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Abstract. Flow cytometric DNA-index (DIFCM) and karyotype were analysed in 82 consecutive children with acute lymphoblas-
tic leukemia (ALL) during a 10 year period. A statistically significant correlation existed between modal chromosome number
and DIFCM (p = 0.009). DIFCM could reliably identify leukemias with>51 chromosomes, whereas only three out of 12 cases
with modal chromosome numbers between 47–51 were classified as aneuploid by DIFCM. In the pseudodiploid group only one
out of 20 leukemias had a DIFCM > 1.0. Five leukemias with a diploid karyotype showed an aneuploid DIFCM and in three
patients the flow cytometric measurement revealed biclonality undetected by karyotyping. During treatment aneuploid clones
could be detected by DIFCM in a substantial number of cases where the cytogenetic analysis was normal, and the opposite was
also demonstrated in one case. DIFCM gave prognostic information, showing that cases with a DI> 1.12 (corresponding to
51 chromosomes) had a superior outcome with treatment protocols today in use.
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1. Introduction

Acute lymphoblastic leukemia is the most common single malignant disease in childhood, and also the
neoplasm with the most significant therapeutic progress during the last three decades [17]. This advance
has been achieved by recognizing certain risk factors of prognostic importance giving the possibility to
adjust the treatment accordingly. Intensification of treatment has weakened the impact of several prog-
nostic factors, but still age< one year and a white blood cell count> 100× 109/l at diagnosis are
strong predictors of treatment failure [6,11]. Also, certain translocations like t(4;11) and t(9;22) indicate
unresponsiveness to conventional, intense cytostatic treatment [1,5]. In contrast, age between two and
10 years and hyperdiploid leukemia are recognized as independent indicators of good treatment outcome
using standard protocols. It has also been suggested that this favourable group of patients could be treated
equally well without the use of anthracyclines, epopodophyllotoxines and alkylating agents [7,18]. There
is a covariation between modal chromosome number and traditional clinical risk factors, i.e., the group
with >51 chromosomes is associated with favourable clinical features, but the hypodiploid group form-
ing 1–3% of the cases has no distinct clinical features [6,16]. Therefore, when stratifying patients into
future treatment protocols it will be important to reliably decide ploidy of the leukemic cells at diagnosis.
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There are two major conventional techniques to investigate the ploidy of leukemic blasts. The tradi-
tional way is the karyotyping of cultured bone marrow cells with light microscopic counting of Giemsa
banded metaphase chromosomes [20]. Ideally,>20 metaphases are studied and in order to call a nu-
merical change clonal at least two cells showing the same abnormality are obligatory,and the demand
is three cells in the case of whole chromosome losses. The low number of metaphases studied makes
this technique fairly insensitive. The second approach is DNA content measurement by image analy-
sis or by flow cytometry [12,21]. Since both techniques analyse a large number of cells they are more
sensitive than karyotyping and for flow cytometry aneuploid clones representing only 2–3% of the cell
population studied can be reproducibly detected. By flow cytometry a coefficient of variation (cv) at 3%
is achieved in the clinical routine which makes it difficult to detect near diploid abnormalities. The aim
of the present study was to investigate the correlation between modal chromosome number obtained by
karyotyping and DNA index obtained by flow cytometry (DIFCM) at diagnosis and during treatment of
childhood ALL, and to compare these techniques as possible prognostic indicators.

2. Material and methods

2.1. Material

During a ten-year period (February 1987–February 1997) 82 children (age 0–17 years) were diagnosed
as having acute lymphoblastic leukemia at the Department of Pediatrics in Umeå, constituting all children
with this diagnosis in the 4 most northern counties in Sweden (population 106).

2.2. Immunophenotyping

Mononuclear cells separated from bone marrow aspirates were used for immuno-phenotyping by flow
cytometry (FACScan, Becton Dickinson Immunocytometry Systems, CA). Pre B-cell blasts were defined
as CD19+ and/or CD20+ cells negative for surface immunoglobulin light chains, T-cell and myeloid
markers. T-cell blasts were positive for pan T-cell markers as CD2 and/or CD7 and negative for B-cell
and myeloid markers. Myeloid markers used were CD13 and CD33. Biphenotypic ALL was defined as
positive for T- or B-cell and myeloid markers.

