
ABSTRACT

Purpose: To identify chromosomal pattern among the
major immunophenotypic subgroups in Egyptian children
with ALL, and its correlation with clinical presentation
and disease free survival.

Patients and Methods: Cytogenetic and immunophe-
notypic analysis were done for all patients. Patients re-
ceived ALL-PNCI-III/98 chemotherapy protocol used at
NCI, Cairo University.

Results: The frequency of pseudodiploidy and normal
karyotype in the whole group was 42.9% and 33.3%
respectively. The frequency of pseudodiploidy was 36.8%
in CALLA positive early pre B, 30.7% in pre B cases,
71.4% in T cell cases and 100% in mature B cell cases.
At 12 months, DFS was 50% for pseudodiploid group
having pre B phenotype, compared to 16.6% for pseudo-
diploid group with CALLA positive early pre B ALL.
Sixteen percent of the studied cases showed T cell pheno-
type, 71.4% of them showed pseudodiploid karyotype, all
of them had high risk features. Hyperdiploidy was found
in 31.5% of CALLA positive early pre B cases and was
associated with favorable prognostic features and DFS of
66.6% at 12 months. Hyperdiploidy of >50 chromosome
represented 62.5% of hyperdipoid cases, 80% of them
were CALLA positive early pre B ALL carrying good risk
features. Fifty percent of normal karyotypic patients
showed pre B phenotype, while 42.8% showed CALLA
positive early pre B ALL. Their age, TLC, DFS, were
almost comparable.

Conclusion: CALLA early pre B phenotype has a
positive impact on chromosomal pattern having best
outcome among patients with hyperdiploidy. The Pseudo-
diploid karyotype carries a better outcome with pre B
phenotype.
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INTRODUCTION

Acute leukemias are a heterogeneous group
of neoplasms affecting uncommitted or partially
committed haematopoietic stem cells. Leukemia,
both lymphoid and myeloid, can be character-
ized by morphologic assessment, cytochemical,
immunological, cytogenetics, ultrastructural
and molecular genetic analysis with respect to
biologic features and more specific therapeutic
requirements [1]. Traditionally recognized risk
groups defined by age, sex, presenting WBC
count have been shown to contain subgroups
of patients with different outcomes that are
predicted by karyotype, early response to ther-
apy, immunophenotype and molecular genetic
abnormalities.

Clinically, age, tumor mass index, total white
cell count, hepatosplenomegaly and presence
of anterior mediastinal mass have been variably
reported to confer prognostic significance [2,3].
Chromosomal abnormalities have independent
prognostic value in childhood acute lympho-
blastic leukemia (ALL). Hyperdiploid cases
with modal chromosomal unmbers ≥50 fare
best, whereas pseudodiploidy and hypodiploidy
are associated with generally poor response
[2,3]. Traslocations within the leukemic cell
karyotype were found to be the chromosomal
defect with the most profound impact on treat-
ment outcome [2-4]. Patients with any translo-
cation have a six-fold greater risk of early
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treatment failure than those without such abnor-
malities [4]. Early pre B cases have the most
favorable prognosis and B cell cases have the
worst among immunophenotypic subtypes of
childhood ALL. By comparison with early pre
B; T cell and pre B cases have inferior outcome
[5]. Ploidy distribution and recurrent transloca-
tions associated with specific morphology and
immunophenotypic pattern are well recognized
in ALL; their prognostic value was confirmed
by several studies [3,5,6]. Some of these studies
have also recognized the correlation between
cytogenetic findings and some clinical and
hematological features as well as the stage of
leukemic cell maturation. This contributes sig-
nificantly in designing the potential therapeutic
strategy [3,6].

The aim of this study is to investigate the
correlation between karyotype, marker expres-
sion and the clinicopathological features of
childhood ALL at presentation, duration of first
remission and survival.

PATIENTS AND METHODS

This is a retrospective analysis of 42 pedi-
atric patients with a documented diagnosis of
ALL, treated at the Pediatric Oncology Depart-
ment, National Cancer Institute, Cairo Univer-
sity. The primary goal is to correlate karyotype
and surface marker expression in Egyptian
pediatric patients with ALL in relation to clinical
presentation and treatment outcome.

