing bcr/abl fusion signals (yellow) (d) Two
yellow signals demonstrating duplication of bcr/abl fusion
gene.

cytes.7.13.14Regardless of the mechanism, the present finding
supports the relevance of the chimeric berlabl gene in the patho-
genesis of CML. The duplication of this berlabl fusion gene has
been suggested to have the same effect as duplication of the Ph
chromosome, which is a common secondary cytogenetic change
observed during metamorphosis to the acute phase or blast crisis. 20

Thus, this finding of double berlabl fusion signals in one of the 4
patients in CCR with berlabl fusion signals may be suggestive of
progression of disease.

The remaining 4 patients who achieved CCR did not show any
evidence of bcr/abl positive cells on FISH analysis. This finding
implies a complete response in these patients, both at the cyto-
genetic and molecular levels. However, these findings do not
exclude the possibility of low-level mosaicism and suggest a need
for more follow up to see whether such a response is permanent or
not.

In our study, all 30 patients who achieved varying degrees of
cytogenetic response maintained the response till last studied (8-
16 months ofIFN-a therapy). Further, none of the 8 patients in
CCR showed any evidence of relapse or marked increase in the
percentage of berlabl positive cells. This finding of long-lasting
cytogenetic remission in 30 CML patients, molecular response in
4 of these patients on IFN-a therapy and no further significant
increase in the percentage of bcr/abl positive cells in 4 of these
patients on IFN-a therapy with residual disease raises the ques-
tion whether this agent actually cures the disease. Some studies
suggest that the residual berlabl positive cells detected using
FISH analysis in CML patients with CCR may be non-proliferat-
ing neoplastic cells. 7,8.17.18In other words, the disease is kept in a
'dormant state' probably by immune mechanisms.S'<'{It is pos-
sible that these residual rearranged cells re-enter the cell cycle
leading to expansion of the malignant clone. 13.18Thus, a potential
risk of relapse exists for CML patients as long as their cells have
the underlying molecular defect, i.e. berlabl gene rearrangement.'
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The risk of relapse reinforces the need for sequential cytogenetic
and molecular analysis in such patients on IFN-a therapy.

FISH is a sensitive molecular cytogenetic technique that can be
done on interphase nuclei, and in both poorly spread as well as
well-spread metaphases.v" It is often difficult to obtain well-
spread metaphases with good chromosome morphology from
bone marrow samples of CML patients on IFN -o therapy because
of which, at times, it is difficult to analyse these by conventional
cytogenetics.v'? Molecular cytogenetics or FISH plays an impor-
tantrole in such conditions for the evaluation ofMRD.lo.14Further,
due to its high sensitivity, FISH can detect an abnormal clone of
even a small size (1-2 cells in 100 cells) that could be missed by
conventional cytogenetics. 10.14The results of our study emphasize
the importance of using FISH analysis especially on interphase
nuclei and poor quality metaphases for evaluation of MRD at the
molecular level in CML patients on IFN-a therapy. Although
MRD can be evaluated using molecular techniques such as
reverse transcriptase-polymerase chain reaction (RT-PCR), FISH,
etc. some studies have shown that leukaemic cells that were ber/
abl positive using FISH were found to be negative using RT-
PCR.7.8.1OThe reason for such a finding is that the bcrlabl clone
represents non-proliferating neoplastic cells (those that do not
express significant levels of the bcr/abl transcript). Also, it is not
feasible to do RT-PCR for one sample at a time. The choice of the
molecular technique for evaluation of MRD would also depend
upon the available facilities.

Though targeted FISH is a rapid and highly sensitive tech-
nique, it cannot be used for genomewide screening like conven-
tional cytogenetics.lv" Thus, FISH analysis should be used as a
supplement to conventional cytogenetics. To the best of our
knowledge, this is the first report from India employing the
sensitive FISH technique as an adjunct to conventional cytogenet-
ics for the evaluation ofMRD in CML patients on lPN-a 2b therapy.

Although IFN-o;has changed the scope of therapy in CML and
resulted in suppression of the disease in a large number of cases,
the kinetics of residual disease, tumour dormancy and the role of
immunomodulation in residual disease need to be further evalu-
ated.

Our preliminary data reflect the importance of sequential
follow up of CML patients on IFN -a therapy and stress on the need
to evaluate MRD in patients in cytogenetic remission by the FISH
technique.
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