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Karyotyping, FISH, and PCR in Acute
Lymphoblastic Leukemia
Competing or Complementary Diagnostics?
Louise Olde Nordkamp, BSc,* Clemens Mellink, PhD,w Ellen van der Schoot, MD, PhD,z
and Henk van den Berg, MD, MMEd PhD*

Background: Chromosomal abnormalities, such as t(9;22)(q34;q11)
(ABL/BCR), t(12;21)(p13;q22) (TEL/AML1), and t(11q23) (MLL)
are independent prognostic indicators in childhood acute lymphoblastic leukemia resulting in risk adapted therapy. Accurate and
rapid detection of these abnormalities is mandatory, which is
achieved by karyotyping, ﬂuorescence in situ hybridization, and
real time quantitative reverse transcriptase polymerase chain
reaction (RQ-PCR). For cost-eﬀective diagnostic approaches
knowledge of diagnostic accuracy of these tests is required.
Therefore, we aimed to determine the diagnostic accuracy of
karyotyping, ﬂuorescence in situ hybridization, and RQ-PCR
analysis.
Procedure: Retrospective study conducted between January 1,
1992 and January 1, 2007 in the Emma Children Hospital in
Amsterdam. All consecutive patients under 18 years with acute
lymphoblastic leukaemia were included. Diagnostic tests were
performed according to international standards.
Results: Diagnostic techniques show a high-reciprocal agreement
and have a high-individual diagnostic accuracy in detecting the
above-mentioned chromosomal translocations. However, the sensitivity of karyotyping for detecting the TEL-AML1 fusion gene
and the sensitivity of RQ-PCR for detecting MLL-rearrangements
was rather low.
Conclusions: Diagnostic accuracy of tests for detecting t(9;22),
t(12;21), and t(11q23) is generally high, although sensitivity is not
optimal for all anomalies. Despite the high-diagnostic accuracy, all
diagnostic techniques should be used complementary, because any
detection of a (signiﬁcant) chromosomal aberration irrespective of
diagnostic mode has to be considered in therapy.
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L

eukemia’s constitute approximately one-third of all
malignancies in children (age 0 to 14 y) and 10% in
adolescents (age 15 to 19 y). Of these, acute lymphoblastic
leukaemia (ALL) is the most prominent type.1 Like in
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many malignancies; genetic rearrangements (such as
numerical and/or structural chromosome anomalies or
gene mutations) are rule rather than exception. The 3
major structural chromosomal aberrations in childhood
ALL are the cytogenetically cryptic translocation t(12;21)
(p13;q22), leading to a fusion of the TEL  (or ETV6  )
gene and the AML1  (or RUNX1  ) gene, the translocation t(9;22)(q34;q11) (resulting in a BCR-ABL fusion gene),
and rearrangements involving the MLL gene on 11q23
(mostly translocations) of which the t(4;11) resulting in
MLL-AF4 fusion is the most frequent. The ﬁrst translocation mentioned is an independent prognostic indicator for
good prognosis, whereas the last 2 anomalies are linked
with a poor prognosis in childhood ALL.2 In many
protocols the treatment of patients is stratiﬁed on the basis
of the clinical features and chromosomal ﬁndings.3
When available, karyotyping, ﬂuorescence in situ
hybridization (FISH) and real time quantitative reverse
transcriptase polymerase chain reaction (RQ-PCR) are
nowadays routinely used to detect genetic abnormalities.
But all 3 techniques are either time-consuming and/or
expensive. As these 3 tests provide information on similar
anomalies it would be of interest to delineate the value of
each test separately. Therefore, the aim of this study is to
determine the diagnostic accuracy of conventional karyotyping, FISH, and RQ-PCR.

MATERIALS AND METHODS
Study Population
This retrospective study was conducted in the Department of Paediatric Oncology at the Emma Children Hospital AMC (Amsterdam). All consecutive patients under
the age of 18 years at the moment of diagnosis and treated
for ALL between January 1, 1992 and January 1, 2007 were
included in this study. Patients with a bone marrow blast
count less than 25% and/or with a type of leukemia other
than progenitor B-cell or T-cell ALL were excluded. For
patients who had a relapse of ALL, only the ﬁndings at
initial diagnosis were considered.

