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ABSTRACT

Purpose: In this study we are aiming at investigating
the correlation between karyotype and the clinicopathologic
features of pediatric acute lymphoblastic leukemia, duration
of first remission and outcome of patients.

Material and Methods: A total of 40 pediatric patients
with the diagnosis of acute lymphoblastic leukemia (ALL)
were included in this study. The patients were treated
according to ALL P.NCI I11/98 protocol used at the Pedi-
atric Oncology Unit, National Cancer Institute, Cairo
University.

Results: Analyzing the patients with respect to their
chromosomal pattern; the majority of patients (17/40,
42.5%) showed a pseudodiploid karyotype. Their mean
age was 10.214.8 years, M/F ratio 2.4:1. Massive
hepatosplenomegaly (HSM) was encountered in 64.7%.
The mean total leucocyte count (TLC) was 66.53%5.2
cells per ul. Their mean first complete remission (CR1)
was 11.05%£2.3 months, EFS was 40% at 12 months and
17.78% at 24 months. Patients with normal karyotype
came next, representing 13/40 (32.5%). Their mean age
was 8.4%1.8 years, M/F 0.8:1. Massive HSM was found
in 62.5%. The mean TLC was 78.74%3.8 cells per ul.
Their mean CR1 was 11.62+1.2 months, EFS was 41.67%
at 12 months and 33.33% at 24 months. The third group
represented patients with hyperdiploidy (8/40; 20%). Their
mean age was 8.813.1 years, M/F 7:1. Massive HSM was
found in 50%. The mean TLC was 45.16%3.1 cells per pl,
their mean CR1 was 18.10%3.4 months, EFS was 75% at
12 months and 62.5% at 24 months. The least group
showed a hypodiploid pattern (5/40; 12.5%). Their mean
age was 1312.6 years, all were males. Massive HSM was
encountered in 100%. The mean TLC was 20.00£2.9 cells
per ul. Their mean CR1 was 10+2.8 months.

Conclusion: Egyptian patients with childhood ALL
who have hyperdiploid karyotype, specially those having
>50 chromosomes carry a better prognosis than patients
with other chromosomal abnormalities. Pseudodiploid
karyotype is the most frequent among Egyptian ALL cases
and this could be the reason for our overall poor treatment
results. Normal karyotype cannot be used as a prognostic
parameter in ALL cases. Hypodiploid karyotype carries
the worst prognosis.
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INTRODUCTION

The acute leukaemias are heterogeneous
group of neoplasms affecting uncommitted or
partially committed hematopoietic stem cells.

Leukemia, both lymphoid and myeloid, can
be characterized by morphologic assessment,
cytochemical, immunological, cytogenetic, ul-
tra- structural and molecular genetic analysis
with respect to biologic features and more spe-
cific therapeutic requirements [1].

Traditionally recognized risk groups defined
by age, sex, presenting WBC count have been
shown to contain subgroups of patients with
different outcome that are predicted by blast
karyotype, early response to therapy, immu-
nophenotype, and molecular genetic abnormal-
ities. Clinically body mass index, liver, spleen
size, presence of anterior mediastinal masses
have been variably reported to confer prognostic
significance.

Cytogenetic studies in ALL from various
centers have proven and confirmed their inde-
pendent prognostic significance.

Ploidy distribution and recurrent transloca-
tions associated with specific morphology and
immunophenotype are well recognized in ALL
and their prognostic value was confirmed by
several studies [2].

Some of these studies have also recognized
the correlation between cytogenetic findings
and some clinical and hematological features
as well as the stage of leukaemic cell maturation.
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This contributes significantly in designing the
potential therapeutic strategy.

In this study our primary goal was to find
out the impact of cytogenetics on the clinical
presentation and the duration of first remission
among Egyptian pediatric patients with ALL.

MATERIAL AND METHODS

A total of 40 pediatric patients with a docu-
mented diagnosis of acute lymphoblastic leuke-
mia (ALL) treated at the pediatric oncology
unit, National Cancer Institute, Cairo University
were included in this study.

