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Att present the combined use of surgery, radiotherapy and chemotherapy results in 
curee rates of childhood cancer up to 70%. In the Netherlands it is estimated that 1 in 
everyy 750-800 adolescents will be a cured cancer patient. With the survival of children 
intoo early adulthood late manifestations of chronic organ injury due to cancer treatment 
mayy become manifest. Hence, we are not only concerned with the development of effective 
therapyy for cancer, but also increasingly with the long-term quality of the patients lives. 

Inn Chapter 1, a short historical perspective of the management of childhood cancer is 
given.. Subsequently, the outpatient clinic of the Emma Kinder Ziekenhuis/Academie 
Medicall  Center (EKZ/AMC) for the assessment of late effects of childhood cancer is 
described.. This outpatient clinic for late effects (Polikliniek Late Effecten Kindertumoren; 
PLEK)) was set up with two major goals: patient care and research, with the aim of 
improvingg survival and quality of life of survivors of childhood cancer. Standardized 
follow-upp protocols and individualized screening recommendations have been developed. 
Inn this thesis, the study of late effects of radiation and chemotherapy in survivors of 
childhoodd cancer of the PLEK cohort are described. Survivors were older than 18 years 
andd were more than five years after treatment. 

Inn Chapter 2, a review of the recent literature is given on the most important late 
effectss of cancer treatment due to radiation and chemotherapy in long-term survivors of 
childhoodd cancer. Late effects of childhood cancer treatment due to chemo- and/ or 
radiationn therapy will surface when the damaged developing organs and tissues can not 
meett functional demands in combination with the deterioration of organs in later life. 
Latee effects can be categorized as chronic organ damage, second malignant neoplasms, 
neuropsychologicall  and coping disabilities. 

Tumourss of the central nervous system (CNS) are the second most frequent malignancy 
inn childhood, with survival rates of 40-70%. Most survivors of these tumours encounter 
seriouss late sequelae later in life that are the result of the treatment regimen. In Chapter 3, 
wee investigated whether clinical parameters are useful prognostic factors in survivors 
treatedd for medulloblastoma/primary neuroectodermal tumour (PNET). Prognostic factors 
mightt be useful in order to assign patients to different treatment schedules with the aim 
off  diminishing late effects. One hundred and five children were retrospectively studied. 
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Extentt of resection, necessity for cerebrospinal fluid shunting, the presence of meningitis 
carcinomatosaa and radiation dose to the fossa posterior had a significant influence on 
progressionn free survival as assessed by univariate analysis. Upon multivariate analysis 
onlyy the last two variables were significant. At present no reliable clinical prognostic 
markerr is available for the majority of patients. Future molecular studies may identify 
suchh factors. 

Thee occurrence of neuroendocrine deficiencies following craniospinal irradiation for 
brainn cancer is well known, but data concerning the spectrum and prevalence of endocrine 
abnormalitiess in adulthood are scarce. In Chapter 4, we studied (neuro)endocrine function 
inn 20 adult subjects with a median of 16 years after therapy. The radiation dose to the 
entiree cranium and spinal axis had been 6 Gray d deviation) with a 
boostt to the posterior fossa of 7 Gray. Thirteen subjects had received additional 
chemotherapy.. In 15 out of 20 subjects (75%) endocrine abnormalities were observed. 
Inn 14 (70%) growth-hormone (GH) secretion was impaired. By contrast, only 20% (4) of 
thesee subjects showed impairment of the hypothalamus-pituitary-thyroid (HPT) axis, 
whilee 15% (3) showed central impairment of hypothalamus-pituitary-gonadal (HPG) 
function.. Central impairment of the HPG or HPT axis was associated with impaired GH 
secretionn in all cases. Central adrenal insufflency was not observed. Basal levels of 
prolactinn were normal in all subjects. A young age at the time of treatment was a 
determinantt of GH deficiency in adulthood. Neither post-treatment interval, nor the use 
off  chemotherapy were determinants of central endocrine impairment in adulthood. 