Diagnosis
The diagnosis ALL was based on the presence of
>25% blasts in the bone marrow on marrow smears. In
most cases conventional karyotyping was carried out
including FISH and RQ-PCR for the mentioned translocations. Karyotyping and FISH analysis were performed in
the Cytogenetics Laboratory of the Department of Clinical
Genetics (Academic Medical Center, Amsterdam). For
www.jpho-online.com |
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karyotyping routine cytogenetic procedures were applied
(as described in Rooney and Czepulkowski).4 Chromosomes were Q-banded for identiﬁcation. When available, a
number of 20 to 30 metaphases were analyzed. FISH was
carried out by standard protocols5 and hybridization
procedure was modiﬁed according to the probe manufacturer (Vysis-Abbott Molecular Inc, Des Plaines, IL). Probes
used were LSI BCR/ABL ES (dual color translocation
probe with extra signal), LSI TEL/AML1 ES (dual color
translocation probe with extra signal), and LSI MLL
(dual color break apart rearrangement probe). At least
200 interphase nuclei were analyzed and the number of
abnormal nuclei was expressed as a percentage of the total
number scored. The cut-oﬀ value for a positive result was
5%. In a small subset of patients, mainly those diagnosed
before 1999, other FISH probes were used such as paint
12 for the detection of t(12;21). In this case at least
10 metaphases were examined for abnormalities.
RQ-PCR was performed at the Department of Experimental Hematology at Sanquin Diagnostics (Amsterdam).
RQ-PCR was carried out according to international
standards.6 The t(9;22), t(12;21), and t(4;11) were tested
with the corresponding fusion gene transcripts (BCR-ABL
m-bcr and M-bcr fusion gene transcripts, TEL-AML1
fusion gene transcript, and MLL-AF4 fusion gene transcript). The reaction was performed in a RQ-PCR.6 In
each assay positive controls were included consisting
of 103 copies and 10 copies of a plasmid DNA calibrator
containing the target gene sequences.6 The latter control
served as a sensitivity control. The negative controls
concerned no-ampliﬁcation controls, which contained cDNA
derived from mononuclear cells from healthy individuals,
and no-template controls, which contained water instead
of human cDNA. All negative controls were performed
in duplicate.
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ate 0.41rkr0.60; substantial 0.61rkr0.80; and good
k>0.80.7
Validity of a test was quantiﬁed by calculating
sensitivity. For this assessment, it was necessary to compare
the results with a gold/reference standard. As for detecting
chromosomal anomalies such a reference standard is lacking,
we composed a virtual golden standard. This virtual standard
was composed of all patients with a positive result in any of
the diagnostic tests mentioned before. In this way, the
sensitivity is more relevant and in line with clinical practice,
where in most cases a single positive test fulﬁls the criterion to
be included in the speciﬁc patient category. Using this virtual
golden standard speciﬁcity, positive predictive value, and
likelihood ratio of a positive test became irrelevant, that is
100%,100% and inﬁnite.

RESULTS
Population
From January 1, 1992 to January 1, 2007 306 patients
were treated for ALL in our institution. Three patients were
excluded because they had less than 25% blasts in their
bone marrow and 1 patient was excluded because he had a
B-cell leukemia. The characteristics of the remaining 302
patients with ALL are displayed in Table 1. Results of
cytogenetic investigations with respect to t(9;22), t(12;21),
and 11q23 are given in Table 2.

Cytogenetic Investigations: Conventional
Karyotyping
Karyotyping was performed on 245 (81%) patients. In
this group, in 54 patients (22%) a normal karyotype was

TABLE 1. General Characteristics of Patients Used in This Study

All Patients

Study Design
The retrospective clinical and laboratory data were
collected from both digital and paper ﬁles. Data on
karyotyping and FISH determinations were extracted from
the central digital database at the Department of Clinical
Genetics; data on RQ-PCR was extracted from the
databank at Sanquin.
On the basis of the type of research namely retrospective analysis of stored data, permission of Medical
Ethical Committee was not needed.

