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Childhood leukaemia: therapeutic and 
experimental approach
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A sum m ary is given of some activities of th e  H ungarian  S tudy  Group 
for Childhood Leukaem ia. Coordinated efforts w ith in  th e  S tudy G roup led 
to  im proved therapeutic  results. The m edian survival o f patien ts diagnosed 
in  1971 was 12 m onths. F o r a  comparison, ou t o f th e  57 patien ts diagnosed 
in 1978, 34 are still in  th e ir  f irs t remission. E xperim ental work designed to  
approach the  pathom echanism  of the disease provided the  following m ain 
points of in terest. 1. Children diagnosed to  have L , type ALL according to  
th e  FAB categories fare b e tte r  th an  those w ith  L 2. 2. ADA ac tiv ity  was 
essentially norm al in pa tien ts  being in remission an d  the ir parents. 3. S teroid 
receptor determ inations can  be of value in  the  p lanning of therapy . 4. Very 
low as well as very high in itial WBC count indicates a  b ad  prognosis. 5. Chil
dren who possess the  D R  5 histocom patibility antigen  have a  b e tte r  outlook 
for long com plete remissions and  cure. 6. G row th horm one secretion and, 
accordingly, grow th ra te  was norm al in  the  long surviving patien ts. 7. There 
was a  slight im pairm ent in  the perform ance IQ  of children who were under 
6 years of age a t  th e  tim e of diagnosis. 8. E m otional disturbances were 
universal in all patients, b u t could be m uch alleviated by regular psychological 
care and play ac tiv ity . 9. So far we observed one p a tien t w ith a  second 
m alignancy: his AML m anifested 4 years afte r the  successful rem oval an d  
chem o-radiotherapy of h is brain  tum our. 10. Children in long, continuous 
remission — thought to  be cured of their disease — possess norm al remission 
lymphocytes w ith a significantly  shorter cell cycle th an  controls.

Successful treatment of childhood 
leukaemia was a rarity before the late 
1960s. With the introduction of new 
cytostatic drug combinations, thera
peutic results showed gradual improve
ment and today some of the best 
treatment centres claim 75% long 
lasting remissions, with 40 50% of
the children achieving a “cure” in
ALL.

A survey, carried out in Hungary 
in 1969 by paediatricians, haematol- 
ogists and oncologists, showed a rather 
dismal situation in the treatment of 
childhood leukaemia. It was those

findings that prompted us to join 
forces and establish a Study Group in 
order to improve the situation. As from 
1970, all children in Hungary suspect
ed to have leukaemia were investi
gated, diagnosed and treated according 
to uniform principles, established at 
regular meetings of the Study Group. 
Cytological classification, cytochemic- 
al tests and clinical data handling is 
carried out in the Budapest Centre 
(National Institute of Paediatrics). 
Some of the most important clinical 
and therapeutic features of each pa
tient are stored on magnetic tape and
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are periodically assessed with the aid 
of a computer program. At present 
information is available on 740 leu- 
kaemic children diagnosed between 
1970 and 1980. All cytostatic drugs are 
distributed — cost-free — by the 
Centre. Much as a result of this team
work, therapeutic results showed con
siderable improvement since the estab
lishment of the Study Group. In this 
paper I should like to outline some of 
the therapeutical results we have 
achieved as well as some of the re
search activities carried out in this 
field.

M e t h o d s

Cy to-morphological classification was 
done according to  th e  FA B  criteria [1]. 
Surface m arker analysis en ta iled  the  use of 
E -ro se tte s , surface m em brane im m unoglo
bu lins an d  in  some of th e  cases anti-ALL 
serum . ADA determ inations were carried out 
accord ing  to  K alckar [13].T dT  ac tiv ity  was 
m easured  according to  th e  m ethod  of Hoff- 
b ra n d  [11В]. S tandard  m icrocytotoxicity  
w as used in  HLA an d  D R  typ ing  [25] in 
th e  in s titu te  of H aem ato logy  and  Blood 
T ransfusion. Steroid horm one receptor 
stud ies  were carried ou t in  th e  In s titu te  of 
B iochem istry , as described by  M unck and 
L eung  [20]. Cytogenetic analysis was done 
b y  conventional m ethods an d  Giemsa 
b an d in g  [31] as well as H o e c h s t— Giemsa 
s ta in in g  for SCE [24] Psychological assess
m e n t w as through th e  W echsler in telli
gence scale for children [36] an d  th e  W orld 
te s t  [5, 2]. Therapeutical resu lts were 
ev a lu a ted  using life-table analysis and the 
L ogrank  te s t [25].