All patients were subjected to the diagnostic
work-up which included: history, clinical, and
radiological (chest X-ray) examination. Labo-
ratory evaluation including complete blood
picture, blood chemistry, bone marrow analysis,
CSF examination, determination of leukemic
cell surface markers (immunophenotyping)
using flowcytometry and chromosomal pattern
detection (karyotyping). Cytogenetic analysis
of the cultured bone marrow aspirates or the
peripheral blood samples was carried out using
conventional cytogenetic methods including
banding and karyotyping techniques according
to the basic techniques of Moorhead et al. [3].

Culture: Growth medium was prepared by
mixing the following: 1-RPMI 1640-Earle’s
base (Gibco) 100ml. 2- Foetal bovine serum
(Gibco) 25ml, 3- Penicillin 10.000 U/ml and
Streptomycin 10mg /ml (Gibco) 1.3ml.

Procedure: Cultures were set in a disinfected
laminar air flow. Culture medium was prepared
by placing 5ml of growth medium. The sample
was added (5 drops of peripheral blood or 2-3
drops of bone marrow) in each tube. Three
cultures were prepared for each sample, mixed
gently and then incubated for 24, 48, and 72
hours at 37°C in slanting position.

Harvesting and slide preparation: The solu-
tions used were: 1-Colcemid solution (Gibco)
10ug/ml, 2-Hypotonic solution 0.56% KCl, 3-
Fixative 75ml absolute methanol + 25ml glacial
acetic acid.

Procedure: Two drops of Colcemid (0.02ml)
were added to each culture tube with gentle
shaking and were then incubated for 45-60
minutes at 37°C. Tubes were then centrifuged
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at 1000 rpm for 10 minutes. The supernatant
fluid was discarded leaving as little medium as
possible over the cell pellet. The hypotonic
solution was pre-warmed to 37°C. Five [5] ml
of the hypotonic solution were added drop by
drop to each culture tube with shaking. The
cultures were then incubated at 37°C for 15
minutes, centrifuged for 10 minutes, and the
supernatant was discarded. Five drops of freshly
prepared fixative were added to each tube. The
tubes were then centrifuged at 1000 rpm for 10
minutes and the supernatant was discarded. The
cells were re-suspended in a small volume of
fixative. Three to four drops were put on a cold
wet slide. The slide was then dried on a hot
plate for 15-30 seconds at 40°C.

G-Banding: Slides were aged for one hour
in a 90°C oven, then they were cooled to room
temperature in a covered box. Slides were then
immersed vertically in a Coplin jar containing
trypsin solution (0.3%) for 30 seconds to 3
minutes and then immersed in a jar filled with
saline. Slides were then stained in Giemsa stain
solution for 1-4 minutes. They were then rinsed
in diluted water, air-dried and were examined
using a research binocular high microscope
(Olympus, PM-10AK).

Chromosomal analysis and karyotyping:
The chosen metaphase spread was then photo-
graphed and analyzed using a computer image
analyzer (Vysis Quips XL =Genetics work sta-
tion) according to the Paris Conference recom-
mendations [4] and the International System of
Human Cytogenetic Nomenclature (ISCN) rec-
ommendations [5]. For each 20 metaphases
spreads were analyzed to detect any chromo-
somal aberrations.

Treatment plan:

The 40 ALL patients received the standard
pediatric ALL chemotherapy protocol applied
at the NCI. The protocol composed of three
phases, omitting the use of radiation therapy
for CNS leukemia prophylaxis. The first induc-
tion phase composed of the administration of
the basic 4 drugs. Vincristin (VCR) 1V,
1.5mg/m?2 and Daunorubicin: IV, 25mg/m2 were
given on days 1,8,15. Prednisolone (PO)
40mg/m? started on day 1-28 then was tapered
over 10 days. L-asparaginase IM, 6000 U/m?
was given on alternating days, 3 times a week,
for 9 doses, Triple intrathecal Methotrexate,
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Cytarabine and Hydrocortisone were given on
days 1 and 43. Etopside (VP16) and cytarabin
(Ara-C): 300mg/m?2 IV, each was given on days
22,25, and 29.

Bone marrow examination for re-evaluation
was done on day 43 to determine the remission
status. Patients who achieved complete remis-
sion were promoted to the second phase of
therapy (consolidation) and were offered high
dose Methotrexate(HD-MTX) IV, 500mg/m?
over 1 hour followed by 1500mg/m?2 over 23
hours given on days 44 and 51.

