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The karyotypic abnormalities of 90 children and young adults 
with acute leukemia presenting at The Cleveland Clinic Founda-
tion during a ten-year period are summarized. There was an 
inverse relationship between age and survival as well as an asso-
ciation between type of leukemia and survival. Certain cytogenetic 
abnormalities were also associated with an unfavorable prognosis. 
Both pseudodiploidy and the presence of an unidentifiable marker 
chromosome were determined to have a median survival of five 
months. Pseudodiploidy may be characterized by specific translo-
cations such as t(8;14), t(4;l l) , t(9;22), and t(15;17), which are 
associated with clinical subgroups of acute leukemia known to be 
poorly responsive to therapy. Conversely, hyperdiploidy and nor-
mal diploidy in childhood leukemia determined a subgroup of 
patients with a median survival of 30 months. 
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Robert Dean Mercer founded the Cytogenetics Labora-
tory at the Cleveland Clinic in 1962. This was shortly after 
the discovery of the Philadelphia chromosome1 but 
before the advent of modern banding techniques,2 which 
enabled identification of individual chromosomes. Classi-
fication of acute leukemia by chromosome number and 
karyotype has been shown by many investigators to be 
clinically relevant. Relatively few series of the karyotypic 
findings in childhood leukemia have been published, partly 
because the microscopic morphology of the chromosomes 
of acute lymphocytic leukemia (ALL) cells is generally 
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Table 1. Patient characteristics and diagnosis 
Sex 

Male 5 9 (66%) 
Female 31 (34%) 

Race 
W h i t e 73 (81%) 
N o n w h i t e 8 (9%) 
Unspeci f ied 9 (10%) 

Age 
0 - 8 yr 23 (26%) 
9 - 1 6 yr 35 (39%) 

1 7 - 2 4 yr 27 (30%) 
Unspeci f ied 5 (5%) 

Diagnosis 
A L L 64 (71%) 
A N L L 26 (29%) 

A L L = acu te lymphocyt ic leukemia, A N L L = acu te non lymphocyt ic 
leukemia. 

indistinct and poorly defined.3-0 The first series 
to describe aneuploidy (any change in the normal 
46 chromosome complement) was reported by 
Sandberg et al6 in 1968; cytogenetic aberrations 
occurred in 50% of their patients (n = 219) with 
acute leukemia. The aneuploidy of ALL is char-
acterized by hyperdiploidy.6,7 Typical chromo-
somal gains and losses have been identified for 
acute nonlymphocytic leukemia (ANLL) but not 
yet for ALL. Clonal evolution of the original 
neoplastic cell line becomes evident when addi-
tional chromosome rearrangements or numerical 
changes are acquired. It has been suggested that 
structural gene product alterations may be re-
lated to these chromosomal aberrations. 

Pseudodiploid cell lines have a modal chro-
mosome count of 46 with acquired alterations 
from the normal somatic cells. They may be 
characterized by balanced exchanges (transloca-
tions) between two chromosomes. The 15; 17 
translocation has only been described in acute 
promyelocytic leukemia.10 This preferential ex-
change of genetic material may impart a partic-
ular (genie) position effect providing a selective 
advantage for the tumor population over the 
normal marrow population.9 It has been specu-
lated that these pseudodiploid cells may carry 
changes in the regulatory mechanisms associated 
with the genes located at the breakpoints or may 
cause gene dosage alterations.11 In particular, 
pseudodiploidy in ALL has been reported as a 
poor prognostic indicator independent of other 
clinical data or treatment protocol.4,12"14 How-
ever, hyperdiploidy and normal diploidy are fea-
tures of a more favorable group.7 This study 
reviews the cytogenetics and clinical characteris-
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tics of 90 children and young adults with acute 
leukemia studied in our laboratory during a 10-
year period. Cytogenetic patterns in various 
subgroups of childhood acute leukemia are ana-
lyzed in terms of survival status. 

Materials and methods 
The period of study was from 1972 through 

1982. Cytogenetic studies were performed on 
bone marrow aspirate specimens on approxi-
mately 150 children and young adults diagnosed 
as having acute leukemia. Ninety cases technically 
adequate for karyotypic designation were ac-
cepted for analysis. The diagnosis of acute leu-
kemia followed standard morphologic criteria as 
either acute lymphocytic leukemia (ALL) or 
acute nonlymphocytic leukemia (ANLL). In se-
lected cases, classification was based on the 
French-American-British (FAB) criteria.11 Ther-
apy was not standardized in this study. In general, 
all patients were treated with the appropriate 
current, front-line therapeutic protocol at the 
time of accessioning. The demographic charac-
teristics of the 90 patients studied are detailed in 
Table 1. 

