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Introduction Introduction 

Managementt  of childhood cancer 

HistoricalHistorical perspective 
Inn the 1940s and early 1950s, a clinician faced with the challenge of treating a child 

withh cancer had few therapeutic options. Attempts with the surgical excision of childhood 
tumourss produced two-year survival rates of 20%.' 

Inn the 1950s radiation therapy became the first modality that could be added to surgery 
inn the management of cancer. 

Inn the 1960- 1970s chemotherapy proved its value in the management of treatment of 
cancerr in children. Since then the use of multimodality treatment, including surgery, 
radio-- and chemotherapy, improved survival rates dramatically. 

Att present the combined use of surgery, radiotherapy and chemotherapy results in cure 
ratess of childhood cancer up to 70%.2 Significant numbers of children with acute lymphocytic 
leukaemia,, Wilms' tumour, Hodgkin's disease and non-Hodgkin's lymphoma, soft tissue 
andd bone tumours can be expected to be cured of their childhood cancers. There has, 
however,, been disappointingly littl e improvement in survival from brain tumours or 
advancedd stages of neuroblastoma. 

Throughoutt the years treatments in childhood cancer have intensified, with the aim of 
improvingg cure rates and long-term survival with the support of bone marrow transplantation. 
Despitee more intensified treatment schedules, overall survival rates have not improved in 
recentt years.3 4 

Comparedd with the prevalence in adults, cancer in children is rare, less then 6% of the 
wholee cancer population. Therefore the majority of children are referred for treatment to 
specializedd paedriatric cancer centers. During the last three decades the system of 
childhoodd cancer care evolved, and most children are treated according to international 
multi-centree protocols. The high degree of participation in clinical trials has provided 
invaluablee information for empirically improving therapy and cancer research. In the 
lastt decade improvement in outcome came largely from trial-and-error adjustments in 
dosagee and schedules of chemotherapy in subsequent trials. Advanced radiation techniques, 
andd the use of accelerated regimes of radiotherapy were introduced.5 In addition, better 
supportivee care, such as the use of growth factors and control of infectious diseases 
contributedd to improved survival rates.6 In this respect it is instructive that Simone et alV 
reportedd that cure rates for childhood acute lymphoblastic leukaemia increased from 
40%% in the early 1970s to approximately 70% in the mid-1990s without a single new 
frontlinee therapeutic agent.8 

11 1 



ChapterChapter 1 

LateLate effects of cancer treatment 
Thesee promising improvements have raised expectations that the general health status 

andd quality of life of survivors of childhood cancer would not appreciably differ from 
thee general population. However as time passed and more and more patients are followed, 
latee complications have been revealed. Hence, we have become not only concerned with 
thee development of effective therapy for cancer, but also with the late effects of the given 
therapyy on the long-term quality of life of the patients. As the sequelae of cancer treatment 
becamee more and more recognized, study programs to monitor the long-term effects 
havee been developed. In the USA, the Late Effects Study Group (LESG) was one of the 
firstt to study these late effects. The LESG was organized to study systematically the 
long-termm disabilities of cured patients, to follow them over time, and to observe the 
naturall  history of untoward sequelae.9 Several hospitals throughout the world participated 
inn the LESG. In Europe late effects of childhood cancer treatment are not systematically 
studiedd in international multicentre follow-up protocols, although in several European 
countriess follow-up protocols are devised for use in their institution. 

Latee effects can be categorized as chronic organ damage, second malignant neoplasms 
andd neuropsychological and coping disabilities. These adverse outcomes can be attributed 
too treatment with chemotherapeutic agents, the use of radiation therapy or surgery. The 
riskk of a particularly late effect depends not only on the treatment administered, but also 
onn various patient characteristics, such as age and gender. Complications of radio- and 
chemotherapyy can be seen either early, at an intermediate time, or after a longer period 
off  time after treatment. 

Thee term early effects of treatment refers to symptoms that appear within days or 
weekss after completion of therapy. These reactions are very rapid but often heal 
completely,, e.g., oropharyngeal mucositis, myelosuppression, and gastrointestinal 
discomfort.. Toxicity is managed by adjusting the dose of given chemotherapeutic agents 
orr by supportive care measures. 

IntermediateIntermediate effects of treatment occur with or without prior early side effects. 
Exampless are radiation- or chemotherapy-induced pneumonitis, asthenia and enteritis. 
Thesee changes disappear with or without medical care interventions and revert to what 
seemss a normal state. 

LateLate effects are defined as functional impairments which become manifest months or 
yearss after treatment. Although early and intermediate injuries seem to resolve completely 
inn terms of absence of overt clinical signs or symptoms, subclinical damage may persist. 
Thee severity of injury to the organ or tissues determines the extent of residual damage 
and,, ultimately, clinical morbidity. Late sequelae wil l surface when the damaged 
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developingg organs and tissues cannot meet functional demands in combination with the 
deteriorationn of organs in later life. The onset of symptoms is often insidious and 
irreversible.1011 1 

ChildhoodChildhood cancer in the Netherlands 
Inn the Netherlands approximately 400 children (age 0-15 years) develop cancer 

annually.. Children up to 5 years form the largest group. Acute leukaemia, and tumours 
off  the central nervous system are the most common forms of cancer in children. The 
distributionn of childhood cancers in the Netherlands is shown in Table I. 

Tablee I Distribution by morphological type of cancer among children under the age of 15 in the 
yearss 1991-1995. 

typee of canter 

leukaemi a a 
brainn tumou r 
lymphom a a 
soft-tissu ee tumou r 
nephroblastom a a 
neuroblastom a a 
carcinom a a 
bonee tumou r 
gonada ll  tumou r 
retinoblastom a a 
hepatoblastom a a 
othe rr  neoplas m 

% % 

28.9 9 
19.8 8 
12.8 8 
9.0 0 
6.6 6 
5.0 0 
5.0 0 
3.8 8 
3.8 8 
3.6 6 
1.2 2 
0.4 4 

D a t aa f r o m th e Ne the r l and s C a n c e r R e g i s t r y 

Inn the Netherlands, children are treated for their cancer in specialized paedriatric 
centres;; Emma Kinder Ziekenhuis/AMC and VU ziekenhuis both in Amsterdam, Beatrix 
Children'ss Hospital Groningen, the University hospital in Nijmegen and the Sophia 
Children'ss Hospital in Rotterdam. Most children participate in multicentre treatment 
protocols. . 

AssessmentAssessment of late effects of childhood cancer 
Althoughh childhood cancer is a relatively rare malignant disease, the good survival 

prospectss (long-term disease-free survival up to 70%) means that many children will 
survivee into early adulthood. Given the number of 400 children (up to 15 years) who 
developp cancer annually, and assuming that about 70% are cured, means that 
approximatelyy 1 out of 750-800 of the young adults in the Netherlands will be a survivor 

13 3 



ChapterChapter 1 

off  cancer. (16 years x 400 x 70% = 4.480 children under the age of 16 who will be a 
survivorr of childhood cancer, 200,000 infants born annually; means 1:714, death due to 
otherr causes is estimated 50 per year). 

Onn February 1st, 1996, the Emma Kinder Ziekenhuis/Academie Medical Center (EKZ/ 
AMC)) in the Netherlands started an outpatient clinic for the assessment of late effects of 
childhoodd cancer 

Thiss outpatient clinic for late effects (Polikliniek Late Effecten Kindertumoren; PLEK) 
wass set up with two major goals: patient care and research, with the aim of improving 
survivall  and quality of life of survivors. Standardized follow-up protocols and individualized 
screeningg recommendations have been developed. 

Att the PLEK a paedriatrician-oncologist, a medical oncologist and a psychologist 
assesss the patients' medical and psychological status. Standardized questionnaires are 
used,, especially designed for this purpose, which include a full medical history, general 
healthh questions and, when applicable, additional questionnaires regarding specific 
treatment-- related problems. All patients undergo a complete physical examination. 
Additionall  tests and all follow-up investigations are standardized into cancer treatment-
specificc protocols. Visits are scheduled once a year. 

Sincee 1966 the EKZ/AMC has maintained a hospital's tumour registry. This unique 
registryy (Werkgroep Kindertumouren; WKT) collects data on age at diagnosis, gender, 
primaryy diagnosis, primary treatment, effect of treatment, follow-up and mortality. So far, 
approximatelyy 2500 five-years survivors of childhood cancers have been registered between 
19666 and 1997. Of these patients treated at the EKZ/AMC data collection is updated for 
approximatelyy 2200 survivors; 900 children and 1300 adults (18 years or older). 

Patientss included so far are survivors of childhood cancer, older than 18 years and 
havingg finished their last treatment at least 5 years ago. They were selected from the 
hospital'ss tumour registry (WKT). 

Byy December 1998 we had evaluated nearly 497 survivors. The distribution of the 
PLEKK study population, by age and gender, is given in Table II . The diagnoses are listed 
inn Table III . The distribution of diagnoses of cancer of the PLEK study population do not 
agreee with the incidence figures presented by the Netherlands Cancer Registry probably 
becausee of selection bias due to the initiation of the PLEK outdoor clinic. 

Thee median follow-up of the cohort (in January 1999) will amount to nearly 16 years 
andd about 20% of patients will have more than 25 years of follow-up. The majority of 
thee visitors of the outpatient clinic are under the age of 30 years. Only 3 visitors were 
olderr than 40. 
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Tablee O. Distribution on the basis of the first 497 survivors of the PLEK study population by age and 
gender r 

Agee Number of survivor s (%) 

molee (%) femalee (%) 

18-20 0 
20-24 4 
25-29 9 
30-34 4 
35-39 9 
>40 0 

tota l l 

overal ll  tota l 

60 0 
106 6 
65 5 
25 5 
11 1 
1 1 

268 8 

497 7 

(12.1) ) 

(21-4) ) 

(13-1) ) 
(5.0) ) 
(2-2) ) 
(0.2) ) 

(54.0) ) 

(100) ) 

50 0 
83 3 
61 1 
26 6 
7 7 
2 2 

(10.0) ) 

(16.7) ) 
(12.3) ) 

(5.2) ) 
(14) ) 
(0.4) ) 

2299 (46.0) 

Tablee HI . Distribution by morphological type of cancer of the first 497 survivors of the PLEK study 
population. . 

Typee of cancer Numberr  of survivor s % % 

lymphom a a 
leukaemi a a 
nephroblastom a a 
brainn rumou r 
bonee rumou r 
soft-tissu ee tumou r 
neuroblastom a a 
gonada ll  tumou r 
carcinom a a 
hepatoblastom a a 
otherr  neoplasm s 

138 8 
105 5 
63 3 
51 1 
47 7 
41 1 
17 7 
14 4 
9 9 
6 6 
6 6 

27.8 8 
21.1 1 
12.7 7 

103 3 
9.4 4 
8.2 2 
3.4 4 
2.8 8 
1.8 8 
1.2 2 
1.2 2 

tota l l 497 7 

Aimm and outline of the thesis 

Thee aim of the present thesis was to study late effects of radiation and chemotherapy 
inn survivors of childhood cancer in the PLEK cohort. The sequelae of surgery will not be 
discussed,, as its functional, morphological or cosmetic aspects are mostly obvious 
immediatelyy after treatment. Although social and psychological consequences of cancer 
treatmentt in this population are frequently encountered, these will not be described in 
thiss thesis. 
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Inn this thesis, descriptive data of the PLEK cohort will be presented. The study 
populationn consisted of survivors of childhood cancer who were more than 5 years after 
treatmentt without recurrence of malignant disease and were older than 18 years at the 
timee of investigation. 

OutlineOutline of the thesis 

Inn Chapter  2, an overview of the recent literature is given on the most important late 
effectss of cancer treatment as a result of radiation and chemotherapy in long-term survivors 
off  childhood cancer. 

Inn the Chapters 3 to 6 studies are presented on survival, morbidity and aspects of 
qualityy of life of survivors of childhood brain tumours. Tumours of the central nervous 
systemm (CNS) are the second most frequent malignancy in childhood. Most survivors 
encounterr serious late sequelae later in life. 

Inn Chapter  3, we investigated whether clinical parameters are useful prognostic factors 
off  survivors treated for medulloblastoma/primary neuroectodermal tumour (PNET). 
Prognosticc factors could be of use in order to assign patients to different treatment 
scheduless to reduce late effects. 

Ass radiotherapy is an essential part of treatment for medulloblastoma, damage to the 
hypothalamic-pituitaryy region is expected. In Chapter  4, we describe late neuroendocrine 
sequelaee in survivors of medulloblastoma. 

Wee postulated that radiation therapy damage to the hypothalamic-pituitary axis may 
inducee not only (neuro)endocrine failure but also disturbances in the circadian rhythms 
thatt are generated by the hypothalamus. This may underly tiredness, lassitude and sleep 
disturbancess which are common complaints after treatment for brain cancer. Therefore, 
wee conducted a controlled study of circadian rhythms in survivors of intracranial 
malignanciess compared with healthy volunteers; the results are described in Chapter  5. 

Ass a result of neuroendocrine deficiencies in survivors of childhood brain cancer, 
changess in lipid metabolism and subsequent cardiovascular morbidity can be expected 
afterr a long follow-up period. In Chapter  6, we tested this hypothesis in a controlled 
studyy investigating risk factors of cardiovascular disease including lipid metabolism, 
bodyy composition and atherosclerosis by high-resolution ultrasonography of carotid 
arteriess in survivors of brain malignancies and in healthy controls. 

Infertilityy is frequently observed after treatment for M. Hodgkin. In Chapter  7, severity 
andd reversibility of gonadal damage was studied in male long-term survivors after 
treatmentt for paedriatric Hodgkin's disease. 

AA general discussion and summary of the thesis is presented in Chapter  8. 

16 6 



Introduction Introduction 

References s 

1.. Sposto R, Hammond GD. Survival in childhood cancer. Clinics in Oncol 1985;2;195-204. 
2.. Young JL. Ries LG. Silverberger E, Horm JW, Miller RW. Cancer incidence, survival 

andd mortality for children under 15 years of age. Cancer 1986;58:598-602. 
3.. Linet MS, Ries LA, Smith MA, Tarone RE, Devesa SS. Cancer surveillance series: 

Recentt trends in childhood cancer incidence and mortality in the United States. J Natl 
CancerCancer Inst 1999;12:1051-8. 

4.. Robertson CM, Hawkins MM, Kingston JE. Late deaths and survival after childhood 
cancer.. BMJ 1994;309:162-6. 

5.. Coleman CN, Mitchell JB. Clinical radiosensitization: why it does and does not work. 
JJ Clin Oncol 1999;17:1-3. 

6.. Lukens JN. Progress resulting from clinical trials. Solid tumors in childhood cancer. 
CancerCancer 1994;74:2710-8. 

7.. Simone JV, Lyons J. The evolution of cancer care for children and adults. J Clin Oncol 
1998;16:2904-5. . 

8.. Stiller CA, Draper GJ. The epidemiology of cancer in children. In: Voute PA, Kalifa C, 
Barrettt A. editors. Cancer in children. Oxford university press, Oxford, 1998:1-22. 

9.. Meadows AT, Kremas NL, Belasco JB. The medical cost of cure: sequelae in survivors 
off  childhood cancer. In Status of curability of childhood cancers, (eds van Eys J, Sullivan 
MP)) Raven press, New York. 1980:263-76. 

10.. Marina N. Long-term survivors of childhood cancer. Ped Clinics North America. 
1997;44:1021-42. . 

11.. Schwartz CL. Late effects of treatment in long-term survivors of cancer. Cancer Treatm 
RevRev 1995;21:355-66. 

12.. Visser O, Coebergh JWW, Schouten LJ van Dijck JAAM. Incidence of cancer in the 
Netherlandss 1995. Utrecht, Vereniging van Integrale kankercentra, 1998. 

17 7 





C h a p t err  2 

Latee effects of childhood 
cancerr  treatment 

J.. Heikens, HJ. vd Pal, R. Somers, H. Behrendt, F. Oldenburger, N.E. 
Langeveld,, PJ.M. Bakker 

Adaptedd from: Ned Tijdschr Geneesk 1998;142:2191-5 



Latee effects of childhood cancer treatment due to chemo- and/ or radiation 
therapyy will surface when the damaged developing organs and tissues can not 
meett functional demands in combination with the deterioration of organs in 
laterr life. 
Irradiationn can cause impaired growth of bone- and soft tissues. After cranial 
irradiationn hypothalamic-pituitary deficiencies and impaired cognitive 
functionn may result. Altered thyroid function after irradiation of the neck is 
frequentlyy observed. Thoracic irradiation may lead to restrictive pulmonary 
functionn and cardiovascular morbidity. Radiation therapy of the abdomen 
mayy result in infertility in women, impaired renal function and chronic 
enteritis. . 
Chemotherapyy induced damage is more organ specific. Well known cardiotoxic 
agentss are the anthracycline derivatives. Restrictive pulmonary function is found 
afterr treatment with bleomycin and nitrosourea derivatives. Several 
antineoplasticc agents are gonadotoxic in men. Nephrotoxic agents are cisplatin 
orr analogues and ifosfamide leading to impaired renal function and chronic 
losss of minerals. 
Withinn the first 20 years after the initial diagnosis the incidence of developing 
aa second malignant neoplasm appears to be in the order of 3% to 12%. 
Alkylatingg agents and the epiphodophyllotoxins are known to increase the 
riskrisk of developing a haematologic malignancy, whereas radiation therapy is 
moree associated with bone, soft-tissue, breast, thyroid, brain and gastro-
intestinall  malignancies. 
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LateLate effects of childhood cancer treatment 

Introductio n n 

Att present the combined use of surgery, radiotherapy and chemotherapy results in 
curee rates of childhood cancer up to 70%.' These cure rates may be at the expense of 
distressingg short- and long-term physical and psychological side effects and may adversely 
affectt the quality of life of these patients. 

Latee effects of cancer treatment are probably more pronounced in children than in 
adultss because development and growth of several organs may be impaired. This may be 
duee to the use of high doses of chemotherapy which are often given over a more prolonged 
periodd of time. In the case of irradiation the radiation portal often involves surrounding 
structures,, although limited, rather than extended, field irradiation is used in most cases, 
withh the specific purpose of diminishing any damage to the surrounding structures. 
Thee severity of the initial injury to the organ or tissues determines the extent of residual 
damagee and ultimate clinical morbidity. Late sequelae will surface when the damaged 
developingg organs and tissues can not meet functional demands in combination with the 
deteriorationn of organs in later life. These late effects are encountered months to years 
later.. The onset of symptoms is often insidious and irreversible.2 3 Hereafter an overview 
iss presented of the most significant late effects of cancer treatment due to radiation- and/ 
orr chemotherapy. In Table I and II these late sequelae are summarized. 

Pathophysiology y 

radiationradiation induced injury 

Vascularr injury is considered a fundamental cause in the development of late radiation 
damagee in slowly proliferating tissues. Vascular damage localizes at the level of the 
endotheliumm of small vessels; arterioles, capillaries and venules.4 Thus resulting in 
progressivee endothelial cell loss, which triggers platelet adhesion and activation of the 
bloodd coagulation system leading to thrombosis.5 The histological features are mainly 
characterizedd by hyaline, fibrinoid and collagenous thickening of the vessel walls. 