The third continuation phase, based on using
different drug combinations, was given on week-
ly bases for a total of 120 weeks.This phase
consisted of VP16 and Cytoxan each 300 mg/m?2
IV on weeks 1,5,9,13,25,29,33,37,41,45,49,53,
57,61. 6 Mercaptopurin (6MP) 75 mg/m?2 PO,
for 7 days + Cytoxan 300 mg/m?2 I'V. On weeks
65,69,73,77,81,85,89,93,97,101,105,109,113,
117. 6 MP 75 mg/m?2 PO, for 7 days + MTX 40
mg/m2 IM on weeks 2,10,26,34,42,50,58,62,
66,70,74,78,82,86,90,94,98,102,106,110,114,
118. MTX: 40 mg/m2, IM + Ara-C: 300 mg/m?
IV, on weeks 3,11,27,35,43,51,59,67,75,83,91,
99,107,115. VCR IV, 1.5mg/m2+L-asparaginase:
IM, 10000 u/m2 once + Prednisolone: PO,
40mg/m? for 7 days given on weeks 4,8,12,24,
28,32,36, the coming weeks only VCR + Pred-
nisolone were given on weeks 40,44,48,52,56,
60,64,68,72,76,80,84,88,92,96,100,104,108,
112,116,120. HD-MTX: 1V, 500mg/m? over 1
hour followed by 1500mg/m?2 over 23 hours +
6MP: 75 mg/m2 PO, for 7 days on weeks 6,14,
21,22,30,38,46,54. VP16 + Ara-C each 300
mg/m2 IV on weeks 7,15,23,31,39,47,55. 6 MP:
75 mg/m2 PO, for 7 days + Ara-C: 300 mg/m?
IV on weeks, 63,71,79,87,95,103,111,119.

Follow-up:

By the end of the 120 weeks of continuation
therapy, complete re-evaluation was performed
which included bone marrow analysis, CSF
examination and bilateral testicular biopsy.
Patients were then put under follow up once
monthly by clinical examination + CBC.

Statistical Methods:

An IBM compatible PC was used to store
and analyze the data. Soft ware package namely
SPSS was used for data management and cal-
culation of mean and standard deviation to
describe quantitative data, to compare propor-
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tion, to analyze survival data and to compare
survival curves.

RESULTS

A total of 40 patients within the pediatric
age group with a diagnosis of ALL were
included in our study. Their mean age was 10.1
years, ranging from 6 months to 16 years. The
event free survival (EFS) for the 40 studied
patients was 48.65% and 30.1% at 12 and 24
months, respectively (Fig. 1).

Analyzing the patients with respect to their
chromosomal pattern, the majority of patients
had a pseudodiploid karyotype (17/40 - 42.5%),
their mean age was 10.2 years, M/F ratio2.4:1,
massive HSM in 64.7%, the mean TLC = 66.53
15.2 cells per pl, their mean first complete
remission (CR1) was 11.05 months, their prob-
ability of EFS was 40% at 12 months and
17.78% at 24 months (Table 1 and Fig. 2).
Patients with normal karyotype came next,
representing 13/40 (32.5%), their mean age was
8.4 years, M/F 0.8:1, massive HSM in 61.5%,
their mean TLC was 78.7413.8 cells per ul,
with a mean CR1 of 11.62 months, their EFS
was 41.67% at 12 months and 33.33% at 24
months (Table 2 and Fig. 3). The third group
comprised patients with hyperdiploidy (8/40 -
20%). Their mean age was 8.8 years, M/F 7:1,
massive HSM in 50 %, the mean TLC was 45.16
+ 3.1 cells per pl, their mean CR1 was 18.10
months, their EFS was 75% at 12 months and
62.5% at 24 months (Table 3 and Fig. 2). The
last group showed the hypodiploid pattern (2/40
- 5%), their mean age was 13 years, all were
males, massive HSM in 100%, the mean TLC
was 20.00£2.9 cells per mm3, their mean CR1
was 10 months (Table 4).

Anomalies in chromosome 19 (Fig. 3) were
encountered in six cases (15%). Their mean
TLC was 113.64%6.7 cells per ul, massive HSM
in 66.66%. Their mean CR1 was 7.5 months.
Five of this group of patients (83.3%) developed
either isolated bone marrow or combined bone
marrow and testicular relapse. Only one patient
of those six, died during induction.

