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LATE SEQUELAE IN CHILDREN TREATED FOR BRAIN TUMORS 

AND LUEKEMIA 

BERTA JEREB, ROMAN KORENJAK, CIRIL KRZISNIK, GABRIJELA PETRICI-GRABNAR, 
LORNA ZADRAVEC-ZALETEL, J O ~ I C A  A N ~ I C ,  JANEZ STARE 

Forty-two survivors treated at an age of 2-16 years for brain tumors or leukemia were, 4-21 years 
after treatment, subjected to an extensive follow-up investigation, including physical examination and 
interview; 35 of them also had endocrinological and 33 psychological evaluation. Hormonal deficiencies 
were found in about two-thirds of patients and were most common in those treated for brain tumors. 
The great majority had verbal intelligence quotient (VIQ) within normal range. Also, the performance 
intelligence quotients (PIQ) were normal in most patients. However, the results suggested that the 
primary intellectual capacity in children treated for cancer was not being fully utilized, their PIQ being 
on the average higher than their VIQ; this tendency was especially pronounced in the leukemia patients. 

Leukemias and brain tumors represent about 50%) of 
childhood malignancies ( 1 ) .  With successful treatment the 
number of survivors is increasing (1 -4), but the prolonged 
survival has been associated with long-term sequelae ( 5) .  
Radiation therapy of the brain has been observed as one of 
the most common causes of late side effects. To  which degree 
the severity of the brain damage is related to the radiation 
dose, to the concomitant chemotherapy or to the age of the 
patient (6- lo), is uncertain. Some data indicate the influence 
of other factors that might be of importance ( 1  1 - 16). 

We have studied late effects in 3 groups of patients who 
received irradiation of the brain. Group 1 consisted of 
leukaemias, group 2 of the brain tumors astrocytoma, germ 
cell tumor, and ependymoblastoma, and group 3 of medul- 
loblastomas (which had received irradiation of the whole 
central nervous axis). The main aim of this study was to 
evaluate the psychosocial consequences of treatment. How- 
ever, somatic changes and endocrinological deficiencies had 
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to  be asessed as well, in order to appreciate their possible 
influence on the emotional and mental state of the patients. 

Material and Methods 

From 1971 through 1988, 878 patients with either 
leukemia o r  brain tumor, from 2 months to 16 years old, 
were admitted to  the Oncological Institute for treatment. At 
the start of the study, 240 were more than 15 years old and 
had been observed for at least 4 years after treatment. These 
patients were invited for interview and evaluation, and 202 
of them accepted the invitation. So far 42 patients treated 
for leukemia or brain tumor have been interviewed system- 
atically according to  the questionnaire, 35 have been en- 
docrinologically evaluated and 33 have also undergone 
psychological testing. The 22 males and 20 females were 
between 2- 16 (mean 8) years old at diagnosis, and between 
15 and 26 (mean 18) years old at the time of evaluation. 
They had been followed from 4 to 21 years after treatment 
(median 1 1 years). There were 13 females and 6 males in the 
leukemia group, 4 females and 11 males in the ‘astrocy- 
toma’ group, and 3 females and 5 males in the medulloblas- 
toma group. (Table 1). 

All patients in the 3 groups had received irradiation of the 
brain; 19 patients, treated for leukemia, had received whole 
brain radiation (24 Gy), as well as systemic chemotherapy 
( vincristine, prednisone, asparaginase, cyclophosphamide 
and intrathecal methotrexate). All had been hospitalized 
several times during treatment (5-10 times). 
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Table 1 

Age nt diagnosis. Number of patients (rnalesuemales) 
~~ 

Diagnosis < 5 y r s  5-IOyrs >lOyrs  Total 

Leukemia 10 (2/8) 6 (3/3) 3 (1/2) 19 (6/13) 
Astrocytoma, etc. 3 (2/1) 5 (4/1) 7 (5 /2)  15 (11/4) 
Medulloblaston~a 1 (1/0) 6 (3/3) 1 ( l / O )  8 (5/3) 

Total 14 (5/9) 17 (lO/7) 11 (7/4) 42 (22/2O) 

Fifteen patients with either astrocytoma (n  = 12), 
ependymoblastoma (n = 1) or germ cell tumor (n = 2) had 
been operated, (total removal in 4, subtotal removal in 1 1 )  
and had radiation therapy to the tumor bed (30-55 Gy). 
They had been hospitalized once or twice for treatment. Of 
the 8 patients with medulloblastoma, 4 had been operated 
with total removal of the tumor and 4 with subtotal 
removal. All had got radiation therapy to the whole cen- 
tral nervous axis (36Gy) with a boost to the posterior 
fossa bringing the total dose up to 55 Gy. During treat- 
ment they were hospitalized once or twice. 

