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Chromosomes in childhood acute lymphoblastic
leukaemia: Karyotypic patterns in disease
subtypes
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Abstract
To define further the clinical impor-
tance of cytogenetic analysis in acute
lymphoblastic leukaemia (ALL) a pros-
pective study was performed on 139
unselected children. Analyses were con-
sidered adequate in 104, ofwhom 35 were
normal and 69 had clonal abnormalities.
Abnormalities were categorised accord-
ing to banded chromosome analysis as
well as chromosome count. Karyotypes
were correlated with clinical and
laboratory features at diagnosis and with
survival. Of the successful analyses,
thirty five (34%) children had no abnor-
malities; this group contained an excess
ofT cell disease. Twenty five (24%) had a
"characteristic" hyperdiploid karyotype
and as a group had lower presenting
white counts, a tendency to CD1O, and
periodic acid schiff positivity of the blast
cells and smaller spleens. None was an
infant and only one was over 10 years
old. Seven (7%) children with t(9; 22),
t(8; 14), or t(4; 11) translocations were
grouped together as "specific" trans-
locations. Collectively they had a sig-
nificantly worse prognosis than the
remainder. Nine children developed
central nervous system relapse, six of
whom had either t(4; 11) or abnor-
malities of 9p or l9p.
A descriptive classification taking into

account chromosome bonding pattern is
cytogenetically more appropriate and
may be more clinically useful than
grouping children simply by chromo-
some number. As knowledge and tech-
niques improve, the classification of
cytogenetic abnormalities in ALL will
need to be kept under frequent review.
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Cytogenetic analysis of blast cells in child-
hood acute lymphoblastic leukaemia (ALL)
has become increasingly successful and
refined in recent years and is thought to
contribute clinically important information.'
To explore this point further we undertook an

analysis of consecutive patients presenting
over a period of 11 years. The cytogenetic
findings were correlated with clinical and
laboratory features at presentation, and
against the outcome of treatment. An attempt
was made to take into account chromosome
banding pattern as well as simply using
chromosome number which has been a com-

mon approach in the past.'

Methods
Bone marrow samples were available for
chromosome analysis from 139 of 148 con-
secutive children who presented with acute
lymphoblastic leukaemia (ALL) between
January 1979 and February 1990 at the
Sheffield Children's Hospital. Chromosome
analysis was performed on direct preparations
or short term cultures. Banding was by the
trypsin/Giemsa method. Analysis was con-
sidered successful if two or more cells were
seen with the same chromosomal abnormality,
two or more cells were seen with more than 50
chromosomes, or in the case of normal results
10 banded cells were seen without clonal
abnormality.

CLASSIFICATION
Abnormal results were grouped as follows,
using a combination of chromosome banding
and chromosome number:
Unbanded abnormalities (UA): This category
included patients with unidentifiable
chromosome abnormalities with a count of 50
or less.
"Characteristic" hyperdiploidy (CH): The
conventional definition of high hyperdiploidy'
was extended to include cases with 48-50
chromosomes if banding showed extra
chromosomes typical of the > 50 group. Cases
with chromosome counts in the tetraploid
range were not included.
"Specific" translocations (ST): This category
included patients with the recognised and
relatively common translocations t(9; 22), t(4;
11), and t(8; 14) and their variants. These
have been noted to be associated with high
risk disease,' and were therefore considered
separately from other rearrangements.
Near tetraploidy (NT): Patients with
chromosome counts in the near tetraploid
range were separated from those with the
characteristic pattern of hyperdiploidy.
Other abnormalities (OA): This group com-
prised the remaining patients with
chromosomal abnormalities that did not fall
into the above categories. It was a cyto-
genetically heterogeneous group, but there
was no logical way to subdivide the patients
into subgroups.
The chromosomal findings were related to

the following features at presentation: age;
sex; haemoglobin; white cell count; platelet
count; splenomegaly; hepatomegaly; lymph-
adenopathy; central nervous system (CNS)
disease; French-American-British (FAB) sub-
class2; immunological phenotype; and periodic
acid Schiff (PAS) positivity of the blasts. The
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Table 1 Distribution of karyotypes according to year of diagnosis