Four patients had t(8;14) (10%) (Fig. 3).
Their mean TLC was 112.3+6.7 cells per pul,
massive HSM in 100%. Their mean CR1 was
5.5 months. Three patients (75%) developed
either isolated bone marrow or bone marrow
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and CNS relapse. One patient died during in-
duction.

Six patients showed an abnormal chromo-
some 9 (15%) (Fig. 3). Their mean TLC was
43.83 cells per pl, massive HSM in 83.33%.
Their mean CR1was 6.2 months. Five patients
(83.3%) had bone marrow relapse and one pa-
tient died during induction therapy.

Four patients (10%) had abnormalities relat-
ed to chromosome 21. Their mean TLC was
74.80x4.9 cells per ul, massive HSM in 50%.
Their mean CR1 was 15.25 months. Two pa-
tients sustained continuous complete remission
(CCR), one patient had bone marrow relapse
and one patient died during induction therapy.
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Table (1): Characteristics of Pseudo-diploid Patients (17/40 - 42.5%):
Age TLC CR1 Massive Immuno-
UPN Y) Sex () Karyotype (M) Fate M HSM phenotype
1 16 F 210.000 1;19-8;14 6 BM....R + + CALL
2 6 M 18.600 8;14 12 BM...R + + B-cell
3 13 M 14.000 12;21 25 CCR 0 0 CALL
4 5.5 F 101.570 1519 3 BM...R 0 0 CALL
5 16 F 150.000 1;19 4 BM...R 0 + CALL
6 4 M 23.000 9p- 0 - + + T (early)
7 3.5 M 66.000 Abn 9 7 BM...R 0 + CALL
16 16 M 120.000 7;9 8 BM .R + + T (early)
25 16 F 86.000 12;21 28 CCR 0 0 Pre-B
29 8 M 30.600 8;14 4 BM+CNS 0 + B-cell
30 10 F 24.600 -10+19 13 BM...R 0 + T (early)
33 7 M 21.000 9p- 6 BM...R + + T (early)
35 12 M 22.600 14;18 19.8 CCR 0 + Pre-B
38 16 M 8.000 Dup. 9 10 BM...R 0 0 Pro-B
31 11 M 29.500 1,11+11 23 BM 0 0 Pre-B
34 5 M 190.000 8,14+19+421 0 --- + + CALL
32 7 M 5.700 -22+19 19 BM/Test - 0 Pre-B

UPN: Unique patient number,  Age (Y): Years,
M: Mediastinal lymphadenopathy on chest X-ray,

TLC: Total leukocytic count,
Massive HSM: Hepatosplenomegally.

CR1 (M): First complete remission in months,
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Table (2): Characteristics of Normal diploid Patients (13/40 - 32.5%):

UPN ?5;3 Sex ;l;tg Karyotype ((:15[; Fate M Mﬁ;sl\i)[/e ;E;?ll;?;l;e
8 4.5 F 29.500 N 16 CCR 0 0 Pro-B
9 2.5 F 120.000 N 0 - + + Pro-B
10 5.5 F 115.400 N 15 BM...R + + Pro-B
11 9 M 29.000 N 26 CCR 0 0 Pre-B
13 13 F 89.000 N 23 CCR + + Pre-B
14 3 F 121.000 N 3 BM...R + + Pre-B
17 16 F 41.000 N 11 BM...R 0 0 Pre-B
22 13 M 40.600 N 23 CCR 0 + CALL
24 5 M 33.000 N 10 BM...R 0 0 Pre-B
26 3 M 137.600 N 11 BM...R 0 + Pro-B
28 3 M 37.700 N 6 BM...R 0 0 Pre-B
37 16 F 190.000 N 8 BM/CNS + + Bipheno
40 15.5 M 40.000 N 10 BM...R 0 + CALL

UPN: Unique patient number,  Age (Y): Years, = TLC: Total leukocytic count, =~ CR1 (M): First complete remission in months,
M: Mediastinal lymphadenopathy on chest X-ray, Massive HSM: Hepatosplenomegally.