All patients were subjected to diagnostic
work up which included history and clinical
examination laboratory evaluation including
complete blood picture, blood chemistry, bone
marrow analysis, CSF examination, chest X
ray, determination of leukemic cell markers
(immunophenotyping) using flowcytometer and
chromosomal pattern detection (karyotyping);
cytogenetic analysis of the cultured bone mar-
row aspirates or the peripheral blood samples
using conventional methods for cytogenetic
analysis including banding and karyotyping
techniques according to the basic techniques of
Moorhead et al. [7]. Culturing: Growth medium:
Prepared by mixing the following; 1-RPMI
1640-Earle’s base (Gibco laboratories) 100mL.
2- Foetal bovine serum (Gibco laboratories)
25mL. 3- Penicillin 10.000u/mL and streptomy-
cin 10mg/mL (Gibco laboratories) 1.3mL. Pro-
cedures: 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 aspirate) in each tube.
Three cultures were prepared for each sample,
mixed gently and then incubated for 24, 48, 72
hours at 37ºC in slanting position. Harvesting
and slide preparation: Solutions used: 1- Col-
cemid solution (Gibco laboratories) 10µg/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 to stop mitosis and were then
incubated 45-60 minutes at 37ºC. Tubes were
then centrifuged at 1000rpm 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
37ºC. Five mL of the hypotonic solution were
added drop by drop to each culture tube with
shaking. The cultures were then incubated at
37ºC for 15 minutes, centrifuged for 10 minutes
and the supernatant discarded. Five drops of
freshly prepared fixative were added to each
tube. Tubes were then centrifuged at 1000rpm
for 10 minutes and the supernatant discarded.
The cells were re-suspended in a small volume
of fixative. Three to four drops were dropped
on a cold wet slide. The slide was then dried
on a hot plate for 15-30 seconds at 40ºC. G-
Banding: Slides were aged for one hour in a
90ºC oven, cooled to room temperature in a
covered slides box, immersed vertically in Co-
plin 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). Chromo-
somal analysis and karyotyping: The chosen
metaphase spread was photographed and ana-
lyzed using a computer image analyzer (Vysis
Quips XL=Genetics workstation) according to
Pairs conference recommendations and the In-
ternational System of human Cytogenetic No-
menclature (ISCN) recommendations [8]. For
each 20 metaphases, spreads were analyzed to
detect any chromosomal aberrations.

Flowcytometric analysis: The coulter Q-
PREP EPICS system (Coulter corporation, hi-
aleah, FL, USA) and a reagent system (Coulter
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diagnostics, USA) were used to prepare whole
blood samples for immunophenotypic analysis
by flowcytometry. Peripheral blood or bone
marrow samples, drawn on heparin, were used.
Immunoprep reagents: Reagent (A) lysing agent
for elimination of erythrocytes, reagent (B) a
stabilizer for the leukocytes, reagent (C) a fixa-
tive to maintain sample integrity. Fluorescent
labeled monoclonal antibodies for CD1, CD2,
CD3, CD4, CD5, CD7, CD8, CD10, CD13,
CD19, CD22, CD33 as well as anti κ, λ and
cytoplasmic µ chain were used. The antibodies
were obtained from Becton and Dickinson im-
munocytometry systems (San Jose, CA, USA).
The antibodies were either fluorescein-labelled
(FITC) or phycoerythrin-labelled (PE). Proce-
dure: For each patient sample, 12x75mm test
tubes were labeled for each monoclonal antibody
to be tested and appropriate isotypic controls.
A 100µl of anticoagulated whole blood or bone
marrow were pipetted into the bottom of the
orderly labeled test tubes. The inside surface
and top of the tube should be free of blood. The
10µl of isotypic control were added to the control
tubes and 10µl of the monoclonal antibody to
the appropriate test tubes. Anticoagulated whole
blood was incubated with antibody for approx-
imately 15 minutes at room temperature. Test
tubes were placed into the Q-PREP workstation
and the 35s cycle button was pressed. The in-
strument door was closed to initiate the cycle.
The prepared sample can be stored at room
temperature if flowcytometric analysis takes
place within 2 hours. Otherwise, sample should
be covered and refrigerated in the dark at 2-8ºC.