Karyotype 1979-1982 1983-1986 1987-1990

Normal 8 (36%) 17 (35%) 10 (29%)
Unbanded abnormalities 6 (27%) 5 (10%) 0 (0%)
Characteristic hyperdiploidy 1 (59%) 13 (27%) 11 (32%)
Specific translocations 2 (9%) 3 (6%) 2 (6%)
Near tetraploidy 1 (5%) 1 (2%) 1 (3%)
Other abnormalities 4 (18%) 9 (19%) 10 (29%)
Failed 23 8 4
Total 45 56 38

Figures in parentheses represent the percentage of successful analyses for the given period.

morphological (FAB) subclass was deter-
mined by three independent observers. Cases
were considered positive for CD1O if 30% or
more, and for PAS, if 10% or more blasts
were positive. Most of the children who typed
as CD10 positive had cytoplasmic immuno-
globulin determined (CIg) and were thus sub-
classified as early pre-B or pre-B ALL.
Most children were entered into the eighth

or tenth Medical Research Council's United
Kingdom ALL trials, though in the first two
years children were entered into earlier trials.
Survival data were calculated as at 31.5.90.
Contingency table analysis with x2 tests

and, where appropriate, Yates' continuity
correction were used. Event free survival was
calculated for each group of patients and dif-
ferences between groups were analysed accor-
ding to the log-rank method.3 The median
follow up was 68 months. Failure to achieve
remission or relapse at any site were counted
as adverse events. Deaths in remission were
censored at the time of death.

Results
Cytogenetic analysis was attempted on 139
children and was successful in 104. Clonal
abnormalities were found in 69 children and no
abnormality was detected in 35 despite analysis
of a minimum of 10 banded cells. The results,
summarised in table 1, have been subdivided
according to date of diagnosis to illustrate
certain differences of distribution. Most of the

35 failures occurred in the first four years of the
study. Few cases of "characteristic" hyper-
diploidy were detected then. Unbanded abnor-
malities comprised 27% of successful analyses
in this period, whereas recently all have been
banded.
The presenting features and disease outcome

of patients with successful analyses are sum-

marised in table 2. The detailed karyotypes and
main disease characteristics of the "specific"
translocations group and the other abnor-
malities group are given in table 3.
Abnormal karyotypes were detected but not

characterised by banding in 11 cases. Of the
remaining clonal abnormalities identified by
banding, 25 were "characteristic" hyper-
diploidy, seven were "specific" translocations,
three were near tetraploid and 23 were other
abnormalities.
There was a significant excess of T cell

disease among patients with normal karyotypes
compared with those with a clonal abnormality
(1 1/35 vs 5/69,X2 = 8-65, p = < 0-01).
The "characteristic" hyperdiploidy group,

when compared with the other analysable
cases, had a lower white cell count (for WCC
<20 x 109/1, x2=4-9, p = <0 05), a tendency
to periodic acid Schiff and CD10 positivity of
the blast cells (X2 = 5 1 and 4 4, respectively, p
= <0 05), a greater proportion of children
aged 2-12 y (X2 = 4-89, p = < 0 05), and more
with minimal or no splenomegaly (2/25 vs 28/
79, X2= 5 7, p = < 0 02). Although there was a
trend towards longer remission, it did not reach
significance (log rank x2 = 3-6, p = 0-06). The
ratio of early pre-B to pre-B phenotypes in this
group (18:4), although high, was not sig-
nificantly different when compared with other
groups (29:20); x2 = 2 5, p = 0 15. Eight
children with "characteristic" hyperdiploidy
also had structural chromosomal abnormal-
ities, eight did not, and in the remaining nine
cases the preparations were not of sufficient
quality to determine the point. Of three chil-
dren with "characteristic" hyperdiploidy who
relapsed, two had no detectable structural

