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The precise knowledge of Philadelphia (Ph) chro-
mosome status in leukemia is important for determin-
ing the most optimal therapy for evaluation of
trealment response in patients with Ph-positive
leukemia. The balanced translocation between the
long arms of chromosomes 9 and 22, t(9;22) (q34.1;
q11.1), is detected cytogenetically in over 90% of
patients with chronic myelogenous leukemia (CML),
20-25% of pediatric and adult patients with acute
Iymphoblastic leukemia (ALL) and in less than 3% of
patients with acute myelogenous leukemia (AML) (1-
5). There are instances where quantitation of the Ph
fail to establish accurate cytogenetic diagnosis.
Patients treated with interferon have inaspirable
marrow or a “dry tap” or insufficient number of
metaphases to evaluate treatment due to the fact that
interferon alpha has an inhibitory effect on cell division.
Similarly, mitotic yield in many patients with ALL is
insufficient for establishing the cytogenetic diagnosis.
At the molecular level, the chimeric BCR-ABL gene is
the pathogenic hallmark of the Ph chromosome (6-9).
Methods for molecular detection, such as Southern blot
analysis or PCR studies are not routinely performed in
Cancer Cytogenetic Laboratories. In a routine
diagnostic cytogenetic laboratory it is important to use
a highly reproducible and reliable protocol which can
be completed within a short time.

Fluorescence in Situ Hybridization (FISH) studies
offer the advantage of identification of BCR and ABL
fusion in non dividing (interphase) cells. This can
improve diagnostic potential in difficult cases (10).
The purpose of this study was to establish whether the
BCR-ABL interphase FISH test, utilizing the
commercially available dual color probe, can be
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clinically useful in the management of some
leukemias.

Between July 1995 and December 1998 we prospec-
tively investigated bone marrow and/or peripheral
blood from 398 patients (453 specimens) with
hematological disorders along with 139 control speci-
mens. Patients were seen at the Mount Sinai Medical
Center and its affiliated institutions in New York.

The sensitivity of interphase FISH was deter-
mined to be 96%, among 77 normal controls, utiliz-
ing first generation BCR-ABL probe from Vysis
(Downers Grove, [11). With the BCR-ABL ES second
generation probe the sensitivity of interphase FISH
test was determined, for 32 normal controls, to be
98%.

In all 452 specimens the BCR-ABL interphase FISH
test provided useful results on the first attempt and
in half the time required for standard cytogenetics.
The scoring of hybridization signals in 200 nuclei was
completed within 30 minutes including imaging for
diagnostic documentation. The entire procedure
together with scoring was usually completed within
3 hours including the results of a negative control.
These findings provided information about cells
independent of their cycling status. Determination
that leukemia is Ph-positive through analysis of 30
metaphase cells using standard cytogenetics takes 6-
7 hours and provides information only on
proliferating cells. More importantly, in 147 specimens
(128 were peripheral blood samples) standard
cyltogenetics failed to identify dividing metaphase
cells while interphase FISH test documented clinical
results. This represents 32.5% of all specimens studied
(147 /452).
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100% PH - POSITIVE PATIENTS

Fifty-two patients (61 specimens) had CML and
one patient (2 specimens) had ALL. The Ph chromo-
some was documented in 30 metaphases from each
patient.

The mean percentage of cells with one BCR-ABL
fusion signal was 76.3% = 12.8 % (SD) and another
6.0% + 17.5% (SD) cells had two copies of BCR-ABL
fusion signal, a total of 82.3%. Molecularly “normal
cells” constituted 18.4% + 9.9% (5D) cells overall
(range 3%-52%).

In comparing interphase FISH with conventional
cytogenetics a discrepancy was observed in two pa-
tients. One patient had isoderivative 22: der(22)1 (9,22)
which was cytogenetically not detected but interphase
FISH documented two BCR-ABL fusion hybridization
signals. Interphase FISH in the second patient showed
one ABL signal fused with BCR and the other ABL
signal was missing from a cytogenetically normal
chromosome 9.