Radiation-inducedd damage to the parenchymal cells of various organs and epithelial 
cellss of skin and mucous membranes tissues causes atrophy. This atrophy is focal and 
random,, even within tissue volumes that have received uniform doses. Radiation-induced 
changess to fibroconnective tissues consist of interstitial fibrinous exudatess and progressive 
fibrosis.. Fibrosis tends to be patchy and irregular. Adipose tissue is replaced by collagen in 
subcutis,, submucosa and pericardium.6 In the bone marrow haematopoietic tissue is not 
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replacedd by collagen but by adipose tissue. Damage as a consequence of radiotherapy is 
relatedd to age at exposure, total dose, fractionation regimen and volume of tissue irradiated. 

Radiationn therapy also induces mutations and chromosomal aberrations as a direct 
consequencee of DNA damage, leading to an enhanced probability that one or more of 
thee progenitor cells acquires oncogenic mutation which will eventually give rise to a 
secondd malignant neoplasm (SMN).7 Radiation therapy is particularly associated with 
bone,, soft tissue, breast, thyroid, brain and gastrointestinal malignancies. 

chemotherapy-inducedchemotherapy-induced injury 
Att present there are no therapeutic agents that have toxicity limited to neoplastic 

cells,, primarily because no drug target, metabolic pathway, surface protein or mechanism 
off  growth and dividing is found exclusively in cancer cells. Late effects of antineoplastic 
agentss are dependent upon the cell's capacity to detoxify these agents or their derivatives 
andd the ability of the cell to recognize and repair damage of the DNA.8 Although the 
detailss of pathophysiology of specific chemotherapeutic agents are generally not known, 
thee late effects of chemotherapy are postulated to be predominately the result of 
parenchymall  cellular depletion. The expression of injury may not be acute cell death but 
insteadd a depletion of stem cell reserve, i.e. the loss of their mitotic potential. As an 
increasingg number of stem cells are killed, first reversible and then irreversible injury 
occurss and organ dysfunction becomes clinically manifest. In contrast to the late effects 
off  irradiation the microcirculation and the fibroconnective tissue stroma remain intact.9 

Thee role of chemotherapy in the etiology of SMN following treatment for childhood 
cancerr has been evaluated over the past decades. Alkylating drugs and the 
epipodophyllotoxinss are associated with increased risk of secondary leukaemia. Alkylating 
drugss can kil l cancer cells by transferring alkyl groups or substitute alkyl groups to 
cellularr molecules. In this way the drug can cause intrastrand and interstrand crosslinks 
betweenn DNA. The crosslinks interfere with DNA replication and probably cause cell 
death.. The rapid proliferation of bone marrow cells and incomplete repair after DNA 
damage,, may be the reason why alkylating agent induce hematological malignancies.10 

Epipodophyllotoxin-inducedd cytotoxicity is mediated largely by the enzyme topoisomerase 
n,, which regulate the superhelical configuration of cellular DNA. By stabilizing a complex 
betweenn DNA and topoisomerase II and inhibiting its repair, single- and double strands 
breakss in DNA are induced. Interruption of normal genetic sequences and the illegitimate 
recombinationn of chromosomal fragments may lead to transforming mutations in some 
off  the haematopoietic progenitors11. 
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Latee effects 

musculoskeletalmusculoskeletal growth and development 
Musculoskeletall  problems leading to spinal shortening, scoliosis and asymmetry are 

duee to several causes. First, radiation therapy causes damage to the microvasculature of 
thee epiphyseal growth zone.12 Secondly, the chondroblasts are very radiosensitive, doses 
exceedingg 5 Gray (Gy) cause irreversible damage of these cells.13 Thirdly, cranial radiation 
too the hypothalamic-pituitary region, the thyroid and the gonads may lead to growth 
hormonee deficiency, hypothyroidism and deficiencies of gonadotrophins, respectively. 
AA decline in growth, development and maturation may result.14 Precocious puberty, 1-
VhVh years earlier, is reported in girls receiving cranial irradiation over 18 Gy.15 16 

Prepubertall  children who received high-dose irradiation to the spine (>33 Gy) had a 
meann loss of final-attained stature of 7-8% (approximately 13 cm). Radiation-related 
scoliosiss is present in 50% of the patients treated for Wilms' tumour due to non-
homogenouss irradiation of vertebral corpora. Soft tissue asymmetry caused by flank 
irradiationn may also contribute.17 

Steroids,, ifosfamide and methotrexate are associated with disturbances of bone 
mineralisationn resulting in premature osteoporosis and increased risk for bone fractures, 
thoracicc kyphosis and spinal shortening due to the collapse of vertebral corpora. Steroids 
mayy cause avascular necrosis of the femur neck in 3-15%.18 

cognitivecognitive and psychosocial function 
Neuropsychologicall  and neurological abnormalities have been reported in patients 

treatedd with cranial irradiation. Since ALL and brain tumours comprise almost 50% of 
alll  childhood cancers these irradiation-induced sequelae to the central nervous systems 
havee a high impact. The most marked impairments were seen in attention span, 
concentration,, short-term memory and comprehension. Magnetic resonance imaging 
revealss white matter alterations and cortical atrophy.19 After prophylactic brain irradiation 
inn children with ALL (18-24 Gy) a mild decline in intellectual development was observed, 
especiallyy when treated at a young age (<4 years).20 21 n Cognitive function is most severely 
impairedd in patients treated for brain or nasopharynx tumours, where much higher 
irradiationn doses are required (30-60 Gy). Over 40% of the children were in special 
educationall  classes and most required extra tutoring.23 Intrathecal methotrexate with or 
withoutt radiation therapy did not influence cognitive function as reported in most studies.24 

Whilee most survivors of childhood cancer succeed in society, an increased prevalence of 
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emotionall  difficulties is described, including anger, depressive moods, social withdrawal 
andd low self-esteem compared with siblings.25 26 Problems with health insurance and 
employmentt difficulties are encountered in 40% to 90% of cancer survivors.27 

cardiovascularcardiovascular toxicity 

Cardiotoxicc effects of chemotherapy are mainly attributed to anthracycline drugs and 
highh dose cyclophosphamide.28 Clinical manifestations include congestive cardiomyopathy 
andd conduction disorders such as prolonged Q-T syndrome and ventricular arhythmia.29 

Thesee clinical manifestations are related to both peak drug levels and cumulative dose and 
treatmentt at a young age.30 Above a cumulative dose of 225 mg/m2 cardiotoxic effects 
mightt be expected.31 Cardiac decompensation can be triggered by extreme cardiovascular 
stress,, such as weightlifting and pregnancy.32 A 2.2% incidence of congestive heart failure 
afterr a 6 to 10 years follow-up period was observed in 385 children treated with 
doxorubicin.333 Subclinical cardiotoxicity is much more common than clinical signs of 
heartt failure. Lipshulz found decreased contractility and increased left ventricular afterload 
inn 57% of 115 patients treated with doxorubicin for acute lymphoblastic leukaemia (ALL) 
afterr a follow-up period of 6.4 years. All patients were asymptomatic.34 

Thee cardiac effects of thoracic irradiation include chronic pericarditis, congestive and 
restrictivee cardiomyopathy, valvular damage and conduction disorders (sinus node and 
AV-conduction)) in those patients receiving radiation doses above 30 Gy.35 An autopsy 
studyy showed that fibrosis of the pericardium and endocardium was present in 80% of the 
patients.366 Hancock noted a relative risk of 3.1 for cardiac death in 2.232 patients after 
mediastinall  irradiation (>35Gy) for Hodgkin's disease after a mean follow-up time of 9.5 
years.. The relative risk varied significantly with age. Patients who received mediastinal 
irradiationn in doses exceeding 30 Gy before the age of 20 years had a risk of acute myocardial 
infarctionn death approximately 45 times higher than the normal population. The risk 
increasedd with a longer post-treatment interval. Beyond 20 years after the initiation of 
therapyy the relative risk was 5.6 for acute myocardial infarction death.37 

Whilee the late effects of irradiation upon blood vessels have long been recognized, 
irradiationn injuries to medium-sized and large vessels have not been systematically 
investigated.. Sporadic cases are reported in the literature. Late irradiation changes have 
beenn described in the thoracic and abdominal aorta, the iliac system, the femoral vessels 
andd the extracranial arteries in the neck and the coronary arteries.38 39 All have been 
associatedd with periarterial fibrosis and premature atheromatous changes.40 In addition, 
long-standingg hypothalamic-pituitary hormone deficiencies can contribute to premature 
atherosclerosiss probably by causing dyslipidaemia.41 In adult onset hypothalamic-pituitary 
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hormonee deficiencies a relative risk of 2.8 for premature cardiovascular morbidity and 
mortalityy was observed.42 In symptom-free hypopituitary adults premature atherosclerosis 
byy high-resolution ultrasonography was detected.43 The role of antineoplastic agents as 
aa risk factor for vascular morbidity is not well known. In adult men treated with 
chemotherapyy for testicular cancer hypercholesterolaemia was observed. The potential 
long-termm cardiovascular implications after treatment with chemotherapy for childhood 
cancerr are not known.4445 

pulmonarypulmonary toxicity 
Thee most important drugs involving late pulmonary effects are bleomycin and 

mitomycinn C. Less frequent toxicity is reported with cyclophosphamide, methotrexate 
andd the nitrosureas.46 The incidence of clinically manifest fibrosis, presenting as a dry 
cough,, progressive dyspnea and cyanosis, is reported in 3 to 10 % of patients.47 The 
incidencee of subclinical lung toxicity after bleomycin in a cumulative dose >500 mg, 
variedd in published reports up to 40%, presenting as a reduced forced vital capacity and 
aa reduced carbon monoxide diffusion capacity.48 49 

Radiationn of the lung may cause an interstitial pneumonitis which can eventually result 
inn fibrosis of the lung. Radiographically strand-like densities and bronchiectatic changes 
developp in the portions of the lung irradiated.50 In respiratory tests loss of lung volume and 
lungg compliance and a reduction in diffusing capacity of carbon monoxide can be 
demonstrated.. These abnormalities are reported after treatment with doses of 10-15 Gy; in 
mostt patients, however, this damage is subclinical. A radiation dose of 40 Gy leads to a 
50%% incidence of fibrosis with symptoms of shortness of breath and cyanosis.51 Restrictive 
lungg changes after thoracic radiation (10-14 Gy) are demonstrated due to interference with 
thee growth of both the lung and chest wall, with the younger ones most affected.52 

endocrineendocrine toxicity 
Endocrinee sequelae include deficiencies of (1) the hypothalamic-pituitary axis,(2) the 

thyroidd and (3) the gonads. 
11 Neuroendocrine deficiencies are frequently observed after radiation therapy. Growth-

hormonee deficiency after cranial irradiation for intracranial tumours is described in 60-
80%% of cases.53 Impaired gonadotrophin secretion occurring as a consequence of cranial 
irradiationn varies from 25 to 50%.54 The reported frequency of central or primary 
hypothyroidismm ranges from 8-60%55 The incidence depends on the dose of irradiation 
andd the age at treatment, with a higher incidence in younger subjects.56 So far, no clear 
associationn between antineoplastic agent and neuroendocrine sequelae is observed. 
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22 Thyroid. After craniospinal and mediastinal radiation a broad spectrum of thyroid 
diseasess may occur, including auto-immune thyroiditis, Graves disease, cysts, single 
orr multiple nodules and thyroid cancer.57 In patients treated with mantlefield irradiation 
(200 Gy) for M. Hodgkin, clinical hypothyroidism was present in 50% after 3-5 years. 
Benignn and malignant nodules are reported in 20-30% of patients after doses exceeding 
100 Gy of which 30% proved to be malignant.58 Chemotherapy has so far not been 
associatedd with damage to the thyroid. 

33 Gonads. In men, testicular function is very sensitive to the effects of both radio- and 
chemotherapy.599 Germ cells are responsible for spermatogenesis whereas Leydig cells 
aree involved in androgenic steroid synthesis and secretion. Sufficient androgen 
productionn is essential for spermatogenesis and sexual maturation. In 80% of patients 
treatedd during childhood for Hodgkin's disease with MOPP chemotherapy, azospermia 
orr severe oligospermia was found along with minor Leydig cell dysfunction. This effect 
wass mainly attributed to the mechlorethamine of the MOPP chemotherapy scheme.60 61 

Alkylatingg agents such as ifosfamide and cyclophosphamide are also well known for 
theirr gonadotoxic effects in men.62 Germinal cells are very sensitive to irradiation, 
impairedd spermatogenesis is reported after radiation doses exceeding 1 Gy. Impaired 
functionn of the Leydig cell is observed after radiation doses over 24 Gy.63 

Prepubescentt ovaries are less radiosensitive than pubescent ovaries. In women, 
radiation-inducedd damage is observed after doses exceeding 24 Gy.64 The clinical 
manifestationss of ovarian failure include amenorrhoea, oligomenorrhoea and early 
menopause.. The gonadal steroid-producing cells appear to be damaged, which may 
inducee infertility by oestrogen deficiency especially by alkylating agents. The incidence 
off  amenorrhea or marked oligomenorrhoea in women receiving combination therapy 
forr Hodgkin's disease is between 15 and 60%.65 

pregnancypregnancy and off-spring 
Concernn exists about the outcome of pregnancy after childhood cancer therapy. 

However,, neither radiation- nor chemotherapy has so far been reported to be associated 
withh increased miscarriages or birth defects,6667 except in survivors in whom the uterus 
wass irradiated. A four-fold excess risk of adverse live-birth outcome was observed in 
womenn treated for Wilms' tumour if treatment included irradiation to the abdomen. 
Adversee outcome included preterm delivery, perinatal death, miscarriage or low birth 
weights.68 8 
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kidneykidney and urinary tract toxicity 
Renall  damage is documented with radiation doses over 20 Gy. Radiation nephropathy 

affectss glomerular as well as tubular function, the clinical features include mild renal 
failure,, mild hypertension and proteinuria.6970 After nephrectomy and abdominal 
irradiationn for Wilms' tumour in 28 of 102 (27,4%) an impaired creatinin clearance was 
present.711 Hypertension may arise from radiation-induced renal artery stenosis in 18-
30%.722 Abdominal irradiation may cause sporadically retroperitoneal fibrosis leading to 
ureterall  obstruction and hydronephrosis compromising renal function. 

Antineoplasticc agents most commonly implicated in damage to the kidney are cisplatin, 
high-dosee cyclophosphamide, ifosfamide and methotrexate. Cisplatin-induced toxicity, 
primarilyy affects the glomeruli but tubular leaks of electrolytes can also be a persistent 
long-termm problem.73 74 Ariceta etal found hypomagnesemia and mild elevation of plasma 
creatininee in 33 % of patients, 2.3 years after cisplatin therapy. No relation was found 
betweenn cumulative dose or time elapsed and the presence of renal abnormalities.75 

Ifosfamidee may affect the proximal tubules resulting in aminoaciduria, glycosuria and 
hypophosphatemia.. In 5% of patients the clinical symptoms of wasting and a vitamin-D 
resistantt rachitis, known as the Debri-de Toni-Fanconi syndrome, were observed.76 A 
mildd decline in glomerular filtration was observed after treatment with ifosfamide in 20-
30%% of cases.77 

Thee bladder is particularly susceptible to cytotoxic agents (cyclophosfamide, ifosfamide) 
andd irradiation. Both modalities can cause fibrosis and chronic cystitis with diminished 
bladderr volume.78 Furthermore these patients are at increased risk for developing bladder 
cancerr (9 to 45 fold increase).79 m 

gastro-intestinalgastro-intestinal tract and liver toxicity 
Thee incidence and severity of late sequelae of the intestinal tract is not well known. 

Afterr abdominal irradiation (> 15-20 Gy) the small bowel appears to be the most 
radiosensitivee part of the gastro-intestinal tract. The likelihood of severe complications is 
estimatedd to be less then 5%.81 82 An ulcerative segmental enteritis can cause diarrhea, 
motilityy disorders and the malabsorption of fat, vitamins and proteins. Deal involvement 
producess bile-salt wasting with diarrhoea and steatorrhoea. Loss of peristaltic tone, resulting 
inn stasis can predispose to bacterial overgrowth and malabsorption on this basis.83 u 

Drug-inducedd late effects are sporadically reported. Actinomycin, especially with 
concomitantt use of radiation therapy, the antimetabolites, nitrosourea derivatives and 
methotrexatee can cause mild hepatic dysfunction.85 86 
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Tablee I. Late effects of irradiation after treatment for childhood cancer 

areaa irradiate d expecte d late effect s 

cranium/brai nn hypothalamic-pituitar y deficiencies , shor t stature , cognitrve-neuropsychologica l disabilities , alopecia , cataract , primar y 

hypothyroidism ,, SMN (brain,thyroid ) 

headd and neck hypothyroidism , alopecia , denta l abnormalities , bone - and sof t tissu e hypoplasia , cataract , xerostomie , SMN (sof t 
tissue,bone,thyroid ) ) 

mediastinum // hypothyroidism , lungfibrosis , cardiomyopathy , atherosclerosis , valv e deformities , conductio n disorders , pericarditis , 
thora xx hypoplasi a of the mammae , scoliosis , kyphosis , SMN (mammae,thyroid,lung ) 

abdomen/pelvi ss  sof t tissue/bon e hypoplasia , chroni c enteritis , motilit y disorders , ovaria n dysfunction , germcell/Leydigcel l dysfunction , 
nephritis ,, (renovascular ) hypertension , urinar y trac t infections , scoliosis , kyphosis , spleni c atrophy , SMN (gastro-intestinal , 
sof tt  tissue ) 

spin ee scoliosis , kyphosis , osteoporosis , shor t stature , hypothyroidis m 

extremitie ss loss of function , avascula r bon e necrosis , SMN (bone.sof t tissue ) 

SMN;; second malignant neoplasm 

Tablee II. Late effects of chemotherapy after treatment for childhood cancer 

orga n n (sub)dinica ll  manifestation s agent(s ) ) 

gonad s s 

hear t t 

azo-oligospermia ,, delaye d pubert y 
earl yy  puberty , precociou s menopauze , 
oligo/amenorrhoe a a 

cardiomyopathy ,, conductio n disorder s 

BCNU,, busulphan , carboplatin , CCNU, chloorambucil , 
cisplatin ,, cyclophosphamide , cyfarabine , dacarbazine , 
ifosfamide ,, melphalan , nitroge n mustard , procarbazine , 
thiotep a a 

cyclophosphamide ,, daunorubicine , doxorubicin , 
epirubicine ,, idarubicine , mitoxantrone , 

lun g g 

kidne y y 

bon e e 

nerves s 

ear r 

secon dd malignanc y 

longfibrosi s s 

glomerula rr  and tubula r dysfunctio n 

osteoporosis ,, avascula r bon e necrosi s 

neuropathie s s 

hearin gg loss 

Non-Hodgki nn lymphoma , acute myeloi d leukaemi a 

BCNU,, bleomycin , busulphan , CCNU 

BCNU,, carboplatin , cisplatin , cyclophosphamide , 
melphalan ,, methotrexat e 

steroids ,, methotrexat e 

cisplatin ,, vincristi n 

cisplati n n 

cyclophophomide ,, ifosfamide , etoposide , 
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bonebone marrow transplantation 
Withh the introduction of bone marrow transplantation, treatment schedules could be 

intensified.. High-dose chemotherapy regimens with or without total body irradiation 
therapyy followed by reinfusion of bone marrow or peripheral-blood stem cells is applied 
inn the treatment of various malignancies. As a consequence more severe acute as well as 
latee toxic side effects are observed, especially in those who were exposed to prolonged 
periodss of chemotherapy, and in some cases underwent extensive radiation therapy. In 
nearlyy all survivors marked effects were observed in growth and sexual maturation, due 
too spinal shortening and gonadal, thyroid en hypothalamic-pituitary deficiencies. Cataract 
formationn is a late sequel in 20%.87 Furthermore, cardiac toxicity and renal impairment 
seemm to be encountered more frequently, but longer follow-up is needed to assess the 
extentt of late effects compared with standard therapy.88 Bone-marrow stem cell damage 
iss another significant late complication. Abnormal bone marrow function presents as 
hypoplasticc or myelodysplastic syndromes (MDS). The exposure to antineoplastic agents 
inn combination with radiation therapy has leukaemogenic potential. The overall incidence 
off  MDS or AML after treatment for non-Hodgkins' lymphoma following autologous 
bonee marrow transplantation was 7,6% after a post-transplant period of 6 years.89 