Treatment protocol: The 42 ALL patients
received the standard pediatric ALL chemother-
apy protocol applied at the NCI, Cairo Univer-
sity. The protocol is composed of three phases,
omitting the use of radiation therapy for CNS
leukemia prophylaxis. The first induction phase
is composed of the administration of the basic
4 drugs; Vincristine (VCR): IV, 1.5mg/m2 and
Daunorubicin: IV, 25mg/m2 given on days
1,8,15. Prednisolone: PO, 40mg/m2 started on
day 1-28 then taper over 10 days. L-asparage-
nase: IM, 6000u/m2 alternating days, 3 times a
week, for  9 doses, Triple intrathecal: Methotr-
exate, Cytarabine and Hydrocortisone, given
on days 1, 43. Etopside (VP16) and cytarabin
(Ara-C): 300mg/m2 IV, each given on days 22,
25, 29. Bone marrow examination for re-
evaluation was done on day 43 to determine

remission status. Patients who achieved com-
plete remission were promoted to the second
phase of therapy (consolidation) and were of-
fered high dose Methotrexate (HD-MTX) IV,
500mg/m2 over 1 hour followed by 1500mg/m2

over 23 hours given on days 44 and 51. The
third continuation phase is based on using dif-
ferent drug combinations given on weekly bases
for a total of 120 weeks. VP16+Cytoxan each
300mg/m2 IV on weeks 1, 5, 9, 13, 25, 29, 33,
37, 41, 45, 49, 53, 57, 61. Mercaptopurine (6MP)
75mg/m2 PO, for 7 days +Cytoxan 300mg/m2

IV. On weeks 65, 69, 73, 77, 81, 85, 89, 93, 97,
101, 105, 109, 113, 117. 6MP 75mg/m2 PO, for
7 days+MTX 40mg/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: 40mg/m2,
IM+Ara-C: 300mg/ m2 IV, on weeks 3, 11, 27,
35, 43, 51, 59, 67, 75, 83, 91, 99, 107, 115.
VCR IV, 1.5mg/m2+L-asparagenase: IM,
10000u/m2 once+Prednisolone: PO, 40mg/m2

for 7 days given on weeks 4, 8, 12, 24, 28, 32,
36, the coming weeks only VCR+Prednisolone
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: IV, 500mg/m2 over
1 hour followed by 1500mg/m2 over 23 hours
+6MP: 75mg/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.
6MP: 75mg/m2 PO for 7 days+Ara-C: 300
mg/m2 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 again confirmed by bone marrow analysis,
CSF examination and bilateral testicular biopsy,
then patients were put under follow-up once
monthly by clinical examination + CBC. Com-
plete remission is defined as the disappearance
of organomegaly, normalization of hematolog-
ical indices and bone marrow normocellularity
with <5% lymhoblasts.

Statistical methods:
Disease free survival (DFS) was calculated

from the time to achieve complete remission
till the last follow-up of the patient either in
first continuous complete remission (CCR 1)
or the occurrence of relapse.

SPSS package was used for data manage-
ment. Mean and standard deviation were used
to describe quantitative data. Chi-square and/or
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Fisher-exact test were used to compare propor-
tion. Kaplan-Meier was used to analyze survival
data and Breslow test to compare survival
curves. p-value is always 2-tailed and significant
at 0.05 or less.

RESULTS

A total of 42 patients within the pediatric
age group were included in this study with a
diagnosis of ALL. Their mean age was 9.5±7
years. Patients were divided according to kary-
otype into 4 groups, hyperdiploidy, hypodip-
loidy, normal karyotype and pseudodiploidy.
The mean age, total leukocytic count (TLC)
and the presence of massive hepatomegaly,
splenomegaly (HSM), were comparable among
the four karyotype groups, with no statistically
significant difference (Table 1). Patients pheno-
type distribution among different karyotype
groups is shown in (Table 2).