Table 2 Summary ofpresenting features and outcome by chromosomal category

Abnormal karyotypes
Normal

Clinical and laboratory findings Total karyotype UA CH ST NT OA

Total No of cases 104 35 11 25 7 3 23
Sex: Male 62 23 7 14 4 2 12

Female 42 12 4 11 3 1 11
Age: < 1 7 2 0 0 2 0 3

1- 28 14 1 8 1 0 4
3- 40 12 6 12 2 1 7
7- 16 5 2 4 1 1 3
10- 13 2 2 1 1 1 6

Mean age 8-0 4-2 6-3 4 9 4-7 7-7 5 9
WCC: <20 x 10'/l 57 17 5 20 2 2 11

20-50 x 10'/l 16 5 2 3 2 0 4
>50 x 109/1 31 13 4 2 3 1 8

FAB type: L1 93 32 10 24 4 3 20
L2 9 3 1 1 1 0 3
L3 2 0 0 0 2 0 0

Phenotype: c-ALL 76 21 9 25 4 2 15
null-ALL 8 2 1 0 2 0 3
T-ALL 16 1 1 1 0 0 1 3
B-ALL 1 0 0 0 1 0 0
? 1 1 0 0 0 0 2

Outcome: Induction failure 5 3 0 0 1 1 0
Relapse 19 10 1 3 4 1 6

Key: UA = Unbanded abnormalities; CH = Characteristic hyperdiploidy; ST= Specific translocations; NT=Near tetraploidy;
OA = Other abnormalities; WCC = White cell count at presentation; FAB= French-American-British classification.
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Table 3 Karyotype and clinical features of specific translocation and other abnormalities groups

Diagnostic features
Event

WCC FAB Immuno-
Age (y)/sex ( x 109/1) type phenotype Type Months Karyotype

Specific translocations
7 m 10 0 L3 B RD 1 46,XY,t(8;14)(q24;q32)
0.2 f 263-0 LI null bc 7 46,XX,NAD/46,XX,t(4; 1i)(q2i;q23),t(der(4);17)(ql2;q21)
2 f 41-0 L3 E b 6 47,XX, + i(Iq),t(8;14)(q24;q32)
4 m 92-0 LI E t 51 46,XY,Ph, not fully analysed
0 2 m 196 0 LI null c 7 46,XY,t(4;I 1)(q21;q23)
6 f 1.9 LI E >23 46,XX,NAD/46,XX,Ph/46,XX,Ph,-9,+i(9q)

12 m 38-8 L2 E > 3 46,XY,NAD
46,X, - Y, + X,Ph,Ph, -3, + der(8),t(8;3)(p?;p2?), -7,- 13, + der(7q1 3q)
-9,- 14, + der(14)t(14;9;22)(pl3;q22q34;ql 1),t(I 3;22)(p II;pI 1)
-15,der(17)(pI 1),-22, + mar

Other abnormalities
7 f 279-0 LI T bc 4 46,XX,del(l9)/47,XX,del(l9), + C
3 f 15 0 LI E > 107 46,XX,t(1;4;8)(p3?;p??,ql3),t(2;14)(pl3;q??)
2 m 30-0 L2 ? b 22 46,- 10 + der(10)(?), - 14 + der(14)t(14;?)(q?),- 18 + der(18)(tI8;?)(q?)
3 f 10 0 LI P > 91 46,XX,NAD/47,XX, + 8, -1 + der(l 1)t(l 1;?)(q?),del(12)(p?)
8 m 9 0 LI E t 23 46,XY,del(2)(p?);dup(l)(q25qter),del(I 1)(ql3q23)
I f 670-0 LI P > 75 46,XX,t(C;F)[?(8;19)]

10 m 2 8 LI E >66 46,XY,t(17;19)(q21;p13)
3 f 73 6 LI E > 53 46,XX,NAD/46,XX,del(6)(q?), -12, + der(l2)(p?), -15, + 21
9 m 7 3 LI null >51 46,XY,t(8;14)(qIi;q32),-14+der(14)t(8;14)(qIi;q32)
14 m 2 3 L2 E > 45 46,XY,NAD/48,XY,t(1;9;15)(pl3;p2?;qI 1), + 8, + der(I5),t(9;hsr)(p1 1),

- 12,+ ring
0 4 f 244-0 LI null bc 5 46,XX,NAD/46,XX,del(7)(pl3p15?),del(9)(pl3),del( 1)(ql3),ins(i0;