PH-NEGATIVE, BCR-ABL FUSION POSITIVE
PATIENTS

Five patients, three with CML and two with ALL,
had Ph-negative karyotypes while interphase FISH
studies showed a mean of 78.1% = 9.3% cells with one
BCR-ABL fusion signal and 3.3% + 5.2% cells with lwo
BCR-ABL fusion signals, a tolal of 81.4%.

This result highlights the importance of using
interphase BCR-ABL FISH test.

It is important to identify Ph-negative BCR-ABL
positive CML patients as they could benefit from
interferon treatment. Identification of BCR-AEL posi-
tive ALL patients is extremely important because their
prognosis is very poor and treatment should be
aggressive. Localization of BCR-ABL fusion gene was
on 9q in two patients {one with CML and one with
ALL) and on 22q11 in two patients with CML and one
patient with ALL. Chromosomal localization of BCR-
ABL fusion from patients with Ph-negative leukemia
may show in future to be of prognostic value. In the
three of four reported patients with Ph-negative, BCR-
ABL positive CML, who had colocalization of BCR
and ABL on 9q, the clinical course and the evolution
of the disease was rapid (11-13). Two of our three
patients had a rapid clinical course and colocalizaton
of BCR-ABL on 9q. Two other patients underwent
bone marrow transplantation. It has been reported
that in nine patients with Ph-negative CML and a
normal karyotype, RT-PCR showed the presence of
BCR-ABL fusion and the absence of ABL-BCR
transcript (14). In each case the ABL protooncogene
was documented by metaphase FISH to be

translocated to a normal chromosome 22, while the 3°
BCR sequence that would have been translocated to
9g34.1 in Ph-positive CML, remained on 22qll.
However, even in complex, variant and masked Ph
translocations, including our patient with t(9; 21; 22),
BCR and ABL were colocalized on 22q, strongly
suggesting that the BCR-ABL fusion transcript is
implicated in the majority, but not all, of these patients
and that they should be considered as Ph-positive.
The observation that to date 6 patients had
colocalization of ABL and BCR on 9q suggests that
reciprocal ABL-BCR, although rare does occur in Ph-
negative CML and ALL. The observation that two
fusion signals were detected on two chromosomes 9
in a patient with Ph-negative ALL and trisomy 9,
provides evidence that +9 in this patient was the result
of replication of the abnormal 9 and may be
equivalent to the double Ph chromosome seen in blast
crisis of CML.

PH-MOSAICISM

Seven patients showed Ph mosaicism in nine sam-
ples. When conventional cytogenetic and interphase
BCR-ABL were compared the results were concordant
in four patients. Two patients had an insufficient
number of melaphases and thus an inaccurate percent-
age of the Ph chromosome was obtained. Discrepant
results were obtained in one patient with ALL. The
bone marrow cytogenetics showed 17% of Ph-positive
metaphases while interphase FISH revealed 48% BCR-
ABL posilive cells.

PH - NEGATIVE MYELOPROLIFERATIVE
DISORDERS

At the time of the study 117 patients (122 speci-
mens) had Ph-negative status. The mean number of
cells with BCR-ABL fusion signal was 2.2% + 1.4%
and the mean number of cells with a normal distri-
bution of BCR and ABL hybridization signals was
97.3% = 1.8%. From the diagnostic point of view 4%
of cells with a BCR-ABL fusion signal may be
considered as non-specific background “noise”. Re-
sults on 32 normal controls using ES probe demon-
strated higher sensitivity and the cut-off reference
point at 0.91%.

