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Summary. A total of 70 children with newly diagnosed acute lymphoblastic 
leukemia (ALL) were examined cytogenetically during the initial, untreated state. 
Chromosomal abnormalities at diagnosis were found in 60% of patients. Only abnormal 
clones were present in 20% of pa.tients and 40% of the children had norma.I clones 
in addition to abnorma.l ones. Neither group differed significantly from pa.tients with
out a.ny chromosomal a.bnormalities regarding their clinica.l features and duration of 
complete remission. 

Based on the moda-I number of chromosomes in bone marrow cells it was found 
that children with pseudodiploidy had significa.ntly higher white blood cell counts 
when compared with those of the other patients. Almost all cases of T-cell ALL in the 
study belonged to the pseudodiploid group and these children had the shortest survival 
time. In contrast, children with hyperdiploidy had better prognosis for treatment re
sponse the.n other groups. 

Several studies of children with acute leukemia have shown that the age of 
patients, white blood cell count, cell surface markers and some other clinical fea
tures are of great importance in the prediction of the course of disease (Miller et al. 
1980). The prognostic value of chromosomal studies was demonstrated in acute 
non-lymphoblastic leukemia (ANLL) and in chronic myelocytic leukemia (CML) -
(Alimena et al. 1977, Benedict et al. 1979, Golomb 1980, Lawler et al. 1980, 
Mitelman et al. 1978, Nilsson et al. 1977, The Second International Workshop 
on Chromosomes in Leukemia, 1980). Some reports on chromosomal abnormalities 
and their clinical significance in acute lymphoblastic leukemia (ALL) were recently 
published (Borgstrom et al. 1981, Cimino et al. 1979, Kowalczyk and Sand
berg 1983, Kowalczyk and Sandberg 1985, Secker-Walker et al. 1982, TIWCL 
1981, Williams et al. 1982). Since there are still limited data on banded chromosome 
studies in children with newly diagnosed ALL, we wish to present results of cyto
genetic examinations in children at diagnosis of ALL and the relat,ionship of the 
chromosome number to the course of disease. 
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MATERIAL AND METHODS 

A total of 70 patients (41 males and 29 females) <liagnosed as havi11 g ALL were 
studied. No case was included in the study unless the marrow eells were examined 
cytogenetically during the initial , untrea,ted st ate. Short-term cultures (24 hours) 
without PHA werc set up to obtain a sufficient number of metaphases for ch romo
somc ana lysis. The initial karyotypic study ·was performed with conventional Gi<'msa 
staining followed by Q-banding in each case. The Paris nomenclaturc 8ystem was 
generally used in describing chromosome a bnormalities (ISCN 1978). 

All patients received induction thera.py consisting of 4 weeks of vin cristine and 
prednisone with L-asparaginase consolidation. 

RESULTS 

Chromosomal abnormalities at diagnosis were found in 42 children , i.e. in 60% 
of cases. Only abnormal clones were present in 20% of paticnts (AA group), 40% of 
children had normal clones in addition to abnormal oncs (AN cases). Neither group 
di:ffercd significantly from patients without any chromosomal abnormalities in their 
bone marrow cells (NN cases)regarding their clinical features such as age at diagno
sis, presence of lymphadenopathy, splenomegaly, hepatomegaly, hemorrhagic signPR, 
mediastinal mass and central nervous system involvement. Hematologie dat a as 
average hemoglobin levels, white blood cell counts and platelet counts were similar 
in these three groups of patients. A complete remission on day 28 was obscrvcd in 
92.9% of AN cases, in 85.7 % of AA cases and in 92.2 % of NN cases. The dura.tion 
of complete remission was also similar in these groups. The survival of the AA cases 
was 26.5 months and was shorter than the mean survival time of the other pati<'nts 
(33.4 months in AN and 30.2 months in NN group). 

The patients could be divided in 5 groups based on the modal number of chromo
somes in bone marrow cells: hyperdiploid with 47-50 chromosomes (7 children), 
hyperdiploid with more than 50 chromosomes (10 children), hypodiploid with 44-45 
chromosomes (10 children), pseudodiploid (15 children) and diploid (28 childrcn) 
(Figs 1 - 4). 