2.3. DNA measurement by flow cytometry

Estimation of the cellular DNA content was performed by flow cytometric analysis (FACScan) of
mononuclear cells from bone marrow stained by propidium iodide according to Vindeløv [23]. Chicken
and trout blood cells were used as internal controls. DIFCM was calculated as being the ratio between the
leukemic G0/G1 peak and a diploid G0/G1 peak.

2.4. Cytogenetic analysis

Bone marrow cells were processed for karyotype analysis according to standard procedures. The
chromosomes were G-banded with trypsin-Giemsa. Chromosomal abnormalities were identified and de-
scribed according to the International System of Human Cytogenetic Nomenclature (ISCN) [8]. The
DNA content of the leukemic clone was also calculated by summation of the DNA content of each indi-
vidual chromosome in the karyotype [2,25]. Marker chromosomes were given a DNA-content according
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to the size of the chromosome. A DI based on this calculation was defined as the ratio between estimated
DNA content of the leukemic clone and the DNA content of diploid cells, and was depicted DIestimated

(DIe).

2.5. Treatment

Two treatment protocols were used during the study period, denominated SBLG 86 and NOPHO
92, both being intense. The patients were stratified into 5 risk groups based on clinicohematological,
immunological and cytogenetic findings at diagnosis, i.e., the standard, intermediate, high, very high and
special risk groups [6].

2.6. Statistical analysis

The time to adverse event was defined as the interval between diagnosis and event. Patients who
did not achieve remission were assigned a time of zero. Children who died in continuous complete
remission (CCR) were assigned the time between diagnosis and death. Children in CCR were censored
February 28, 1997. Statistical analyses were performed with SPSS statistical software for Macintosh
(SPSS Inc., IL) [14]. Life tables were made using the Kaplan Meier method and difference in prognosis
between subgroups were tested with the Log rank method [4]. The limit for significance wasp = 0.05.

3. Results

3.1. Immunophenotype

An evaluable immunophenotype was obtained in 80 leukemias (98%), 71 of which were of pre B type,
5 had a T cell phenotype and 4 leukemias were biphenotypic. Two cases (no 7, 20) could not be evaluated
properly. A summary of the immuno-phenotype data is given in Table 1.

3.2. Cytogenetics

Successful karyotyping was achieved in all 82 leukemias showing a pathological cytogenetic clone in
55 cases or 67% (48% before 1992, and 86% after 1991). An aneuploid clonal aberration was found in
35 cases, 12 of which had a modal chromosome number of 47–51 (No 11 with Downs syndrome), and
24 showing a modal number> 51 (one case demonstrated near-triploidy). Pseudodiploidy, i.e., modal
number 46 with deletions, translocations or marker chromosomes, was found in 20 leukemias (25%).
The karyotypes for all patients are shown in Table 1.

3.3. DIFCM versus karyotype

Adequate DNA histograms were obtained in all cases, and a DIFCM could be calculated. The corre-
lation between modal chromosome number and DIFCM was signficant (p = 0.009) as shown in Fig. 1.
Thirty two leukemias (39%) had a DI> 1.0. Five cases with flow cytometric aneuploidy had a diploid
karyotype (no 2, 7, 20, 31 and 43), and one had a pseudodiploid karyotype (no 10) (Table 1). In the
group with modal numbers between 47–51 (n = 11), two patients (no 18, 23) had a DIFCM > 1.0 and
one patient (no 76) with two aneuploid clones (DIFCM = 0.95 and 1.95) had a karyotype with several
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Table 1

Immunophenotype, flow cytometric DNA index (DIFCM), estimated DNA index (DIe) and karyotype for all patients in the
present study

No Immunophenotype DIFCM DIe Karyotype
1 Pre B cell 1 48,XX,del(11)(q23),+8,+21
2 Pre B cell 1.20 46,XY
3 Pre B cell 1 46,XX,−19,+mar
4 Pre B cell 1 46,XX
5 Pre B cell 1 46,XX
6 Pre B cell 1 46,XX
7 Unclassified 1.20 46,XX
8 Biphenotypic 1 46,XY
9 Pre B cell 1.20 52,XY,inc