Pseudodiploid karyotype was the most fre-
quent karyotype in 18/42 (42.85%). Seven of
those 18 (38.9%) were CALLA positive pre-B,
their mean age was 10±5.79 years, with a M/F
of 1.3/1, massive HSM in 57.14%, mean TLC
105.65x10^9/L±81.13, their mean CR1= 7.85
months, bone marrow relapse (BMR) was found
in 5/7 (71.4%), 1/7 (14.3%) died during induc-
tion. Five of the 18 cases (27.7%) showed T
phenotype; their mean age was 10.6±5.36 years
with a M/F of 1.5/1, hepatosplenomegally
(HSM) was present in 100% of cases, mean
TLC 61.7x10^9/L± 53.22, their mean CR1= 7
months, BMR was shown in 4/5 (80%) while
1/5 (20%) died during induction. Four of the
18 (22.2%) were pre B, their mean age was
11.5±3.7 years, with a M/F ratio 3/1, massive
HSM was found in 25%, mean TLC was 35.9x
10^9/L, their mean CR1= 22.4 months, BMR
in 2/4 (50%) (Table 3). The rest of the 18 cases
(2 cases-11.1%) had mature B phenotype, their
ages was 6 and 8 years, both were males, mas-
sive HSM was found in both, mean TLC 24x
10^9/L, mean CR1 was 8 months, BMR was
evident in both (100%) and one case was asso-
ciated with CNS relapse.

Normal karyotype was encountered in 14/42
cases (33.3%), 7/14 (50%) were of pre B phe-
notype their mean age was 7.85±5.05 years,
with a M/F ratio of 1.3/1, massive HSM in
28.5% of cases, and mean TLC 50.4x10^9/L±
40.43, their mean CR1= 12.8 months, BMR

was found in 5/7 (71.4%) of cases. Six of 14
(42.85%) patients with normal karyotype had
CALLA positive early pre B phenotype, their
mean age was 7.33±5.52 years with a M/F ratio
of 1/1, massive HSM was found in 83.3% and
mean TLC of 80.5x10^9/L±48.73 and their
mean CR1= 12.5 months, 50% showed BM
relapse and one patient (16.6%) died during
induction. Only one of the 14 cases had biphe-
notypic cell surface markers (Table 4).

Hyperdiploid karyotype was encountered in
8/42 (19%) of patients, CALLA positive early
pre B phenotype was the predominant phenotype
occurring in 6/8 (75%) cases, their mean age
was 8.9±5.06 years, with a M/F ratio of 5/1,
massive HSM was found in 33.3%, mean TLC
was 43.95x10^9/L±38.27, mean CRI= 19.8
months, BMR was found in 2/6 (33.3%) cases
(Table 5). One of these 8 hyperdipoloid cases
had T-cell surface markers and another patient
had pre-B phenotype.

Hypodiploid was documented in 2/42 pa-
tients (4.76%) (Table 6 shows their clinicopatho-
logical findings).

Fig. (1) shows the disease free survival
(DFS) for normal, hyperdiploidy, pseudodip-
loidy karyotype (p=0.15). Fig. (2) shows the
DFS in pseudodiploid CALLA, T, pre-B (p=
0.21). Fig. (3) shows the DFS in normal karyo-
type CALLA, pre-B (p=0.32). Fig. (4) shows
the DFS in CALLA positive, normal, hyperdip-
loidy, pseudodiploidy karyotype (p=0.02).

Correlation of Karyotype & Immunophenotype in Childhood

Table (1): Clinico-pathologic features of pediatric ALL
patients among the three major karyotype
groups.

Parameter

Age
(years)
Mean ±
S.D

TLC
Mean ±
S.D

M-HSM

0.43

0.52

0.72

Pseudo-
diploidy
(N=18)

10.44±4.78

68.95±65.31

12 (66.7%)

Normal
(N=14)

8.21±5.34

73.29±54.97

8 (57.1%)

Hyper-
diploidy
(N=8)

8.88±4.38

45.21±38.79

4 (50%)

Age (Y)
TLC
M-HSM

: Years.
: Total leukocytic count.
: Massive hepatosplenomegally.

p
value
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Table (3): Clinico-pathologic findings of patients with pseudodiploid karyotype in relation to CALL early pre B, T cell
and pre B immunophenotype (18 case).