Wee postulated that irradiation of the hypothalamic-pituitary region may induce not only 
endocrinee failure but also disturbances in sleep and circadian rythms for which the 
hypothalamuss is of crucial importance. This might explain why tiredness, lassitude and 
sleepp disturbances are common complaints after treatment for braincancer. Therefore, we 
conductedd a controlled study of circadian rhythms in survivors of intracranial malignancies 
inn comparison with healthy volunteers. The results are described in Chapter 5. We studied 
bothh subjective (questionnaires) and objective (actigraphy) measures of circadian rhythmicity 
andd sleep in 25 adult subjects 8 to 29 years after craniospinal irradiation for intracranial 
tumourss 1 Gray). The same variables were measured in 27 healthy controls matched 
forr age. In the subjects treated with irradiation growth hormone status was previously 
determined;; serum concentrations of leptin, corrected for body fat mass and prolactin, 
weree also assessed. With actigraphy a strongly increased sleep duration (p=0.0001) and 
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sleep-wakee rhythm (p=0.003) with a higher amplitude and less fragmentation was found in 
irradiatedd subjects. Growth hormone deficiency was associated with an increased sleep-
wakee rhythm amplitude. Difficulties overcoming drowsiness were associated with growth 
hormonee deficiency, increased leptin/body fat mass and increased prolactin. In conclusion, 
afterr high-dose cranial radiation therapy in childhood subjective and objective change in 
sleep-wakee rhythm are observed. Neuroendocrine changes are associated with some 
subjectivee and objective sleep-wake rhythm measures. 

Itt is well known that in adult-onset hypopituitarism risk of cardiovascular morbidity 
andd mortality is increased. We expected that survivors of childhood brain cancer would 
bee at increased risk for cardiovascular disease (CVD) later in life. The aim of the study, 
decribedd in Chapter 6, was to investigate cardiovascular risk factors such as lipids, 
bodyy composition, blood pressure and arterial wall properties, as indices for subsequent 
CVDD in long-term survivors of childhood brain cancer. We also tested whether such 
disturbancess are related to endocrine status. The study was performed in 26 survivors of 
childhoodd brain cancer (mean 16 years after treatment) and 29 healthy controls. In the 
studyy population, systolic blood pressure was significantly elevated, as were total 
cholesterol/HDLL ratio, LDL cholesterol and apolipoprotein-B. Body mass index (BMI) 
didd not differ between the groups, while the waist/hip (W/H) ratio was increased in the 
studyy group. Intima-Media Thickness (IMT) was increased in the study group, in the 
caroticc bulb, but not for the internal and common carotic artery. In the survivors with an 
absolutee GH deficient population (n=9), GH respons to insulin-induced hypoglaecemia 
<6.7)) LDL cholesterol and apolipoprotein-B were significantly elevated and the W/H 
ratioratio was particularly increased. In conclusion, we found that in survivors of childhood 
brainn cancer risk for cardiovascular disease is strongly increased, particularly in those 
withh growth hormone deficiency. The first effects of this increased risk for CVD were 
observedd in the carotic bulb as assessed by IMT measurements. 

Gonadall  damage in adult patients after chemotherapy for Hodgkin's disease is well 
documented,, but data from patients treated before adulthood are scarce. Therefore, we 
havee studied gonadal function in long-term survivors of Hodgkin's disease who had 
beenn treated before or during puberty with MOPP chemotherapy with or without radiation 
therapy.. In Chapter 7, we report the data of gonadal and hormonal function in 19 male 
long-termm survivors of Hodgkin's disease treated with MOPP chemotherapy, at a median 
off  10 yrs after treatment. The studies were repeated in the majority of the patients at later 
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follow-upp (13-20 yrs). Semen analysis revealed azoospermia in 12 and oligospermia in 
66 patients; no recovery of spermatogenesis was seen at follow-up. Testicular size was 
smalll  in all but one patients. FSH levels were elevated and increased over time indicating 
germm cell damage. Leydig cell failure was found in 7 patients. No differences in outcome 
weree observed between patients treated before or during puberty. We concluded that 
gonadall  function of long-term survivors of paediatric Hodgkin 's disease treated with 
MOPPP chemotherapy is severely and permanently impaired. 

Inn Chapter 8, future directions are indicated based on the aspects of patient care and 
research.. For patient care we consider as most important; for each survivor of childhood 
cancerr a record of cumulative drug and radiation exposure should be compiled, survivors 
shouldd be educated regarding their risk of late effects and an individual surveillance 
plann should be developed for specific points to be checked in the future. In the follow-up 
clinicc practice a multidisciplinary approach will be required. Important aspects of research 
are:: the development of standardized and individualized follow-up programmes, 
incorporationn of long-term follow-up in multicenter research treatment protocols, research 
thatt evaluates the values and components of follow-up programmes. 

Endocrinopathies,, as shown in this thesis, are frequently encountered at the follow-up 
clinic.. Treatment for acute leukaemia, brain tumours and lymphoma's, which account 
forr approximately 60% of the population, is associated with the development of 
endocrinopathiess which subsequently can alter the risk profile for cardiovascular diseases. 
Withh the notion that therapeutic intervention such as hormone substitution therapy, diet 
andd lipid-lowering medication can contribute to the prevention of cardiovascular disease, 
wee advocate long-term prospective, follow-up studies on cardiovascular risk factors in 
survivorss of chilhood cancer. 
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