1 1)(p?;ql3q23)
15 f 85-0 LI T >43 47,X,t(8;X)(ql3;q24),+8,-17,+der(17)
0 9 f 295-0 LI P bc 42 46,XX,NAD/47,XX, + 8,t(I 1;19)(q23;pl3)/47,XX, + 8,(tl 1;19)(q23;

p13),del(17)(q?)
1 m 48-8 LI P > 39 46,XY,NAD/46,XY,t(6;7;22)(pter?;q22;q?),t(6;12)(p21?;ql3)
3 f 18 0 LI E >33 46,XX,NAD/45,X,del(3)(p5pter),-9+der(9)(t9;?)(p?),del(12)(p13)
2 f 1 9 LI P >33 46,XX,t(5;13)(qIi;p13)
3 m 37 5 LI P >32 46,XY,NAD/46,XY,t(7;9)(ql2;pl2)
0 4 m 48 4 LI null c 8 46,XY,del(9)(p21)
3 f 66 9 LI P > 23 46,XX,t(7;15)(q3?;q22?),del(8)(ql3q22),del(12)(p?), -12 + der(l2)t(12;

?)(p?),- 17 + der(l7)
11 m 3 3 LI E >21 46,XY,NAD/47,XY,del(2)(p?), -15,+marI,+mar2
6 m 53 3 LI E > 18 46,XY,NAD/48,XY,?del(8)(p?),- 15, +16,-E, + 21, +mar, + ring
14 m 34 L2 T >6 46,XY,NAD/45,XY,-5,-7,der(7)t(7;?)(q36),-15,-16+der(16),t(16;

?15), + 19,-20, + ring/47,XY,-5,-7 + der(7)t(7;?)(q36), + 7, + 9,
-15,- 16+der(16),+ 19,-20,+ ring

I I m 1 7 LI ? > 4 46,XY,NAD/47,-5 + der(5)t(5;?)(q?),del(6)(ql ?), + del(6),-7 +
der(7)(?), -9,-9,- 13,+ 21,-22,-X,-Y, + 4mars

Key: Immunophenotype: "C" common (cytoplasmic p not determined). E = early pre-B subcategory of common; P= pre-B subcategory of common; T = T-cell;
B = B-cell.
Events-type: b= bone marrow relapse; c= CNS relapse; bc= bone marrow and CNS relapse; t = testicular relapse; RD = resistant disease.
Time from diagnosis to event is given in months.

abnormality, and in one the position was
undetermined.
The seven children with "specific" trans-

locations included the only two cases of L3
leukaemias and, as a group, they had a worse
prognosis than the other banded abnormal
cases (log rank x2 = 8-7, p = <0.01), or the
remaining analysable cases (log rank x2 = 7-82,
p = <00 1). There was no significant dif-
ference in leukaemia free survival between any
other cytogenetic groups, although when the
nine cases with CNS relapse were considered,
certain chromosome changes were over-
represented. These were t(4; 11) (both cases),
abnormalities of 9p (two of six cases, both
simple deletions), and abnormalities of 19p
(two of four cases). The remaining three CNS
relapses occurred in one case of hyperdiploidy
and two cases with a normal karyotype. The
presenting white cell count of these nine cases
was between 48&4 x 109/I and 295-0 x 109/1, with
a median of 196-0 x 109/1.

Discussion
A major consideration when classifying chil-
dren with ALL according to their karyotype is
the technical improvement in cytogenetic tech-
niques which has occurred over the past
decade. Over 11 years there has been a declin-
ing failure rate in our patients and an increase
in the number of abnormalities detected, lead-
ing to far more accurate chromosome analyses

in the latter part of the study. Follow up on
these cases has of course been short. Despite
this difficulty, some tentative conclusions can
be drawn.
The striking feature of the 35 children in

whom no clonal abnormality was detected was
the excess ofchildren withT cell disease-1 1 of
35 (31 %), X2= 8-4,p = < 0 01. This confirms
the results of earlier work which also showed
that an excess of children with normal
karyotype-19 of 38(50%), hadT cell disease,4
but it has been suggested that virtually all cases
of ALL have clonal abnormalities if analyses
are sufficiently detailed.4
Although 22 of our patients had a pre-B

immunophenotype, no case of the supposedly
associated5 t(1; 19) translocation was observed.
In one study that translocation occurred in 19
of 79 (24%) such children,4 but in another
study of 131 children with all types ofALL no
examples were found, though the incidence of
immunologically defined pre-B disease was not
given.' It may be that the incidence of t(1; 19) is
not as high as has been suggested, and its
association with pre-B ALL may be less clear-
cut than supposed.