Table (3): Characteristics of Hyper-diploid Patients (8/40 - 20%):

UPN '?5;3 Sex ;l;tg Karyotype %\I/{[)l Fate M M}all;sl\i/\lre gggg?;{,e
18 14.5 M 92.000 +22 16 BM...R 0 + CALL
19 7 M 9.200 +20+21-14 8 BM...R 0 + T (interm.)
20 3 F 7.300 54xx 20 CCR 0 0 CALL
21 4 M 13.000 57xy 16 CCR 0 0 CALL
23 10.5 M 88.800 51xy 18 CCR + + Pre-B
27 9 M 80.700 51xy 24 CCR 0 0 CALL
36 8 M 10.700 50xy 36 CCR 0 0 Pro-B
39 15 M 60.000 +20 7 BM....R 0 + CALL

UPN: Unique patient number,  Age (Y): Years, = TLC: Total leukocytic count, ~ CR1 (M): First complete remission in months,
M: Mediastinal lymphadenopathy on chest X-ray, ~Massive HSM: Hepatosplenomegally.

Table (4): Characteristics of Hypo-diploid Patients (2/40 - 5%):

Age TLC CR1 Massive Immuno-
UPN ) Sex (ul) Karyotype M) Fate M HSM phenotype
15 10 M 15.000 -y 14 BM...R + + T(early)
41 16 M 25.000 -9 6 BM...R 0 + Pre-B

UPN: Unique patient number, Age (Y): Years, TLC: Total leukocytic count, CR1 (M): First complete remission in months,
M: Mediastinal lymphadenopathy on chest X-ray, ~Massive HSM: Hepatosplenomegally.



126

DISCUSSION

Multicenter studies have shown that leuke-
mia is a genetic disease. The clinical presenta-
tion, as well as the response to therapy, are
dictated by the chromosomal pattern of the
leukemic cell at diagnosis [6,7]. Current practice
is to stratify patients according to a very small
number of prognostic variables that are exclu-
sively established as having an important influ-
ence on outcome. Achievement and duration of
first complete remission (CR1) and survival
differed among chromosomal groups. Karyotype
is an independent prognostic factor for duration
of CR1 and survival even when age, initial
leukocytic count (TLC), FAB subtype, and
immunologic phenotype are considered [8].

Forty pediatric patients with ALL in whom
cytogenetic analysis was performed successfully,
were included in this study. All patients received
the same ALL chemotherapy protocol (ALL
PNCI- I11/98 ). Their mean age was higher (10.1
years) than what was reported in literature, and
this could be due to the fact that only patients
that have cytogenetic yield were included in
this study.

The EFS for the 40 studied patients was
48.65% and 30.1% at 12 and 24 months respec-
tively. Our results are in contrast to what was
reported by investigators at St. Jude Children's
Research Hospital [9] who reported an EFS of
80% at 24 months. Our poor results could be
due to the fact that most of our patients carry
high risk features that had a great impact on
their survival.

Four main chromosomal patterns were en-
countered. The majority of our patients (42.5%)
had pseudodiploid karyotype in contrast to that
reported by Amare et al. [1] who reported that
the hypodiploid karyotype was of higher fre-
quency, while Perez et al. reported that hyper-
diploid cases were the most frequent [10]. Among
the studied patients with pseudodiploid karyo-
type the mean CR1 was 11.05 months, their
EFS was 40% at 12 months and 17.78% at 24
months, 70% of cases had BM marrow relapse
with or without CNS relapse. These data are in
agreement to those reported by Pui et al. [11]
and Hyakura et al. [12] that the worst prognosis
was among patients with pseudodiploid karyo-
type with an EFR of 33%.
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Classifying our patients by individual chro-
mosome abnormalities, six of the studied cases
(15%) were associated with chromosome 9
anomaly whether total or partial deletion (dele-
tion of the short arm), translocation, duplication
or abnormal chromosome. The mean CR1 was
62 months, 83% relapsed and 17% died during
induction. This is in agreement with Lai et al.
[13], Pui et al. [11], and Harrisson [14] who re-
ported that abnormalities associated with chro-
mosome 9 specially with the short arm appear
relatively frequently and are usually associated
with some features observed in lymphomatous
leukaemia (bulky disease and high total leuko-
cytic count) with poor prognosis and they rep-
resent one of the important risk factors.