10 Pre B cell 1.10 46,XY,t(4;11)(q21;q23)
11 Pre B cell 1 47,XY,+21c
12 Pre B cell 1 46,XY,+mar,inc
13 Pre B cell 1 46,XX
14 Pre B cell 1 46,XX
15 Pre B cell 1 46,XX
16 Pre B cell 1.20 55,XX,inc
17 Pre B cell 1 46,XX
18 Pre B cell 1.05 1.01 47,XY,+mar
19 Pre B cell 1 46,XX,t(4;11)(q21;q23)
20 Unclassified 1.1 46,XX
21 Pre B cell 1 46,XY
22 Pre B cell 1 46,XX,t(1;12)(p?;q?),del(11)(q14)
23 Pre B cell 1 46,XX,+mar,inc
24 Pre B cell 1.10 1.03 50,XY,+X,+add(6)(q?),+17,+mar
25 Pre B cell 1 46,XX
26 T-cell 1 46,XY,+mar,inc
27 T-cell 1 46,XY
28 Pre B cell 1 46,XX
29 Pre B cell 1 46,XY
30 Pre B cell 1 46,XY
31 Pre B cell 1.30 46,XX
32 Pro B cell 1 46,XY
33 Pre B cell 1 46,XX
34 Pre B cell 1.40 1.45 68,XXX,+1,−5,+6,−7,−9,+11,+12,−15,−16,−17,+19,−20,inc
35 Pre B cell 1 46,XY,t(7;9)(p?;q?),+X,−9
36 Biphenotypic 1 48,XY,+21,+mar
37 Pre B cell 1.17 53,XY,inc
38 Pre B cell 1.21 1.21 56,XX,+X,+X,+3,+4,+9,+10,+13,+18,+19,+21
39 Pre B cell 1 47,XY,+19,t(1;19)(q23;p13)
40 Pre B cell 1.11 1.07 52,XX,+4,+5,+10,+18,+20,+22
41 Pre B cell 1.15 1.1 53,XX,+4,+20,+mar,inc
42 Pre B cell 1.16/1.36 1.15 55,XY,+4,+6,+10,+12,+19,+20,+22,+mar,inc
43 Pre B cell 1.12 46,XY
44 Pre B cell 1.16 59,XY,inc
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Table 1 (Continued)

No Immunophenotype DIFCM DIe Karyotype
45 Pre B cell 1.22 1.21 57,XY,+3,+19,+21,+mar,inc
46 Pre B cell 1.22 1.14 52,XX,+X,add(1)(q?),+4,+6,+9,+10,+14,−17,+21
47 Pre B cell 1.23 1.20 56,XY,+6,+10,+14,+17,+19,+20,+21,+3 mar
48 T-cell 1 47,XY,t(10;14)(q24;q11)+mar
49 T-cell 1 46,XY,t(11;14;18)(p11;q11;q23–24)
50 Pre B cell 1.19 1.16 54,XX,add(2)(q?),+6,+10,+11,+17,+18,+19,+21,+22
51 Pre B cell 1 46,XY,der(12),t(12;14)(p12;q11)
52 Pre B cell 1.29 1.24 59,XY,+X,+Y,+4,+5,+6,+14,+15,+17,+18,+21,+21,+ mar,inc
53 Pre B cell 1 47,XY,add(5)(q35)
54 T-cell 1 46,XY,t(4;?),t(?;14)/46,XY,t(7;?)
55 Pre B cell 1 47,XX,−X,+16,t(3;9)(q21;q34),+mar
56 Pre B cell 1 46,XX
57 Pre B cell 1 48,XX,+X,?+21
58 Pre B cell 1.22 1.14 55,XX,+X,+3,+6,+10,+14,+18,+mar,inc
59 Pre B cell 1 46,XY
60 Pre B cell 1 46,XY,t(1;19)(q23;p11),t(1;15)(q11;p11),del(6)(q21)
61 Biphenotypic 1 46,XY,t(2;14)(q23;q32)
62 Pre B cell 1.15 1.12 54,XX,+X,+7,+18,+21,+mar,inc
63 Pre B cell 1.18 1.18 55,XX,+X,+5,+5,+6,+14,+17,+21,+21,+mar
64 Pre B cell 1 46,XY
65 Pre B cell 1 46,XY,del(9)(p1.1),del(17)(p1.1)
66 Pre B cell 1 46,XX,t(1;19)(q23;p13)
67 Pre B cell 1 46,XX,del(1)(q22q24)
68 Pre B cell 1.13 1.09 54,XY,+X,+4,del(10)(p11),+21,+21,+mar,inc
69 Biphenotypic 1 46,XX,del(6)(q21)
70 Pre B cell 1 46,XX
71 Pre B cell 1.18 55,XX,+6,+14,+21,+22,+mar,inc
72 Pre B cell 1.21/1.30 1.24 56,XX,+2,+3,+6,+8,+10,+13,+14,−16,−17,+19,+20,+21,+22,+mar
73 Pre B cell 1 46,XX
74 Pre B cell 1 46,XY,t(3;12)(p11;p13.2)
75 Pre B cell 1.16 1.09 53,XY,+X,+4,+6,+14,+17,+18,+21
76 T-cell 0.95/1.95 0.96 47,XY,del(2)(p22),−5,del(11)(q23),del(16)(q22),+19,+mar
77 Pre B cell 1.16 1.15 55,XX,+6,+14,+17,+18,+19,+21,+21,+2mar
78 Pre B cell 1 46,XX,t(11;19)(q23;p13)
79 Pre B cell 1 47,XY,del(3)(p?),add(3)(q?),+5,t(9;22)(q34;q11),add(14)(q?)
80 Pre B cell 1 46,XY,t(4;11)(q21;q23)
81 Pre B cell 1.12 1.13 53,XX,+X,+6,+8,+14,+17,+mar,inc
82 Pre B cell 1.18 1.15 54,XX,+X,+X,+5,+10,+10,+13,+18,+21