Statistical Analysis
All data were analyzed using SPSS 12.0.1 (SPSS Inc,
Chicago, IL). Nominal data were analyzed by using a
w2 test; for ordinal data the Mann-Whitney test was
applied. The P values <0.05 were considered statistically
signiﬁcant.
For comparison of diagnostic techniques (karyotyping,
FISH, or RQ-PCR) only those cases were analyzed for
which at least results of 2 techniques were available. To
exclude biases, cases in which at least 2 tests were carried
out were compared with cases in which the results of less
than 2 tests were available.
To compare diagnostic tests to each other, the
resemblance in results between 2 techniques per aberration
was measured by Cohen kappa coeﬃcient (k). Although
standards are not permitted strictly speaking, k agreement
was considered: poor k<0.20; fair 0.21rkr0.40; moder-
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Male (%)
Median age (IQR)/(min-max)
Immunephenotype
Progenitor B cell (%)
T cell (%)
Unknown (%)
Extra medullar leukemia (%)
CNS (%)
White blood cell count
<10109 (%)
10-50109 (%)
50-100109 (%)
Z100109 (%)
Unknown (%)
Event-free survival
Yes (%)
No (%)
Unknown (%)
Median event-free survival
Secondary malignancy
Yes (%)
No (%)
Died
Yes (%)
No (%)
Unknown (%)
Total (%)

177 (59%)
4 (2-8)/(0-17)
198
38
66
43
19

(66%)
(13%)
(22%)
(14%)
(6.3%)

132
90
30
48
2

(44%)
(30%)
(9.9%)
(16%)
(0.7%)

219 (73%)
82 (27%)
1 (0.3%)
70 mo
7 (2.3%)
295 (98%)
65
236
1
302

(22%)
(78%)
(0.3%)
(100%)

CNS indicates central nervous system; IQR, interquartile range, max,
maximum; min, minimum.
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TABLE 2. Test Characteristics of Karyotyping, FISH, and RQ-PCR
in the Detection of BCR-ABL, TEL-AML1, and MLL-rearrangements

Karyotyping

BCR-ABL TEL-AML1

Total
Not tested/no metaphases
Tested (%)
Normal (%)
Positive (%)
FISH
Total
Not tested/failed (%)
Tested (%)
Normal (%)
Positive (%)
RQ-PCR
Total
Not tested/failed (%)
Tested (%)
Normal (%)
Positive (%)

302
57
245 (81%)
241 (98%)
4 (1.6%)

302
57
245 (81%)
243 (99%)
2 (0.8%)

MLL
302
57
245 (81%)
234 (96%)
11 (4.5%)

181
121
117
4

302
(60%)
(40%)
(97%)
(3.3%)

171
131
97
34

302
(57%)
(43%)
(74%)
(26%)

199
103
96
7

302
(66%)
(34%)
(93%)
(6.8%)

150
152
148
4

302
(50%)
(50%)
(97%)
(2.6%)

169
133
100
33

302
(56%)
(44%)
(75%)
(25%)

160
142
139
3

302
(53%)
(47%)
(98%)
(2.1%)

FISH indicates ﬂuorescence in situ hybridization; RQ-PCR, real time
quantitative reverse transcriptase polymerase chain reaction.

found. Numerical abnormalities were observed in 122 (50%)
patients, ALL speciﬁc structural chromosomal aberrations,
including t(9;22), t(12;21) and rearrangements involving
11q23 were observed in 85 (35%) patients. Furthermore,
deletions of 6q were observed in 24 (9.8%) patients. Involvement of the MLL gene in a translocation occurred in
11 patients (4.5%), whereas the t(9;22) and t(12;21) were
less frequently observed [4 (1.6%) and 2 patients (0.8%),
respectively].

Cytogenetic Investigations: FISH
Owing to the later introduction of FISH as a structural
tool for ALL diagnostics only 43% of cases were tested by
FISH. On the basis of the availability of probes over time,
only in 34% the full probe set (BCR-ABL, MLL, and TELAML1) was applied. TEL-AML1 was tested in 131 cases
(43%); 34 were found positive (26%). The BCR-ABL
aberration and rearrangements in the MLL gene were
discovered in only a small percentage of the patients that
had been tested; that is, 4/121 or 3.3% and 7/103 or 6.8%,
respectively.

RQ-PCR
RQ-PCR was performed more often than FISH (44%
to 50% of the patients had been tested). Rearrangements
of the BCR-ABL fusions were observed in 2.6% of the
tested patients, whereas MLL-AF4 fusions were observed
in 2.1%.