All chromosome spreads were prepared either 
directly or following short-term (24-hour) culture 
in Gibco medium 1A without phytohemagglu-
tinin as previously described.16 All slides were 
Giemsa stained; most were trypsin-digested 
(GTG banded). In most cases, at least 30 meta-
phases were studied by direct microscopy to de-
termine the modal chromosome number. At least 
four cells were karyotyped in each case; addi-
tional cells were karyotyped if possible sidelines 
were identified during microscopic evaluation. A 
karyotypic abnormality was designated as clonal 
if three or more cells lacked the same chromo-
some, or if two or more cells contained the same 
additional chromosome or structural abnormal-
ity.17 Standard ISCN signatures18 were assigned 
to each case. A stemline was defined as any cell 
line, normal or abnormal, comprising at least 
50% of the cells sampled. A sideline was tallied 
in karyotypically mosaic marrows only. 

Results 
In 60 (67%) of the cases all cells were kary-

otypically normal, or the sample was predomi-
nately normal-diploid. An additional 8 cases (9%) 
contained normal-diploid cells comprising less 
than 50% of the sample. The most common 
abnormality recorded for a stemline was pseu-
dodiploidy (14 cases, 16%) and for a sideline, 
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Table 2. Chromosome counts in stemlines and sidelines 
Normal Pseudodiploidy 

<46 46 46 47-58 59-81 >81 

A L L 
S teml ines 4 ( 6 % ) * 4 5 (70%) 7 ( 1 1 % ) 6 ( 9 % ) 1 ( 2 % ) 1 ( 2 % ) 
Side l ines 7 5 1 5 1 0 

A N L L 
S teml ines 2 ( 8 % ) 1 5 ( 5 8 % ) 7 ( 2 6 % ) 2 ( 8 % ) 0 0 
Sidel ines 4 4 0 1 0 0 

* P e r c e n t a g e s a r e based o n t h e total n u m b e r of A L L cases (64) a n d A N L L cases (26) , respect ively . A L L = a c u t e lymphocy t i c l e u k e m i a , 
A N L L = a c u t e n o n l y m p h o c y t i c l e u k e m i a . 

clonal hypodiploidy (11 cases, 39% of those with 
a sideline). These data are summarized in Table 
2. 

Patients were grouped according to whether 
all sampled metaphases were normal (NN), all 
metaphases were abnormal (AA), or whether the 
sample was a mosaic of normal and abnormal 
metaphases (AN).19 There was no significant dif-
ference between ALL and ANLL groupings by 
this classification (P = 0.91; Table 3). 

The karyotypic signatures of the abnormal 
cases are listed in Table 4. One of the ALL 
patients had trisomy 21 as a constitutional kary-
otype. No additional karyotypic changes were 
present in his leukemic cells, and for purposes of 
comparative analysis, he is classified as having all 
normal metaphases (NN) and a diploid kary-
otype. 

Survival status was determined for 70 of the 
patients. There were 26 patients (37%) alive and 
44 dead (63%) at follow-up. Survival for acute 
lymphocytic leukemia patients was significantly 
better than for acute myelogenous leukemia pa-
tients. Figure 1 illustrates the cumulative propor-
tion of patients surviving according to leukemia 
diagnosis. The median survival for ALL was ap-
proximately 43 months and for ANLL, approxi-
mately 12 months (P = 0.039). Survival for all 
patients was inversely related to age (Fig. 2). 
Patients eight years of age or younger at the time 
of diagnosis had a median survival of 52 months; 
those between 9 and 16 years of age, approxi-
mately 29 months; and those between 17 and 24 
years of age, approximately 15 months (P = 
0.018). 

There were no significant differences in the 
survival of patients in whom all metaphases were 
normal (NN) compared to those whose meta-
phases were wholly or partially abnormal (AA or 
AN). However, pseudodiploidy had a poorer 
prognosis than either normal-diploidy or hyper-
diploidy, with a median survival of approximately 
five months. This compares with a median sur-

vival of 30 months for either the normal-diploid 
or hyperdiploid patients. The difference was sta-
tistically significant (P = 0.040; Fig. 3). 

The total number of cases was too few to 
analyze meaningfully for survival characteristics 
according to specific chromosome abnormalities. 
There were, however, 9 cases that contained a 
marker chromosome. A marker was tabulated 
whenever a structurally abnormal chromosome 
was present whose derivation was unknown. The 
survival of such patients was significantly poorer 
than that for patients who had no unidentifiable 
chromosomes (P = 0.036; Fig. 4). 