CALL early pre B
T
Pre-B
p value

Age (Y): Years.    TLC: Total leukocytic count.    M-HSM: Massive hepatosplenomegally.    CR1 (M): First complete remission in month.

Mean CR1
(M)

7.8
7.0
22.4

57.1
100
25
0.23

M-HSM
(%)

TLC (x103)
Mean ± SD

105.60±81.13
61.70±53.22
35.9±34.83
0.27

Age (Y)
mean ± SD

10±5.79
10.6±5.36
11.5±3.7
0.63

Number of
patients (%)

7/18 (38.9%)
5/18 (27.7%)
4/18 (22.2%)

Table (2): Patient phenotype distribution among different karyotype groups.

Hyper.
Hypo.
Normal
Pseudo.

Hyper.: Hyperploidy.         Hypo.: Hypoploidy.         Pseudo.: Pseudoploidy.          Bipheno.: Biphenotypic.

Pre-B
(N=13)

1 (0.08%)
1 (0.08%)
7 (0.54%)
4 (0.31%)

CALL early Pre B
(N=19)

6 (0.32%)
0 (0%)
6 (0.32%)
7 (0.37%)

Total
(N=42)

8 (0.19%)
2 (0.05%)
14 (0.33%)
18 (0.43%)

Bipheno.
(N=1)

0 (0%)
0 (0%)
1 (100%)
0 (0%)

1 (0.14%)
1 (0.14%)
0 (0%)
5 (0.71%)

T-Cell
(N=7)

B-cell
(N=2)

0 (0%)
0 (0%)
0 (0%)
2 (100%)

Table (4): Clinico-pathologic findings of patients with normal karyotype in relation to CALL early pre B and pre B
immunophenotype (14 case).

CALL early pre B
Pre-B
p value

Age (Y): Years.    TLC: Total leukocytic count.    M-HSM: Massive hepatosplenomegally.    CR1 (M): First complete remission in month.

12.5
12.8

83.3
28.5
0.1

M-HSM
(%)

TLC (x103)
Mean ± SD

80.5±48.73
50.4±40.43
0.30

Age (Y)
mean ± SD

7.33±5.52
7.85±5.05
0.63

Number of
patients (%)

6/14 (42.85%)
7/14 (50%)

Mean CR1
(M)

Table (5): Clinico-pathologic findings of patients with CALLA early pre B immunophenotype in relation to normal
karyotype, hyperdiploidy and pseudodiploidy.

Age (Y)

TTLC (x103)

Mean ± SD

M-HSM (%)

Mean CR1 (M)

Age (Y): Years.    TLC: Total leukocytic count.    M-HSM: Massive hepatosplenomegally.   CR1 (M): First complete remission in months.

Pseudodiploidy

10.7±5.79

105.7±81.13

57.1

7.8

Hyperdiploidy

8.9±5.06

43.95±38.27

33.3

19.8

Normal karyotype

7.3±5.52

80.50±48.73

83.3

12.5

Table (6): Clinico-pathologic findings of patients with hypodiploidy (2 cases).

Age (Y): Years.
Sex (M): Male.
TLC      : Total leukocytic count.
M-HSM: Massive hepatosplenomegally.

Fate

BM relapse

BM relapse

CR1 (M)

14

6

Iph

T

Pre-B

Karyotype

-y

-9

M-HSM

+

+

TLC

15.000

25.000

Sex

M

M

10

16

Age (Y)

Iph: Immunophenotype.
CR1 (M): First complete remission in month.
BM: Bone marrow.
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Table (7): Clinico-pathologic findings of patients with t(8; 14) (4 cases).

Age (Y)
TLC
M-HSM
Iph

Fate

BM relapse
BM relapse
BM+CNS relapse
DDI

CR1 (M)

6
12
4
0

Iph

CALL
B
B
CALL

Karyotype

t(1;19) (8;14)
t(8;14)
t(8;14)
t(8;14)+19+21

M-HSM

+
+
+
+

TLC

210.000
18.000
30.000
190.000

Sex

F
M
M
M

16
6
8
5

Age (Y)

CR1 (M): First complete remission in months.
BM: Bone marrow.
DDI: Died during induction.