Secondd primar y malignancies 

Survivorss of childhood cancer are estimated to have 10 to 20 times the lifetime risk of 
aa second cancer compared with age-matched controls.90 91 92 Solid as well as haematologic 
malignanciess are described as second malignancies. Within the first 20 years after the 
initiall  diagnosis the incidence appears to be in the order of 3% to 12%.93 M 95 The majority 
off  secondary leukaemias and lymphomas have appeared within 5 years after the primary 
tumour.. In contrast, non-haematological malignancies appear later after a median of 6 
yearss and the incidence increases in time.96 The principal factors predisposing a patient 
forr a SMN are a preexisting genetic susceptibility and the treatment given.97 An inherited 
susceptibilityy to tumours has been well documented for bilateral retinoblastoma and for Li-
Fraumenii  syndrome.98 Underlying diseases such as Neuro Fibromatosis, Huntington's disease, 
Ataxiaa Teleangiectasia and Gardner's Syndrome are also associated with a increased incidence 
off  malignancies. 
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radiotherapy radiotherapy 
Thee oncogenic effects of radiation treatment depend on dose, fractionation, age and 
geneticc predisposition." 30% of SMN identified by the Late Effects Study Group (LESG) 
weree sarcomas which may occur in bone and soft tissue in a dose-dependent way (>10 
Gy).. They are estimated to occur in 0.1-1% of patients, after a post-treatment interval of 
55 years.100 Two groups of patients seem to be particularly prone to developing bone 
sarcomass as a SMN: those with a genetic form of retinoblastoma and those treated for 
Ewing'ss sarcoma.101 102 The LESG reported an estimated incidence of secondary sarcomas 
afterr Ewing's sarcoma approaching 22% at 20 years follow up, particularly after high 
radiationn doses (>55 Gy). The use of alkylating agents is an independent risk factor for 
developingg a sarcoma (relative risk 4.7).103 

Thee thyroid contains rapidly proliferating cells in growing children and is therefore 
similarlyy susceptible to the carcinogenic effect of radiation therapy as the bones of growing 
children.. Mc Dougall reported a 0.5% incidence of thyroid cancer 10 years after treatment 
forr mediastinal Morbus Hodgkin.104 Tucker et al found that compared with the general 
populationn patients who received radiotherapy to the neck had a 53-fold increased risk 
off  thyroid cancer and furthermore this risk seems to increase with time105. After mantle 
fieldd irradiation for M. Hodgkin the risk of developing a carcinoma of the breast was 
35%% at an age of 40 years.106 Brain tumours account for one third of the SMN after 
craniall  irradiation. Other SMN associated with radiation therapy include carcinomas of 
thee salivary glands, gastrointestinal tract and lung. Ongoing surveys will clarify whether 
malignanciess most prevalent among adults, such as lung- and intestinal neoplasms, will 
havee a higher incidence in survivors of childhood cancer. 

chemotherapy chemotherapy 
Thee use of alkylating agents and the epipodophyllotoxins is associated with an increased 

riskk of leukaemia and have a poor prognosis. Survivors of Hodgkin's disease, in whom 
treatmentt included alkylating agents, are especially at risk for developing acute 
myelogenouss leukaemia (AML) . These patients treated with mustine and procarbazine 
ass part of the MOPP therapy have a risk of 3-10% of developing AML at 10 years follow 
up.. This is in contrast with patients treated for Hodgkin's disease without alkylating 
agentss such as the combination treatment ABVD (adriamycin, bleomycin, vincristine, 
dacarbazine).1077 108 Non-Hodgkin lymphoma (NHL) as SMN is also associated with the 
usee of alkylating agents. In the excess risk of NHL and AML a clear dose-response 
relationn was observed.109 
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Thee use of epipodophyllotoxins, a topoisomerase II inhibitor, has been implicated in the 
developmentt of secondary AML.110 This type of leukaemia differs from the leukaemia 
inducedd by alkylating agents. It has a shorter latent period, from less than 1 year to about 
2.55 years, and does not have a myelodysplastic phase like the leukaemias associated 
withh alkylating agents.111 The development of an epipodophyllotoxin-induced AML 
hass also been shown to be dependent on the schedule of drug administration112. 

Discussion n 

Itt has been now three decades since the introduction of effective multimodality 
treatmentt for childhood cancer. It is estimated that today one in every 1000 adolescents 
wil ll  be a cured cancer patient. With the survival of children into early adulthood the late 
manifestationss of chronic organ injury due to cancer treatment become manifest. 
Ass many of the side-effects of chemotherapy are dose dependent, we are now aware of a 
cumulativee 'toxic' dose. Many of the current chemotherapy regiments have been modified 
too take this factor into account. Protocols for tumours with a good prognosis, such as 
Wilms'' tumour, Hodgkin's disease, and NHL are designed with the aim of minimising 
latee effects, e.g. the use of chemotherapy in the treatment of Wilms' tumours has been 
reducedd by using a selected number of drugs and shortening the duration of the 
maintanancee phase, also the dose of radiotherapy could be diminished and organ sparing 
surgeryy is often possible. 

Dosess of prophylactic cranial irradiation could be diminished from 24 to 18 Gy, and 
sincee 1985 for most children with standard risk ALL cranial irradiation is no longer a 
componentt of CNS directed therapy, thereby reducing the risk of cognitive, 
neuropsychologicall  and hormonal sequelae. Also the use of new radiation techniques, 
suchh as hyperfractionated radiotherapy, proved to cause less late tissue toxicity. 

Inn view of the accumulating evidence of late effects of childhood cancer treatment 
andd the expectation that with longer follow-up time more injury will become manifest, 
thee need for continuing surveillance is emphasized. In this respect we need complete 
andd accurate data of the late complications of therapy so that new, less toxic and equal or 
moree effective therapies can be refined and tailored to risks. In this respect protocols 
shouldd be developed to screen former patients for late effects. In addition we need to 
knoww whether detection and early intervention will benefit the quality of life of these ex-
patients. . 
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Medulloblastomaa is one of the most frequent brain tumours in children. 
Long-termm survivors are often confronted with serious late sequelae, caused 
byy the therapy. Therefore, prognostic markers must be identified that allow 
thee children to be assigned to different treatment schedules according to their 
predictedd outcome. 
Thee medical data of 110 children with a medulloblastoma or central primitive 
neuroectodermall  tumour (PNET), that were admitted to the Emma 
Kinderziekenhuiss in Amsterdam were analyzed by univariate and multivariate 
analyses. . 
Inn univariate analysis the following characteristics had a significant influence 
onn progression free survival (PFS): a) presence of meningeal metastases at 
thee time of diagnosis, b) presence of tumourcells in the cerebrospinal fluid 
beforee or after surgery, c) extent of resection, d) necessity for permanent 
cerebrospinall  fluid shunting and e) radiation dose to the posterior fossa. On 
multivariatee analysis only the presence of metastases and the radiation dose 
too the posterior fossa retained significance. 
Inn conclusion at the time of diagnosis, no reliable clinical prognostic markers 
aree available for the majority of patients. Further molecular studies must be 
undertakenn to identify such prognostic factors. 
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Introductio n n 

Tumourss of the central nervous system (CNS) are the most frequent solid tumours in 
childhood.. They are responsible for an annual incidence rate of approximately 22 per 
millionn 1'*. Most studies find a higher incidence of CNS tumours in boys, with ratios 
fromm 1.2:1 to 2:1 u'6. About 20 - 25 % of this very heterogeneous group of CNS tumours 
aree classified as Primitive Neuro-Ectodermal Tumour (PNET), with the medulloblastoma 
ass its most important representative. The latter was first described by Bailey and Cushing 
inn 1925 as an embryonal CNS tumour7. Medulloblastomas are thought to be derived 
fromm primitive neuroepithelial cells, more specifically from the cells of the external 
germinall  layer and/or the internal granular layer812. 

Thee standard therapy for medulloblastoma in children consists of neurosurgical removal 
off  the tumour, followed by radiotherapy. Different schedules of combination chemotherapy 
havee been added to this treatment in order to try to improve the survival of these children 
andd to avoid radiotherapy in very young children. Despite all these efforts, 5-year survival 
stilll  does not surpass 40 - 70% 41317. Furthermore, survivors are very often confronted 
withh serious toxicity and long-term sequelae that affect their quality of life. Improvement 
off  therapy must therefore comprise improvement of survival as well as reduction of 
long-termm effects of the therapy. To attain this goal, prognostic factors need to be identified 
thatt allow the children to be assigned to different treatment schedules according to their 
predictedd outcome. Laborious studies have been undertaken to identify such prognostic 
factors,, unfortunately often without consistent results 18"27. 

Agee at diagnosis is a very debated prognostic marker. Some authors find a prognostic 
significance25-26,, while otherss do not see an influence of age 19-20-22. Most authors do not 
findfind a statistical significant difference in survival for sex 19-20-22-28.29, although this is 
contradictedd by others 4>6,14in favor of females. T- and M-stage are more often found to 
bee of prognostic significance J819222428. Examination of DNA ploidy of the tumour reveals 
betterr prognosis for aneuploid tumours in some studies30,31, while the opposite is found 
inn others 19. Tail et al.20 found no influence of DNA ploidy. Some other factors studied 
forr prognostic significance are histological subtype of medulloblastoma21-26, the mitosis 
indexx of the tumourcells 27, involvement of the brainstem I4,32, the postoperative 
performancee status of the patient 21and the decade in which the tumour was diagnosed 
andd thus the treatment was given26, some of them with varying results. 

Survivall  is often related to extent of resection w-20-22*24. Some studies24-29 show that the 
needd for CSF shunting reduces the survival rate. Zerbini et al. 19 Carrie et al.21, and 
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Khafagaa et aL  M found the radiation dose to be of prognostic value. Grabenbauer et al. 
foundd in multivariate analysis that the adequate coverage of the target volume by external 
radiotherapyy was more important than the radiation dose to the posterior fossa33. 

AA number of authors have examined the value of adjuvant chemotherapy to the 
prognosiss of these children 14,15,32'34. In the first trial of the Societe International d' 
Oncologiee Paediatrique (SIOP), chemotherapy, a benefit of adjuvant chemotherapy was 
onlyy seen in some subgroups of patients i.e. partial or sub-total surgery, brainstem 
involvement,, and stage T3 and T4 disease. Prognostic markers found in this study were 
sub-totall  resection, extent of disease and sex. In the following SIOP study 32 children 
weree divided into low or high-risk patients, according to the extent of tumour removal or 
thee presence of invasive brain stem involvement or metastatic disease and randomized to 
receive,, or not, chemotherapy. No benefit of chemotherapy was seen in this study, not even 
inn different subgroups. Children treated with chemotherapy followed by a reduced dose of 
radiotherapyy even had a worse prognosis. Evans et al.15 concluded that patients with more 
extensivee tumours may benefit from the addition of chemotherapy. The best results of 
additionn of chemotherapy are reported by Packer et al.16,34, who assigned patients 
prospectivelyy to risk groups, based on the extent of the tumour and the degree of surgical 
resection.. Poor-risk patients seemed to do significantly better when given adjuvant 
chemotherapy,, with a 5-year progression free survival (PFS) rate of 67% for patients with 
metastases.. However, not all studies show such a clear advantage of the addition of 
chemotherapy. . 

Patientss and methods 

Medicall  records of all children (0-18 years) who were diagnosed between 1968 and 
19944 as having a medulloblastoma or central primitive neuroectodermal tumour (PNET) 
andd who received at least part of their treatment in the Emma Kinderziekenhuis in 
Amsterdamm were reviewed. Some of these patients received part of their treatment in 
otherr hospitals. For these patients medical data of the other hospitals were also reviewed. 
Thee patients were followed until January 1996. 

Off  a number of patients, no pathological material was available for central review of 
histology.. Pathological reports from the time of diagnosis were used. The method of 
Kaplan-Meierr was used to estimate survival and PFS 35. PFS was defined as time from 
diagnosiss to progression/recurrence of disease or death. Log-rank test was used to compare 
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groups.. In univariate and multivariate analysis, the PFS was investigated as a function of 
riskrisk factors, using Cox proportional hazard model. The proportionality was tested for all 
dichotomouss covariates. A full model containing all risk factors was reduced using a 
backwardd stepwise procedure, retaining only those factors in the final model with 
regressionn coefficients with p values < 0.05. All statistical analyses were performed 
usingg SPSS 8.0 for Windows. 

Results s 

PatientPatient population and tumour characteristics. 
AA total of 110 patients were treated ay the Emma Kinderziekenhuis for medulloblastoma 

orr central PNET. Eight children had a supratentorial PNET. Characteristics of the group 
aree listed in Table 1. The male:female ratio was 2.23:1. Mean age of this group was 6.6 
yearss (0 to 18 years) with a peak incidence at the age of 5 years. 
Forr 100 children the time interval between the start of symptoms and the diagnosis was 
known.. The mean time was 16.8 weeks with a range from 1 to 156 weeks. In the majority 
off  these patients (68%) the duration of symptoms before diagnosis was less than 3 months. 
Amongstt the medulloblastomas, there were 7 desmoplastic tumours and 2 medullomyo-
blastomas. . 

Therapy. Therapy. 
Therapyy characteristics are listed in Tables 1 and 2. In 62 children chemotherapy and 

radiotherapyy followed surgery: in 11 children the radiotherapy was administered before the 
chemotherapyy and in 51 children the chemotherapy came first. Of the 4 children who did not 
undergoo surgery, 3 only received radiotherapy, one was treated with chemotherapy only. In 
33 of these 4 children diagnosis was confirmed on tumourcells in the cerebrospinal fluid. 
Fourr of the 5 children who had surgery as the only therapy died before the adjuvant therapy 
couldd be given. In the fifth patient the reason for the lack of adjuvant therapy is not clear. 
Neurosurgery.Neurosurgery. A total of 106 patients underwent neurosurgery. 
Radiotherapy.Radiotherapy. In 96 cases radiotherapy was part of the treatment. The time interval 
betweenn surgery and radiotherapy ranged from 4 to 133 days with a mean of 46 days. 
Chemotherapy.Chemotherapy. Through the years, chemotherapy protocols have changed, as well as the 
timingg of this therapy with respect to the radiotherapy. Patients were treated according to 
thee protocols that were practiced at the time they were diagnosed. Table 2 gives an 
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Tablee 1. Characteristics concerning patient population, tumour, therapy and outcome of the 110 patients 
treatedd in the Emma Kinderziekenhuis. 

PatientPatient characteristics 

Sex x 
Male e 

Female e 

Agee at diagnosis 

<< 3 years 
>> 3 years 

TumourTumour characteristics 
Localisationn of the rumour 

Infratentorial l 

Supratentorial l 
Metastasess on MRI or myelography 

Present t 
Absent t 

Nott tested 
Tumourcellss in CSF pre-operarively 

Present t 

Absent t 

Nott tested 

Tumourcellss in CSF postoperatively 
Present t 

Absent t 
Nott tested 

Presencee of metastases at diagnosis on 

yes s 
no o 
unknown unknown 

TherapyTherapy characteristics 

Surgeryy only 
Surgeryy + RT 

Surgeryy + CT 

Surgeryy + RT + CT 

Noo surgery 

Radiationn dose to the posterior fossa 

Numberr of patients (%) 

76 6 
34 4 

24 4 
86 6 

102 2 
8 8 

14 4 
32 2 
64 4 

23 3 
21 1 
66 6 

15 5 
18 8 
77 7 

MRII or CSF 
39 9 
36 6 
35 5 

5 5 
31 1 
8 8 

62 2 
4 4 

(69) ) 

(31) ) 

(22) ) 

(78) ) 

(93) ) 

(7) ) 

(13) ) 
(29) ) 

(58) ) 

(21) ) 

(19) ) 

(60) ) 

(14) ) 

(16) ) 
(70) ) 

(35) ) 

(33) ) 
(32) ) 

(5) ) 
(28) ) 

(7) ) 
(56) ) 

(4) ) 

continued continued 

<< 50 Gray 

(500 Gray 
Unknown n 

Noo radiotherapy 
CSFF shunt 

Temporarily y 

VCC shunt 

VPP shunt 
Noo shunt 

Unknown n 

Extentt of resection 

Biopsyy only 
Partiall resection 

Subtotall resection 
Completee resection 

Unknown n 

Noo surgery 

Outcome Outcome 

Residuall disease following surgeryl 
NED D 
residuall rumour 

inconclusive e 
noo information 

Recurrence e 

Local l 
Supratentorial l 
Leptomeningeal l 

Locall + temporal 

Skeletal l 
Unknownn localisation 

Numberr of patients (%) 

133 (12) 

722 (65) 

111 (10) 

144 (13) 

422 (38) 

66 (5) 
244 (22) 

255 (23) 
133 (12) 

88 (7) 
111 (10) 

488 (43) 
355 (32) 

44 (4) 

44 (4) 

388 (35) 

555 (50) 

111 (10) 

66 (5) 

100 (9) 

77 (6) 
133 (12) 

11 O) 
77 (6) 

44 (3) 

Abbreviations:: MRI; Magnetic Resonance Imaging, CSF;Cerebrospinal Fluid, RT; radiotherapy, CT; 
chemotherapy,, VC; ventriculocardial, VP; ventriculoperitoneal, NED; no evidence of disease 
11 as determined by postoperative CT or MRI or deducted from the neurosurgical report 

overvieww of the protocols, the medication used, the timing of the chemotherapy and the 
numberr of patients involved. Thirty-nine children did not receive chemotherapy as part 
off  their treatment. In most cases the reason for this was the fact that they were diagnosed 
inn a time era before chemotherapy was added to the treatment of medulloblastoma, or 
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theyy were included in an international treatment protocol and randomisation allocated 
themm in the treatment arm without chemotherapy. In 4 children the postoperative condition 
didd not allow chemotherapy according to the treating physician; 2 children died before 
chemotherapyy could be started and in 3 patients the reason for not giving chemotherapy 
iss not clear. 