It has been claimed that the presence of any
translocation confers a sixfold greater risk of
early treatment failure compared with absence
of translocation,7 and that patients with the
Philadelphia chromosome, t(8; 14) and t(4; 11)
have a worse prognosis than those with other
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translocations.' Although we were able to con-
firm that these "specific" translocations as a
group had a worse prognosis than patients from
the other abnormalities group, we were unable
to detect any difference in prognosis between
the latter group, all of whom had structural
rearrangements, and the remaining cytogenetic
categories.
We defined "characteristic" hyperdiploidy

to include patients with 48-50 chromosomes if
banding showed only chromosomes typical of
the >50 group, and to exclude near tetra-
ploidy. Of the three patients with near tetra-
ploidy, one had a very high presenting white
cell count and a T cell phenotype. Pui et al
found a 3% incidence of T cell disease in their
patients with high hyperdiploidy, but the
chromosomal number was not stated.8 They
too found only three cases of near tetraploidy,
so small numbers prevent further analysis of
this rare subgroup.
Only two (2%) of our patients had a hypo-

diploid clone. This is a lower incidence than the
7% found by Pui et al.9 Neither had less than 45
chromosomes or a near haploid karyotype, both
of which have been described in a substantial
proportion of hypodiploid patients.'" Both
were mosaics with a 45 chromosome clone
combined with a normal clone, and one also had
a 47 chromosome clone.
Apart from ihe apparently poor prognosis of

our special translocation patients, we were
unable to show any survival differences be-
tween the other chromosome groups, though
our numbers are necessarily relatively small. A
recent study of a similar sized group also failed
to show survival differences between the con-
ventional cytogenetic groups,6 but others have
suggested that high hyperdiploidy confers an
advantage,4 11-15 whereas hypodiploidy bodes
ill.9 These discrepancies may partly be due to
small numbers and incomplete follow up,
though it is at least possible that the prognostic
importance of cytogenetic features could be
modified by improvements in treatment.6
There did seem to be an increased risk of

CNS relapse with certain karyotypes. This
occurred in both of the two t(4; 11) children,
two of the six with abnormalities of 9p, and two
of the four with abnormalities of 19p. It has
been noted that t(4; 11) carries a high risk of
relapse at any site,' and it has recently been
claimed that abnormalities of the short arm of
chromosome 9 confer a high risk of CNS
relapse, especially where material is deleted.'6
Our data would support this. Both relapses in
our 9p group had a simple deletion. Abnor-
malities of l9p in general have not been noted
to carry a particular risk of CNS relapse,
though it has recently been claimed that t(1 1;
19) has a high incidence of CNS being affected
at presentation and a high risk of relapse.'7 Our
sole child with that translocation did not have
CNS disease at presentation, but has relapsed
in both marrow and CNS.
The practice of categorising chromosomal

abnormalities by using simple chromosome
number predates banding. With banded
karyotypes these categories should be re-
assessed, incorporating more precise chromo-
some abnormality groupings to increase their

clinical usefulness. Our redefined "charac-
teristic" hyperdiploid group, when compared
with the other analysable cases, showed less
striking splenomegaly and a predilection
towards the 2-12 year age group. These
features did not reach significance if the three
near tetraploidy cases were included and the
hyperdiploid cases with 50 chromosomes or
less were excluded in accordance with previous
classifications. The trend to longer survival
was also more suggestive using our modified
definition.
What can be concluded from all this?

Cytogenetic analysis in ALL is undeniably
very labour intensive and expensive, and its
clinical importance is presently limited to the
detection of clonal abnormalities in the few
marrows where the diagnosis of leukaemia is in
doubt, and to the prediction of outcome in a
very small group of children with specific
abnormalities such as those of our specific
translocation group. On the other hand, it
could be argued that current techniques, which
may improve further, have not been applied
long enough to large enough numbers for the
true value of cytogenetics to emerge, and that
much more work is needed.
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