Discussion 

With the use of standard techniques, approxi-
mately 50% of acute leukemia patients will have 
abnormal chromosomes. This is true for both 
acute lymphocytic leukemia3'4,6 20 and for acute 
nonlymphocytic leukemia.6'8'16 21-23 The actual 
incidence of abnormal karyotypes is partly tech-
nique-dependent: additional abnormalities may 
be identified with high resolution banding24 or 
with short-term culturing.7'13,25 

Acute lymphocytic leukemia and ANLL are 
cytogenetically different. Hyperdiploidy is a fea-
ture more characteristic of ALL.3'4'12 Nonran-
dom changes involving individual chromosomes 
also separate ALL from ANLL.8'20 This probably 
reflects genetic features that are different in 
lymphoid and myeloid cells. The number of cases 

Table 3. Karyotypic abnormalities in acute 
lymphocytic and acute nonlymphocytic leukemia 

NN AN AA Total 

A L L 3 5 17 12 6 4 
A N L L 13 8 5 2 6 
T o t a l 4 8 2 5 17 9 0 

N N = all cells t h a t w e r e s a m p l e d w e r e karyo typ ica l ly n o r m a l , A N 
= a m i x t u r e of n o r m a l a n d a b n o r m a l cells w e r e i d e n t i f i e d , A A = 
all cells w e r e a b n o r m a l , A L L = a c u t e l ymphocy t i c l e u k e m i a , A N L L 
= a c u t e n o n l y m p h o c y t i c l e u k e m i a . 
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Table 4. Karyotypic signatures of patients with abnormal karyotypes 
Patient A g e / 

no. sex Karyotype 

A L L 

I 1 2 F 4 6 , X X ,ins( 1 ) (q23) inv(p21 q25) ,de l ( 1 0 ) ( q 2 4 ) / s a m e , d e l ( 6 ) ( p 2 1 ) 
2 2 3 M 46 ,XY,?de l (10 ) (q24) 
3 1 8 F 4 6 , X X / 5 6 , X X , + l , d e l ( l ) ( p 3 1 ) , + 5 , + 6 , d e l ( 6 ) ( q 2 4 ) , + 9 , + l l , + 1 5 , + 1 7 , + 1 8 , 1 8 q + , + 2 1 , + X , X q + 
4 ,2M 4 6 , X Y / ? l n + 
5 3 F 5 7 , X X , + B , + C , + C , + C , + C , + C , + D , + E , + F , + F , + G [ 5 9 % ] / 4 6 , X X [ 3 8 % ] 
6 2 4 F 4 9 , X X , + B , + 1 3 , + 1 5 , - 1 8 , - 1 - 2 1 
7 1 0 F 4 5 , X , - X , - 5 , + 6 , d e l ( l I ) ( q l 4 ) , + 1 7 , - 2 1 , 4 6 , X X 
8 10M 5 6 , X Y , + 6 , + 8 , + 9 , + 1 0 , t ( 8 ; 1 0 ) ( q 2 4 ; q 2 4 ) , + 1 4 , + 1 5 , + 1 7 , + 1 8 , + 2 1 , + X 
9 ,1M 4 7 , X Y , + 2 1 

10 13M 4 8 , X Y , - l , - 2 , + D , + D , + G , + m a r ( ? d e r ( 2 ) ) 
11 2 1 M 4 6 , X Y / 4 7 , X Y , + r ( l ? ) , + m i n / s a m e , d e l ( 4 ) ( q 2 5 ) / s a m e , - 1 8 
12 1 6 M 4 6 , X Y / 3 n - / 5 8 , X Y , + 5 , + 6 , + 8 , + 9 , + 1 4 , + 1 5 , - 1 - 1 7 , + 1 8 , + 2 1 , + 2 1 , + X , + Y 
13 5M 4 6 , X Y , t ( 8 ; 1 4 ) ( q 2 4 ; q 3 2 ) 
14 17F 4 5 , X X , - 4 , - 1 0 , + t ( 4 ; 10) , t (9 ;22)(q34;q 11 ), 1 q + , 1 6 p + , d e l ( 3 ) ( p l 2 ) / 4 6 , X X , t ( 9 ; 2 2 ) ( q 3 4 ; q 11 ) / 4 6 , X X 
15 1 4 F 4 6 , X X / 4 5 , X , - X / 4 5 , X X , - 2 1 
16 1 4 F 4 6 , X X / 4 7 , X X , + 1 6 / 4 7 , X X , + 2 2 , r ( 2 2 q ) / 4 7 , X X , + 16 
17 15M 46 ,XY,—21 ,+ t (21 ;?) [ 7 0 % ] / 4 5 , X Y , - 2 1 [ 3 0 % ] 
18 18M 4 6 , X Y / 4 5 , i ( 1 p) ,de l (6) (q21 ) , + m a r 
19 2 2 M 4 6 , X Y , t ( l ; 6 ) ( p 3 6 ; q 2 1 ) ,de l (2)(q33) , t (5 ;21 ) ( p l 5 ; q 1 l ) , t ( 7 ; 1 0 ) ( p l 4 ; q l l ) , d e l ( 9 ) ( q l 3 ) [ 6 0 % ] / 4 6 , X Y [ 4 0 % ] 
2 0 12M 4 6 , X Y , d u p ( l ) ( q 12—>q31 ),t(8; 1 4 ) ( q 2 4 ; q 3 2 ) / 4 6 , X Y 
21 10M 4 n — / 4 6 , X Y 
2 2 17M 4 6 , X Y / 4 7 , X Y , + X 
2 3 10M 4 6 , X Y / 2 n — 
2 4 1 0 F 4 6 , X X / 4 5 , X X , - B 
2 5 5 F 5 7 , X X , l q + , + C , + C , + C , + C , + D , + D , + 18 ,+F , - l -G , - t -G /46 ,XX 
2 6 1 6 F 4 6 , X X [ 8 6 % ] / 4 8 , X X , + 8 , + l 3 , + m a r 
27 3 F 4 6 , X X [ 5 9 % ] / 2 6 , X , + 1 8 , + 2 1 , + X [45%] 
2 8 8M 4 6 , X Y , t ( l ; 4 ) ( p 2 2 ; q 3 5 ) / 4 6 , X Y 
2 9 18M 4 6 , X Y / 4 5 , X Y , - D , t ( D q ; D q ) 