Comparison of the Diagnostic Tests
For the detection of the aberrations, not all 3
diagnostic techniques were used in every patient. This was
due to availability of the test in relation to the date of
diagnosis and also to eventual failures of the tests (such as
absent metaphases in the slides or limited number of cells
available). No signiﬁcant diﬀerences (P>0.05) were observed
in sex, age, white blood count, and secondary malignancy
between the patients tested with at least 2 test modalities
and the patients that have been tested using only one test
modality (often only karyotyping). Patients from the latter
group were mostly diagnosed before 1999. Before 1999,
r
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98% was not tested with FISH and 78% was not tested
with RQ-PCR for t(9;22) (vs. 14% and 15% after 1999);
91% was not tested with FISH and 87% not with RQ-PCR
for t(12;21) (vs. 15% and 18% after 1999); and 100% was
not tested with FISH and 83% was not with RQ-PCR for
MLL-rearrangements (vs. 24% and 16% after 1999). This
group of patients diagnosed before 1999 signiﬁcantly
diﬀered from the ﬁrst group in the number of patients
with extra medullar leukemia or central nervous system
involvement, the period of event-free survival, the percentage of deceased patients and the phenotype (mean
P = 0.008).

BCR-ABL Fusion
Comparison of karyotyping, FISH results, and RQPCR data were in line with each other demonstrated by k
values of 0.85 (karyotyping vs. FISH), 1.00 (karyotyping
vs. RQ-PCR), and 1.00 (FISH vs. RQ-PCR), respectively.
The diagnostic accuracy of the diagnostic tests for the
detection of t(9;22) was classiﬁed good as well, expressed by
high sensitivities of 80% to 100% and high negative
predictive values for the individual tests. The results of
the individual tests and the results of the diagnostic
accuracy are displayed in Tables 3 and 4, respectively.

TEL-AML1 Fusion
Karyotyping had a poor agreement with FISH and
RQ-PCR (k = 0.11 and k = 0.06, respectively) with respect
to the detection of the TEL-AML1 fusion. FISH and RQPCR displayed a good agreement (k = 0.93). Karyotyping
failed to detect a considerable part of the TEL-AML1
translocations (sensitivity 6%), as expected since the
translocation is cytogenetically cryptic, whereas both FISH
and RQ-PCR were highly sensitive (94% and 97%,
respectively).

MLL Rearrangements
In detecting MLL rearrangements karyotyping and
FISH agreed substantially (k = 0.79), whereas RQ-PCR
corresponded fairly with FISH and moderately to karyotyping (k = 0.24 and k = 0.59, respectively). Karyotyping
and FISH had high sensitivities for detecting MLL rearrangements (85% and 100%, respectively), whereas RQ-PCR
showed a low sensitivity of 30%. The RQ-PCR was applied
for the detection of the MLL-AF4 fusions only. When the
karyotypic and the RQ-PCR results were compared for the
translocations only, the agreement was good (k = 0.85).

DISCUSSION
Detection of chromosomal anomalies in the malignant
cells in ALL is of major importance for deﬁning risk for
relapse and for stratiﬁcation in speciﬁc treatment groups.3
In this study, the sensitivity of karyotyping, FISH, and
RQ-PCR-analysis for the detection of 3 speciﬁc chromosomal translocations t(12;21)(p13;q22), t(9;22)(q34;q11),
and t(11q23) generally proved to be high. However, the
sensitivity of karyotyping in detecting the TEL-AML1
translocation was found to be low (6%), as expected as this
is a cytogenetically cryptic translocation. The ones observed
are probably those, which have additional TEL deletions
on the other chromosome 12. This is in line with reports in
literature.8–12 The low sensitivity of RQ-PCR in detecting
rearrangements in the MLL gene (30%) can be explained as
we only tested for the MLL-AF4 fusions.
www.jpho-online.com |
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TABLE 3. Overview of the Results of Karyotyping, FISH, and PCR in the Tested Aberrations

BCR-ABL

No. Cases

Karyotyping+

4

FISH +

4

PCR +

4

TEL-AML1
Karyotyping +

2

FISH+

34

PCR +

33

MLL aberrations
Karyotyping +

11

FISH +

7

PCR+

3

Karyotyping

FISH

PCR

3/4 detected
0/4 not detected
1/4 FISH not performed
3/4
1/4
0/4
4/4
0/4
0/4

detected
not detected
karyotyping failed
detected
not detected
karyotyping failed

detected
not detected
PCR not performed
detected
not detected
PCR not performed

3/4 detected
0/4 not detected
1/4 FISH not performed
2/2 detected
0/2 not detected
0/2 FISH not performed