Table 1. Clinical characteristics at diagnosis of 70 children with ALL according to chromosome 
munbers 

Group 

Lymphadenopathy 
Splenomegaly 
Hepatomegaly 
Hemorrhaglc manifest.'\-

tions 
Bone pains 
Infection 
CNS involvement 
111.ediastinal mass 

Hyperdiplold 
47 - 50 

n 

3 
3 
4 

4 
3 
4 

-
1 

0' 
7o 

42.9 
42.9 
57.1 

57.1 
42.9 
57.1 
-

14.3 

Hyperdlploid 
>50 

n 

6 
4 
6 

1 
7 
7 
1 

-

o, 
/ 0 

60.0 
40.0 
60.0 

10.0 
70.0 
70.0 
10.0 
-

I 
I 

Hypodiplold Pseudodlploid 

n % n % 

7 70.0 5 33.3 
7 70.0 11 73,3 

5 50.0 9 60.0 

5 50.0 10 66.7 
2 20.0 I) 60.0 
2 

I 
20.0 7 46.7 

- - 1 6.7 

- - 4 26.7 

Diploid 

n 

16 
16 
20 

11 
12 
11 
-
3 

o · ,o 

57.1 
57.1 
71.4 

39.3 
42.0 
89.3 

-
10.7 

I ·, 



Fi!:!. 1. Hypodiploi<l lrnryot.ype 45 , XY, -5 

Fig. 2. Hyper<liploid karyotype: 40, XX, + 7, 7q+, -10, + 11 , i(l7q), +19, -1-20 



Fig. ~- Hyp0rrlipl oi<l with :-;:i cl1 romoso11w,; (G:? , :ZY, -j- CT, ' i. H, + l " · !- lfl , _L l!l) 

Fig . 4. Knryot:;·I"' ' 4/i . .\'Y, t ( ! : 11 ) (q:!I ; CJ:!3 
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Pseu<lodiploid group compriRES children with a medal number of 46 chromosomes and 
with structurnl aberratiu1s like translocatiGns, dclctions, etc. P atients with hyper
diploidy with 47-50 chromosomes on the average were older than the othcr children, 
however, the difference wa.s not statistica.lly significant. R egarding clinical features 
at diagnoi;ii-; (Table 1) we could not find any significant difference between groups 
,;tudicd. Howevcr, lymphadenopathy was mare frequent in patients with hypo
diploidy and hyperdiploidy over 50 chrcmoscmes than in other children. On the 
othcr hand , splcnonwgnly was frequent.ly observed in children with pseudodiploidy 
and hypcdiploidy. Hnnat,ologic data at diagnosis a.re presenkd in the Table 2. The 
pseudodiplcid group hi,d significantly higher white blood cell counts w hen compared 
with those of the other patients. The hyperdiploid 47-50 group had the lowest value. 
Only one patient with hyperdiploidy 47-50 presented leukocytosis over 20,000/mm3, 
whereas 46% of children with pseudodiploidy showed leukocyte counts over 
60,000/mm3 at diagnosis. 

Table 2. Hematologie characteristics at diagnosis of ALL children 

Group 

Hemoglobin level (g %) 
White blood cells 

( X 1000) 
Platelets ( x 1000) 
% of blasts in perlpheral 

blood 

Hyperdiplold I 
47 • 50 

x SD 
6.7 3.3 

9.68 7.81 
135.71 143.88 

33.8 38.3 

Hyperdlploid I 
> 50 ,. _H_Y_Pod~ip-Jo-id 

X SD i I SD 

Pseudodlplold 

x SD 
7.9 2.0 8.3 3.2 9.4 

I 
3.8 

15.69 20.33 38.1 50.36 118.39 150.40 
82.14 85.60 111.15 174.83 90.89 97.19 

29.2 37.8 39.0 36.7 37.9 31.3 

Diploid 

i I SD 
8.5 3.4 

79.82 187.38. 
67.09 63.43, 

69.8 33.5 

T-cell leukemia were diagnosed in 26. 7% of children with pseudodiploidy. In 
contrast, only one child with a hyperdiploid karyotype had T-cell leukemia. 

Complete remission was achieved in 100% of cases in both hyperdiploid groups, 
in 80% of hypodiploid patients and in 86. 7% of children with pseudodiploidy. Child
ren with pseudodiploidy and hyperdiploidy most frequently relapsed and 73.3% of 
children with pseudodiploid karyotypes died before this study was completed. The 
shortest survival time, plotted from life tables calculated by the method of Kaplan 
and Meier (1958), was observed in children with pseudodiploidy, the longest in 
children with 47-50 chromosomes. 