At the interview, the following aspects were investigated; 
awareness and experience of past treatment, experience of 
fear at the time of treatment, present way of life, including 
schooling, relationships within family, marital status, so- 
cial life, adjustment to environment, education, profession, 
jobs, religion, use of free time, and plans for the future. 

All patients underwent general physical examination. 
Height, weight and clinical abnormalities were recorded as 
were Tanner stages of pubic hair, genital development, and 
onset and course of puberty. 

Endocrine assessment. Thyroid status was assessed by 
measurement of the serum concentration of T4, T3 (RIA 
method, SPAC, Mallincrot) and TSH (DELFIA.LKB) in 
basal state and 30 min after stimulation with 100 pg TRH. 
At the same time basal and stimulated levels of prolactin 
(DELFIA-LKB) were analyzed. Stimulation test for evalu- 
ation of growth hormone (RIA-GH, Pharmacia) consisted 
of L-DOPA (250mg orally when body weight was 
< 30 kg, 500 mg when > 30 kg) and propranolol (0.75 mg 
per kg up to a maximal dose of 40 mg). GH was measured 
60 and 90min after the onset of sleep. Growth hormone 
deficiency was defined as GH level < 10 pg/l after stimula- 
tion. In some patients only Somatomedin-C values were 
determined by the IRMA-IGF-I, DSL method. Testos- 
terone (RIA, IMUNOTECH), and estradiol (DELFIA- 
LKB) levels were measured in the basal state. 
Concentrations of LH and FSH (DELFIA-LKB) were 
determined before, and 10, 20, 30, 60 min after i.v. admin- 
istration of 100 pg GnRH. 

Psychological evaluation. The clinical psychologist per- 
formed the evaluation without detailed information about 
the patient, not to be influenced by the clinical data. The 
psychosocial testing included the Bender visual Motor 
Gestalt Test, the Wechsler Bellevue Intelligence Test and 

the Rorschach Personality Test. With these tests we tried 
to elucidate the presence and extent of possible psycho- 
organic sequelae of the cancer treatment. Rorschach Per- 
sonality Test was meant to show possible emotional devia- 
tions attributable to the experience of having undergone 
diagnosis and treatment of a malignant disease. Psycho- 
organic changes could emerge as a consequence of 
anatomical changes due to the disease and/or the treat- 
ment. These are defined as a general psycho-organic syn- 
drome, expressed through different kinds of cerebral 
dysfunction, mainly of visual-motoric co-ordination, of 
memory function, of concentration, of attention and flexi- 
bility of thinking, and of instability of emotions. These 
changes were also tested by the Rorschach test establishing 
the emotional mode and its changes, the sociability and the 
whole spectrum of the patient’s sphere of interest. We have 
assessed the presence of different signs and, on the basis of 
general psychological criteria, the level of psycho-organic 
damage and emotional disturbance. With the Wechsler- 
Bellevue intelligence test we tried to evaluate mental deteri- 
oration. This means the decline of mental ability in excess 
of the decline which is a consequence of age f.i. It is a 
pathological event conditioned by organic brain damage. 

Results 

To the first interview all except 2 patients appeared, 
accompanied by their mother or by both parents, (2  came 
with their partners). Those who appeared with their parents 
rarely answered the first question by themselves, but did so 
after encouragement. The general impression of shyness 
remained throughout the interview. They were willing to 
undergo the testing, which was, however, often delayed in 
order not to collide with schooling or work. The majority 
remembered treatment as unpleasant. Eight patients had 
been too young at the time of treatment to remember. The 
most unpleasant experience remembered was the intrathecal 
treatment and next came the intravenous chemotherapy, 
but not radiation therapy. Hospitalization had been experi- 
enced as very depressing in the beginning but in the 
majority of patients this impression had changed and after 
some time they had found the hospital personal nice and a 
few had even been unhappy to leave the hospital. The 4 
patients who described the treatment as pleasant found it 
interesting with many new friends and a different environ- 
ment (Table 2). Fourteen patients stated to have experi- 
enced fear, mainly from injections and pain. 