A N L L 
3 0 4 F 4 6 , X X , — 6 , + m a r [ 6 3 % ] / 4 5 , X X , - 6 [ 2 1 % ] / 4 6 , X X [ 1 6 % ] 
31 14M 4 6 , X Y / 4 6 , X Y , — 1 8 , + m a r 
3 2 ,1M 4 6 , X Y , l p + 
3 3 7 F 4 6 , X X . — 7 , + m a r [ 7 3 % ] / 4 6 , X X , - 7 [ 2 4 % ] 
3 4 ,1M 4 7 , X Y , + 13 
3 5 17M 4 6 , X Y [ 6 0 % ] / 4 5 , X Y , - 7 
3 6 2 4 F 4 5 , X X , - 7 [ 8 1 % ] / 4 6 , X X 
3 7 2 3 M 4 6 , X Y / 4 5 , X Y , ? t ( 1 5 ; 1 7 ) ( q 2 5 ; q 2 2 ) , 2 1 q - , - Y ' / s a m e , i ( 1 7 q ) / s a m e , - 8 , + 2 1 
3 8 10M 4 6 , X Y , t ( 1 5 ; 1 7 ) ( q 2 2 ; q 2 1 ) 
3 9 11M 4 6 , X Y , t ( l ; 7 ) ( p 3 6 ; q 2 2 ) , [ 4 2 % ] / 4 6 , X Y , t ( 3 ; 7 ) ( q 2 9 ; q 2 2 ) [ 1 9 % ] / s a m e , i ( 1 7 q ) [ 2 8 % ] / 4 6 , X Y [ 1 1 % ] 
4 0 , 2 F 4 6 , X X / 4 5 , X X , - 2 1 
4 1 16M 4 6 , X Y , t ( 1 5 ; l 7 ) (q22 ;q21) 
4 2 2 3 F 4 9 , X X , + C , + C , + G 

A L L = a c u t e l ymphocy t i c l eukemia , A N L L = a c u t e n o n l y m p h o c y t i c l e u k e m i a . 

with normal karyotypes is higher in this study 
than in most others. In some, the incidence of 
hyperdiploidy in ALL is greater than in normal 
diploidy.12 The most common abnormalities of 
individual chromosomes are those of groups G 
and B4 in which karyotypes are unbanded. In 
banded analyses, additions of nos. 13, 14, and 
21; losses of chromosome X; and rearrangements 
involving nos. 6, 9, and 22 have been reported 
as common.8 Numerical abnormalities of chro-
mosome no. 21 and structural abnormalities of 

chromosome no. 1 were especially prominent in 
the present study (Table 5). Pseudodiploidy com-
prised 11% of the stemlines and 3% of the side-
lines. Pseudodiploidy in ALL of childhood has 
also been described as more common in males 
and in children less than two and more than 11 
years of age,14 but the numbers are too few in 
the present series to confirm that observation. 
Hyperdiploidy has a better prognosis than does 
normal diploidy, and pseudodiploidy has a worse 
prognosis.12 '3 The present series demonstrates 
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Fig. l . Cumula t ive survival curve accord ing to leukemia morpho logy . Survival f o r acu te lymphocytic leukemia cases. ( ) was be t t e r 

than fo r acu te nonlymphocyt ic leukemia cases ( ). 
Fig. 2. Cumula t ive survival accord ing to age at diagnosis. Survival was best f o r pat ients ages 0 - 8 years of age ( ), i n t e rmed ia t e fo r 

9 - 1 6 years of age ( ), and poores t fo r those 1 7 - 2 4 years of age (—). 
Fig. 3. Cumula t ive survival accord ing to s temline ploidy. Prognosis is poo re r fo r pseudodip lo id karyotypes ( ) in A L L than fo r e i ther 

no rma l diploid karyotypes ( ), o r fo r hyperdip lo id karyotypes (—). 
Fig. 4. Cumula t ive survival accord ing to o c c u r r e n c e of a m a r k e r ch romosome; = m a r k e r c h r o m o s o m e presen t , = m a r k e r 

c h r o m o s o m e not present . 

the poor prognosis of pseudodiploidy. No differ-
ence was seen in the present study between the 
survival of patients with normal diploid cells and 
those with hyperdiploid cells. This reflects the 
small number of hyperdiploid cases analyzed. It 
is also true that the prognosis of hyperdiploidy 
varies in large series, and that hyperdiploidy of 
5 1 - 6 0 chromosomes has better prognosis, and 
hyperdiploidy of 4 7 - 5 0 chromosomes may have 

a worse prognosis than normal diploidy.7'26 N o 
attempt was made in the present series to subdi-
vide hyperdiploid cases for survival analysis. 