R e s u l t s  a n d  D i s c u s s i o n

Meaningful evaluation of therapeu
tic approaches and results requires 
precise diagnosis and classification in

leukaemia. This was attempted by 
morphological, immunological, en
zyme and receptor studies.

The FAB classification proved to 
be the most reliable way for morpho
logical categorization of the leukaemic 
cell types. In a detailed, retrospective 
analysis of bone marrow smears stored 
at the Centre, there was a 95% con
cordance rate between us when classi
fying these slides. The distribution of 
cases among the FAB categories is 
shown in Table I. The two major 
categories within the lymphoid group 
are Lx and L2. We demonstrated for 
the first time that patients with Lx 
morphology fare better than those 
with L2 [14]. This finding indicated 
a place among the prognostic criteria 
for the morphological typing of the 
presentation cells and has since been 
confirmed by a number of centres 
abroad. Cytochemical reactions, how
ever, are still of great value in the dif
ferential diagnosis of leukaemia, main
ly in the differentiation between the 
immature forms such as L2 and Mr

Of the immunological markers, T 
and В cell determinations are the most 
widely used. A drawback in their use 
is the need to work with cell suspen
sions which makes multicentre stud
ies difficult. The results in Table II 
therefore represent only some of our 
patients. The most frequent form of 
childhood ALL shows no T or В cell 
differentiation and gives a positive 
reaction with anti-ALL serum. В cell 
or Burkitt cell leukaemia is very rare 
in children (see Table II). Recently, we 
carried out a detailed analysis on two 
patients with this form of ALL [32].
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T a b le  I

Morphological diagnosis in childhood leukaem ia according to  FAB categories

FAB type L. L, L, M, M, M, M, М.л M ,B
No. of patients 286 155 9 25 17 2 25 8 4

per cent distribution 53 29 2 5 3 0 5 2 1

T a b l e  I I

Im nunological m arkers in  the  pa tien ts

No. E-rosette Smlg

12 + —

2 — +
25 — —

T a b le  I I I

ADA ac tiv ity  in leukaem ic children an d  in  the ir parents

Diagnosis No. of ADA U/107 cells
cases mean S.D. range

Controls 10 1.9 ±  0.38 1.2—2.4

A LL 8 14.3 ±  9.78 4.0—30.0

A LL in relapse 5 7.8 ±  5.20 4.8— 17.1

ALL in remission 10 1.8 ±  0.83 1.0—3.7

paren ts 10 2.2 ±  0.18 2.0—2.5

В cell leukaemias show an unfavour
able course, with early relapse and 
death. Recently, other markers have 
acquired a major role in the classifica
tion of acute leukaemias, the most 
widely used ones being monoclonal 
antibodies [12, 27].

Enzyme markers have been intro
duced in leukaemia diagnosis some 
6 -8  years ago. Terminal transferase, 
being the most widely used, was de
termined in some of our patients.

Although numbers are still low, we 
could demonstrate the activity of this 
enzyme in lymphoid leukaemias [16].

ADA determinations were carried 
out in leukaemic patients and their 
parents. Previous studies found an 
increased activity of this enzyme 
among parents of leukaemic children 
[35], a finding that could have im
portant genetic implications. We were, 
however, unable to confirm this ob
servation and found normal values in
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both patients and parents (Table ITT), 
[15].

Prednisolone is one of the most ef
fective drugs in leukaemia treatment. 
Some patients, however, react to it 
better than others. In collaboration 
with the 2nd Institute of Biochem
istry, we carried out investigations on 
the steroid hormone receptors of leu- 
kaemic cells. The common, non-T 
non-B ALL cells contained high num
bers of steroid receptors and respond
ed well to steroids both in vitro and 
in vivo [22]. Somewhat surprisingly, 
at times other leukaemic cell types are 
also found to have steroid receptors. 
We found e.g. high numbers in one 
case of AML and one case of CML. 
These experiments provide useful in
formation on the drug sensitivity or 
resistance of certain blast-cell popula
tions and may eventually prove essen
tial in the planning of therapy.