Chromosome 19 anomalies could also be
considered as a bad prognostic factor as about
15% of the studied patients compared to 6.5%
in the literature [15, 16], having abnormal chro-
mosome 19 either by translocation or an extra
chromosome showed short duration of first
remission. Among the studied patients with
abnormal chromosome 19, the mean CR1 was
13 months, 83% relapsed and 17% died during
induction. Our results are in agreement with
Secker-Walker et al. [17], Filatov et al. [18],
Uekum et al. [19], Chrisl et al. [20], and Erik et
al. [21].

However, cytogenetic analysis is not enough
for cases having t(1;19) as there is considerable
heterogeneity in the location of E2A and PBX1
breakpoints, as a result of the translocation, and
in the clinical outcome [15,22]. Patients having
t(1;19) (g23; p13) in their leukemic cells but
not expressing E2A -PBX1 fusion protein, have
good prognosis ,whereas the expression of this
protein as a chimeric protein appears to have
poor prognosis. This may be useful with the
phenotypic classification to guide therapeutic
decision making in the future. Molecular tech-
niques such as PCR or FISH technique have
been used effectively to detect this fusion pro-
tein.

Ten percent of our cases had t(8;14) com-
pared to less than 1% in the literature [23], This
may be due to the bias in selection of our cases
as we are selecting among patients having cy-
togenetic yield only. All the study patients with
t(8;14) had massive HSM and mean TLC of
112.3 cells per pul. These data are in agreement
with the data reported by Mittelman et al. [24]
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and Amare et al. [1]. Their mean CR1 was 5.5
months, 70% relapsed and 25% died during
induction. Our results were in agreement with
Mittelman et al. [24] and Amare et al. [1] who
reported that t(8;14) was usually associated
with high rates of early treatment failure and
poor prognosis and should receive different
therapy.

Four of our patients had chromosome 21
abnormality, t(12;21) was encountered in two
cases. Their mean CR1 was 26.5 months and
both of them sustained CCR. These results are
in agreement with those reported by Van der
Plas D [25], Shurtleff et al. [26], Martinez-
Ramirez et al. [27] and Alexander et al. [28].

Although trisomy 21 in the literature is
usually associated with good prognosis [29] ,we
were able to identify two patients with trisomy
21, one of whom was associated with t(8;14)
and died during induction, the other had short
duration of CR1 and relapsed.

Out of the forty studied patients, the normal
karyotype represented 32.5%. This result is in
agreement with Perez et al. [10] who reported
30% of their cases with normal karyotype. The
mean CR1 was 11.69 months, their EFS was
41.67% at 12 months and 33.33% at 24 months.
Jackson et al. [30] reported that the 5 year event
free survival was intermediate for patients with
normal karyotype representing 58%. We were
not able to clarify the significance of normal
karyotype on the duration of first remission.
The survival rate among the studied patients
was variable although it inclined to bad prog-
nosis as almost 61% of cases showed BM re-
lapse, with or without CNS relapse or died with
active disease.

Hyperdiploid karyotype was found in 20%
of the studied cases compared to 28% in Fletch-
er et al. [31] and 38% in Pui et al. [11]. Their
mean CR1 was 18.1 months, 62.5% of them
sustained CCR, and showing the best prognosis
of all patients. Their EFS was 75% at 12 months
and 62.5% at 24 months. Hyperdiploid cases
(= 50 chromosomes) represented 62.5% of cases.
Their mean CR1 was 22.8 months, and 100%
of them were in CCR. This result is in agreement
with Hayakura et al. [12], and Harrisson [14]
who reported that 83% of patients having >50
chromosome had four- year EFS.
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The hypodiploid cases represented 5% com-
pared to 4.9% reported by pui et al. [11]. These
cases showed the shortest duration of first re-
mission, their mean CR1 was 10 months and
they had 100% relapse rate. This is in agreement
with Harbott et al. [32] and Erik et al [21].

Conclusion:

It is clear from the survival curve a trend
towards a better outcome among patients with
hyperdiploid karyotype, although the EFS at
24 months (62.5%), did not reach statistical
significance (p=0.203). Among patients with
hyperdiploidy, patients with >50 chromosomes
showed the best outcome.

Pseudodiploid karyotype is the most frequent
among Egyptian ALL patients and this could
be the reason for our overall poor results. Nor-
mal karyotype carries an intermediate outcome
and hence cannot be used as an independent
factor to determine the exact treatment outcome.
Hypodiploid karyotype carries the worst prog-
nosis.
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