The poor prognosis of pseudodiploidy is in 
accord with the fact that certain unfavorable 
types of ALL are characterized by reciprocal 
translocations. Notable among these are the Phil-
adelphia chromosome-positive ALL,27 the 8; 14 
translocation in acute B lymphocytic leukemia 
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Table 5. Numbers of cases with additional, missing, or structurally altered chromosomes by diagnosis 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X Y 

C h r o m o s o m e 1 1 1 1 1 1 1 1 1 1 2 2 2 
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 x Y 

A L L 
Addi t ions 1 0 0 0 2 4 0 4 2 0 1 0 3 2 4 1 3 4 2 1 5 0 4 1 
Losses 2 2 1 2 2 1 1 1 1 1 I 1 1 1 1 1 1 2 1 1 2 1 3 0 
S t ruc tura l 8 1 1 2 0 3 1 2 2 4 1 0 1 3 0 1 0 0 0 0 1 2 1 0 

A N L L 
Addi t ions 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Losses 0 0 0 0 0 1 3 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 
St ructura l 2 0 1 0 0 0 1 0 0 0 0 0 0 0 3 0 4 0 0 0 1 0 0 0 

A L L = acu te lymphocytic leukemia, A N L L = acu te non lympnocyt ic leukemia. A total of 64 A L L cases and 26 A N L L cases were analyzed. 

(FAB-L3),28 and 4; 11 translocation of ALL with 
extreme leukocytosis.29 One patient had Phila-
delphia chromosome positive ALL, and two had 
B-lymphocytic leukemia with 8; 14 translocation. 
The t(8;14) patients survived two and five 
months; the t(9;22) patient is doing well 34 
months after diagnosis. No patients with a 4; 11 
translocation were included in this series, al-
though at least 7 such cases have been reported 
in children, most of them less than 18 months of 
age.29,30 

The patient with the Philadelphia chromosome 
was particularly notable in that she presented 
with T-cell markers. Although children with Phil-
adelphia chromosome-positive ALL tend to have 
higher blood counts and are older than most 
children with ALL,31 it is rare for such patients 
to have T-cell markers.32 Her survival is notable 
in that the prognosis for Philadelphia chromo-
some-positive ALL is reported to be worse than 
for most types of ALL. T^31-33 

The present study included 26 nonlymphocytic 
leukemia cases. Published studies have indicated 
that the incidence of karyotypic abnormalities in 
childhood ANLL is higher than that in adult 
ANLL.3 4 Although children may have more non-
random abnormalities than adults, they have a 
longer median survival.31 The First International 
Workshop on Chromosomes in Leukemia indi-
cated that adult and childhood ANLL patients 
with all normal metaphases had a better prog-
nosis than those with all abnormal metaphases, 
and that, furthermore, the presence of some 
normal metaphases improved the prognosis of 
those with abnormalities.17 The latter observa-
tion, however, has not been confirmed for child-
hood ANLL.3 6 There are too few examples of 
ANLL in the present series for prognostic con-
clusions. 

Certain subtypes of ANLL have characteristic 
chromosome abnormalities. Among these are the 
8;21 translocation of acute myelocytic leukemia 
(AML),1H the 15; 17 translocation of acute pro-
myelocytic leukemia (APL), and the 9; 11 trans-
location of acute monocytic leukemia.37 With the 
exception of the t(l 5; 17), these translocations are 
found in relatively few individuals within any 
morphologic category. The present series in-
cluded 3 cases of t(l 5; 17) APL; 2 of these patients 
succumbed rapidly (one and three days, respec-
tively, after diagnosis), and one is doing well at 
17 months. There were no examples of t(8;21) 
nor t(9;l 1) leukemia identified. 

Childhood ANLL is karyotypically different 
from secondary ANLL. The ANLL that follows 
ionizing radiation or alkylating therapy is more 
likely to be of AML or erythroleukemia mor-
phology.38 Structural abnormalities of the long 
arms of chromosomes no. 5 and no. 7, as well as 
monosomy of chromosome no. 7, are also more 
common in secondary ANLL.3 9 Similar findings 
have been noted in adults exposed occupationally 
to mutagenic agents.40 No abnormalities of chro-
mosome no. 5 were seen in any of the ANLL 
patients in the present series, but the marrows of 
four patients were monosomic for chromosome 
no. 7 either completely or partially. The latter, 
however, is seen in childhood ANLL41 as well as 
in a specific childhood dysmelopoiesis.42 Ac-
quired monosomy 7 has an especially poor prog-
nosis because it is associated with infections and 
functional abnormalities of neutrophils.43 

Cytogenetic evaluation yields prognostic infor-
mation that may be independent of other clinical 
features. Chromosome analyses have defined sev-
eral subgroups of acute leukemia with short sur-
vival; in these cases, more aggressive therapy may 
be warranted. At present, the role of these non-
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random chromosomal aberrations in the patho-
genesis of leukemia is unknown. In the future, 
gene mapping techniques will describe the genes 
located at the common chromosome breakpoints. 
Such investigations may reveal important infor-
mation about the biochemistry of neoplasia. 