No: patient number in chronologic order; DIFCM: flow cytometric DNA index; DIe: estimated DNA index; Karyotype: main
line bone marrow karyotype.

deletions. In three patients (no 42, 72, 76) the flow cytometric analysis revealed two different clones at
diagnosis undetected by cytogenetics. In all three patients the second clone was small and only found in
bone marrow but not in peripheral blood samples. More than two separate clones was not demonstrated.
When combining DIFCM and karyotype, 42 leukemias (51%) were shown to be hyperdiploid.
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Fig. 1. Correlation between flow cytometric DNA index (DIFCM) and modal chromosome number obtained by karyotyping.

In patients treated on the NOPHO 92 protocol used for patients diagnosed after 1991, bone marrow
examination was performed on treatment day 15 and day 29. Nineteen leukemias had a DIFCM > 1.0. In
7 of 19 cases (37%) the DIFCM detected an aneuploid leukemic clone at day 15 (3/7 traditional standard-
risk), and at day 29 still 4 (21%) remained positive (3/4 traditional standardrisk), whereas the karyotype
in all these follow-up samples were diploid. The fraction of aneuploid cells on day 15 and 29 samples
varied from 3 to 20% of all cells as judged from the DNA histograms. Consecutive DIFCM analyses from
one of these patients are presented in Fig. 2. One patient showed a persistent leukemic clone at treatment
day 43 and 50.

3.4. DIFCM versusDIe

To test if the DIFCM really measured the same clone that was diagnosed with cytogenetics, 22 leu-
kemias with the higest quality aneuploid karyotypes and corresponding DNA histograms were chosen.
In these cases DIe was calculated and compared with the results from the flow cytometric analysis.
A highly significant correlation (p = 0.01) was found as shown in Fig. 3.

3.5. Patients no 34 and 46

Patient no 34 had a clinical and morphological relapse during maintenance therapy and compared
to the diagnostic sample a change occurred in immunophenotype, karyotype and DIFCM as detailed in
Table 2.

Patient no 46 showed after 8 mo and during maintenance therapy (oral methotrexate and 6-mercap-
topurin) with intensification (alternating high dose methotrexate (5 g/m2) and vincristine/prednisolon) a
drop in haemoglobin and thrombocyte values. The bone marrow showed morphological and phenotypic
remission and a DIFCM of 1.0. Two out of 20 metaphases showed a hyperdiploid karyotype with a modal
chromosome number of 59 and several trisomias also seen in the diagnostic bone marrow. Bone marrow
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Fig. 2. Flow cytometric DNA index (DIFCM) analysis on bone marrow samples from patient no 81 at diagnosis, treatment day
15 and 29.

examination two months later showed one hyperdiploid out of 30 metaphases, with no other evidence of
disease. Maintenance therapy continued and the patient is still in CCR, 12 mo off therapy (Table 3).

3.6. Survival

To test the prognostic impact of ploidy alone measured by the two different methods the patients were
subdivided into three groups using cut off points at DIFCM 1.0 and 1.12, corresponding to 46 and 51
chromosomes. There was a statistically significant difference in survival between the three ploidy groups
(p = 0.03) measured by DIFCM but not with karyotyping (not significant, not shown in figures). The
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Fig. 3. Correlation between flow cytometric DNA index (DIFCM) and DNA-index estimated from karyotype data (DIe).