Table 3. Duration of the first remission and mean survival times in children with ALL accord
ing to chromosome numbers 

Group 

Relapsed (%) 
Dled(%) 
Remlsslon duratlon (mo.) 
Survival (mo.)• 

Hyperdiplold 
47 • 50 

6 (86.7%) 
2 (28.6%) 

25.8±16.6 
40.1 

• values plotted from life tables 

Hyperdlploid I Hypodlplold I I 
50 

Pseudodlplold Diploid 

ó (50.0%) 5 (50.0%) 11 (73.3%) 17 (60.7%) 
ó (50.0%) 5 (50.0%) 11 (78.3%) 12 (42.9%) 

32.0±21.9 17.1±16.9 15.0±14.7 19.4±20.9 
32.4 26.0 30.6 30.3 
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DISCUSSION 

Studies performed on groups of patients with CML or ANLL indicate that the 
presence of chromosomal changes in bone marrow cells at diagnosis is a useful 
prognostic fact,or (Alimena et al. 1977, Benedict et al. 1979, Golomb 1980, 
Lawler et al. 1980, Nilsson et al. 1977, Sandberg 1980, SIWCL 1980). However, 
there had been only few reports on banded chromosome examinations in ALL patients 
(Borgstrom et al. 1981, Cimino et al. 1979, Kowalczyk et al. 1985, Mitelman 
and Levan 1981, Oshimura et al. 1977, Prigogina et al. 1979, Secker-Walker 
et al. 1982, Swansbury et al. 1981, TIWCL 1981, Williams et al. 1982). The fuzzy 
and ill-defined appearance of the leukemie chromosomes makes banding studies in 
ALL very diflicult and, in some cases, impossible. In the present study the banding 
patteni of bone marrow chromosomes was obtained in 70 cases of children with the 
diagnosis of ALL. Clonal abnormalities were found in 60% of children; this percenta
ge is slightly higher than that observed by Oshimura et al. (1977), Swansbury 
et al. (1981), Cimino et al. (1979) and Borgstrom et al. (1981). However, it is in 
good agreement with mare extensive survey of the Third International Workshop 
on Chromosomes in Acute Leukemia (1981), where 62% of children with ALL showed 
·chromosomal abnormalities. 

Analysis of the clinical data of patients divided into groups with various chromo
some abnormalities in bone marrow cells and the group with normal karyotypes did 
not show significant differences. Also, remission duration and mean survival time 
were similar in both groups. One can conclude, that the presence of abnormal or 
·normal karyotype in marrow cells at diagnosis of childhood ALL cannot be used as a 
prognostic factor. It also creates the necessity for more detailed analysis of chromo
somal changes. 

It was generally thought that hypodiploidy is rather a rare fin.ding in ALL 
(Oshimura 1977, Swansbury et al. 1981, TIWCL 1981). In the present study 
hypodiploid karyotypes in the bone marrow cells were seen in 14.3% of children 
with ALL. However, hyperdiploidy was found to be the most frequent and this is in 
good agreement with other reports (Oshimura et al. 1977, Prigogina et al. 1979, 
-Swansbury et al. 1981). Pseudodiploidy also seems to be quite frequent in ALL -
in the present group of patients it was observed in 21.4% of children and in other 
studies it ranged from 12% to 52% (Oshimura et al. 1977, Prigogina et al. 1979, 
Swansbury et al. 1981, TIWCL 1981). Taking this under consideration, chromoso
mal examination with banding methods should be performed in cach patient with 
ALL to avoid misdiagnosis. 

Our results indicate that ALL childrrn with psoudodiploidy at diagnosis have a 
worse prognosis than other children with this disease. Like in other reports (Swans
bury et al. 1981, TIWCL 1981), these patients had high white blood cell counts; 
almost all cases of T-cell ALL in the present study belonged to the pseudodiploid 
group. This finding, however, is not supported by the repcrt of the Third Internatio
nal Workshop on Chromosomes in Acute Leukemia (1981). 