2/34 detected
26/34 not detected
6/34 karyotyping failed
1/33 detected
26/33 not detected
6/33 karyotyping failed

1/2 detected
0/2 not detected
1/2 PCR not performed
28/34 detected
1/34 not detected
5/34 PCR not performed

28/33 detected
2/33 not detected
3/33 FISH not performed
4/11 detected
0/11 not detected
7/11 FISH not performed

4/7
2/7
1/7
3/3
0/3
0/3

4/4
0/4
0/4
3/4
0/4
1/4

detected
not detected
karyotyping failed
detected
not detected
karyotyping failed

3/11 detected
4/11 not detected
4/11 PCR not performed
1/7 detected
6/7 not detected
0/7 PCR not performed

1/3 detected
0/3 not detected
2/3 FISH not performed

FISH indicates ﬂuorescence in situ hybridization; PCR, polymerase chain reaction.

Karyotyping is a powerful technique that provides a
global picture of the entire genetic constitution of a cell
(with restrictions due to resolution and provided that the
aberrant cell population has divided under the used culture
conditions). In general, routine cytogenetic analysis detects
all numerical and (large) structural chromosomal anomalies. If only target-speciﬁc techniques such as FISH and
RQ-PCR are used, quite a number of chromosomal
unbalances would have been missed.13 Karyotyping in
ALL is notoriously diﬃcult due to the low-mitotic index
and often poor quality of the obtained metaphases. Also,
interpretation of the ﬁndings may be diﬃcult if the

karyotype is complex and/or ill-deﬁned or when multiple
clones are present.14,15 Taking all this in consideration,
therapeutic and prognostic consequences, however, still rely
for a great part on karyotypic ﬁndings.16
In this study, karyotyping discovered 80% of the
BCR-ABL translocations. In the missed case, the BCRABL fusion either is a submicroscopic rearrangement or is
camouﬂaged as a result of a complex karyotype. The
translocation t(12;21) is cryptic and is therefore virtually
invisible by karyotyping,8–12 as conﬁrmed in this study
(sensitivity 6%). Karyotyping to detect this translocation should not be considered. The detection of MLL

TABLE 4. Results of Diagnostic Accuracy Parameters of Karyotyping, FISH, and RQ-PCR
t(9;22)
Sensitivity (95% CI)
PV  (95% CI)
LR  (95% CI)
t(12;21)
Sensitivity (95% CI)
PV  (95% CI)
LR  (95% CI)
11q23
Sensitivity (95% CI)
PV  (95% CI)
LR  (95% CI)

Karyotyping

FISH

RQ-PCR

80% (50-100)
100% (93-100)
0.2 (0.04-1.15)

100% (100-100)
100% (100-100)
0 (0-0)

100% (100-100)
100% (100-100)
0 (0-0)

6% (0-13)
87% (39-100)
0.94 (0.87-1.02)
85% (65-100)
99% (94-100)
0.15 (0.04-0.55)

94% (87-100)
98% (93-100)
0.06 (0.01-0.21)
100% (100-100)
100% (100-100)
0 (0-0)

97% (91-100)
99% (96-100)
0.03 (0.00-0.20)
30% (2-58)
95% (70-100)
0.7 (0.47-1.05)