Clinical experience gained in the 
last decade shows that the cure rate 
in acute leukaemia is closely related 
to the intensity of the initial phase of 
treatment. More aggressive treatment 
leads to more complications and some 
iatrogenic deaths. It is therefore im
portant to group the patients accord
ing to prognostic criteria and to ad

minister more intensive treatment 
only to those who are likely to have 
a very unfavourable prognosis. Some 
of the widely used and easily recogniz
able prognostic features are shown in 
Table IV. Of these, high initial WBC 
count and hepato-splenomegaly are 
thought to be most important. In a re
trospective study we found that pa
tients with very low WBC counts (less 
than 1 G/l) also do badly, which may 
indicate the necessity of including this 
criterion in the bad prognostic group. 
Sex is not a per se prognostic feature, 
although boys seem to have some 20 % 
less chance of cure than girls. This is 
mainly because of the problem of 
testicular relapse, which is always fol
lowed by systemic relapse of the dis
ease. According to Мое, this complica
tion can be prevented by the use of 
intermediate dose methotrexate fol
lowing the induction phase [18]. Our 
studies along these lines are currently 
being pursued.

Using the same treatment, thought 
to be optimal at present, some chil
dren relapse and die, while others 
carry on in remission and are for all 
practical purposes cured. It has been 
suggested that the immune system of 
the patients may have an important

T a b l e  IV

P rognostic factors in  A L L  patien ts not yet in  rem ission after 4 weeks trea tm e n t

High risk patients Low risk patients

Initial WBC >  50 G/l <  50 G/l
Mediastinal mass 
Initial meningeal

+

infiltration + —

Age <  1 year, >12 years 1—12 years
T-cell marker E rosette positive —
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role in eliminating residual leukaemic 
cells. Immune response genes (Ir) are 
closely located to those of the tissue 
antigens coding for the expression of 
HLA and DR phenotypes. It is some
what surprising therefore that there 
are relatively few studies on the HLA 
distribution of long-surviving leu
kaemic patients. A number of authors 
found a higher incidence of HLA- 
A2B 12 and HLA-A2B 4„ haplotypes 
among these patients [9, 3, 4, 28] 
while others found an association 
between HLA-A9, HLA-B17AW33 and 
long survival [17, 7, 34].

In our studies the data of 37 long 
surviving children and 13 short term 
survivors were analysed. We found no 
association between survival and any 
of the HLA haplotypes. In the last two 
years typing is also possible for the D 
locus of the HLA complex. So far only 
one incomplete examination [6] has 
been published on the DR distribution 
of leukaemic patients. We found a 
strong correlation between DR 5 anti
gen and the long continuous remission 
of children with ALL. As compared to 
the 20.2% DR 5 frequency among the 
controls, long-term survivors showed 
a 40.5% positivity for this antigen. 
The finding seems to indicate an im
portant prognostic value of DR typ
ing. Further, it may have important 
implications in the search for the 
aetiology of the disease.

Therapeutic results in leukaemia 
as in other potentially fatal dis

eases — can best be assessed through 
life-table (survival) analysis. A con
siderable number of patients are lost 
early and about 35 — 40% relapse in

the first 3 years of therapy. Therapy is 
discontinued after 3 years, and during 
the following year there is again an 
increased number of relapses and 
deaths. Figure 1 shows the survival 
curves of patients diagnosed in dif
ferent years. There are very few long 
term survivors in the group diagnosed 
in 1971. Two years later (1973) results 
were much improved and it is hoped 
that patients on current therapy will 
achieve even better results. It can ob
served on the curves that after 3 — 4 
years, survival curves form a plateau 
which means that after a time very 
few relapses occur. The number of 
patients surviving for 4 years or more 
is 50 at present. The current treatment 
protocols are shown in Figs 2a and b.