One patient was found to have 3 BCR and 2 ABL
signals without fusion. The karyotype of the patient
was complex and included trisomy 19 and mono-
somy 22. Metaphase FISH study revealed that BCR
probe was localized to a normal chromosome 22 and
to both arms of a chromosome, originally identified
by cytogenetics as +19. Therefore metaphase FISH
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identified i(22)(q10) and the patient did not have
trisomy 19 but isochromosome of the long arms of
#22,

POST TRANSPLANT PATIENTS

To determine whether interphase BCR-ABL FISH
test may be used to detect minimal residual disease
we studied 103 specimens from 33 patients (32 with
CML and 1 with ALL). All patients were 100% Ph-
positive at diagnosis and in confirmed remission up
to 8.7 years following allogeneic BMT. The mean
number of cells with BCR-ABL fusion following bone
marrow transplantation was 2.6% + 1% and the mean
number of cells with a normal distribution of BCR and
ABL was 96.8% = 2.6%. Fourleen specimen from four
patients who were in cytogenetic relapse after BMT
had a mean of 61.2% + 28.7% (range 3% = 98%) cells
with fusion signal.

We ulilized a combined dual color XY and dual
color BCR-ABL probes to determine minimal residual
disease. Percentage of host and donor cells was
determined by scoring 1,000 nuclei for their XX vs. XY
status. By evaluating whether BCR-ABL fusion signal
was in XX or XY cell it was possible lo determine the
frequency of fusion signal in donor versus host cells.
Between 0.5% and 4% cells with colocalization of BCR
and ABL were found in donor cells of patients in
continuous remission.

CYTOGENETICALLY INADEQUATE
SPECIMENS

Fifty-nine patients had cytogenetically inadequate
specimens. These specimens included bone marrow
specimens without mitosis, peripheral blood samples
with less than 3% blasts, “dry tap” specimens and
fibrosis of the marrow. 40 of the 58 specimens were
peripheral blood samples. Twenty-five specimens had
a mean of 71% +17% cells with BCR-ABL fusion
signal and the other 34 specimens had a mean of 2%
+1.5% cells with BCR-ABL fusion signal. These find-
ings demonstrate the higher sensitivity of interphase
BCR-ABL FISH test over G-banded metaphase analy-
sis.

PATIENTS ON INTERFERON THERAPY

Obtaining a sustained major genetic response in
interferon-treated patients

is important because of the correlation with prog-
nosis (15-16). Since interferon alpha has an inhibitory
effect on cell division, bone marrow cytogenetic analy-
sis
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Is frequently uninformative due to the small
number of dividing cells. We evaluated 24 patients (80
specimens) on interferon therapy. Metaphase spreads
were not available in 33 of 80 specimens and the
cytogenetic analysis was inadequale in additional 6
specimens, Thus, in 48.5% of specimens conventional
cytogenetics could not provide diagnostic results
while BCR-ABL interphase FISH provided results in
all studied specimens. Based on these results, we
suggest that effective monitoring of interferon therapy
may be established using BCR-ABL interphase FISH
test, and this may be performed, il necessary, in
conjunction with standard cytogenetics.

BONE MARROW VERSUS PERIPHERAL
BLOOD

Very little is known about the distribution of Ph-
positive cells in peripheral blood. In order to deter-
mine whether peripheral blood can be used instead
of bone marrow cells to document BCR-ABL positive
leukemia we compared the resulls of bone marrow
and peripheral blood on the same date in 16 patients
(15 with CML and 1 with ALL). High linear correla-
tion was established with a regression coefficient of
0.996. High correlation in the majority of studied
patients reflects that the percentage of BCR-ABL posi-
tive cells in bone marrow was comparable to that in
peripheral blood.

In conclusion, the most important advantage of
interphase BCR-ABL FISH methodology over
cytogenetic invesligation is the independence from
dividing cells, which permits the use of peripheral
blood cells for diagnostic purposes. Our results clearly
showed that peripheral blood cells may be used to
establish diagnosis, to monitor interferon therapy, to
detect minimal residual disease after bone marrow
translantatation and after donor lymphocyte infusion.
The most important observation in this study was the
high reliability and reproducibility of the test which
can be completed within 3 hours and provides
information in cytogenetically inadequate specimens
as well as in specimens which are Ph-negative but had
BCR-ABL fusion signal.
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