: Years.
: Total leukocytic count.
: Massive hepatosplenomegally.
: Immunophenotype.

Fig. (1): Disease free survival for normal, hyperdiploid,
pseudodiploid karyotype.
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Fig. (2): Disease free survival for pseudodiploid karyotype
CALLA, T, Pre-B ALL.
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Fig. (3): Disease free survival for normal karyotype
CALLA, Pre-B ALL.

Fig. (4): Disease free survival for CALLA immunophyno-
type in normal, hyperdiploid, pseudodiploid
karyotype.
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DISCUSSION

Multi-center 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 at diagnosis
[9-11]. Aberrant activation of genetic loci near

chromosomal breakpoints has a role in malig-
nant transformation or growth characteristic of
a particular phenotype [3].

The aim of the current study is to identify
the distribution of modal chromosomal numbers
and frequency of translocations among the major



Faiza Hamouda, et al. 93

immunophenotypic subgroups in Egyptian chil-
dren with ALL, also to determine the correlation
with the clinical presentation and disease free
survival.

Forty two pediatric patients with ALL in
whom cytogenetic results and immunopheno-
typic pattern were identified, were included in
this study. All patients received a uniform ALL
chemotherapy protocol (ALL PNCI 3/98) at the
Pediatric Oncology Unit, NCI, Cairo University.

Patients were stratified according to their
chromosomal pattern and cell surface marker
expression. Among our patient population, great
variability was observed concerning the inci-
dence of phenotypic markers with the different
karyotypes. These findings are in agreement
with other studies [3,12].

Amare et al., [1] reported that pseudodiploidy
in B lineage is a common finding among pedi-
atric patients with ALL, in contrast to our finding
where the frequency of pseudodiploid and nor-
mal karyotype were comparable (38.2%) among
B phenotypic groups.

The frequency of pseudodiploidy among the
42 studied patients was 36.8% in CALLA pos-
itive early pre B, 30.7% in pre B cases, 71.4%
in T cell cases and 100% in mature B cell cases.
Pui et al. [3] reported that pseudodiploidy was
lowest among CALLA positive pre B cases
(35%), intermediate among T cell cases (41%)
and pre B cases (59%) and highest among ma-
ture B cell ALL cases (100%).

It has been previously reported that pseudo-
diploidy was predominant in pre B cases (49%)
and mature B cell cases 80% [1,13].

On the other hand, Silva et al. [14] reported
that 60.9% of CALLA positive early pre B cases
had pseudodiploid karyotype, whereas 62.5%
of pre B, 100% of mature B and 100% of mature
T cases had pseudodiploid karyotype.

The present study showed that among the
18 pseudodiploid cases, the pre B phenotype
cases were associated with favorable prognostic
features, low total leucocytic count, lower inci-
dence of organomegally and longer duration of
CR1, yet this did not reach significance com-
pared to other phenotypic groups.

The DFS for the pseudodiploid group having
pre B phenotype was 75% at 13 months, drop-
ping to 50% at 19 months, whereas the DFS for
the pseudodiploid group having CALLA positive
early pre B markers was 42% at 6 months,
dropping to 16.6% at 12 month. From our re-
sults, we conclude that the pseudodiploid kary-
otype with pre B cell phenotype carries the best
prognosis among the pseudodiploid group.

Our results were found to be in contrast with
Crist et al. [6], reporting that children with pre
B phenotype ALL fared worse on intensive
multi-agent chemotherapy than did those with
CALLA positive early pre B ALL even after
adjustment for other strong prognostic factors
including karyotype. The difference between
our results and other international reports may
be due to the presence of high risk features
studied among the patients with CALLA early
pre B positive cases as age, high TLC and or-
ganomegally. This difference also could be due
to the low number of patients within each phe-
notypic group of the pseudodiploid karyotype
in our series.

Crist et al. also reported that among factors
with a negative influence on prognosis were
early pre B phenotype and pseudodiploid kary-
otype and they concluded that the pseudodiploid
karyotype was of independent prognostic im-
portance in CALLA positive early pre B ALL,
but not in pre B and this was confirmed in our
study [6].