Both the present study b,nd other reports provide the evi<lence tlrnt pseudo-
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diploidy is associated with a poor treatment response. The death rate was highest in 
this group and complete remission duration and average survival time were the 
shortest. In contrast, children with hyperdiploidy had a better prognosis than the 
other groups in treatment response. They had, generally, low leukocyte counts at 
diagnosis; all of these patients went into complete remission on day 28 and the 
remission duration, especially in children with hyperdiploidy with over 50 chromo
somes, was longer than in others. The same findings has also been reported in other 
studies (Secker-Walker et al. 19882, TIWCL 1981). However, the survival time 
in our study was the longest for the hyperdiploid 4 7-50 group. Analysis of the 
TIWCL data (1981) and data completed by Williams et al (1982) indicates that 
patients with hyperdiploidy with over 50 chromosomes have a rather long survival 
time. Despite these slighty confl.icting results, it can be stated that children with 
hyperdiploidy in the marrow cells at diagnosis of ALL have a better prognosis than 
those with pseudodiploidy regarding remission duration and survival time. 

Recently, Williams et al. (1982) presented evidence that as a prognostic factor 
the chromosome number "is as good or better than leukocyte count, even within 
the clinical subgroup at high risk of relapse. The use of these two factors in concert 
may permit a sharper delineation of prognostic groups and therefore be of value in 
the development of future clinical trials". Our results certainly support this 
statement. 

CONCLUSIONS 

1. Chromosomal abnormalities were found in 60% of children at diagnosis of 
acute lymphoblastic leukemia. 

2. The presence of abnormal or normal karyotypes in marrow oells at diagnosis 
of childhood ALL, as the only available data, cannot be used as a prognostic factor. 

3. Chromosome number in marrow cells at diagnosis of ALL is of prognostic 
value: children with pseudodiploidy have a worse prognosis than those with hyper
diploidy regarding remission duration and survival time. 
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PROGNOSTYCZNE ZNACZENIE ABERRACJI CHROMOSOMALNYCH W OSTREJ 
BIAŁACZCE LIMFOBLASTYCZNEJ U DZIECI 

Str e szczenie 

Badania miały na celu ustalenie, czy istnieje związek pomiędzy niektórymi nieprawidło
wościami chromosomów i cechami klinicznymi pacjentów, a także czy kariotyp komórek białacz
kowych może być czynnikiem prognostycznym w ostrej białaczce limfoblastycznej (ALL) 
u dzieci. U 70 dzieci z ALL badanie cytogenetyczne komórek szpiku wykonano przed rozpo
częciem leczenia. Kariotyp komórek szpiku ustalono na podstawie obrazów prążkowych chromo
somów metafazalnych po krótkoterminowej hodowli, a następnie różne typy zaburzeń chromo
somalnych porównywano z danymi klinicznymi pacjentów w czasie ustalania rozpoznania. 
Komórki szpiku z nieprawidłowościami chromosomów o charakterze nieprzypadkowym stwier
dzono u 60% dzieci z ALL. 20% dzieci miało wyłącznie nieprawidłowe kariotypy komórek 
szpiku, natomiast 40% dzieci wykazywało równocześnie klony komórek z prawidłowymi i nie
prawidłowymi kariotypami. Nie stwierdzono istotnych różnic w czasie trwania remisji i prze
życia oraz w zakresie innych cech klinicznych między tymi grupami dzieci a dziećmi z ALL 
bez aberracji chromosomalnych. 

Modalna liczba chromosomów w najczęściej występującym klonie komórkowym może 
mieć znaczenie prognostyczne. Najczęściej stwierdzano hyperdiploidię - w 24,3%, pseudo
diploidię - w 21,4%, hypodiploidię w 14,3% przypadków. Dzieci z pseudodiploidią, 

stwierdzoną w czasie ustaln.nia rozpoznania, mają - jak się wydaje - gorsze rokowanie od 
pozostałych pacjentów. Wśród tej grupy dzieci zanotowano najwyższą śmiertelność oraz naj
krótszy czas trwania pierwszej remisji i przeżycia. Lepsze rokowanie mają natomiast dzieci 
z hyperdiploidią, zwła.<;zcza umiarkowanego stopnia. 

nrorHO3J1PYIOIUEE 3HA4EHJ1E XPOMOCOMHblX A6EPPAU:l1l1 
TTPJ1 OCTPO.l1 JJJ1M<I>OJ;J1ACTW-łECKO.l1 J1E.l1KEMJ1J1 Y .D:ETE.l1 