Sixteen patients said that they were informed about the 
nature of their disease during treatment. Only in a few 
cases this information derived from their mothers, others 
received it from the nurses or, rarely, from doctors. Fifteen 
patients read about it when they were older. Eleven pa- 
tients received the information about their past condition 
at the time of the present evaluation only, when they were 
also told why the evaluation was desirable. 



LATE SEQUELAE IN CHILDREN TREATED FOR BRAIN TUMORS AND LEUKEMIA 

Table 2 
Reminiscence of trwtment and obirious trrutment sequelae. Number of patients 

Leukemia Astrocytoma, etc. Medulloblastoma Total 

Reminiscence of 
treatment 

Does not remember 
Pleasant 
Unpleasant 
Very unpleasant 

Obvious sequelae 
None 
Slight 
Moderate 
Severe 
Secondary tumor 

3 
2 
6 
S 

13 
3 
1 
0 
2 

Total number 19 15 

Table 3 
Short Stature. Number of’pntients 

Leukemia Astrocytoma. etc. Medulloblastoma Total 

No I I  9 4 24 
Yes 3 4 3* 10 

Total 14 13 I* 34 

* = o n e  dwarf 

Severe somatic sequelae were observed in 3 patients 
treated for brain tumor: blindness in one, severe adiposity 
(thalamic syndrome) in a second patient and pituitary 
dwarfism in the third. Three patients developed secondary 
tumors. One girl had osteogenic sarcoma of the mandiblc 
diagnosed 7 years after treatment for leukemia and an- 
other girl had a non-Hodgkin’s lymphoma diagnosed 5 
years years after treatment for leukemia. They are both 
alive and well 8 and 15 years from treatment for their 
secondary tumors. One patient with astrocytoma died 
from glioblastoma diagnosed 20 years aftcr treatment for 
his first tumor. Patients with light or  moderate changes in 

0 8 
I 4 
4 18 
3 12 

I 19 
4 13 
2 4 
1 3 
0 3 

8 42 

physical appearence had microcephaly or 
stature (below 3th percentiles from the 
(Table 3). 

161 

were short of 
normal range) 

Of the 35 endocrinologically evaluated patients 24 had 
hormonal deficiencies. This was observed more often in 
patients with brain tumors than in those with leukemia. 
Hypogonadismus and impaired growth hormone secretion 
were the only pathological findings in 8 patients ( 4  of each 
deficiency) out of the 14 treated for leukemia. None of the 
evaluated patients had diabctes insipidus or adrenal gland 
deficiency (Table 4). 

The great majority of patients in all 3 groups had verbal 
intelligence quotient (VIQ) values within normal range 
and there were no obvious differences between the 3 
groups. (Table 5 ) .  The performance intelligence quot- 
ient (PIQ)  values in the leukemia group. however, was 
for all 14 patients within normal or above normal 
range. In this repsect there seemed to be a difference 
between the leukemia group and the brain tumor group 
(Table 5 ) .  Emotional disorder and psychoorganic syn- 
drom were rather evenly distributed between the 3 groups 
(Table 6). 

Leukemia Astrocytoma, etc. Medulloblastoma Total 

None 6 
Hypothyreosis 0 
Hypogonadism 4 
GH deficit 4 
Hypothyreosis + hypogonadism 0 
Hypothyreosis + GH deficit 0 
Hypogonadism + GH deficit 0 
Hypothyreosis + hypogonadism + 0 
GH deficit 

Total number with deficiency 8 
Total number of patients 14 

2 
0 
0 
3 
1 
I 
3 
3 

1 1  
13 

~ 

3 
0 
2 
I 
0 
I 
0 
1 

5 
8 

~ 

1 1  
0 
6 
8 
1 

3 
4 

7 - 

24 
35 
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Table 5 
Verbal and performance IQ. Number of patients 

Leukemia Astrocytoma, etc. Medulloblastoma Total 

Verbal IQ 
< 80 3 3 2 8 
80-100 10 8 4 22 
> 100 1 1 1 3 

< 80 0 3 3 6 
80- 100 10 8 2 20 
> 100 4 1 2 7 

Total number of 14 12 7 33 
patients 

Performance IQ 

Table 6 
Emotional disorders and psycho-oraganie syndrome. Number of patients 

Leukemia Astrocytoma, etc. Medulloblastoma Total 

Emotional disorders 
None I 
Slight 8 
Significant 5 
Very significant 0 

Psycho-organic 
syndrome 

None 5 
Slight 4 
Significant 2 
Very significant 3 
Epilepsy 0 

Totdl number 14 12 

All patients were attending, or  had been graduated 
from, some school, 3 had auxiliary schooling, and 2 from 
the astrocytoma group were university graduates. Patients 
with brain tumors seemed to perform worse professionally. 
All 5 patients not a t  work ( 3  on disability pension) had 
brain tumors. 

