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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;11), 1(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.

Index terms: Chromosome abnormalities ¢ Genetics, medi-
cal e Leukemia, familial and genetic
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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 chromosome' but
before the advent of modern banding techniques,” 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 59 (66%)
Female 31 (34%)
Race
White 73 (81%)
Nonwhite 8 (9%)
Unspecified 9(10%)
Age
0-8 yr 23 (26%)
9-16 yr 35 (39%)
17-24 yr 27 (30%)
Unspecified 5 (5%)
Diagnosis
ALL 64 (71%)
ANLL 26 (29%)

ALL = acute lymphocytic leukemia, ANLL = acute nonlymphocytic
leukemia.

indistinct and poorly defined.”” The first series
to describe aneuploidy (any change in the normal
46 chromosome complement) was reported by
Sandberg et al® in 1968; cytogenetic aberrations
occurred in 50% of their patients (n = 219) with
acute leukemia. The aneuploidy of ALL is char-
acterized by hyperdiploidy.®” Typical chromo-
somal gains and losses have been identified for
acute nonlymghocytic 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.'” This preferential ex-
change of genetic material may impart a partic-
ular (genic) position effect providing a selective
advantage for the tumor population over the
normal marrow population.” 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.'' In particular,
pseudodiploidy in ALL has been reported as a
poor prognostic indicator independent of other
clinical data or treatment protocol.*'*'* How-
ever, hyperdiploidy and normal diploidy are fea-
tures of a more favorable group.” 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.'” 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.'® 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.”” Standard ISCN signatures'® 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
ALL
Stemlines 4 (6%)* 45 (70%) 7 (11%) 6 (9%) 1 (2%) 1 (2%)
Sidelines 7 5 1 5 1 0
ANLL
Stemlines 2 (8%) 15 (58%) 7 (26%) 2 (8%) 0 0
Sidelines 4 4 0 1 0 0

* Percentages are based on the total number of ALL cases (64} and ANLL cases (26), respectively. ALL = acute lymphocytic leukemia,

ANLL = acute nonlymphocytic leukemia.

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).'” 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 I 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 leukemia®*%® and for acute
nonlymphocytic leukemia.®*'*?'-#* The actual
incidence of abnormal karyotypes is partly tech-
nique-dependent: additional abnormalities may
be identified with high resolution banding® or
with short-term culturing.”'**°

Acute lymphocytic leukemia and ANLL are
cytogenetically different. Hyperdiploidy is a fea-
ture more characteristic of ALL.>**'* Nonran-
dom changes involving individual chromosomes
also separate ALL from ANLL.** 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
ALL 35 17 12 64
ANLL 13 8 5 26
Total 48 25 17 90

NN = all cells that were sampled were karyotypically normal, AN
= a mixture of normal and abnormal cells were identified, AA =
all cells were abnormal, ALL = acute lymphocytic leukemia, ANLL
= acute nonlymphocytic leukemia.
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Table 4. Karyotypic signatures of patients with abnormal karyotypes

Patient Age/
no. sex Karyotype
ALL
1 12F 46,XX,ins(1)(q23)inv(p21q25),del(10)(q24)/same,del(6)(p21)
2 23M 46,XY,2del(10)(q24)
3 18F  46,XX/56,XX,+1,del(1)(p31),45,+6,del(6)(q24),+9,+11,+15,+17,+18,18q+,+21,+X,Xq+
4 2M 46,XY /?In+
5 8F  57,XX,+B,+C,+C,+C,+C,+C 4D +E +F,+F,+G [59%]/46, XX [38%)]
6 24F 49,XX,+B,+13,+15,—18,4+21
7 10F  45,X,~X,~5,+6,del(11)(ql14),+17,-21,46,XX
8 10M  56,XY,+6,48,+9,+10,1(8;10)(q24;q24),+14,+15,+17,+18,+21,+X
9 AM 47,XY,+21
10 13M 48,XY,—1,-2,+D,+D,+G,+mar(>der(2))
11 21M 46,XY /47, XY,+r(17),+min/same,del(4)(q25)/same,— 18
12 16M 46,XY/3n—/58,XY,+5,+6,+8,+9,+14,+15,+17,+18,+21,+21,+X,+Y
13 5M 46,XY,1(8;14)(q24;q32)
14 17F  45,XX,—4,—10,+1(4;10),1(9;22)(q34:q11),1q+,16p+,del(3)(p12)/46,XX,(9;22)(q34;q1 1)/46,X X
15 14F 46,XX /45,X,—X /45,XX,-21
16 14F 46,XX /47,XX,+16,/47,XX,+22,r(22q)/47,XX,+16
17 15M 46,XY,—21,+t(21;?) [70%]/45,XY,—21 [30%]
18 18M 46,XY /45,i(1p),del(6)(q21),+mar
19 22M 46,XY,t(1;6)(p36;921),del(2)(q33),t(5;21 }p15;q1 1),((7;10)(p14:q11),del(9)q13) [60%]/46,XY [40%)]
20 12M  46,XY,dup(1)ql2—>q31),1(8;14)(q24:932)/46,XY
21 10M 4n—/46,XY
22 17M 46,XY /47, XY +X
23 10M  46,XY/2n—
24 10F 46,XX/45,XX,—B
25 5F 57,XX,1q+,+C,+C,+C,+C,+D,+D,+18,+F,+G,+G /46 XX
26 16F 46,XX [86%]/48,XX,+8,+13,+mar
27 3F 46,XX [59%]/26,X,+18,+21,+X [456%]
28 8M 46,XY,1(1;4)(p22;9q35)/46,XY
29 18M  46,XY/45 XY,—D,(Dq;Dq)
ANLL
30 4F  46,XX,—6,+mar [63%]/45,XX,—6 [21%]/46,XX [16%]
31 14M 46,XY /46,XY,—18,+mar
32 AM  46,XY,1p+
33 7F . 46,XX.—7,+mar [73%]/46,XX,—7 [24%]
34 IM 47,XY,+13
35 17M 46,XY [60%]/45,XY,—7
36 24F  45,XX,—7[81%]/46,XX
37 23M 46,XY /45 XY, (15;17Xq25;922),21q—,~Y/same,i(17q)/same,—8,+21
38 10M  46,XY,1(15;17)(q22:921)
39 1M 46,XY,1(1;7)(p36:q22), [42%]/46,XY,(3;7)(q29:922) [ 19%]/same,i(17q) [28%)/46,XY [11%)]
40 2F 46,XX/45,XX,—21
41 16M  46,XY,1(15;17)(q22:921)
42 23F 49,XX,+C,+C,+G