Acknowledgments 
T h e au tho r s apprecia te the contr ibut ions of J a n e t 

Bender , Sandra Girty, and A n n e Lathe in the Cytogenetics 
Laboratory , a n d of Joyce Nead ing in the Pediatric Oncology 
Off ice . 

References 
1. Nowell PC, H u n g e r f o r d DA. A m i n u t e c h r o m o s o m e in h u m a n 

chron ic g ranu locy t ic l eukemia (abst). Science 1960; 132 : 1497 . 
2. Caspersson T , Zeck L . J o h a n s s o n C, Modes t EJ. Ident i f ica t ion 

of h u m a n c h r o m o s o m e s by D N A - b a n d i n g f luorescen t agents . 
C h r o m o s o m a 1970; 3 0 : 2 1 5 - 2 2 7 . 

3. O s h i m u r a M, F r e e m a n AI , S a n d b e r g AA. C h r o m o s o m e s a n d 
causat ion of h u m a n cance r a n d leukemia X X V I . Band ing 
studies in acu te lymphoblas t ic l eukemia (ALL) . C a n c e r 1977; 
4 0 : 1 1 6 1 - 1 1 7 2 . 

4. W h a n g - P e n g J , Knutsen T , Ziegler J , Leven tha l B. Cytoge-
net ic s tudies in acu te lymphocyt ic leukemia; special emphas i s 
in long- te rm survival. Med Ped ia t r Onco l 1976; 2 : 3 3 3 - 3 5 1 . 

5. C imino MC, Rowley J D , Kinnealey A, Variakoj is D, G o l o m b 
H M . Band ing s tudies of c h r o m o s o m a l abnormal i t i e s in pa-
t ients with acu te lymphocyt ic leukemia . C a n c e r Res 1979; 
3 9 : 2 2 7 - 2 3 8 . 

6. S a n d b e r g AA, T a k a g i N, So fun i T , Crosswhi te L H . C h r o -
m o s o m e s a n d causat ion of h u m a n cance r a n d leukemia . V. 
Karyotypic aspects of a c u t e leukemia . Cance r 1968; 2 2 : 1 2 6 8 -
1282. 

7. T h i r d In t e rna t iona l W o r k s h o p on C h r o m o s o m e s in Leuke -
mia, 1980 . Clinical s ignif icance of c h r o m o s o m a l abnormal i t i e s 
in acu te lymphoblast ic l eukemia . Cance r G e n e t C y t o g e n e t 
1 9 8 1 ; 4 : 1 1 1 - 1 3 7 . 

8. Rowley J D. N o n r a n d o m c h r o m o s o m e changes in h u m a n leu-
kemia. [ In] Genes , C h r o m o s o m e s , a n d Neoplasia . Ar r igh i FE, 
Rao PN, S tubblef ie ld E, eds . N e w York , Raven Press, 1981. 

9. Rowley J D . T h e implicat ions of n o n r a n d o m c h r o m o s o m e 
changes f o r ma l ignan t t r a n s f o r m a t i o n . H a e m a t o l B lu t t r ans fus 
1981; 2 6 : 1 5 1 - 1 5 5 . 

10. Second In t e rna t iona l W o r k s h o p on C h r o m o s o m e s in Leuke -
mia. C a n c e r Res 1980; 4 0 : 4 8 2 6 - 4 8 2 7 . 

11. Levan G, Mite lman F. T h e d i f f e r e n t or igin of p r i m a r y a n d 
secondary c h r o m o s o m e a b e r r a t i o n s in cancer . H a e m a t o l Blut-
t r ans fus 1981; 2 6 : 1 6 0 - 1 6 6 . 

12. Seeker -Walker LM, Swansbury GJ, Hardis ty RM, et al. Cyto-
genet ics of acu te lymphoblas t ic leukaemia in ch i ldren as a 
f ac to r in t he predic t ion of long- te rm survival. Br J H a e m a t o l 
1982; 5 2 : 3 8 9 - 3 9 9 . 

13. Williams DL, Tsiat is A, B r o d e u r G M , et al. P rognos t i c impor -
tance of p r e t r e a t m e n t c h r o m o s o m e ploidy in 136 u n t r e a t e d 
chi ldren with acu te lymphoblast ic leukemia (abst). Blood 
1981; 58 : (suppl) :156a. 