FISH indicates ﬂuorescence in situ hybridization; LR  , likelihood ratio of negative test; PV  , negative predictive value; RQ-PCR, real time quantitative
reverse transcriptase polymerase chain reaction; 95% CI, 95% conﬁdence interval.
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rearrangements by karyotyping is highly sensitive as shown
in this and other studies.17,18 Identiﬁcation can be
problematical when the MLL-rearrangement is a subtle
anomaly and chromosome preparations are of poor
quality.11,19–21 Even more complicated to detect are small
duplications and deletions in the MLL region. They are
generally not visible by karyotyping.14 However, the small
duplications, will also be diﬃcult to detect by FISH
although that method can be used for detection of some
of the deletions. For translocations detection, irrespective
of the translocation partner, FISH is the method of choice.
RQ-PCR is a highly sensitive method, but it only addresses
the gene fusion for which it was designed.
FISH analysis is used in many laboratories to conﬁrm
the presence of previously characterized chromosome
abnormalities or to rule out (suspected) cryptic aberrations,
thus compensating the shortcomings of karyotyping. Also,
FISH allows large numbers of nondividing cells to be
screened. In this study, sensitivity of FISH for detection of
BCR-ABL, TEL-AML1 fusions, and MLL-rearrangements
is very high, which is in concordance to other studies.22–24
FISH seems to be the best diagnostic technique for
detecting t(9;22) and t(11q23). For t(12;21) only 2 fusions
were missed, which might be due to interpretation or
technique failures. FISH using probes for AML1 and TEL
does not only provide information on the presence of the
t(12;21) itself, but also on the presence of additional
abnormalities of chromosome 12 and 21 known to be
secondary to the t(12;21), for example deletion of the
second TEL gene, presence of an additional copy of 21 or
der(21) t(12;21).25
In this study, RQ-PCR had a high sensitivity in
detecting translocations causing the BCR-ABL and TELAML1, and MLL-AF4 fusion genes, which is in agreement
with other studies.26,27 But RQ-PCR was less successful in
detecting other MLL-rearrangements as it was tested only
for t(4;11). The MLL gene has multiple potential partner
genes and various breaking points, and therefore, rearrangements involving MLL are challenging to detect.22
RQ-PCR analysis only needs small amounts of
patient’s RNA, it does not require dividing cells and it
is extremely sensitive in detecting rare abnormal cells.
Furthermore, results are achievable in a short time. A
minor point is that a RQ-PCR reaction is speciﬁc for only
one individual genetic rearrangement and therefore, considering the high number of fusion genes and breakpoint
variants characterized, numerous RQ-PCR reactions or a
multiplex approach are needed to eﬀectively screen for all
ALL-associated rearrangements.14,28,29
To deal with the often limited laboratory and health
care resources the question arises whether all 3 diagnostic
techniques should be used in detecting t(9;22), t(12;21), and
t(11q23). RQ-PCR and FISH seem in some cases redundant, especially if a speciﬁc translocation is already
detected. Karyotyping is, however, an indispensable tool
for discovering numerical, structural, and unexpected
chromosomal aberrations. FISH and RQ-PCR have additional value as certain anomalies are cryptic or in those
cases where karyotyping has failed. To achieve the highest
sensitivity a multimodal approach still optimizes ﬁnal
outcome.
This study has some limitations. First, the results of
the diagnostic accuracy determination are clear, but
the 95% conﬁdence intervals were often wide. This is the
consequence of the small amount of patients with the
r
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speciﬁc structural chromosomal translocations involved.
Despite the wide intervals, overlap was limited, and
therefore, did not inﬂuence the interpretation substantially.
Second, not all children were tested with all diagnostic
techniques and in some characteristics the tested children
diﬀered signiﬁcantly from the not-tested children. This
diﬀerence can be explained by the fact that most children
who were not tested were diagnosed before 1997. They have
worse therapy outcome and their data were diﬃcult to
compare, due to alterations in immunephenotyping procedures and detection rate of extramedullary disease. Also
changes in proﬁciency have inﬂuenced our data. Until 1999
FISH and molecular genetic analysis was not experienced
and standardized in our hospital. In these years chromosomal aberrations such as t(9;22), t(12;21), and t(11q23)
could have been missed. Additionally, reporting of especially FISH was restricted in the early years. This could
have resulted in incomplete collection of data of these years,
subsequently resulting in a slight underestimation in the
detection of chromosomal aberrations in the ﬁnal results of
this study. Analyses were carried out to detect changes in
sensitivity per anomaly in detection rate, in relation to the
period of the investigations (data not shown). Although
several techniques tended to increase in detection rate, no
signiﬁcances were noted. This might be due to the limited
number of patients.
To overcome diﬃculties and provide an accurate
detection method for chromosomal aberrations, new
diagnostic devices, such as multiplex RT-PCR 16,28,30 with
more translocation fusion partners and expression micro
arrays16,31,32 have been developed and will be introduced in a few years for standard care in most patients.
Identiﬁcation of genetic aberrations and clariﬁcation of the
resulting molecular pathways will result in both improvement of risk-stratiﬁcation and application of novel targeted
therapies designed to restore normal function of these
pathways.
We conclude, that karyotyping, FISH, and RQ-PCR
are powerful tools for the detection of the major
chromosomal abnormalities in childhood ALL, although
each method has its limitation. The complementary use of
the techniques in ALL diagnostics, in combination with
minimal residual disease detection, will deliver the best
available treatment to an individual child.
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