U,enh!O npoBe,[(eHHhlX HCCJJe,[\OBamrn 61,mo ycTaHOBJICHHC, cymecTByCT JIII B3aHMOCB!l3h MClK.lIY 
RCKOTOPblMJl ttenpaBl{JlbHOCTllMI{ xpOMOCOM H .KJJHHK'{CCKHMR IIpK3HaKaMlł naD,HCHTOB H M0JKCT JIH KaplłOTI(Il 
ncliJceM1AecKHX KnCTOK 6b!Th nporH03Kpy!OLIU{M lpaKTOPOM IlpH OCTpoil: JIHMlp06nacrnqecKOH neli:KCMJ,[J,[ 
(ALL) y )l.erelt. y 70 ,[(eTeif C ALL l.(J{TOreHeTJNecKoe HCCJie,!l,oBaHHC KJICTOK KOCTHOro M03ra 6b!J10 rrpo
BC,ll,CH0 ,Il.O Haqana neqCHHll. KapHOTHil KJICTOK KOCTHOro M03ra ycTaHaBJil{BaJICJI Ha OCHOBamm: CIICKTpOB 
nonoc MCTalpaJaJ!hHh!X xpoMOCOM IIOCJIC HC,ll,JIHTCJ!hH0il: KYJlhTYPhI, IIOCJIC qero pa3JI1l'IHb!C THIIhl XpOMO
C0MHblX HapymeHllif cpaBmmaJJHCb C KJIHHll'ICCKHMII ,[\aHHh!MH IIalJ,HeHTOB B M0MCHTC ycTaHOBJICHH!I ,/:\Har
HOJa. KnerKH KOCTHOro M03ra C HCIIpaBHJ!bHOCTJIMH xpoMOCOM HCCJJy'lail:Horo xapaKTepa 6b!JIH o6Hapy
llCCHbl y 601/o ,[(CTeli c ALL. 201/o ,[(CTelt l(MCJlO HCKJIIOql{TCJ!hHO HenpaBWlhHbIC KapH0THIIhl KOCTHOro 
M03ra, a 401/o ,[(CTeli 06ttapy,1nmano O,[(HOBpeMCHHO J(JIOHhl KJICTOK C npaBHJ!bHbIMR H HCIIpaBRJihHhIMJ{ 
KapH0Tll!TaMH. He o6ttapylKCHO cyw:ecrneHHh!X paJHHll BO BpeMCHH ,ll,JIJ{TCJlbHOCTH peMHCCHH H BhllKHBamrn, 
a TaKllCe B HHHbIX KJIHHH'łCCKHX npITTHaKax MC)l(,[(y 3THMI{ rpynnaMH ,[(CTeli H ,[(CTbMI{ C ALL 6e3 xpoMO· 
C0MHhlX a6eppauHi!:. 

M0,/:\3JlbHOe ql{CJlO xpOM0COM B H81t6once qacTo BbICTyIIaIOlllCM )(JlOHC KJ!eToK MOJKCT HMCTb npor
H03HpyIOmee 3H3'lCHJ,[e. qame scero o6ttapylKHBanach fHilCp,/:\IUIJI0H.lIHll - B 24,31/o , nceB):\0,/:\HilJlOJl,[llłSl -
21,41/o , rnnO,ll,HilJI0H,[\Hll B 14,3~~ cnyqaen . .D:CTJ,[ c IICCB,[(0,[(l,[IlJIOH,[(Heli, o6HapylKCHHOH. BO BpeMll ycrn
H0BneHH!I ,ll,HarHo3a, HMeIOT XYAillHH. IIpOfH03, 'leM 0CTaJJhHh]e IIallHCHTh!. Cpe,/:\lł :noli rpynnhl ,ll,CTeli 
0TMC'!CHa HaHBb!CWaH CMepTHOCTh H caMall K0pOTKal! ,/:\JJHTenhHOCTb peMHCCIDl H BhllKHBamrn, B TO BpCMll 
l'.aK nporH03bl y ,[\CTeil: C nmep,/:\HIIJIOHL(KCH, oco6eHHOro JMCpeHHOli creneHH, JIY'łIIIJłC. 