14. Swansbury GJ, Seeke r -Walke r LM, Lawler SD, et al. C h r o -
mosomal f indings in a c u t e lymphoblast ic l eukaemia of child-
hood ; an i n d e p e n d e n t p rognos t i c fac tor . Lance t 1981; 2 : 2 4 9 -
250 . 

15. Benne t t J M , Catovsky D, Daniel M T , F landr in G, Gal ton 

D A G . Proposals fo r t he classification of t he a c u t e leukaemias . 
Br J H a e m a t o l 1976; 3 3 : 4 5 1 - 4 5 8 . 

16. H o e l t g e G A , Dymen t PG, Slovak M L . A c u t e lymphocyt ic 
leukemia with microblastosis a n d n e a r hap lo idy (26 c h r o m o -
somes); a case r e p o r t . Med Ped ia t r O n c o l 1982; 1 0 : 5 3 - 5 9 . 

17. First In te rna t iona l W o r k s h o p on C h r o m o s o m e s in Leukaemia ; 
c h r o m o s o m e s in acu te non lymphocy t i c leukaemia . Br J Hae-
matol 1978; 3 9 : 3 1 1 - 3 1 6 . 

18. An in te rna t iona l system f o r h u m a n cy togene t ic n o m e n c l a t u r e . 
Cy togene t Cell G e n e t 1978; 2 1 : 3 0 9 - 4 0 9 . 

19. Sakurai M, S a n d b e r g AA. P rognos i s of acu te myeloblast ic 
leukemia ; c h r o m o s o m a l co r re la t ion . Blood 1973; 4 1 : 9 3 - 1 0 4 . 

20. Rowley J D . C h r o m o s o m e abnorma l i t i e s in a c u t e lymphoblast ic 
l eukemia . Cance r G e n e t Cy togene t 1980; 1 : 2 6 3 - 2 7 1 . 

21. Benedic t W F , L a n g e M, G r e e n e J , Derencsenyi A, Alfi OS . 
Cor re la t ion be tween prognos i s a n d b o n e m a r r o w c h r o m o -
somal pa t t e rns in ch i ld ren with a c u t e non lymphocy t i c leuke-
mia; similarities a n d d i f f e r ences c o m p a r e d to adul ts . Blood 
1979; 5 4 : 8 1 8 - 8 2 3 . 

22 . H a g e m e i j e r A, Van Zanen GE, Smi t EM, H a h l e n K. Bone 
m a r r o w karyotypes of ch i ld ren with non lymphocy t i c leuke-
mia. Ped ia t r Res 1979; 1 3 : 1 2 4 7 - 1 2 5 4 . 

23. Tes t a J R , Rowley J D . C h r o m o s o m a l b a n d i n g p a t t e r n s in pa-
t ients with a c u t e non lymphocy t i c l eukemia . C a n c e r G e n e t 
Cy togene t 1980; 1 : 2 3 9 - 2 4 7 . 

24. Yunis JJ , Bloomfie ld CD, E n s r u d K. All pa t ients with acu te 
non lymphocy t i c leukemia may have a c h r o m o s o m a l de fec t . N 
Engl J M e d 1981; 3 0 5 : 1 3 5 - 1 3 9 . 

25. Knuut i la S, Vuop ia P, Elonen E, e t al. C u l t u r e of b o n e m a r r o w 
reveals m o r e cells with c h r o m o s o m a l abnormal i t i e s than t he 
d i rec t m e t h o d in pa t ients with hema to log i c d i sorders . Blood 
1981; 5 8 : 3 6 9 - 3 7 5 . 

26. K a n e k o Y, Rowley J D , Var iakoj is D, et al. Cor re la t ion of 
ka ryo type with clinical f e a t u r e s in a c u t e lymphoblas t ic leuke-
mia. C a n c e r Res 1982; 4 2 : 2 9 1 8 - 2 9 2 9 . 

27. Bloomfie ld CD, Lindquis t L L , B r u n n i n g RD, Yunis J J , Coccia 
PF. T h e Phi ladelphia c h r o m o s o m e in acu te leukemia . Vir-
c h o w s A r c h 1978; 2 9 : 8 1 - 9 1 . 

28. Berge r R, B e r n h e i m A, B r o u e t J C , Daniel M T , Flandr in G. 
t (8;14) T rans loca t ion in a Burk i t t ' s type of lymphoblast ic 
l eukaemia (L3). Br J H a e m a t o l 1979; 4 3 : 8 7 - 9 0 . 

29. Van den B e r g h e H , David G, Broeckae r t -Van O r s h o v e n A, 
Louwagie A, Verwi lghen R. A new c h r o m o s o m e anomaly in 
acu te lymphoblast ic l eukemia (ALL) . H u m a n G e n e t 1979; 
4 6 : 1 7 3 - 1 8 0 . 