The increasing potential for cure 
made it mandatory to study the late 
effects of therapy. We investigated 
the hormonal, cytogenetic and psy
chological late effects of preventive 
CNS irradiation. Some authors claim
ed diminished growth hormone sec
retion following skull irradiation [8, 
10, 33], while others failed to con
firm these findings [21, 19]. In our 
own series, normal levels of growth, 
thyreotrop and adrenocorticotrop 
hormones were demonstrated. Ac
cordingly, we found no growth 
retardation among 40 leukaemic 
children during a minimum of 3 years 
following the start of chemotherapy 
[30А].

Intelligence testing revealed a slight 
impairment in performance among the 
children who were less than 6 years 
old at the time of diagnosis [29]. These 
findings are in accordance with those
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Acute Lymphoblastic Leukaemia - Treatment Protocol 1980 

Induction Consolidation , Maintenance
Pulse

th. every 2 mo.

MIX 12 mg/m1 2 n

VCR ’5^ /m 2|  1 I 1

DR 20 mg/m2 I I I I 
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I I Я  -------

l \ \
Irrad.
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\ I
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of Eiser and Lansdown [ 11 A]. Detailed 
psychological testing showed that 
practically all the leukaemic children 
had some type of emotional disturb
ance. Regular psychotherapy and 
play activity greatly reduced the in
cidence and intensity of these prob

lems (Table V). Creative activity 
proved by far the most effective of the 
measures in reducing emotional dis
turbances. We think it imperative to 
offer psychotherapy to parents too; 
it can be either individual, or group 
therapy. Because of the considerable
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T a b le  V

T he effect of psychological care in  per cent of to ta l num ber of patients as ind icated  by the
W orld te s t

L
eu

ka
em

ia

Patient groups Number of 
cases Anxiety Disturbed

self-image
Slowing of 
motorium

Fear of 
death Isolation

No psychological care 25 100 64 64 92 92

Psychological care 23 30 17 30 17 17

Control 24 21 0 8 0 21

strain on the staff in the oncology 
wards, doctors and nurses should also 
take part in psychotherapy sessions.

Of the late effects more and more 
recognition is given to secondary mal
ignant tumours. These, according to 
the literature, occur in 5 —10% of the 
successfully treated first tumours. 
So far we observed only 1 such patient; 
his first malignancy was however a 
solid tumour. He developed acute 
myeloid leukaemia 4 years after the 
removal and chemo-radiotherapy of 
his brain ependinoma.

Because of the 3-year cytotoxic 
therapy with all its possible mutagenic 
effects, cytogenetic studies are of great 
interest in the follow-up of leukaemic 
patients, considered to be cured of 
their disease. We studied 27 of our 
patients, who having completed 3 
years on chemotherapy were off treat
ment and relapse-free at the time of 
the investigation. Both conventional 
and ASG banding techniques were 
employed in these studies. The fre
quency of aberrations (deletions and 
acentric fragments) was the same as 
in the controls. Sister chromatid ex
change (SCE) is generally considered

to be the most sensitive method for 
the demonstration of chromosomal 
mutations. Previously there have been 
very few long surviving leukaemic 
children investigated with this ap
proach [23]. In a recent work with 
Szollár, we studied 27 children in long 
continuous remission and found no 
increase in the frequency of SCE-s. 
Through BrdU incubation one can get 
a good assessment of the probable 
cell cycle time of cell populations, as 
cells in the 2nd, 3rd or 4th cycle show 
considerable differences in BrdU up
take. With this approach we studied 
for the first time this problem in long 
surviving leukaemic children, and 
found significantly less cells in the 2nd 
cycle and more in the 3rd cycle after 
72 hours BrdU incubation in the pa
tients than in the controls. [30В]. 
This points to a shorter cell cycle in 
the patients than the control value. 
So far nothing abnormal or unusual 
has been reported in the remission 
lymphocytes of leukaemic patients, 
already off all chemotherapy and con
sidered to be cured. It is still an open 
question whether the presence of cell 
populations with a shorter cycle time
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is the consequence of the long-term 
cytostatic treatment, or whether it 
existed before the diagnosis was made. 
If the former is true we could suppose 
a selective advantage for the cells 
with a shorter cycle, during chemo
therapy. If, however, the later possi
bility is found to be true it could per
haps mean a predisposition to leukae
mia with short cycle cells. Studies are 
being done to elucidate this problem.
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