Tablee 2. Overview of the chemotherapy protocols used. 

Protoco l l 

SIOP1975 5 
EKZ1979 9 
SI0P1982 2 
SIOP1989 9 

SI0P1992 2 
StOPP BABY 
othe r r 
noo chemotherap y 

medicatio n n 

VCR,MTX X 

Pred,VCR,MTX X 
Pred,PCB,VCR,MT X X 

VP16,IFO,Corb o o 
VCR,, Carbo , VP16, CFM 
Cis,, CFM, MTC, Carbo , VCR 

CTT before/afte r RT* 

after r 
befor e e 
befor e e 
befor e e 
befor e e 
befor e e 

numbe rr  of patient s 

10 0 
16 6 
16 6 
16 6 
3 3 
1 1 
9 9 
39 9 

tota ll  110 

Abbrviations:: SIOP;Societe International d'Oncologie Paediatrique, EKZ; Emma Kinderziekenhuis, 
VCR;; vincristine, MTX; methotrexate, Pred; prednisone, PCB; procarbazine, VP16; etoposide, IFO; 
ifosfamide,, Carbo; carboplatin, CFM; cyclophosphamide, Cis; cisplatin. 
**  Chemotherapy given before or after radiotherapy 

Recurrence. Recurrence. 
Forty-twoo patients suffered a recurrence from 2 to 106 months after diagnosis (Table 1). 

Onee of them was lost to follow-up. Of the 41 left, 37 died and 4 are still alive respectively 
77,88,1055 and 208 months after initial diagnosis. Two of them are in second complete 
remission. . 

CauseCause of death. 
Inn most cases the cause of death was the tumour. Although there were no chemotherapy 

relatedd deaths during therapy, a few children died of late effects of the treatment. One 
diedd of radiation vasculopathy in the brain and one had a fatal sarcoma in the occiput 6 
yearss after radiotherapy. One girl died of massive aspiration 4 years after treatment 
probablyy due to neurologic damage. A second primary tumour, a coloncarcinoma in a 
patientt with polyposis coli, was the death cause in one patient. 
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Survival. Survival. 
Off  110 patients, 5 were lost to follow-up. Overall survival, PFS and further statistical 

analysess are thus based on these 105 patients. 
Overalll  survival at 5,10 and more than 20 years are respectively 55.2%, 50.5% and 

49.5%% (Fig. 1), while the PFS for these time intervals is respectively 53.3%, 50.5% and 

Overalll survival Progressionn free survival 

Survivall (months) Progressionn free survival (months) 

Figuree 1. Figure 2. 
Overalll  survival of 105 patients with childhood Progression free survival of 105 patients with 
medulloblastoma/PNET.. childhood medulloblastoma/PNET. 

49.5%% (Fig. 2). The mean follow up of survivors is 126 months. Of the 7 patients with 
desmoplasticc medulloblastoma, 5 are still alive (23 - 254 months after diagnosis), 2 died 
off  metastases - one of which already had metastases at diagnosis. 

UnivariateUnivariate analysis. 
Followingg variables were tested in univariate analysis : sex, age at diagnosis, interval 

off  time between symptoms and diagnosis, presence of meningeal metastases on CT or 
MRI,, presence of tumourcells in pre-operative or postoperative cerebrospinal fluid (CSF), 
extentt of resection, necessity for CSF shunting, radiation dose to the posterior fossa and 
thee time interval between surgery and the start of radiotherapy. Most important results 
aree listed in Table 3. 

AA highly statistical difference in survival was found for patients who had metastases 
att diagnosis (p = 0.0001). For this analysis, presence of metastases was defined as having 
eitherr visible metastases on myelography or MRI, or presence of tumourcells in the CSF 
pre-- or more than 2 weeks postoperatively. The PFS curves of these 2 groups of patients 
aree depicted in Figure 3. Analysis of the presence of metastases on imaging, the presence 
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off  tumourcells in preoperative and postoperative CSF separately did also reveal significant 
differencess in survival with relative risks of 4.4,4.3 and 4.0 respectively. 

Concerningg radiotherapy, only the radiation dose to the posterior fossa was of significant 
influencee on survival. As this dose is only important for posterior fossa tumours, 
supratentoriall  tumours were excluded from this analysis. We compared patients with 
infratentoriall  tumours who received a dose of at least 50 Gray to the posterior fossa with 
patientss who received radiotherapy, but less than 50 Gray. A dose of at least 50 Gray was 
correlatedd strongly with a better PFS (58.6% versus 12.5%)(p=0.006) (Fig. 4). The time 
intervall  between surgery and the start of radiotherapy was not of significant influence on 
PFSS in this study. 

Too study the effect of adjuvant chemotherapy, we compared the cases that had 
radiotherapyy as standard treatment with those that had radiotherapy and chemotherapy. 
Childrenn who had no radiotherapy or no operation were not included in order to get a 
uniformm population for evaluation. Supratentorial tumours were not included either. 
Eighty-threee children were included. Of them, 58 had radiotherapy and chemotherapy. 
Neitherr for the chemotherapy group as a whole, nor for the different protocols separately 
wass there a significant difference in PFS. 

Tablee 3. Progression free suvival of 105 patients, univariate and multivariate analysis of risk factors. 

Factorr analysed Relative Risk (95 % CI) p-value 

univarat ee analysi s 
Metastase ss on imagin g or in CSF 
Needd for CSF shunting ] 
Extentt  of resection 2 
Radiatio nn dose to the posterio r fossa 3 
Agee at diagnosi s 
Additio nn of chemotheropy S 
Sexx (male versu s female ) 

multivariat ee analysi s 
Radiatio nn dose 
Metastase s s 

4.1(1.9-8.7) ) 
2.3(1.3-4.1) ) 
2.7(1.3-5.5) ) 
3.0(1.3-7.1) ) 
1.6(0.9-3.0) ) 
0.8(0.4-1.7) ) 
1.1(0.6-2.1) ) 

0.0001 1 
0.0029 9 
0.0055 5 
0.006 6 
0.12 2 
0.60 0 
0.67 7 

0.001 1 
0.0019 9 

11 as analyzed in 2 groups : no need for a drain or only temporarily versus need for a drain during a 
longerr period of time after surgery 

22 as analyzed in 2 groups : no surgery or biopsy only versus partial, subtotal or total resection (see 
discussion) ) 

33 comparing patients receiving less than versus at least 50 Gray to the posterior fossa, excluding 
patientss with supratentorial tumours 

44 comparing patients younger than 3 years of age versus patients of 3 years or older 
55 for selection procedure of these patients : see results 
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MultivariateMultivariate analysis. 

Factorss that produced a significant difference in the univariate analysis were analysed 
inn multivariate analysis, as well as age at diagnosis and sex (Table 3). To avoid a false 
resultt regarding the influence of radiation dose to the posterior fossa, supratentorial 
tumourss were excluded from the analysis (n = 8), as well as patients of which the radiation 
dosee to the posterior fossa was unknown (n = 11). In order to be able to include the 
presencepresence of metastases into the analysis, we analyzed the patients in 2 groups: those with 
metastasess at diagnosis as defined in univariate analysis versus those with no metastases 
orr no information. Ninety-three cases were included in the analysis, of which 9 had a 
missingg value. This resulted in 84 evaluable cases. Risk factors retaining significance 
afterr stepwise reduction of the model were the radiation dosage to the posterior fossa 
(lesss or more than 50 Gy) and the presence of meningeal metastases at the time of 
diagnosiss with p-values of 0.001 and 0.0019 respectively. The need for continuous CSF 
drainagee had a borderline significant p-value of 0.054 in multivariate analysis. 

Radiationn dose to PF 

Progressionn free survival (months) 11 free survival (months) 

radiationn oose to pf 

Figuree 3. 
Progressionn free survival of patients with 
metastasess at diagnosis as verified by imaging or 
positivityy for tumourcells in Cerebrospinal fluid 
(nn = 38) , as compared to patients with no 
metastasess (n = 35). 

Figuree 4. 
Progressionn free survival of patients who received 
aa dose of at least 50 Gray to the posterior fossa (n 
== 70), versus patients who received less than 50 
Grayy (n = 8), pf; posterior fossa. 

Discussion. . 

Thee characteristics of medulloblastoma and central PNET known from the literature 
weree also found in our patient group : a peak incidence at the age of 5 years, a male to 
femalee ratio of 2.23:1 and 68% of children having symptoms during less than 3 months. 
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Comparisonn of the incidence of metastases at the time of diagnosis is difficult because 
off  missing data, as well in our study group as in literature. 

Ass in most studies 19-20-29 we did not find sex or age to be of significant prognostic 
influence.. Neither were time interval between the appearance of symptoms and the diagnosis, 
norr between surgery and the start of radiotherapy. 

Inn univariate analysis the presence of meningeal metastases on myelography or 
Magneticc Resonance Imaging (MRI) had the strongest prognostic value (p=0.0001). A 
veryy comparable result was seen for patients with tumourcells in the CSF before or after 
surgery.. For the interpretation of postoperative CSF only results that were obtained at 
leastt 2 weeks after surgery were taken into account, in order to avoid false positive 
resultss because of the presence of tumourcells in the CSF due to the surgery. As the 
presencee of meningeal metastases was supposed to be a strong predictor of survival, we 
feltt it important to include this variable in the multivariate analysis. Children that were 
nott tested by imaging or CSF examination (n = 28) were considered to have no metastases. 
AA bias might be introduced by this procedure. However, the result of the bias would be 
ann underestimation of the influence of this risk factor, as patients who were not tested 
butt would have metastases would worsen the survival of the whole group of "no 
metastases".. To exclude the possibility that only childeren with other bad prognostic 
factorss were not tested for the presence of metastasis, the two groups were compared. 
Thee group of children that was not tested did not differ significantly in composition 
(age,, sex), neither in survival, from the group that was tested. This reduces the risk that 
aa significant bias would be introduced by defining them as having no metastases. 

Thee extent of resection was only of significance in univariate analysis. It must be 
notedd that this extent was determined mainly by the neurosurgical report, especially in 
patientss treated in the time era before routine postoperative scanning was done. As 
differentt neurosurgeons may have applied different criteria concerning partial, subtotal 
orr total resection, this may contribute to the fact that difference in survival was only seen 
whenn the patients were divided in groups with no resection at all or only biopsy and 
thosee with some form of resection. Another factor that contributes to this difference in 
survivall  might be that patients with no resection or biopsy only are more likely to have a 
tumourr localized in or involving a critical region (i.e. the brain stem) which makes 
surgeryy very hazardous. Thus, the difference in PFS is explained by the localization of 
thee tumour more than by the proper extent of resection. 

Patientss who needed a ventriculoperitoneal or ventriculocardial drain for a longer 
periodd of time after surgery had a significant worse PFS in univariate analysis. This 
characteristicc lost its significance in multivariate analysis (p = 0.06). According to Lee 
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ett al.36, patients who need a permanent shunt after surgery tend to be younger, have more 
extensivee tumours and larger ventricles pre-operatively. In our group the mean age of 
thee 67 patients with no or a temporary drain was 7.4 years (standard deviation 4.1), 
whilee in the 30 patients who did need a drain the mean age was lower (5.6 years . 
Onn the other hand, the group who needed a drain was characterized by a much higher 
presencee of metastases (47 % versus 28%). A very malignant tumour that grows rapidly 
mightt very well be responsible for these characteristics. Thus, the need for a permanent 
shuntt might reflect the high degree of malignancy of the tumour, and the need for shunting 
iss not the cause of poor survival. This might explain why this variable loses significance 
inn multivariate analysis. 

Inn univariate as well as multivariate analysis the radiation dose administered to the 
posteriorr fossa was a significant predictor of survival (relative risk of 3.0). This was 
alreadyy found in other studies 19,21 and emphasized the need for an adequate dosage to 
thee posterior fossa in standard protocols for children with medulloblastoma. Although 
theree were only 8 patients receiving less than 50 Gy, it is interesting to notice that these 
patientss were not predisposed to a worse outcome, as only 2 of them had proven metastases 
att diagnosis (one with tumourcells in the postoperative CSF and one with metastases on 
MRII  at diagnosis), and none of them were younger than 4.5 years. Other prognostic 
factorss such as degree of resection did not differ between the two groups. According too the 
radiotherapyy reports, the protocol recommended doses of 30 Gy to the posterior fossa at 
thatt time. This means that these patients did not receive a lower dose because a suspected 
badd prognosis, thus the bad prognosis is not due to patient selection, but this is a true effect 
off  the radiation dose. In one patient the radiotherapy was stopped early because of bone 
marroww toxicity. In 4 patients the reason for the reduced dose is not clear. 

Accordingg to Table 1,38 (34 %) patients had no evidence of disease following surgery. 
However,, caution must be taken in the interpretation of these results. In only 26 children 
thiss was confirmed by postoperative CT scan. In the other 12 patients, the neurosurgical 
reportt stated that there was macroscopically radical tumour removal. However, it is 
generallyy known that there is a discrepancy between neurosurgical reports and post-
operativee imaging results. This was also seen in our study population, in patients where 
thee neurosurgical report could be compared to postoperative CT scans. Vice versa, subtotal 
removall  by the surgeon not always showed residual tumour on postoperative CT or MRI 
scan.. Furthermore, CT or MRI could not differentiate between residual tumour and 
postoperativee changes in 11 cases. 

Theree was no benefit for patients receiving adjuvant chemotherapy, neither for the group 
receivingg chemotherapy as a whole, nor for the different protocols analysed separately. 
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Theree was a trend for better survival for patients treated in the EKZ 79 protocol, but this 
didd not reach statistical significance (p= 0.31). Based on the good results of this "sandwich" 
therapyy that was first applied as a pilot study in the Emma Kinderziekenhuis, this protocol 
wass adopted in the SIOP 82 study, but the results achieved in the pilot study could not be 
reproducedd on a larger scale. One of the reasons for the ^reproducibility of these good 
resultss may be the fact that these positive results in the Netherlands may have influenced 
thee referral of pediatricians for children with brain tumours. This might have caused a bias 
inn the study population in the original EKZ 79 study. Although some authors report a 
significantt positive influence of chemotherapy on survival for some subgroups of patients 
withh so-called high risk tumours 14"16, we could not demonstrate a difference in PFS for 
patientss with metastases at diagnosis or for patients with supratentorial tumours receiving 
chemotherapy.. However, it must be kept in mind that we are analyzing the effect of many 
differentt chemotherapy protocols, of which some are applied on a very small group of 
patients.. And even in these small groups, many protocol violations were seen. A possible 
"effective""  treatment regimen might be missed because of the small group of patients it 
wass administered to correctly. The question of chemotherapy can only be properly addressed 
byy a prospective randomized trial, as is the SIOP PNET HI study. 

Ass has become clear from the survival and PF survival curves, until today there is no 
salvagee therapy for children with a relapse of their tumour. Recently, a number of studies 
havee addressed this problem by using high dose chemotherapy followed by autologous 
bonee marrow or stem cell rescue, with encouraging results. The follow up however is too 
shortt to draw any definite conclusions 37"42. 

Inn this study we analyzed variables for their influence on survival. It has become clear 
throughh the years that it is very difficult to find reliable clinical prognostic factors. This is 
confirmedd by our analysis of this group of patients. Although some variables, as the presence 
off  metastases at the time of diagnosis, are established predictors of survival in most studies, 
thee majority of patients do not fall into this category. It needs no comment that also for 
thosee children reliable prognostic markers are needed to adjust the therapy according to 
thee predicted survival. Numerous studies were not able to find consistent clinical 
characteristicss of prognostic value, so we feel that the solution to this problem must come 
fromm a different approach such as molecular biology. Chromosomal aberrations or altered 
functionn of genes, important in the genesis or growth of the tumour, will probably provide 
uss with more consistent predictors of survival, as is already shown in other childhood 
tumourss such as neuroblastoma4344. Several authors found a worse prognosis for children 
withmedulloblastomass carrying a deletion of chromosome 17p45Jt8. In a study of Gilbertson 
ett al.23, expression of the c-erbB-2 oncogene product was of significant influence on 
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survival,, as was co-expression of two members of the EGFR family (HER-2 and HER-4) 
inn a second study49. The mitotic percentage index was also found to be important by the 
samee author27. We feel that these are important steps to come to reliable predictors of 
survival,, and efforts should be directed toward this kind of approach. 
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Abstract t 
Thee occurrence of neuroendocrine deficiencies following craniospinal irradiation 
forr medulloblastoma is well known, but data concerning the spectrum and 
prevalencee of endocrine abnormalities in adulthood are scarce. 
Wee studied endocrine function in 20 (median age 25 years) adult subjects, 8-25 
yearss (median 16) after therapy. The radiation dose to the whole cranium and 
spinall  axis was 6 Gray (mean  standard deviation) with a boost to the 
posteriorr fossa of 7 Gray. 13 had received additional chemotherapy. 
Inn 15 of 20 (75%) subjects endocrine abnormalities were observed. In 14 (70%) 
growthh hormone (GH) secretion was impaired; 7 (35%) subjects had an absolute 
GHH deficiency, while 7 (35%) showed a subnormal responses to insulin-induced 
hypoglycaemia.. In contrast, only 20% (4) of these subjects showed impairment 
off  the hypothalamus-pituitary-thyroid (HPT) axis, while 15% (3) showed central 
impairmentt of hypothalamus-pituitary-gonadal (HPG) function. Central 
impairmentt of the HPG axis was associated with impaired GH secretion in all 
cases.. Central adrenal insuffiency was not observed. Basal levels of prolactin 
weree normal in all subjects. Young age at treatment was a determinant of GH 
deficiencyy in adulthood (p=0.014). Neither post-treatment interval, nor the use 
off  chemotherapy were determinants of central endocrine impairment in 
adulthood. . 
Inn long-term survivors of medulloblastoma, GH deficiency has a high prevalence. 
Inn contrast, impairment of the HPG and HPT axis were less common, while 
centrall  adrenal insuffiency is not observed. 
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Introductio n n 

Inn children with medulloblastoma, long-term survival rates of 50% are achieved.1 

Craniall  radiation therapy is invariably required for successful treatment. The radiation 
portall  generally includes the hypothalamus and pituitary gland. These structures are 
particularlyy vulnerable for radiation therapy,2 which may explain the occurrence of 
endocrinee impairment in later life. Deterioration of hypothalamus-pituitary function is 
believedd to be slow, with adverse endocrine sequelae emerging only many years later. 

Mostt studies assessing these late sequelae have been performed in childhood.3 Follow-
upp data into adulthood are scarce. Moreover, the prevalence of endocrinopathies has been 
examinedd in studies including a variety of diagnoses, for example, brain tumors, acute 
lymphaticc leukaemia (ALL) or nasopharyngeal malignancies. This has resulted in marked 
variationn in irradiation doses studied. For instance, subjects with nasopharynx carcinoma 
aree irradiated with a much higher dose, up to 70 Gray (Gy), than prophylactic irradiation in 
acutee lymphatic leukaemia (ALL) (18-24 Gy). Finally, some studies have included subjects 
treatedd during childhood as well as during adulthood4, thereby introducing marked variation 
inn post-treatment interval. Since the incidence of endocrinopathies has been shown to 
depend,, for example, on the dose of irradiation and age of treatment,5 these factors may 
explainn in part differences in reported frequencies of endocrine deficiencies. The reported 
frequencyy of hypothyroidism ranges from 8-60%.6 Impaired gonadotropin secretion 
occurringg as a consequence of cranial irradiation varies from 25 to 50%,7 while growth-
hormonee (GH) deficiency was described in 60-80%.8 

Therefore,, the aim of this study was to investigate long-term endocrine sequelae of 
craniall  irradiation in a homogeneous group of adult subjects, treated for medulloblastoma 
duringg childhood. 