Seven (16.6%) of the 42 cases were of the
T cell phenotype, 71.4% of which carried a
pseudodiploid karyotype, all of them carried
high risk features, one patient died during in-
duction and 6 relapsed. Our results are in con-
trast with Amare et al. [1], group francais de
cytogenetique haematologique [13] and Raimon-
di [15] who reported that the majority of T cell
cases were associated with hypodiploid karyo-
type and carried better outcome with modern
intensive therapy. However we cannot draw
solid conclusion from our results due to small
number of cases in each category.

Among pseudodiploid cases, 4/18 (22.22%)
had t (8; 14). Out of those 4 cases, 2 had addi-
tional chromosome 19 anomaly either translo-
cation or addition and were carrying CALLA
early pre B surface marker. It is not clear wheth-
er the coexistence of the additional chromosomal
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anomaly to t (8; 14) is responsible for changing
the cell phenotype. Similar cases were reported
by Moore et al. [16] and Komrokji et al. [17].
Patients with t (8; 14) associated with mature
B and CALLA early pre B phenotype reported
in our study showed no significant difference
in the clinical presentation except for TLC
which showed a higher mean of 200x10^9/L in
the CALLA early pre B patients. Also there
were no difference in the mean CR1 and survival
for those patients. These cases recognize this
subset of ALL and emphasize the need for
comprehensive diagnostic analysis.

Amare et al. [1], also reported scarcity of
the hyperdiploid karyotype and preponderance
of the hypodiploid karyotype in contrast to that
reported in literature by Jurkowska et al. [18],
Zemanova et al. [19] and to our results.

Among our study patients, hyperdiploidy
was found in 31.5% of CALLA positive early
pre B cases, 7.7% of pre B and 14.2% of T
cells. Pui et al., reported that the hyperdiploid
karyotype was associated with 52% of CALLA
positive early pre B, 34% of pre B cases and
0.09% of T cell cases [3], whereas Silva et al.
found hyperdiploidy in 60.9% of CALLA pos-
itive early pre B cases [14].

Hyperdiploidy in our CALLA positive early
pre B cases was associated with factors known
to exert a favourable prognostic influence as
lower total leucocytic count, age between 2-10
years and lower incidence of organomegaly.
Their DFS was 83% at 6 months dropping to
66.6% at 18 months which is statistically sig-
nificant compared to other CALLA positive
early pre B in normal and pseudodiploid pa-
tients.

In our results, the CALLA positive early pre
B phenotype behaves differently with different
karyotypic patterns, good with hyperdiploid,
intermediate with normal karyotype and poor
with pseudodiploid. Our results are in agreement
with Pui et al. [3], Shuster et al. [21] and Rubin
et al. [22].

The present study showed that patients with
>50 chromosomes were encountered in 62.5%
of hyperdipoid cases, 80% of these cases were
CALLA positive early pre B carrying good risk
features, in continuous remission with mean
CR1 24 months. These findings are in agreement

with Pui et al. [3], Raimondi et al. [16], Harrisson
et al. [10] and group Francais cytogenetique
haematologique [13].

Fifty percent of our normal karyotypic pa-
tients showed pre B phenotype, while 42.8%
showed CALLA positive early pre B, one patient
was biphenotype and none of our normal diploid
cases was associated with T cell surface markers,
in contrast to that reported by Amare et al. [1]
and Pui et al. [3], who reported that the normal
diploid karyotype was found in 10% of T lineage
cases compared to 5% of B lineage cases.

In our patients, the mean age, TLC, DFS,
of pre B and CALLA positive early pre B of
normal diploid cases were almost comparable,
nullifying the prognostic role of the stage of
cell maturation among patients carrying normal
karyotype.

Conclusion:
The presence of CALLA has a positive im-

pact on different chromosomal patterns showing
the best outcome among patients with hyper-
diploid and least among those with pseudodip-
loid karyotype. The pseudodiploid karyotype
carries a better outcome with pre B phenotype
only compared to other phenotyps. A large
comparative clinical trial is essential to deter-
mine whether patients with t (8; 14) with either
mature B or CALLA early pre B phenotype
may benefit from short intensive chemotherapy
regimen. The normal karyotype still carries
intermediate an outcome irrespective to pheno-
type.
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