Over one half of the patients regarded their social life as 
rewarding (Table 7 ) .  Thirty-five (83%) of the 42 patients 
declared themselves religious, and 28 (75%) of these actively 
so. In our general population these percentages are 7O0/o and 
10%) respectively. Eleven patients were parents and had a 
total of 14 children; 9 of these children derived from 
leukemia parents. No parent had more than 2 children. 

Table 7 
Social life. Number of patient5 

Leukemia Astrocytoma etc. Medulloblastoma Total 
~~ ~ ~ 

None 0 1 1 
Poor 8 7 3 
Rich I 1  7 4 

Total 19 15 8 

2 
18 
22 

42 

5 
17 
10 

1 

7 
4 

11 
9 
2 

7 33 

Discussion 

Even if the number of our patients is low, some trends 
can be discerned on the basis of our study. Three patients 
treated for leukemia had VIQ below 80 but substantially 
higher PIQ, putting them within the range for normal 
intelligence. Since PIQ reflects mainly inborn intellectual 
capacity, the patients’ functional setbacks may be more 
likely due to emotional disturbances. A similar tendency 
was seen in patients with PIQ above 110: only one of these 
scored similarly high VlQ, giving support to our hypothesis 
that in patients treated for leukemia, emotional disturbance 
affects cognitive function negatively by denying the patient 
the full use of his (her) inborn intellectual capacity. 

There were more brain tumor than leukemia patients 
with VIQ below 80 and they also scored lower on PTQ. 
This may be due to  brain damage caused by tumor and 
surgery ( 18). Evidence of psycho-organic syndrome could 
support this. The syndrome was more severe in patients 
treated for brain tumors than in those treated for 
leukemia. It was evaluated in terms of poor visual-motoric 
coordination, disturbance of thinking, low attention and 
concentration, defective memory and rigidity of thinking. 
The psycho-organic syndrome was frequent also in pa- 
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tients with leukemia, but tended to be less severe. We 
suppose that the syndrome was mainly the consequence of 
surgery and radiation treatment, probably in association 
with chemotherapy (19). The degree of mental deteriora- 
tion was generally lower ( 16-25%,) in patients treated for 
leukemia than in patients with brain tumors (26-35%,), 
which could be in agreement with the supposed etiology. 
The suspicion that younger children may be more suscepti- 
ble to brain damage due to  radiation and/or chemotherapy 
could not be confirmed in our study (19-21). 

Emotional disturbance was evaluated mainly in terms of 
emotional instability, personal immaturity, poor control of 
emotional reactions, inner insecurity, proneness to despon- 
dency, need for human relations and consequent difficulty 
in communication. The Rorschach test showed emotional 
disturbance to some degree in almost all our patients, 
equally distributed among the groups. This high incidence 
could be expected from the frequency of the psycho- 
organic syndrome, which was often accompanied by emo- 
tional disturbance. The high incidence of emotional distur- 
bance in children with leukemia may be explained by their 
frequent hospitalization before the age of 5 years, experi- 
encing this trauma during the most decisive phases of their 
development. During this time the structured personality 
emerges with far reaching consequences for the future life 
pattern (22-24). 

The role of chemotherapy has been mentioned in con- 
nection with organic changes. It is likely that chemother- 
apy affects emotions even more by influencing the 
development of the personality during the treatment (24- 
26) with consequences later on. 

A third, but not the least important, factor in the 
development of emotional disturbance seems to be fre- 
quent and repeated hospitalizations of the leukemia pa- 
tients with concomittant variations in their state of health, 
surely contributing to emotional insecurity and anxiety. 
Clearly, emotional disturbance in a small child develops in 
an interplay with his (her) parents, other family members 
as well as the medical personel. 

An additional burden, not investigated here, is the social 
prejudice which some of them meet. An example of this is 
a female patient in our group, who had abdominal irradia- 
tion for her secondary tumor, followed by infertility, and 
who, as a grown-up married woman, was denied adoption 
on the grounds of her being a cancer patient. 
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