Patientss and Methods 

subjects subjects 
Thee study was performed in subjects treated for medulloblastoma during childhood at 

thee Emma Kinderziekenhuis, Amsterdam, the Netherlands. Subjects were eligible if it 
wass more than 5 years after cessation of treatment and if they were older than 18 years at 
thee time of the investigation. Exclusion criteria were recent seizures, symptomatic 
ischaemicc heart disease and pregnancy. 2 mentally retarded patients were excluded because 
noo written informed consent could be obtained. The study protocol was approved by the 
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Medicall  Ethics Committee of our hospital and written informed consent was obtained 
fromm all subjects. 

Clinicall  data are summarized in Table I. We studied 20 long-term survivors of 
medulloblastomaa (6 women and 14 men) ranging from 19 to 35 years of age (median 25 
years).. In all subjects a medical history and complete physical examination was performed. 
Al ll  were post-pubertal (Tanner V). Testicular size was assessed by the Prader 
orchidometer;; with normal testicular size defined as 15-20 ml. None had symptoms of 
diabetess insipidus. The median age at the time of diagnosis was 8 years (range 4-17 
years).. The median interval between cessation of treatment and investigation was 16 
yearss (range 8-25 years). After surgery, all subjects were treated with craniospinal radiation 
therapy.. The radiation dose to the whole cranium was 6 Gy (mean  standard 
deviation)) with a boost to the posterior fossa of 7 Gy. The irradiation doses to the 
craniospinall  axis were fractionated as follows; fractions of 1.5 Gy to the cranium, fractions 
off  1.5 Gy on the spinal axis and boost fractionation doses between 1.5 and 1.8 Gy. 
Radiationn doses were reduced in case of leuco- and/or thrombocytopenia. Thirteen 
subjectss had received additional chemotherapy (Table I). 

Tablee I. Characteristics of 20 Adult Patients Treated for Childhood Medulloblastoma 

Patien tt  No. (sex) Age at Treatmen t Post treatmen t 
(years )) interva l (years ) 

Crania ll  Radiatio n 
Therap yy gray 
(surttosage ) ) 

Chemotherap yy Substitutio n Treatmen t 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 

10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 
17 7 
18 8 
19 9 
20 0 

25 5 
17 7 
17 7 
18 8 
19 9 
16 6 
16 6 
10 0 
15 5 
20 0 
21 1 
23 3 

9 9 
14 4 

9 9 
14 4 
14 4 

8 8 
15 5 
19 9 

377 (53) 
34,55 (55) 
355 (50) 
355 (55) 
355 (52) 
366 (19) 
355 (17) 
355 (55) 
355 (55) 
355 (53,6) 
400 (57,5) 

255 (30) 
355 (55) 
355 (55) 
355 (50) 
355 (57) 
355 (55) 
355 (50) 
422 (20) 

--
--
ster ,, mix , vcr 
ster ,, mtx , vcr 
ster ,, mtx , vcr 
ster ,, mtx , vcr 
ster ,, mtx , vcr 
ster ,, mtx , pro , vcr 
mtx ,, vcr , pro 
ster ,, mtx , vcr 

--

. . 
pro ,, mtx , vcr 

--
ster ,, mtx , pro , vcr 
pro,vcr ,, mtx 
ster ,, mtx , vcr 
mtx.vc rr  pro 

--

thyroxin ee 0.1 mg 

--
--
OC C 
--
GHH 4IU twic e weekly , 0C 

--
--
GHH 4IU twic e weekly , thy 

--
--

. . 
--
--
--
--

OC C 
--

mtx;methotrexate,, VCR;vincristine, ster;steroids, pro;procabazine, OC;oral contraconceptivum 
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methods s 

endocrineendocrine evaluation 
Al ll  tests started at 0900 h in the post-absorptive state. On day 1, an insulin-tolerance 

testt (ITT) was performed for the assessment of GH and Cortisol responses. Blood samples 
weree drawn to determine Cortisol and GH 30 and 15 min before and 15, 30, 45, 60, 90 
andd 120 min after an intraveneus injection of 0.15 U insulin/kg body weight (Actrapid, 
Novoo Nordisk AS, Bagsvaerd, Denmark). 

Att the second assessment, blood samples were obtained to determine basal levels of 
follicl ee stimulating hormone (FSH) and luteinising hormone (LH) 15 min before, and 
15,, 30, 45, 60, 90 and 120 min after 0.1 mg gonadotropin-releasing hormone (GnRH) 
(Relefactt LHRH, Hoechst, Frankfurt am Main, Germany). Thyroid-stimulating hormone 
(TSH)) was measured 15 min before, and 20, 600 and 120 min after 0.4 mg thyrotropin-
releasingg hormone (TRH) (Relefact TRH, Hoechst). 
Basall  plasma levels of insulin-like growth factor 1 (IGF-1), triiodothyronine (T3), total 
thyroxinee (T4), free thyroxine (FT4), prolactin, testosterone (in men), oestradiol and 
progesteronee (in women) were also determined. 

hormonehormone assays 
Cortisoll  was determined by fluorescence polarisation immunoassay on a TDx analyzer 

(Abbott,, Amstelveen, the Netherlands), GH and IGF-1 by immuno radiometric assay 
(IRMA)) (Nichols Institute Diagnostics, San Juan Capistrano, U.S.A. and Diagnostic 
Systemss Laboraties, Webster, U.S.A. respectively). Prolactin was determined by using 
ann immunofluorometric assay (Delfia, Turku, Finland), LH and FSH were determined 
byy radio immuno assay (RIA) (Johnson and Johnson,Amersham, U.K.). Testosterone, 
oestradioll  and progesterone by RIA (resp. in-house; Diagnostic Products Corporation, 
Loss Angeles, U.S.A.; Orion Daignostica Espoo, Finland). T4 and T3 were determined 
byy in-house RIA, FT4 by a two-step fluoroimmunoassay and TSH by immunoflourometric 
assayy (both Delfia, Turku, Finland). Anti-thyroid peroxidase (TPO) was measured by 
chemoiluminescencee immunoassay (BRAHMS, Berlin, Germany). 

referencesreferences values 
Referencee values of GH and Cortisol responses to insulin-induced hypoglycaemia and 

off  LH and FSH responses to GnRH stimulation were adapted from Becker.9 A peak 
plasmaa GH concentration >18.9 mU/1 (> 7ng/ml) was considered a normal response. An 
absolutee GH deficiency was defined as a peak response < 6.75 mU/1 and a subnormal 
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responsee as a peak response between 6.75 and 18.9 mU/1. The Cortisol response was 
consideredd normal if the peak plasma Cortisol concentration was above 0.55 im/l or if 
thee absolute increase in plasma Cortisol was above 0.28 imol/1. Normal LH and FSH 
responsess to GnRH were defined as a 2-3-fold increase in plasma LH concentration over 
basall  levels and a more than 1.5-fold increase in plasma FSH over basal levels, 
respectively.. Reference values for the TSH response to TRH were obtained from the 
Laboratoryy of Clinical Chemistry, Academic Medical Centre, University of Amsterdam, 
definingg a normal response of TSH to TRH as a peak plasma concentration of TSH 
betweenn 2.8 and 22.5 mU/1. 

statisticalstatistical analysis 
Statisticall  comparisons were made by logistic regression (SPSS, 1996), considering P 

valuess less than 0.05 as statistically significant. 

Results s 

growthgrowth hormone. 
Al ll  subjects were tested, except 2 who received GH substitution. Results are shown in 

Tablee II . 14 subjects (70%) had an impaired GH response. All these subjects except 1 
(no.. 3) had signs or symptoms compatible with GH deficiency with lack of energy as the 
majorr complaint. 7 subjects (35%) had an absolute GH deficiency. In 2 subjects, this had 
beenn diagnosed before (no. 6 and no.9, 13 and 3 years after treatment, respectively). 7 
subjectss (35%) showed a subnormal GH response. IGF-1 was decreased in only 6 subjects. 
Therefore,, IGF-1 as a diagnostic test for GH deficiency yielded a sensitivity of 40% and 
aa specificity of 85%. 

hypothalamus-pituitary-gonadalhypothalamus-pituitary-gonadal (HPG) axis. 
Al ll  subjects had mature secondary sexual characteristics (Tanner V). All women had 

aa normal menstrual cycle. 3 women were excluded from the GnRH-test because of the 
usee of an oral anticonceptive. Thus, in 17 subjects (14 men, 3 women) the HPG-axis was 
studied.. The results are shown in Table III . 3 subjects showed central hypogonadism. 
Testosteronee was decreased in 2 men, 1 (no. 1) in combination with low peak response 
off  LH to GnRH and 1 (no. 11) with a decreased basal LH. 1 man (no. 9) showed a low 
peakk response of FSH after GnRH stimulation. In 3 men, basal FSH was elevated (nos 8, 
122 and 18). All these subjects had received combination chemotherapy including 
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Tablee II . Cortisol and Growth Hormone responses after insuline induced hypoglycaemia and prolactin 
andd IGF-1 concentration. 

Patien n no.. sex 

norma ll  values 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 

10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 
17 7 
18 8 
19 9 
20 0 

M M 

M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
F F 
M M 

GH(mU/l ) ) 

peak k 
>18.9 9 

5.0 0 
05 5 
9.1 1 
8.4 4 
2.6 6 

s s 
203 3 
18.3 3 

s s 
9.1 1 
05 5 
6.0 0 

16.8 8 
335 5 
56.0 0 
11.9 9 
25 5 
59 9 
7.9 9 

30 0 

IGF-11 (nmol/l ) 

seee below * 

28 8 
10 0 
36 6 
19 9 
6 6 
5 5 

19 9 
39 9 
s s 

46 6 
12 2 
19 9 
34 4 
21 1 
37 7 
64 4 
24 4 
42 2 
13 3 
35 5 

cortisol(mE/1 ) ) 

Basal l 
>0.22 2 

053 3 
053 3 
0.62 2 
0.87 7 
1.21 1 
1.01 1 
059 9 
051 1 
0.30 0 
0.34 4 
0.24 4 
053 3 
0.26 6 
0.36 6 
0.37 7 
0.48 8 
0.28 8 
0.40 0 
058 8 
0.40 0 

Peak k 
> 0 5 5 5 

0.88 8 
0.66 6 
0.81 1 
1.34 4 
1.64 4 
1.74 4 
0.89 9 
0.78 8 
0.69 9 
0.75 5 
051 1 
1.43 3 
0.87 7 
0.76 6 
0.79 9 
0.77 7 
0.75 5 
0.71 1 
1.27 7 
0.72 2 

prolocrin(ugyi ) ) 

orr  delta 0.28 male < 15 female < 22 

75 75 
85 5 
8.0 0 

12 2 
75 5 
5.0 0 
7.0 0 
55 5 
8.0 0 
7.0 0 
55 5 
85 5 
6.0 0 

115 5 
37 7 

nd d 
55 5 

145 5 
5.0 0 
55 5 

IGF-1;; insulin like growth hormone factor 1, GH and Cortisol responses; maximal concentration of 
afterr insulin induced hypoglycaemia. * Reference values, IGF-1: men 20-30 years 21-84 nmol/l, 30-40 
yearss 17-53 nmol/l; women 20-30 years 16-66 nmol/l, 30-40 years 13-52 nmol/l. s: substitution therapy, 
nd;; not determined. 

procarbazine.. Testicular volume was normal in all except 2 subjects (in nos 11 and 17, 
testicularr volume was 14 and 10 ml, respectively). 

hypothalamus-pituitary-thyroidhypothalamus-pituitary-thyroid (HPT) axis. 
Nonee of the investigated subjects had clinical signs of hypothyroidism. 2 had been 

diagnosedd previously as having subclinical primary hypothyroidism on the basis of slightly 
elevatedd TSH and normal T4 (nos 1 and 9, 9 and 8 years post-treatment, respectively) 
andd had been treated with thyroxine. Data aree summarized in Table IV. Of the 18 tested 
subjects,, 1 subject (no. 18) had a decreased total plasma T4 concentration but otherwise 
normall  thyroid hormone concentration, compatible with central hypothyreoidism. 1 
subjectt (no. 12) showed a decreased FT4, a slightly elevated TSH and an exaggerated 
responsee of TSH to TRH, compatible with primary hypothyroidism. 5 subjects (nos 2,6, 
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Tabl ee I I I Gonada l functio n 

Patientt  # 

sex x 

referenc e e 
values s 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 

10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 
17 7 
18 8 
19 9 
20 0 

M M 

M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
F F 
M M 

E2 2 
(nmol/l ) ) 

ff  0.04-0.73 
10.22-0.95 5 

0.45 5 
0.2 2 
OC C 
0.31 1 
OC C 

OC C 

i nn Patient s Treate d fo r Medulloblastom a 

P P 
(nmol/l ) ) 

ff  < 1-3.0 
112-60 0 

4.2 2 
1.2 2 
OC C 
14.5 5 
OC C 

OC C 

T T 
(nmol/l ) ) 

11-35 5 

9.9 9 

12 2 
18.3 3 
29.2 2 
18 8 
10.2 2 
12.9 9 
20 0 
36 6 
12 2 
15.5 5 
22 2 
21 1 

11.0 0 

FSHH (U/l) 

Basal l 

1-10 0 

15 5 
5 5 
45 5 
OC C 
3 3 
OC C 
2 2 
23 3 
25 5 
4 4 
2.5 5 
12 2 
5.5 5 
3.0 0 
4.0 0 
3 3 
2.5 5 
14 4 
OC C 
4.0 0 

Peak k 

>15 5 
overr  basal 

3.0 0 
12 2 
9 9 
OC C 
5 5 
OC C 
4 4 
50 0 
3 3 
9 9 
6 6 
37 7 
12 2 
10.5 5 
nd d 
6.5 5 
4 4 
28 8 
OC C 
nd d 

LHH (U/l ) 

Basal l 

5-15 5 

55 5 
6.5 5 
15 5 
OC C 
4.5 5 
OC C 
6 6 
9 9 
5 5 
6 6 
3 3 
8 8 
65 5 
65 5 
7.0 0 
4 4 
55 5 
7.0 0 
OC C 
5.2 2 

Peak k 

>2 -3 3 
overr  basal 

10.0 0 
42 2 
55 5 
OC C 
27 7 
OC C 
19 9 
63 3 
21 1 
22 2 
17 7 
63 3 
22 2 
21 1 
nd d 
27 7 
18 8 
45 5 
OC C 
nd d 

E2:estradiol;; T:testosterone; P: progesterone, f: follicular fase, 1: luteal fase, FSH: follicle stimulating 
hormone;; LH:luteinising hormone; Peak: maximum levels of FSH or LH found after 100 ugram GnRH. 
nd;; not determined; OC; oral contraceptive 

10,166 and 19) with an exaggerated response of TSH to TRH and normal FT4, T4 and T3 
weree considered as having subclinical primary hypothyroidism. Anti-TPO antibodies 
weree absent in all these subjects (<5 KU/1) 

hypothalamus-pituitary-adrencorticalhypothalamus-pituitary-adrencortical (HPA) axis. 
Dataa are summarized in Table II . All subjects showed a normal Cortisol response to 

insulin-inducedd hypoglycaemia. 

prolactin. prolactin. 
Plasmaa concentrations of prolactin were within normal limits in all subjects. 
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Tablee IV. Thyroid Function in Patients Treated for Medulloblastoma 

Patien tt  no. T4 FT4 T3 TSH(mE/I) 
andd sex (nmol/1 ) (nmol/l ) (nmol/1 ) 

referenc ee values 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 

10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 
17 7 
18 8 
19 9 
20 0 

M M 

M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
F F 
M M 

70-150 0 

s s 
100 0 
105 5 
155 5 
110 0 
115 5 
90 0 
135 5 
s s 
100 0 
90 0 
75 5 
120 0 
105 5 
85 5 
100 0 
95 5 
60 0 
140 0 
115 5 

10-23 3 

s s 
12.1 1 
16.9 9 
16 6 
13.1 1 
11 1 
12.9 9 
15.7 7 
s s 
15.1 1 
10.8 8 
7.6 6 
15.7 7 
13.3 3 
9.3 3 
13.2 2 
16.6 6 
10.1 1 
14.2 2 
21.4 4 

1.3-2.7 7 

s s 
1.85 5 
2.1 1 
2.3 3 
2.6 6 
2.1 1 
1.8 8 
2.4 4 
s s 
1.7 7 
2.1 1 
2.1 1 
2.1 1 
1.8 8 
1.35 5 
2.8 8 
2.3 3 
1.9 9 
2.3 3 
2.15 5 

basal l 

0.4-4.0 0 

s s 
2.7 7 
22 22 
1.4 4 
2.6 6 
1.2 2 
2.3 3 
1.9 9 
s s 
2.8 8 
2.6 6 
4.3 3 
1.9 9 
1.8 8 
4.0 0 
3.9 9 
2.4 4 
15 5 
25 5 
2.6 6 

peak k 

2.8-2 2 

s s 
23.3 3 
16.4 4 
15.8 8 
15 5 
23.6 6 
16.4 4 
11 1 
s s 
23.6 6 
125 5 
28.6 6 
16.2 2 
12.8 8 
nd d 
295 5 
13.4 4 
14.0 0 
28.0 0 
15.4 4 

T4;thyroxine,, FT4 free T4, T3:triiodothyronine; TSH:thyrotrophin; Peak: maximun levels of TSH after 
4000 ugram of thyrotropin releasing hormone, nd; not done; s; substitution 

summarysummary of endocrine abnormalities. 
55 of 20 subjects had normal hormonal profiles (nos 7,14,15,17 and 20). 7 subjects 

hadd absolute GH deficiency; in 2 this was combined with both central hypogonadism 
andd primary hypothyroidism (nos 1 and 9), in 1 (no. 11) with central hypogonadism 
andd in 1 (no. 12) with primary hypothyroidism. An additional 7 subjects showed 
subnormall  responses of GH without impairment of the HPG or HPT axis. 1 subject 
(no.. 18) showed central hypothyroidism without impairment of the other axes. GH 
deficiencyy showed a negative correlation with age at treatment (p= 0.014). There was 
noo significant correlation between neuro-endocrine abnormalities and post-treatment 
intervall  or the use of chemotherapy. 
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Discussion n 

Detailedd studies of endocrine function in adult, long-term survivors of childhood 
medulloblastomaa have not been reported previously. In this study, long-term follow-up 
afterr treatment was achieved (median 16 years). The localization of the medulloblastoma 
wass the fossa posterior in all subjects, making the site of the surgical procedure very 
unlikelyy to have produced central endocrine impairment. Furthermore, surgically induced 
deficienciess usually manifest shortly after surgery, whereas radiation-induced damage 
becomess manifest only months to years after irradiation.10 n In this study, 13 subjects 
hadd been treated with combination chemotherapy. Since this group did not differ in 
hypothalamus-pituitaryy function as compared with patients without chemotherapy, 
chemicallyy induced hypopituarism is a very unlikely cause for the observed endocrine 
effects. . 