Table 2

Data from karyotyping, immunophenotyping and flow cytometric DNA index (DIFCM) measurements in diagnostic and follow
up samples from patient no 34

Time Morphology Immunophenotype DIFCM Karyotype
0 ALL L3 Pre B cell, HLA DR, 34, 19, 10, 20w 1.4 68,XXX,+1,−5,+6,−7,−9,+11,+12,−15,−16,

−17,+19,−20,inc
56 Remission nd nd 46,XX

175 Remission nd nd 46,XX
581 Relapse L3 Pre B cell, HLA DR, 19, 10w, 13w 1.32 63,XX,t(5;7)(p14;q11),inc
612 Remission nd 1.0 46,XX
630 Relapse pb nd 1.34 nd
630 Relapse L3 Pre B cell, HLA DR, 19, 13 1.34 nd
658 Remission nd 1.0 46,XX
693 Remission nd nd no metaphases
711 Remission nd 1.0 no metaphases

Time: time from diagnosis in days; pb: peripheral blood; w: weak positivity; nd: not done; DIFCM: flow cytometric DNA index;
Karyotype: main line bone marrow karyotype.

survival statistics included all children irrespective of age and risk group (observation time 2–117 mo).
Survival curves are shown in Fig. 4.

4. Discussion

It has repeatedly been shown that hyperdiploid ALL has a better prognosis than pseudodiploid and
diploid ALL [6,18]. There is also evidence that especially hypodiploid, but also triploid and tetraploid
ALL cases have a worse prognosis [15–18]. New therapy regimes seems to decrease the impact of tri-
and tetraploidy on prognosis but hypodiploidy still remains a bad prognostic factor [6,16]. The standard
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Table 3

Data from karyotyping and flow cytometric DNA index (DIFCM) measurements in diagnostic and follow up samples
from patient no 46

Time Morphology Immunophenotype DIFCM Karyotype Metaphases
0 ALL LI DR, 34, 19, 10 1,22 52,XX,+X,add(1)(q?),+4,+6,+9,

+10,+14,−17,+21 29/37
21 Remission nd
32 Remission nd

239 Remission 1 59,XX,+1,+4,+6,+8,+9,+12,+13,
+14,+15,+19,+20,+21,+22 2/20

252 Remission 1 56,XX,+X,+2,+6,+11,+12,+14,
+19,+21,+22 1/30(not clonal)

371 Remission 1
392 Remission nd
473 Remission 1
933 Remission 1

Time: time from diagnosis in days; nd: not done; DIFCM: flow cytometric DNA index; Karyotype: main line bone
marrow karyotype.

Fig. 4. Probability of event free survival. Cut off points were set at flow cytometric DNA indices (DIFCM) = 1.0 and 1.12.

technique to evaluate ploidy is metaphase karyotyping but also DNA content measurement by flow cy-
tometry can be used with high accuracy as demonstrated in this report. Successful karyotyping needs
living cells spontaneously entering mitosis, and counting of metaphase chromosomes is performed by
light microscopy. Flow cytometric DNA analysis is easy to perform and all cells are included in the
DNA-histogram unless electronic gates are used for selective analysis of specific cells, and the method is
not dependent on cycling cells. The flow cytometric method has the ability to discover small aneuploid
clones constituting a low percent of the total cell population [10]. The capacity to detect small DNA con-
tent abnormalities is dependent on the quality of the sample, the staining technique and the instrument
used. The smallest aberration we could discover in this study was the addition of a marker chromosome
with a size corresponding to chromosome 4. On the other hand, traditional karyotyping identifies smaller
structural and numerical DNA changes.
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In the present study evaluable karyotypes and DIFCM values were obtained in all patients, as previ-
ously shown for leukemias and solid tumors [12,13,19,21,22]. We could demonstrate a highly significant
correlation between the two methods, although the DIFCM analysis uncovered more hyperdiploid patients
than was seen with karyotyping. All 5 cases with diploid karyotypes and DIFCM > 1.0 were found in
samples obtained between 1987 to 1992, during which time pathological karyotypes were found in 48%
of the cases. Two of these 5 patients showed single metaphases with modal numbers corresponding to
the DIFCM values, indicating that the discrepancy was due to less optimal karyotyping. After 1992 86%
of the leukemias demonstrated abnormal karyotypes. Thus, a considerable improvement in performing
karyotyping was achieved during the period of study. The DIFCM technique was poor in discovering
leukemic clones with modal numbers between 47–50 as well as pseudodiploid clones. No patient in
our series had a hypodiploid karyotype, but one patient with a near diploid modal number and several
deletions had a DIFCM and DIe of < 1.0 (Table 1).