30. A r t h u r DC, Bloomfie ld CD, L indqu i s t LL , Nesbi t ME J r . 
T rans loca t i on 4; 11 in acu te lymphoblas t ic leukemia ; clinical 
character is t ics a n d p rognos t i c s ignif icance. Blood 1982; 
5 9 : 9 6 - 9 9 . 

31. Priest J R , Robison LL, M c K e n n a R W , et al. Phi ladelphia 
c h r o m o s o m e positive ch i l dhood a c u t e lymphoblas t ic leuke-
mia. Blood 1980; 5 6 : 1 5 - 2 2 . 

32. S a n d b e r g AA, K o h n o S, W a k e N, M i n o w a d a J . C h r o m o s o m e s 
a n d causat ion of h u m a n cance r a n d leukemia . X L I I . P h l -
posit ive A L L ; an ent i ty within mye lopro l i f e ra t ive disorders? 
C a n c e r G e n e t Cy togene t 1980; 2 : 1 4 5 - 1 7 4 . 

33. Bloomfie ld CD, B r u n n i n g RD, Smith KA, Nesbi t ME. Prog-
nostic s ignif icance of t h e Ph i lade lph ia c h r o m o s o m e in acu te 
lymphocyt ic leukemia . C a n c e r G e n e t C y t o g e n e t 1980; 1 : 2 2 9 -
238 . 

34. K a n e k o Y, Rowley J D , M a u r e r HS, Var iakoj i s D, M o o h r J W . 
C h r o m o s o m e pa t t e rn in c h i l d h o o d a c u t e non lymphocy t i c leu-
kemia (ANLL) . Blood 1982; 6 0 : 3 8 9 - 3 9 9 . 

35. Bernste in R, Pin to MR, M o r c o m G, e t al. Karyo type analysis 

 on May 3, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


'290 Cleveland Clinic Quarterly Vol. 50, No. 2 

in a c u t e non lymphocy t i c l eukemia (ANLL) ; compar i son with 
e t h n i c g r o u p , age, m o r p h o l o g y , a n d survival. C a n c e r G e n e t 
C y t o g e n e t 1 9 8 2 ; 6 : 1 8 7 - 1 9 9 . 

36 . B r o d e u r G M , Williams DL, Kalwinsky DK, Will iams KJ, Dahl 
G V . Cytogene t ic f e a t u r e s of a c u t e non lymphob la s t i c leukemia 
in 7 3 ch i ld ren a n d adolescents . C a n c e r G e n e t C y t o g e n e t 1983; 
8 : 9 3 - 1 0 5 . 

37 . H a g e m e i j e r A, Hah len K, Sizoo W, Abels J . T r a n s l o c a t i o n 
(9;11) (p21 ;q23 ) in t h r e e cases of a c u t e monoblas t ic leukemia . 
C a n c e r G e n e t Cy togene t 1982; 5 : 9 5 - 1 0 5 . 

38 . Rowley J D , Al imena G, Garson O M , H a g e m e i j e r A, Mi te lman 
F. A col labora t ive s tudy of t he re la t ionsh ip of t h e m o r p h o l o g -
ical type of acu te non lymphocy t i c l eukemia with pa t i en t age 
a n d karyo type . Blood 1982; 5 9 : 1 0 1 3 - 1 0 2 2 . 

39 . Rowley J D , G o l o m b H M , V a r d i m a n J W . N o n r a n d o m chro-
m o s o m e abnormal i t i e s in a c u t e leukemia a n d dysmyelopoie t ic 

s y n d r o m e s in pa t ien ts with previously t r e a t e d ma l ignan t dis-
ease. Blood 1981; 5 8 : 7 5 9 - 7 6 7 . 

40 . Mi te lman F, B r a n d t L, Nilsson PG. Relat ion a m o n g occupa-
tional e x p o s u r e to potent ia l m u t a g e n i c / c a r c i n o g e n i c agents , 
clinical f indings , a n d b o n e m a r r o w c h r o m o s o m e s in acu te 
non lymphocy t i c leukemia . Blood 1978; 5 2 : 1 2 2 9 - 1 2 3 7 . 

41 . Morse H , Hays T , P e a k m a n D, Rose B, Rob inson A. A c u t e 
non lymphoblas t i c l eukemia in ch i ldhood; h igh inc idence of 
clonal abnorma l i t i e s a n d n o n r a n d o m changes . C a n c e r 1979; 
4 4 : 1 6 4 - 1 7 0 . 

42 . Sieff CA, Chessells J M , H a r v e y BA, Pickthall VJ, Lawle r SD. 
Monosomy 7 in ch i ldhood ; a mye lopro l i f e ra t ive d i so rde r . Br 
J H a e m a t o l 1981; 4 9 : 2 3 5 - 2 4 9 . 

43 . R u u t u P, R u u t u T , R e p o H , V u o p i o P, T i m o n e n T . Defect ive 
neu t roph i l mig ra t ion in monosomy-7 . Blood 1981; 58:739— 
745 . 

 on May 3, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