Fromm studies of children with ALL, it is known that hormonal deficiencies can occur 
afterr radiation doses as low as 18 Gy, especially when treated at a young age.12 In a detailed 
studyy by Crowne and colleaques, low dose cranial irradiation was shown to cause subtle 
pertubationss of the GH axis during the pubertal growth spurt, but not prepubertally.13 Patients 
withh brain tumours receive much higher radiation doses. Our subjects received a mean 
dosee of 35 Gy to the hypothalamus-pituitary region and showed a high proportion (75%) 
off  endocrine abnormalities. The predominant deficiency was GH impairment; in 7 subjects 
(35%)) an absolute GH deficiency was present, while 7 additional subjects (35%) showed 
aa subnormal GH response to ITT. IGF-1 did not prove to be a reliable diagnostic test for 
GHH deficiency, which is in accordance with other studies.14 Several studies have shown 
thatt the majority of patients treated for brain tumours become GH deficient 3 months to 5 
yearss after radiation therapy.15 As most studies were performed within 10 years after 
diagnosis,, it was postulated that after a lengthier interval even more hypothalamus-pituitary 
deficienciess would gradually become apparent, as a result of slowly progressing radiation-
inducedd changes.16 On the contrary, Shalet and associates postulated that the occurrence 
off  radiation damage to the hypothalamus-pituitary axis is predominantly dependent on 
youngg age at treatment and the dose received,17 rather than on the post-treatment interval. 
Ourr study support this hypothesis, as the presence of GH deficiency was associated with 
treatmentt at a young age and not with post-treatment interval. No conclusion could be 
drawnn about the dose of radiation as a determinant of endocrine failure since in our study 
populationn the range of radiation doses given was only very small. 

Onlyy 3 subjects (18%) showed central hypogonadism in our study. Rappaport and 
colleaquescolleaques reported that isolated central impairment of gonadotropins does not occur as 
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aa consequence of cerebral irradiation, but is always associated with GH deficiency.18 We 
confirmedd this, as central impairment of the HPG axis was associated with GH deficiency 
inn all cases. In addition, we identified 3 men with raised basal plasma FSH levels. All 
thesee men had received procarbazine as part of the adjuvant chemotherapy, which is 
knownn for its cytotoxic effect on the germinal epithelium.19 Although we did not perform 
semenn analyses, the raised FSH levels are probably due to primary gonadal insufficiency 
duee to damage to the germ cells. 

Inn our study population, 1 case of central hypothyroidism was found and 3 cases of 
primaryy hypothyroidism. The TRH stimulation test, amplifying minor abnormalities in 
basall  TSH secretion, revealed 5 subjects with an exaggerated response of TSH to TRH. 
Sincee T4, FT4 and T3 concentrations were normal, this reflects subclinical primary 
hypothyroidism.. Auto-immune hypothyroidism as a possible cause of primary 
hypothyroidismm was ruled out in this group by the absence of anti-TPO antibodies. Thus, 
thee exaggerated response of TSH to TRH is most probably due to primary hypothyroidism 
causedd by damage to the thyroid gland as a result of irradiation of the craniospinal axis. 
Thiss is in accordance with other studies.6 Chemotherapy has so far not been associated 
withh damage to the thyroid. The possible interaction of radiotherapy and chemotherapy 
inn the development of primary hypothyroidism has not been investigated so far. 

Radiation-inducedd central Cortisol deficiency is uncommon, but has been described 
incidentally.. Since this impairment can be life-threatening it is important to know the 
longtermm incidence of this deficiency. Determining the adrenocorticotropic (ACTH) reserve 
byy an i n , is regarded as a reliable instrument for diagnosing Cortisol deficiency.20 21 Our 
resultss demonstrated that no subjects had such a deficiency. 

Hyperprolactinaemiaa is a common finding after cranial irradiation.22 It is assumed to 
resultt from injury to the hypothalamus, leading to disruption of the dopaminergic inhibition 
off  prolactin secretion.23 Although we expected elevated levels of prolactin to occur in 
somee subjects, all subjects had normal prolactin. 

Inn this study, the frequency of GH deficiency was in accordance with earlier findings 
inn the literature. By contrast, impairment of the gonadal and thyroid axis due to irradiation 
damagee of the hypothalamic-pituitary region in our material was less frequent than the 
expectedd rate in view of the long post-treatment interval. A striking feature of this study 
wass the observation that after a long follow-up period, Cortisol reserve remains normal. 
Thee assessment of the exact localization of the radiation-induced damage is a matter of 
debatee in the literature. Deficiency of the pituitary gland may occur at any level of the 
pituitaryy gland or may originate in the hypothalamus. Differentiation between 
hypothalamicc and pituitary endocrine dysfunction is difficult.24 a Our results suggest 
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highlyy selective damage according to hypothalamic and/or pituitary cell type, rather 
thann according to topography. 

Inn conclusion, the current study shows late endocrine sequalae after cranial irradiation 
forr childhood medulloblastoma. GH deficiency is common and is inversely related to 
agee of treatment. Impairment of the HPG and HPT axis is observed much less frequently. 
Theree were no subjects with impairment of the HPA axis or with hyperprolactinaemia. 
Inn view of the high prevalence of GH deficiency and the potential benefit from GH 
replacementt therapy in terms of well-being,26 27 long-term endocrine surveillance after 
craniospinall  irradiation appears manditory. 
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Abstract t 

Thee hypothalamus, assumed to be vulnerable to radiation damage, is involved 
inn sleep-wakefulness regulation. The purpose of this controlled study was to 
investigatee whether cranial radiation therapy (CRT) in childhood leads to 
alteredd sleep-wakefulness organization in adulthood, and whether 
neuroendocrinee impairment, radiation dose, chemotherapy, age of treatment 
andd post-treatment interval are determinants of such alterations. 
Subjectivee (questionnaires) and objective (actigraphy) measures of circadian 
rhythmicityy and sleep were assessed in 25 subjects, 8 to 29 years after CRT 
forr medulloblastoma (n=17) or other intracranial tumors (n=8), and in a group 
off  27 age-matched healthy subjects. In the CRT-group, serum growth hormone 
(GH)) peak and concentrations of prolactin (PRL) and leptin expressed per fat 
masss (Leptin/FM) were determined. 
Thee sleep pattern in the CRT-group was not disturbed in the sense of short or 
fragmentedd sleep. On the contrary, a strongly increased sleep duration and a 
sleep-wakee rhythm with a higher amplitude and less fragmentation was found 
inn the CRT-group. There were no significant differences in subjective sleep 
parameterss apart from a trend towards less tolerance for alterations in the 
timingg of sleep in the CTR-group. Stepwise regression analyses showed no 
associationn between the sleep-wake rhythm and additional chemotherapy or 
post-treatmentt interval. By contrast, difficulty overcoming drowsiness was 
associatedd with GH-deficiency, increased PRL and Leptin/FM and an early 
agee at treatment. A decreased tolerance for alterations in the timing of sleep 
wass associated with increased Leptin/FM and high radiation dosages. Getting 
startedd in the morning was more difficult for those with increased PRL. Longer 
sleepp bout durations were associated with high radiation dosages. An increased 
sleep-wakee rhythm amplitude was associated GH-deficiency. 
Childhoodd CRT is associated with changes in the sleep-wake rhythm in 
adulthood,, most notably increased sleep duration. Neuroendocrine changes 
doo not determine this increase, but are associated with other sleep-wake rhythm 
measures.. Hence endocrine therapy can be expected to correct some, but not 
alll  of the sleep changes. 
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Introductio n n 

Craniall  radiation therapy (CRT) is required for successful treatment of a variety of 
brainn tumors in childhood. The radiation field generally includes the hypothalamus. A 
numberr of hypothalamic areas and systems, e.g. the ventrolateral preoptic area (VLPO) 
inn the anterior hypothalamus and the tuberomammilary nucleus (TM) in the posterior 
hypothalamus,, are involved in sleep-wake regulation15, as indicated by animal studies. 

Inn addition, cholinergic and GABAergic neurons in the adjacent basal forebrain nuclei 
aree involved in sleep-wake regulation6. Furthermore, the hypothalamus contains the 
suprachiasmaticc nucleus (SCN) which is essential for the circadian organization of sleep 
andd many other rhythms in mammals7. Because the hypothalamus is included in the radiation 
field,field, it is possible that this may result in altered hypothalamic function. In clinical conditions 
associatedd with disturbances of circadian rhythmicity and sleep, structural and functional 
degenerativee changes of the SCN have been demonstrated in post-mortem brain material8-9. 
However,, there are no data are available yet as to possible structural neurodegenerative 
changess in the adult hypothalamus following cranial radiation therapy (CRT) for intracranial 
tumorss in childhood, and neither has the functionality of circadian regulation of sleep and 
wakefulnesss been studied systematically. Signs of short-term disturbances of in sleep-
wakefulnesss regulation in children after CRT, however, have been reported:: sleepiness is 
thee core symptom of the somnolence syndrome that is transiently present in about 60% of 
childrenn four to six weeks after completion of CRT10. Fagioli et al.11 performed an 
uncontrolledd study of sleep patterns in children treated with CRT17 years previously and 
foundd a normal amount and distribution of sleep stages in spite of decreased growth hormone 
(GH)) reserve. Sleep-wakefulness sequelae on a longer term have not been investigated 
systematicallyy previously. 

Subjectss treated with CRT in childhood also have a high prevalence of neuroendocrine 
deficienciess in adulthood, depending on age at treatment and total dose of radiation1214. 
Thee most common finding is impairment of the growth hormone axis . The precise site 
off  this radiation-induced damage within the hypothalamus-pituitary axis has not been 
established.. Although Shalet1315 convincingly argued, on the basis of neuroendocrine 
andd neuropharmacologic studies, for the hypothalamus to be the main locus for radiation 
damage,, golden standard dynamic tests differentiating endocrine deficiencies from 
pituitaryy and hypothalamic causes are lacking at present. Since neuroendocrine impairment 
byy itself may lead to changes in sleep regulation, the distinction between these two 
levelss will be extremely difficult. For instance, a controlled study in young adults with 
isolatedd GH deficiency that had not experienced CRT showed increased total sleep time 
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withh decreased relative REM sleep time16 Therefore, endocrine status should be taken 
intoo account in studies on sleep-wakefulness in subjects treated with CRT in childhood. 
Inn the present study, we included assessment of GH status, prolactin (PRL) and leptin 
expressedd per kg body fat mass (Leptin/FM), since a close association with the sleep-
wakee rhythm has been demonstrated for these hormones1720, and increased serum PRL 
andd leptin levels have been reported in CRT treated subjects14,2'~23 

Thee purpose of this study was to investigate whether treatment with cranial radiation 
therapyy (CRT) in childhood leads to alterations in sleep and circadian structure in adulthood. 

Wee also investigated possible determinants of such alterations, including neuroendocrine 
status,, dose of radiation, chemotherapy, age of treatment and post-treatment interval, as 
welll  as the correlations between GH, prolactin (PRL) and leptin (Leptin/FM). 

Subjectss and Methods 

Subjects Subjects 

Thee study was performed in two groups of subjects. The CRT-group consisted of 25 
subjectss (11 women and 14 men) treated with cranial radiation therapy for intracranial 
tumorss during childhood at the Emma Kinderziekenhuis (EKZ, Academic Medical Center, 
Amsterdam,, The Netherlands). Subjects were eligible if they were more than 5 years 
afterr cessation of treatment and over 18 years of age at the time of investigation. Exclusion 
criteriaa for the insulin tolerance test (ITT) were recent seizures, symptomatic ischaemic 
heartt disease and pregnancy. The study protocol was approved by the Medical Ethics 
Committeee of the Academic Medical Center (Amsterdam, The Netherlands). Written 
informedd consent was obtained from all subjects. 

Clinicall  and endocrine data of the CRT-subjects are summarized in Table 1. In all subjects 
(111 women and 14 men, age ; mean  SD), a complete medical history and physical 
examinationn were performed. All were post-pubertal (Tanner stage V). The median time at 
diagnosiss was 9 years (range: 4-19 years). The median interval between cessation of 
treatmentt and investigation was 16 years (range: 8-29 years). After surgery, all subjects 
weree treated with CRT with a mean dose to the cranium of 40.3  10.1 Gy (mean  SD) 
andd most subjects (n=22) with an additional boost, presumably not including the 
hypothalamic-pituitaryy region, of 16.2  7.3 Gy (mean  SD). Thirteen subjects had received 
additionall  chemotherapy. Two subjects were on replacement therapy with levothyroxine 
forr hypothyroidism and one with DDAVP for partial central diabetes insipidus. None of 
thee subjects had previously been treated for GH deficiency at the time of investigation. 
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Tablee 1. Characteristics and endocrine data of 25 subjects in the CRT-group, arranged according 
too GH-status (1-9 GH-deficient, 10-14 GH-insufficient, 15-25 GH-intact. 

CRT--
subjec t t 
no,, sex 

11 M 
22 F 
33 F 
44 M 
55 M 
66 F 
77 M 
88 F 
99 F 

100 F 
111 M 
122 M 
133 F 
144 F 
155 M 
166 M 
177 M 
188 M 
199 M 
200 M 
211 M 
222 M 
233 F 
244 F 
255 F 

Diag g 

nosi s s 

med d 
med d 
med d 
med d 
med d 
astro o 
epen n 
crani o o 
nasoph h 
med d 
med d 
med d 
med d 
epen n 
med d 
med d 
med d 
med d 
med d 
med d 
med d 
med d 
astro o 
epen n 
astro o 

Agee at 
treatmen t t 

(years) ) 

8 8 
11 1 
8 8 
7 7 
5 5 

17 7 
5 5 
9 9 

15 5 
8 8 
4 4 

10 0 
6 6 

19 9 
13 3 
13 3 
11 1 
8 8 

17 7 
5 5 

15 5 
14 4 
5 5 

12 2 
5 5 

Post--
treatmen t t 

interva l l 
(years ) ) 

25 5 
17 7 
19 9 
21 1 
23 3 
10 0 
15 5 
10 0 
17 7 
17 7 
20 0 
14 4 
15 5 
11 1 
16 6 
10 0 
9 9 

14 4 
9 9 

14 4 
8 8 

19 9 
16 6 
16 6 
29 9 

Dosee of crania l 
radiatio n n 
therap yy and 
boos tt  (Gray) 

37(25) ) 
35(20) ) 
35(17) ) 
40(17) ) 
35(20) ) 
50 0 
54(12) ) 
30 0 
70 0 
35(15) ) 
35(20] ] 
35(15) ) 
35(15) ) 
55(15) ) 
35(17) ) 
35(20) ) 

25(30) ) 
35(20) ) 
35(20) ) 
35(22) ) 
35(20) ) 
42(20) ) 
55(10) ) 
50(15) ) 
45(20) ) 

Chemo o 
therap y y 

. . 
--
+ + 
--
--
--
+ + 
--
+ + 
+ + 
+ + 
+ + 
+ + 
--
+ + 
+ + 
--
+ + 
--
+ + 
+ + 
--
--
+ + 
--

Curren t t 
endocrin e e 
therap y y 

T T 
--
--
--
--
--
--
0C,VP P 
0C,T T 

--
--
--
oc c 
oc c 
--
--
--
--
. . 
--
--
--
--
oc c 
--

GH H 
peak k 

(mU/l) ) 

5.0 0 
05 5 
2.6 6 
05 5 
6.0 0 
1.9 9 
5.8 8 
1.0 0 
1.0 0 
9.1 1 
9.1 1 

12.0 0 
7.9 9 
9.9 9 

20i i 
42.0 0 
53.0 0 
33.0 0 
56.0 0 
25.0 0 
59.0 0 
30.0 0 
60.0 0 
19.9 9 
38.0 0 

leptin/F M M 
(ng/ml/kg ) ) 

.26 6 
U9 9 
1.11 1 
1.10 0 

nd d 
1.96 6 
.49 9 
.55 5 
.63 3 

1.27 7 
.35 5 
.25 5 
.75 5 

1.26 6 
.30 0 
.36 6 
.49 9 
32 32 
.40 0 
.45 5 
.24 4 
.46 6 

1.34 4 
.92 2 
.30 0 

prolacti n n 

(ufl/l ) ) 

75 5 
8.0 0 
75 5 
8.5 5 
6.0 0 

13.0 0 
115 5 
125 5 

105.0 0 
8.0 0 
55 5 
55 5 
5.0 0 
9.0 0 
55 5 
8.0 0 

115 5 
85 5 

30.0 0 
5.0 0 

145 5 
55 5 

46.0 0 
7.0 0 
65 5 

Abbreviations:: M=male, F=female, med=medulloblastoma, epen=ependymoma; astro=astrocytoma, 
cranio=craniopharyngioma,, nasoph=nasopharynx carcinoma, OC=oral contraconceptivun, 
VP=vasopressin,, T=thyroxine, GH peak=peak serum GH response to insulin-induced hypoglycaemia, 
Leptin/FM=serumm leptin expressed per kg fat mass, nd: not determined. 

Thee control group consisted of 27 volunteers in self-reported general good health, 

whoo were recruited among siblings, students, residents and staff of our institutes. We 

includedd 17 women and 10 men (age ; mean  SD) and studied sleep and circadian 

rhythmicityy in the same way and in the same period as in the CRT-group, as described 

below.. The CRT- and control group did not differ significantly in the proportion of 

womenn and men included (Chi2=1.88, df=l, p=0.17). 

73 3 



ChapterChapter 5 

AssessmentAssessment of hormones and body composition in the CRT group 
Bodyy composition was measured by bioelectrical impedance analysis (BIA) using the 

Holtainn Body Composition Analyser (Holtain Limited, Crosswell, UK). BIA results were 
nott available in one subject. The serum concentration of leptin was measured by radio 
immunoo assay (RIA) (Linco Research, St Charles, MO, USA) with a detection limit of 0.5 
ng/mll  serum, a linear standard curve up to 100 ng/ml and an intra-assay variation ranging 
fromfrom 3.4 to 8.3%25. Prolactin (PRL) was measured by a solid phase, two-site, time-resolved 
fluoroimmunometricfluoroimmunometric assay (DELFIA Prolactin, Wallac Oy, Turku, Finland) with a detection 
limitt of 1.0 ug/1. The intra-assay coefficient of variation (CV) was 4-6% (5-24 ug/1) and 
thee inter-assay CV was 5.5-7.2% (4-50 ug/1), with reference values for plasma PRL of 4.0-
255 ug/1 in women and 0.5-19.0 ug/1 in men26. An insulin tolerance test in the post-absorptive 
statee had been performed as part of a previous study12. In short, blood samples were drawn 
too determine GH 30 and 15 min before and 15, 30, 45, 60 , 90 and 120 min after an 
intravenouss injection of 0.15 U insulin/kg body weight (Actrapid, Novo Nordisk, Bagsvaerd, 
Denmark).. GH was measured by an immunoradiometric assay (IRMA) (Nichols Institute 
Diagnostics,, San Juan Capistrano, USA). A peak plasma GH concentration of > 18.9 mU/ 
11 was considered a normal response. An absolute GH deficiency was defined as a GH 
responsee <6.75 mU/1 and an insufficient response between 6.75 and 18.9 mU/1 12. All 
assessmentss commenced at 9:00 AM. 