Both at diagnosis and during induction treatment we repeatedly found DIFCM to be more sensitive than
karyotyping in discovering small aneuploid clones. Two patients were shown by karyotyping to have un-
detected biclonality at diagnosis and in>20% of the aneuploid patients the abnormal clone was revealed
by DIFCM during the first month of induction therapy but showed a diploid karyotype. In at least one
of these cases the aneuploid clone seemed to lack S and G2/M phase cells. During induction treatment
phase- and cycle-specific drugs are used and the bone marrow is often very hypoplastic, which is a prob-
able explanation for the negative cytogenetic results day 15 and 29. The finding of a persistant abnormal
clone in a substantial proportion of patients during induction therapy, most of which (75%) were stan-
dard risk patients is somewhat contradictory to data from studies using molecular genetic techniques for
quantitation of residual disease [24].

Only one patient sample had a modal number> 50 and a DIFCM of 1.0, and this observation was made
during treatment when the patient according to other parameters was in complete remission. Usually the
identification of a pathological cytogenetic clone is equal to a relapse, but our patient was in all other
laboratory tests in remission. The traditional maintenance therapy was continued and the patient is now,
12 mo off therapy, still in complete remission. Probably the fraction of leukemic cells was under the
limit of detection for the DIFCM technique, and by chance these metaphases appeared in the cytogenetic
analysis.

The proportion of hyperdiploid leukemias measured by combining DIFCM and cytogenetics was some-
what higher (51%) in this study than earlier reported [6]. With good conventional cytogenetics a patho-
logical clone is found in at least 80% of the cases and the hyperdiploid part is usually 30–45%. The
reason for this higher frequency in our study could be a variation due to the small material or the supe-
rior ability of DIFCM to discover hyperdiploid leukemias with modal numbers over 50. It has also been
postulated that there are geographical differences in the frequency of leukemic genetic aberrations [3,9],
and this study, in opposition to most published studies, is truly population based. It is probably easier to
identify both the hypo- and hyperdiploid group with DIFCM than with traditional metaphase karyotyping
[17,21], because the latter method is more laborious and more dependant on laboratory skills and the
availability of living cells.

Even with contemporary treatment protocols it is generally accepted that the clonal karyotype have
a prognostic impact. Leukemia-specific rearrangements such as t(4;11), t(9;22) and hypodiploidy (<45
chromosomes) are predictors of poor outcome and modal number>51 indicate a good prognosis, though
different dividing points have been suggested [12,18]. In order to enable comparison between the DIFCM

and karyotype the patients were divided into three groups based on main line modal number. A statisti-
cally significant difference in survival was found using the DIFCM approach, a difference not found using
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modal numbers obtained by karyotyping. Thus, in this material the DIFCM technique was better than
karyotyping in defining the group of hyperdiploid patients with favourable prognosis. This difference
was however mainly caused by the inadequate cytogenetic performance during the first investigation pe-
riod. Our data indicate that karyotyping can not be used for ploidy based prognostic purposes until a
sucess rate of 80% pathological cases has been achieved.

The main conclusions of this study are that DIFCM is a sensitive and reliable method to identify hy-
perdiploid leukemia (>51 chromosomes) and that it measures the dominant clone in the bone marrow at
diagnosis. It does not distinguish the group of patients with 47–51 chromosomes nor the pseudodiploid
group. In our population the proportion of hyperdiploid leukemias were higher than usually reported.
To rely upon karyotyping when deciding ploidy of leukemias you must have a very high quality cytoge-
netics. We can also show that ploidy measured by flow cytometry at diagnosis gives useful prognostic
information in a small, population based single institution study. DIFCM can identify biclonality at diag-
nosis and distinguish persistent aneuploid leukemia during induction therapy when standard cytogenetics
and morphology fail to do so. A surprisingly high proportion of good risk leukemias demonstrate these
persistent clones during the first 4 weeks of treatment.
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