ALL = acute lymphocytic leukemia, ANLL = acute nonlymphocytic leukemia.

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 B* 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.? 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,'* 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.'*'* The present series demonstrates
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Fig. 1. Cumulative survival curve according to leukemia morphology. Survival for acute lymphocytic leukemia cases. (—-—) was better

than for acute nonlymphocytic leukemia cases ( ).

Fig. 2. Cumulative survival according to age at diagnosis. Survival was best for patients ages 0-8 years of age (—), intermediate for
9-16 years of age (--—), and poorest for those 17-24 years of age (—).

Fig. 3. Cumulative survival according to stemline ploidy. Prognosis is poorer for pseudodiploid karyotypes (—-—) in ALL than for either
normal diploid karyotypes (——), or for hyperdiploid karyotypes (—).

Fig. 4. Cumulative survival according to occurrence of a marker chromosome; —— = marker chromosome present, —-— = marker

chromosome 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
51-60 chromosomes has better prognosis, and
hyperdiploidy of 47-50 chromosomes may have

a worse prognosis than normal diploidy.”** No
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,” 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
Chromosome 1
1 2 3 4 5 6 7 8 9 O

ALL
Additions 1 0 0 0 2 4 0 4 2 O
Losses 2 2 1 2 2 1 1 1 1 1
Structural 8 1 1 2 0 3 1 2 2 4
ANLL
Additions o o0 0 O o0 0 0 0 0 O
Losses 0 0 0o 0 0 1 3 1 0 0
Structural 2 0 1 0 0 0 1 o0 0 O

11

12 13 14 15 16 17 18 19 20 21 22
1 1 1 1 1 1 1 1 2 2 2
2 3 4 5 6 7 8 9 0 1 2

X

0o 3 2 4 1 3 4 2 1 5 0 4 1
1 1 1 2 I 2
6 1 3 o0 1 O 0 0 0 1

—
—t
Y—
—
—
(&)
<

N
—
<

6 1 o0 0 O 0 o0 0 0 O [U] 0
o 0 o 0 o0 o0 1 O 0 1 0 1
0o 0 0o 3 0 4 0 0 O 1 0o 0 0

<

ALL = acute lymphocytic leukemia, ANLI. = acute nonlympnocytic leukemia. A total of 64 ALL cases and 26 ANLL cases were analyzed.

(FAB-L3),?® and 4;11 translocation of ALL with
extreme leukocytosis.* 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,?" it is rare for such patients
to have T-cell markers.” Her survival is notable
in that the prognosis for Philadelphia chromo-
some-positive ALL is re;ported to be worse than
for most types of ALL. %"

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.* Although children may have more non-
random abnormalities than adults, they have a
longer median survival.” 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.'” The latter observa-
tion, however, has not been confirmed for child-
hood ANLL.*® 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)," the 15;17 translocation of acute pro-
myelocytic leukemia (APL), and the 9;11 trans-
location of acute monocytic leukemia.”” With the
exception of the t(15;17), these translocations are
found in relatively few individuals within any
morphologic category. The present series in-
cluded 3 cases of t(15;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;11) 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*® 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.** Similar findings
have been noted in adults exposed occupationally
to mutagenic agents.*” 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 ANLL"' as well as
in a specific childhood dysmelopoiesis.”* Ac-
quired monosomy 7 has an especially poor prog-
nosis because it 1s associated with infections and
functional abnormalities of neutrophils.*’

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.
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