AssessmentAssessment of sleep and circadian rhythm 
Objectivee and subjective measures of sleep and circadian rhythms were investigated in 

bothh groups. Actigraphy (Actiwatch, Cambridge Neurotechnology, Cambridge, UK) was 
usedd to assess objective measures for circadian and sleep behavior. Actigraphs are small 
andd light-weight wrist-worn solid state recorders that record movement-induced 
accelerations.. In long-term recordings, the level of activity shows a circadian pattern that 
cann be quantified27- and indices of sleep quality can be estimated from the nocturnal levels 
andd patterns of activity. The patterning of periods of rest and activity is highly correlated -
butt not identical - to periods of sleep and wakefulness, and will be referred to as 'sleep-
wakee rhythm' throughout this paper. Subjects were asked to wear the actigraph for a week 
continuously,, and to indicate bed-times and rise-times both by pushing a marker button on 
thee Actiwatch and by keeping a sleep-wake log. The usefulness of actigraphy for 
investigatingg circadian rhythm27 and sleep28 disturbances has been demonstrated. The 
SleepWatchh software (Cambridge Neurotechnology, Cambridge, UK), which compares 
favourablee to other such packages29 was used for estimation of the following objective 
sleepp and circadian variables from the actigraphic recordings: 
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11 The duration of the sleep period, which is the time from sleep onset to final awakening. 
22 The percentage of time actually asleep in this period, i.e., the duration of the sleep 

periodd minus intervening awakenings. 
33 The mean sleep bout duration. This variable gives an impression of the structure of 

sleep.. Sleep is not one continuous process from bedtime to wake-up time, but is 
interruptedd by short awakenings which may or may not be perceived consciously. 
Thee mean sleep bout duration measures the average length of uninterrupted sleep 
betweenn two consecutive awakenings. Sleep bouts of long duration are related to a 
highh sleep efficiency, the occurrence of 'deep', i.e. slow-wave sleep, and are negatively 
relatedd to nocturnal awakenings30-31 

44 The intradaily stability (IS), quantifying the strength of coupling of the sleep-wake 
rhythmm to the 24-hour regularity in the environment27. A low IS is indicative for a 
weakk circadian rhythm. 

55 The intradaily variability (IV), quantifying the fragmentation of periods of rest and 
activity27.. A high IV is indicative of many transitions between periods of rest and 
activity,, as opposed to one sustained period of activity during the day and one sustained 
periodd of rest during the night. 

66 The relative amplitude (RA), quantifying the difference between daytime and night-
timee activity levels27. A low RA is also indicative of a weak circadian rhythm. 

Fourr questionnaires for evaluation of subjective sleep and circadian behavior were used: 
11 The Pittsburgh Sleep Quality Index32, to determine subjective sleep quality and 

disturbances. . 
22 The languidity scale of the Circadian Type Inventory (CTI)33, to assess the difficulty 

too overcome drowsiness (CTI-languidity) 
33 The flexibilit y scale of the Circadian Type Inventory (CTI)33, to assess the tolerance 

andd habits concerning flexible sleep times (CTI-flexibility) . 
44 The Composite Morningness Questionnaire (CMQ)33, to assess moraing-versus 

eveningg types, i.e. preferences associated with morning or evening activity. 

StatisticalStatistical Methods 
Groupp differences in the sleep and circadian rhythm variables were evaluated using 

Mann-Whitneyy tests at a significance level of 0.05. Within the CRT-group, stepwise 
regressionn analyses were performed in order to determine how sleep-wake rhythm 
variabless related to endocrine status (GH, PRL, Leptin/FM), total dose of radiation 
(Gy),, chemotherapy, age at treatment and post-treatment interval. Variables were log-
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transformedd in case of deviation from a normal distribution (Shapiro-Wilk test). In 
addition,, sex was introduced because of sex differences in serum PRL and Leptin levels34. 

Givenn the large number of possible predictors as compared to the number of observations, 
stabilityy of the regression results was verified by randomly excluding observations; only 
stablee results are reported. In the regression steps the critical F-values were set at 4.25, 
correspondingg to a significance level of 0.05 for any single test35. Spearman's rho was 
calculatedd in order to investigate correlations between GH, prolactin (PRL) and leptin 
(Leptin/FM). . 

Results s 

Tablee 2 shows the median and range of the CRT- and control group on all variables. 
Thee CRT-group had a significant longer sleep duration than the control group, but did 
nott differ in the percentage of time actually asleep, or in the length of the sleep bouts. 
Thee CRT-group showed less fragmentation (IV) and a higher amplitude of their sleep-
wakee rhythm than the control group, but did not differ from healthy controls in their 
couplingg to the 24-hour environment. In spite of these differences, the CRT-group as a 
wholee did not differ from the control group on subjective measures, although there was 
aa trend towards decreased flexibilit y in the timing of sleep. 

Tablee 2. Median and range of the sleep and circadian variables in the CRT-group and control group. 
Thee fourth column indicates the significance level of the difference as evaluated with Mann-
Whitneyy tests. 

Variabl e e 

ObjectiveObjective  Variables 
Duratio nn of sleep perio d (min ) 
Percentag ee of sleep perio d asleep 
Meann sleep bou t duratio n (min ) 
Interdail yy  Stabilit y 
Intradail yy  Variabilit y 
Relativ ee Amplitud e 

SubjectiveSubjective  Variables 
Pittsburg hh Sleep Qualit y Index 
Circadia nn Type Inventory : Languidit y 
Orcadia nn Type Inventory : Flexibilit y 
Composit ee Momingnes s Questionnair e 

CRT-grou p p 

5199 (415-632) 
833 (71-92) 

13.00 (7.0-22.3) 
0533 (0.25-0.77) 
0588 (0.29-1.07) 
0.922 (0.72-0.98) 

44 (0-8) 

300 (22-46) 
222 (12-33) 
377 (22-46) 

Contro ll  grou p 

4522 (358-552) 
866 (71-93) 

12.77 (8.0-225) 
0500 (0.26-0.75) 
0.844 (0.42-1.28) 

0.888 (0.62-0.96) 

44 (1-7) 
311 (19-42) 
255 (19-34) 

344 (26-49) 

P P 

0.0001 1 
0.13 3 
0.91 1 
0.61 1 
0.002 2 
0.03 3 

052 2 
0.61 1 
0.08 8 
0.46 6 
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Tablee 3. Results of the stepwise regression analyses indicating determinants for variation in the sleep 
andd circadian variables of the CRT-subjects. Asterisks indicate that the variable was log-
transformedd in order to improve normality of the distribution. 

Variable s s 

flÈuAtitojAflÈuAtitojA  Vnrjttittnr 

i/B/ütnni/B/ütnn  taiioowi 
Duratio nn of sleep perio d (min ) 
Percentag ee of sleep perio d asleep 
Meann sleep bou t duratio n (min ) 
Interdail yy  Stabilit y 
Intradail yy  Variabilit y 
Relativ ee Amplitude * 

SubjectiveSubjective  Variables 
Pittsburg hh Sleep Qualit y Index 
Circadia nn Type Inventory : Languidit y 

Circadia nn Type Inventory : Flexibility * 

Composit ee Morningnes s Questionnair e 

Predicto r r 

Radiatio nn dose * 

GHpeak * * 

PRL* * 
GHpeak * * 
Agee treated * 
Leptin/FM * * 
Leptin/FM * * 
Radiatio nn dose * 
PRL* * 

Beta a 

052 2 

-0.45 5 

057 7 
-0.39 9 
-0.34 4 
0.30 0 

-0.60 0 
-0.35 5 
-0.67 7 

R2 2 

0.27 7 

0.20 0 

0.78 8 

0.64 4 

0.44 4 

F F 

8.68 8 

5.87 7 

16.45 5 

18.49 9 

18.29 9 

df f 

1,23 3 

1,23 3 

4,19 9 

2,21 1 

1,23 3 

P P 

0.007 7 

0.02 2 

<< 0.0001 

<0.0001 1 

0.0003 3 

Abbreviationss Beta=standardized partial regression coefficient, R2=Coefficient of multiple 
determination,, F=F-statistic, df=degrees of freedom, p=significance 

Tablee 3 shows an overview of the stepwise regression results. The GH peak was negatively 
associatedd with relative amplitude and CTI-languidity. Serum PRL was positively 
associatedd with CTI-languidity and negatively with CMQ-morningness. Serum leptin, 
ass expressed per kg fat mass, was positively associated with CTI-languidity and negatively 
associatedd with CTI-flexibility . The dose of radiation was positively associated with 
sleepp bout durations and negatively associated with tolerance for flexibilit y in the timing 
off  sleep (CTI-flexibility) . Age of treatment was negatively associated with CTI-languidity. 
Nonee of the variables were significant determinants of the duration of sleep period, IS 
andd IV. Sex, post-treatment interval and chemotherapy did not have predictive value for 
anyy of the sleep variables. 

Inn the CRT-group, there was a significant negative correlation of GH-peak with Leptin/ 
FMM (rho = -0.46, p < 0.03) but not with PRL. No significant correlation between Leptin/ 
FMM an PRL was found. 
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Discussion n 

Thee present study shows that high dose cranial radiation therapy in childhood is 
associatedd with objective and subjective changes in sleep-wake rhythm in adulthood. 
Thee most prominent change is an increased sleep duration. Moreover, the objective 
circadiann variables did not indicate an attenuated sleep-wake rhythm in the CRT-group; 
onn the contrary, the rhythms contained less fragmentation and were of higher amplitude 
thann in the control group. However, the increased sleep duration is likely to have 
contributedd to this apparent decrease in fragmentation (IV) and increase in amplitude 
(RA)) of the sleep-wake rhythm; during sleep, the activity is low and differences in activity 
overr adjacent hours are much less than activity differences during adjacent hours of 
wakefulness.. Indeed, there was a significant negative correlation between objective sleep 
durationn and fragmentation (Spearman's rho=-0.29, p=0.04) as well as a positive 
correlationn between objective sleep duration and relative amplitude (rho=.44, p=0.002). 
Inn addition, CRT-subjects tended to tolerate less flexibility  in the timing of their sleep. 

Itt may be argued that a difference in socio-economic obligations might be involved the 
increasedd sleep duration in the CRT-treated subjects, i.e., less social pressure to get up in 
time.. However, although not comparable as to the socio-economic status of the employment, 
thee majority of both patients and controls had jobs. In the control group, 22 subjects were 
employedd and 5 were students. In the CRT-group, 15 subjects had jobs (some part-time 
and/orr in sheltered employment), 5 were students and 5 were unemployed. Thus, in both 
groupss the majority of subjects led a time-structured life. Although the groups were not 
fullyy matched with respect to socio-economic status (Chi2=6.26, df=2, p=0.05), the fact 
thatt the CRT-subjects report more difficulties obtaining optimal wakefulness despite their 
increasedd sleep durations argues for other than socio-economic factors. 

Withinn the CRT-group, stepwise regression analysis indicated associations of sleep 
andd circadian variables with endocrine status. The association was weak for the objective 
variabless but rather strong for the subjective variables. Regression analyses indicated 
thatt the main group finding of the present study - the increased sleep length in CRT-
subjectss - was not significantly related to their GH status. On the other hand, CRT-
subjectss with lower GH peaks had larger circadian amplitudes, suggesting uninterrupted 
sleep.. In spite of this, the subjects with lower GH peaks reported most difficulties 
overcomingg drowsiness (languidity). These results suggest difficulties obtaining an 
adequatee level of wakefulness rather than adequate sleep. Increased sleep length in adults 
withh isolated GH-deflciency has been reported, with beneficial effects of GH-suppletion 
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onn day-time vigor16. Since GH gives negative feedback GHRH secretion.x, it is tempting 
too suggest that a part of our data may be explained by decreased inhibition of GHRH 
neurons.. It has been demonstrated in human that GHRH promotes sleep37, and an animal 
studyy suggests the preoptic area to be the site of action of the sleep promoting effect of 
GHRH38.. High prolactin levels were also associated with increased difficulty with the 
transitionn from sleep to wakefulness, as indicated both by higher languidity and reduced 
morningnesss scores, i.e. a low preference for getting up and being active in the morning. 
Thiss finding may be related to increased slow wave sleep - from which the transition to 
wakefulnesss is difficult - during the last hours of sleep. Like GH, pulses of PRL secretion 
aree associated with the occurrence of slow wave sleep17, and in patients with elevated 
PRLL levels due to prolactinoma, the amount of slow wave sleep is increased especially 
att the end of the sleep period18. 

Highh levels of leptin, expressed per kg fat mass, were also associated with difficulties 
overcomingg drowsiness, and furthermore with decreased tolerance for flexibility  in the 
timingtiming of sleep. Leptin shows a circadian rhythm which is negatively correlated with the 
circadiann amplitude in body temperature and has been suggested to play a role in circadian 
regulation19.. In rats, exogenous leptin increases slow wave sleep39. A previous study by 
otherr investigators demonstratedd higher serum leptin levels in adults that received CRT in 
childhood23.. In accordance, we found a negative correlation between GH reserve and serum 
leptinn expressed per kg fat mass (Spearman's rho = -0.46, p < 0.03). Nonetheless, it is 
uncertainn whether this is due to GH-deficiency or rather to hypothalamic damage per se. 

Thee relation between prior cranial radiotherapy and alterations in sleep-wakefulness 
regulationn is supported also by a clear dose-effect relationship. A higher dose of radiation 
wass associated with longer sleep bout durations and decreased tolerance for alterations 
inn the timing of sleep. Treatment at young age was associated with increased difficulty 
overcomingg drowsiness. The post-treatment interval and chemotherapy showed no 
significantt associations with any of the sleep variables studied. These findings support 
thee notion that CRT-induced alterations in hypothalamic-pituitary functioning are related 
too the dose of radiation and the age at treatment13. 

Ourr results cannot give a clear answer to the question whether childhood cranial 
radiationn impairs hypothalamic versus pituitary function. Since sleep length was 
significantlyy increased in the CRT group as a whole, whereas multiple regression indicated 
noo significant contribution of endocrine status to sleep length, our data are suggestive of 
hypothalamicc damage. Our results, however, do not indicate significant disturbances in 
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thee hypothalamic SCN, given the strong rather  than poor  organization of the circadian 
rhythmm in rest and activity. The different nuclei of the hypothalamus may thus have 
differentt  sensitivity to CRT-induced alterations. In addition, the involvement of endocrine 
statuss - especially in the subjective measures of sleep and circadian structure - suggest 
ann involvement of pituitar y hormones in the expression and experience of the sleep-
wakee rhythm. Our  data can thus not exclude either  the hypothalamus or  the pituitar y as 
aa possible primary site of damage resulting in altered sleep-wake rhythms. 

Thee reduced possibility to attain optimal wakefulness, found in the present study, has 
implicationss for  the quality of life. Decreased vigilance in survivors of childhood brain 
cancerr  interferes with neuropsychological functioning and quality of life40,41. Poor 
concentrationn and attention is the most frequent neuropsychological problem in parent 
reports42.. Inn a recent study on long-term neuropsychological and quality-of-lif e sequelae 
followingg childhood CRT, of all cognitive measures investigated the attentional deficits 
weree most significantly related to young age at treatment and high dose of radiation, and 
cognitivee functioning was the most prominent impairment on the health-related quality-
of-lif ee scale40. In GH-deficient adults, impaired energy level was the most common 
complaintt  in a quality of life assessment43. 

Treatmentt  of these complaints related to a disturbed sleep-wake rhythm is of clinical 
relevance.. GH-suppletion in adults with isolated growth hormone deficiency has been 
reportedd to reduce sleep time and increase of day time vigor16. Given the negative 
correlationn of GH and leptin levels44,45, and the normalization of elevated leptin levels 
byy GH treatment in GH-deficient subjects46, GH-suppletion might partiall y improve 
bothh GH and leptin associated sleep-wake disturbances. On the basis of our  present 
observations,, a follow-up study, re-investigating sleep and wakefulness in the CRT-
groupp after  GH treatment would be highly informativ e on the contribution of GH 
deficiencyy per  se to the observed changes. This will be the subject of our  ongoing studies. 
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Craniall  irradiation for childhood brain tumours frequently leads to 
neuroendocrinee deficiencies. In this controlled study we investigated CVD 
riskrisk factors in long-term survivors of childhood braincancer. We also tested 
whetherr the presence of these risk factors was related to endocrine status. 
Inn 26 survivors of childhood braincancer (mean age, 25.8 years; post-
treatmentt interval, mean, 16 years) and 29 healthy controls (mean age, 
27.77 years) the blood pressure, smoking habits, body mass index (BMI) 
andd waist/hip ratio (W/H) were determined. Lipids and lipoproteins were 
measuredd and endocrine function was assessed. Carotid Intima-Media 
Thicknesss (IMT) measurements were performed by high-resolution ultra-
sonography. . 
Inn the survivors of childhood braincancer, systolic blood pressure and 
W/HH ratio were elevated compared to controls. Cholesterol/HDL ratio 

77 vs 8 mmol/1 p=0.0005), LDL cholesterol 9 vs 
66 mmol/1 p=0.027) and apo lipoprotein B levels (p=0.001) were 

higherr in survivors of childhood braincancer, whereas HDL cholesterol 
wass lower (p=0.005). The IMT was increased in the survivor group, but 
onlyy in the carotid bulb (0.63 6 vs 0.53 l p=0.02), not in 
thee internal or common carotid artery. In the absolute growth hormone 
deficientt (GHD) population (n=9), LDL cholesterol and apo lipoprotein 
BB levels were elevated and W/H ratio was particularly increased 
comparedd to the other survivors of childhood brain cancer. 
Inn long-term survivors of braincancer risk for CVD is strongly increased 
duee to dyslipidaemia, central obesitas and elevated systolic 
bloodpressure,, particularly in those with GHD. The first effects of this 
increasedd risk for CVD were observed in the carotic bulb as assessed by 
IMTT measurements. Efforts should be directed at CVD prevention by 
riskrisk factor control. 
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Introductio n n 

Inn patients with adult-onset hypothalamic-pituitary deficiencies, the prevalence of 
riskrisk factors for premature cardiovascular disease (CVD) is increased.1 Panhypopituitarism 
iss associated with a cluster of cardiovascular risk factors, such as longstanding hormonal 
deficiencies,, altered lipoprotein metabolism, hypertension and obesity. 
Hypothalamic-pituitaryy insufficiency is a well-recognized sequel of external cranial 
radiationn therapy for childhood brain cancer, but data concerning subsequent 
atheroscleroticc risk in these subjects are limited. Studies of children with acute 
lymphocyticc leukaemia (ALL) , have revealed that hormonal deficiencies can occur after 
radiationn doses as low as 18 Gray (Gy), especially when administered at a young age.23 

Growthh hormone defïency (GHD) is the predominant deficiency and several studies 
havee shown that the majority of survivors treated for brain tumours become GH deficient 
threee months to five years after radiation therapy, but deficiencies are not limited to GH 
alone.44 5 

Inn patients with brain tumours who receive much higher radiation doses (35-60 Gy), 
thee reported frequency of GHD ranges from 50-80%.6 In a previous study we reported 
GHH impairment in 70% of patients treated for medulloblastoma.7 

Inn view of the high prevalence of growth hormone deficiency after cranial irradiation we 
postulatedd that these survivors would be at increased risk for cardiovascular disease 
(CVD)) later in life. The aim of our study therefore was, to investigate cardiovascular 
riskrisk factors in long-term survivors of childhood braincancer. We also tested whether 
suchh disturbances were related to endocrine status. 

Subjectss and Methods 

Subjects Subjects 
266 long-term survivors of childhood brain cancer were studied. They were treated at 

thee Emma Children's Hospital/AMC, Amsterdam. After surgery, all subjects were treated 
withh craniospinal radiation therapy. Subjects were considered eligible if they survived 5 
yearss or more, were older than 18 years, had no history of seizures, were not pregnant 
andd did not receive GH substitution therapy. In survivors of medulloblastoma endocrine 
testss had been performed in a previous study7. The control group consisted of 29 healthy 
volunteerss (15 women 14 men, mean age ) in self-reported general good health, 
whoo were siblings of the study subjects or college students. The study protocol was 
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approvedd by the Institutional Review Board of our hospital and written informed consent 
wass obtained from all subjects. 

Methods Methods 

Lipid-Lipid- and lipoprotein metabolism Total plasma cholesterol was determined by 
enzymaticc colorimetric procedure (CHOD-PAP,Boehringer, Mannheim, Germany). HDL-
cholesteroll  was determined after precipitation of apo B containing lipoproteins, using 
phosphungsicc acid and magnesium ions. Triglycerides were quantified by an enzymatic 
colometricc procedure. Apo A-I and apo B were measured by immunonephelometry. 
LDLL cholesterol was calculated by the classical Friedewald formula. Kreatinin, BUN, 
glucose,, aspartate aminotransferase (SGOT), alanine aminotransferase (SGPT), alkaline 
phosphatasee (AF) were measured by routine laboratorium methods. The reference values 
andd ranges were obtained from the Laboratory of Clinical Chemistry of the Academic 
Medicall  Center, University of Amsterdam. 

HormonesHormones An insulin-tolerance test (ITT) was performed for the assessment of growth 
hormonee (GH) and Cortisol secretion. Blood samples were drawn to determine GH 30 
andd 15 min. before and 15, 30,45, 60, 90 and 120 min after an intraveneus injection of 
0.155 U insulin/kg body weight (Actrapid, Novo Nordisk AS, Bagsvaerd, Denmark).GH 
wass measured by IRMA (Nichols Institute Diagnostics, San Juan Capistrano, USA). 
Folliclee stimulating hormone (FSH) and luteinising hormone (LH) were determined by 
RIAA (Johnson and Johnson,Amersham, UK). Total thyroxine (T4) was determined by 
in-housee RIA, free thyroxine (FT4) by a two-step fluoroimmunoassay and thyroid-
stimulatingg hormone (TSH) by immunofluorometric assay (both Delfia, Turku, Finland). 
Thee reference ranges of GH after insulin induced hypoglycaemia were derived from the 
literature.88 A peak plasma GH concentration >18.9 mU/1 (> 7ng/ml) was considered a 
normall  response. An absolute GH deficiency was defined as a response < 6.75 mU/1 and 
aa subnormal response as a peak response between 6.75 and 18.9 mU/1. The reference 
valuess and ranges of the remaining tests were obtained from the Laboratory of Clinical 
Chemistryy of the Academic Medical Center, University of Amsterdam. 

Intima-mediaIntima-media measurements The ultrasound examinations were performed using a 
Biosoundd Phase II, real-time scanner (Biosound esaote) equipped with a 10 MHz 
transducer,, 2 monitors for displaying the B-mode ultrasound images and a spectrum 
analyzerr for the doppler signals. Three 10 mm segments were scanned bilaterally; the 
distall  portions of the common carotid artery (CCA), the carotic bulb (BUL) and the 
proximall  portion of the internal carotic artery (ICA). IMT were obtained from posterior 
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wallss only. Images were grabbed by a computer, stored and analysed with a semiautomatic 
softwaree program (Eureque, TSA Co). The mean IMT is obtained by averaging the 
measuress of the posterior wall of the left and the right side divided by two. The combined 
IMTT was obtained by the sum of the seperate mean IMT of ICA, CCA and BUL divided 
byy three. All scans were performed by the same sonographer, unaware of the clinical or 
laboratoryy results. The scans were analysed by an independent image analyst. 

StatisticalStatistical analysis 
Beforee comparisons between survivors and the controls were made, for all variables 

thee assumption of normality was made. If the variables had a normal distribution, the 
Studentt f-test was used. If the variable did not have a normal distribution, the analysis 
wass done using the non-parametric Mann-Whitney-U-test (SPSS 8.0.2). Linear regression 
hass been executed for the BUL. P-values less than 0.05 were considered statistically 
significant. . 

Results s 

ClinicalClinical characteristics and laboratory results 
Clinicall  characteristics of survivors are summarized in Table I. The median interval 

betweenn cessation of treatment and study date was 16 years (range 9-25 years). The radiation 
dosee to the whole cranium, including a boost to tumour area, was 7 Gy (mean  SD). 
Fourteenn subjects had received additional chemotherapy (n=8 steroids, vincristine and 
methotrexate,, n=3 procarbazine, vincristine and methotrexate, n=2 steroids, vincristine, 
methotrexatee and procarbazine, n=l methotrexate and cyclophosphamide). 

Thee clinical, anthropometric and laboratory data of the survivor group and controls 
aree presented in Table II. Controls were matched for age and smoking habits. Gender 
wass not equally distributed. Analysis of renal- and liver function, fasting glucose were 
normall  in all (data not shown). 

Impairmentt of GH secretion was present in 15 out of 26 subjects (58%). In 9 (35%) 
subjectss an absolute GH deficiency was found. In survivors who did not receive 
replacementt therapy no overt deficiencies of gonadal- thyroid or adrenal axis were 
observed.. In controls TSH was between normal limits. 
Withh respect to body composition, BMI did not differ between the groups, however 
W/HH ratio was elevated in the survivors 6 vs 5 p=0.04). In the survivors 
systolicc blood pressure was significant elevated 0 vs 5 p=0.005) as were 
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Tablee I. Characteristics of 26 Adult Subjects Treated for Childhood Brain Malignancy. 

Patien t t 
No.. (sex) 

1M M 
2F F 
3F F 
4F F 
5F F 
6M M 
7M M 
8M M 
9M M 
10M M 
111 M 
12M M 
13M M 
144 M 
155 M 
16M M 
17F F 
18M M 
19F F 
200 F 
211 F 
222 F 
233 M 
244 F 
25F F 
266 F 

diagnosi s s 

medulloblastom a a 
medulloblastom a a 
medulloblastom a a 

medulloblastom a a 
medulloblastom a a 
medulloblastom a a 

medulloblastom a a 
medulloblastom a a 
medulloblastom a a 
medulloblastom a a 
medulloblastom a a 
medulloblastom a a 
medulloblastom a a 
medulloblastom a a 
medulloblastom a a 
medulloblastom a a 
medulloblastom a a 
medulloblastom a a 
astrocytom a a 
ependymom a a 
ependymom a a 

astrocytom a a 
ependymom a a 
astrocytom a a 
craniopharyngeom a a 
nasopharyn xx carcinom a 

Agee at 
Treatmen t t 

(years ) ) 

B B 
11 1 
8 8 
8 8 
8 8 

13 3 
13 3 
4 4 
7 7 
5 5 

11 1 
8 8 

17 7 
10 0 
5 5 

15 5 
6 6 

14 4 
5 5 

12 2 
19 9 
17 7 
5 5 
9 9 
9 9 

15 5 

Timee after 
completio nn of 

therap y y 
(years ) ) 

25 5 
17 7 
17 7 
18 8 
19 9 
16 6 
10 0 
20 0 
21 1 
23 3 
9 9 

14 4 
9 9 

14 4 
14 4 
8 8 

15 5 
19 9 
16 6 
16 6 
11 1 
10 0 
15 5 
25 5 
10 0 
17 7 

Crania l l 
Radiatio n n 
Therap yy gray 
(includin gg boost ) 

37(53) ) 
34,5(55) ) 
35(50) ) 
35(55) ) 
355 (52) 
35(57) ) 

35(55) ) 
355 (53,6) 
40(57,5) ) 
35(55) ) 
255 (30) 
35(55) ) 
35(55) ) 
35(50) ) 
35(57) ) 
35(55) ) 
35(50) ) 
42(62) ) 
45(55) ) 
35(45) ) 
35(55) ) 
50 0 
33(53) ) 
25(45) ) 
50 0 
70 0 

Chemotherap y y 

. . 
--
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
--
--
--
+ + 
--
+ + 
+ + 
+ + 
+ + 
--
--
+ + 
--
--
+ + 
--
--
+ + 

CHpeak k 

(mU/i r r 

5.0 0 
OJ J 
9.1 1 
8.4 4 
2.6 6 

20.0 0 
42.0 0 
9.1 1 
05 05 
6.0 0 
53 3 

33.0 0 
56.0 0 
12.0 0 
25.0 0 
59.0 0 
7.9 9 

30.0 0 
60.0 0 
19.9 9 
9.9 9 
1.9 9 
5.8 8 

38.0 0 
1.0 0 
1.0 0 

Substitutio n n 
Treatmen t t 

thyroxin e e 

--
--
OC C 
--
--
--
--
--
--
--
--
--
--
--
--
OC C 
--
--
OC C 
OC C 

--
--
--
vasopresin,O C C 
thyroxine ,, OC 

OC;; oral contraconceptivum, * Peak GH response to insuline-induced hypoglaecaemia. 

totall  cholesterol/HDL ratio 7 and 8 p=0.0005), LDL cholesterol (3.3+0.9 
andd 6 p=0.027), apo B 3 vs 4 p=0.001). HDL-cholesterol was 
lowerr in the survivor group 2 vs 1.4 3 p=0.0005). In contrast apo A-I levels 
weree lower in the survivor group 2 vs 3 p=0.0005). Total cholesterol did 
nott differ significantly between the two groups (4.91 9 vs 7 p=0.08). 

Subanalysiss within the survivor group showed that in the absolute GH deficient 
populationn (n=9, peak GH<6.75 mU/1 during ITT) compared with normal or suboptimal 
GHH response (peak GH between 6.7-18.9) LDL cholesterol (p= 0.046) and apo B levels 
(p=0.0027)) were even more elevated, also W/H ratio was elevated to a greater extent 

,, p=0.003). 
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Tablee II. Clinical and Biochemical Characteristics of Survivors of Childhood Cancer and Controls. 

Paramete r r 

Agee (yrs ) 
Males/female s s 
curren tt  smoke r 
Bodyy mass index (kg/m 1) 
Waist/Hi pp rati o 
Systoli cc  Bloo d pressur e (mmHg ) 

Diastoli cc  Bloo d pressur e (mmHg ) 

Plasmaa lipid s (mmol/l ) 
tota ll  cholestero l 
HDLL cholestero l 
Cholesterol/HD LL rati o 
LDLL cholestero l 
Triglyceride s s 
apoA- l l 
apoB B 

control s s 
n=2 9 9 

27.77 (3.9) 
10/19 9 
4 4 
25.44 (45) 
0.766 (0.05) 
1100 (85) 

755 (4.2) 

455 (0.7) 
1.44 (0.3) 
3.44 (0.8) 
2.88 (0.6) 
0.711 (0.2) 
155 (0.3) 
0.800 (0.14) 

survivor s s 
n=2 6 6 

25.88 (4.6) 
14/12 2 
5 5 
23.66 (2.7) 
0.800 (0.06) 
1211 (10) 

777 (7.6) 

4.911 (0.9) 
1.11 (0.2) 
4.77 (1.7) 
3.33 (0.9) 
1.099 (1.4) 
1.244 (0.2) 
1.011 (0.3) 

p-valu e e 

NS S 

NS S 
0.04 4 
<< 0.005 

NS S 

NS S 
<0.005 5 
<0.05 5 
0.027 7 
NS S 
<< 0.005 
0.001 1 

NS;; not significant in student Mest or Mann-Whitney U test. P- values less than 0.05 were considered 
statisticallyy significant. Values are means with standard deviation (SD) between hackets. 

Intima-mediaIntima-media measurements 
Thee combined data and the data of the separate artery wall segments are presented in 

tablee II. The combined data of the carotid IMT did not differ between the groups. For the 
carotidd bulb there was a significant larger IMT in the survivor population 6 vs 

,, p=0.02). In the ICA and CCA no differences were observed. 

Tablee III Intima-media Thickness in the Study Groups 

Paramete rr  control s survivor s p-valu e 

n=2 99 n=2 6 

Combine dd IMT* 057(0.9} 055(1.3) NS 

Arteria ll  segment s 
CCAA 057(1.1) 058(1.2) NS 
BULL 0.63(1.6) 0.53(1.1) 0.02 
ICAA 050(1.3) 057(3.2) NS 

**  combined IMT of all carotid wall segments, CCA; common carotid artery, BUL; carotic bulb, ICA; 
internall  carotid artery. NS; not significant in student Mest or Mann-Whitney U test. P- values less than 
0.055 were considered statistically significant. Values are means with standard deviation (SD) between 
parenn thesis. 
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Discussion n 
Inn our study we assessed risk factors as indices for CVD in long-term survivors of 

childhoodd braincancer after a long post-treatment interval (mean 16 years). There is only 
limitedd data on the development of CVD in long-term survivors of childhood cancer, in 
contrastt to many studies in subjects with adult-onset panhypopituitarism. In recent years it 
hass been demonstrated convincingly that adult GHD subjects are indeed at increased risk 
forr CVD.9 In a retrospective study in patients with hypopituitarism the risk of cardiovascular 
mortalityy was twice as high as in age- and sex-matched controls. All patients had been 
givenn routine replacement therapy with corticosteroids, thyroxine and sex hormones, but 
nott GH, which led the authors to suggest that GHD could be responsible for this increased 
CVDD mortality.10 In addition in a Swedish cohort with hypopituitarism, increased 
cerebrovascularr mortality was evident and manifested predominantly at young age (<55 
yrs).11 1 

Severall  risk factors are more prevalent in GHD subjects. Compared with normal 
populations,, GHD adults have an abnormal body composition, including decreased lean 
bodyy mass and an increased percentage of body fat, especially around the waist.12 '3 In 
additionn there is evidence of abnormal lipoprotein metabolism. In untreated GHD patients, 
totall  cholesterol was increased and HDL-cholesterol was either normal or decreased, 
whilee LDL-cholesterol and apolipoprotein B levels were elevated, as were Lp(a) levels 
andd triglycerides.141516 Lastly increased peripheral insulin resistence and impaired glucose 
tolerancee is also observed in these subjects.17 

Inn our study subjects alterations of lipid metabolism were also present, as total 
cholesterol/HDLL cholesterol ratio, LDL-cholesterol and Apo B were elevated and HDL-
cholesteroll  levels decreased. In contrast apo AI levels were lower in the survivors group. 
Dyslipidaemiaa was present both in subjects with or without GHD. In the absolute GHD 
population,, LDL cholesterol (p=0.046) and apo B levels (p=0.0027) were even more 
elevated. . 

Withh respect to longstanding dyslipaedemia and altered body composition we also 
investigatedd whether these risk factors for CVD were associated with premature 
atherosclerosis.. Early atherosclerosis can be studied by means of high-resolution 
ultrasoundd images of walls of large peripheral arteries, and can be used as a surrogate 
endpointt to measure progression of atherosclerosis,18 since changes in intima-media 
thicknesss (IMT) are directly associated with increased risk of myocardial infarction and 
stroke.199 M 
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Carotidd intima-media thickness has been shown to increase with age and to correlate 
withh atherosclerosis in other vascular beds, as well with the presence of vascular risk 
factorss such as cigarette smoking, diabetes mellitus, LDL-cholesterol and hypertension.2122 

Inn symptom-free hypopituitary adults, increased IMT of carotid and femoral arteries 
hass been detected.23 Markussis found additional evidence for premature atherosclerosis 
inn hypopituitary adults, as with ultrasound, abnormal carotid wall dynamics were 
observed.24 4 

Dataa with regards to IMT measurements in childhood-onset GHD are scarce. To our 
knowledgee the only more or less similar study assessing CVD by means of IMT, in 
childhood-onsett GHD, was performed by Capaldo et al.25 These authors described 
increasedd thickness of the intima-media complex of the carotid artery in childhood onset 
GHD,, in the absence of classical vascular risk factors. 

Inn our survivor population, IMT was increased in the carotid bulb compared with 
healthyy controls, but we did not observe increased IMT in the other carotid segments. 
Thiss is likely due to the small sample size. 

Inn conclusion, our study demonstrated that in survivors of brain cancer who received 
craniall  irradiation an altered risk profile for CVD is present as elevated systolic 
bloodpressure,, altered body composition and a less favorable lipid profile is observed. 

Thesee alterations are more pronounced in a subgroup with GHD, so part of these 
changee may be due to the GHD state. In this group of young adults a larger IMT in the 
caroticc bulb was found, which may pre-date the development of symptomatic 
atherosclerosis. . 
Itt has been well established that GH replacement therapy has beneficial effects on lipid 
metabolism,, body composition and quality of life.26 Furthermore a decrease in IMT has 
recentlyy been reported.27 28 

Inn view of the above described findings we advocate in survivors of braincancer 
screeningg of GH status and lipids. This notion is supported by the fact that therapeutic 
interventionn as GH substitution therapy, diet, lipid lowering medication could contribute 
too the prevention of CVD. Long-term prospective, follow-up studies are warranted to 
reveall  more of the late effects of treatment in survivors of childhood braincancer. 
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Gonadall  damage in adult patients after chemotherapy for Hodgkin s 
diseasee is well documented, but data of patients treated before adulthood 
aree scarce. 
Wee studied gonadal and hormonal function in 19 male long-term survivors 
off  Hodgkin's disease treated with mechlorethamine, vincristine, procar-
bazine,, and prednisolone (MOPP chemotherapy) before (n=15) or during 
pubertyy (n=4). The studies were performed a median of 10 years after 
andd repeated in the majority of the patients at the time of yearly visits. 
Germm cell damage was present in all patients. Semen analysis revealed 
azoospermiaa in 12 and oligospermia in 6; no recovery of spermatogenesis 
wass seen at follow up. Testicular size was small in all but one patient. 
Follicle-stimulatingg hormone (FSH) levels were elevated (mean, 8 
U/l)) and increased over time (21.1 5 U/l, p<0.001).. In seven patients 
luteinisingg hormone (LH) was elevated, indicating Leydig cell dysfunction; 
alsoo in 4 of those patients plasma testosterone was decreased. In 3 other 
patients,, the response of LH to gonadotropic-releasing hormone (GnRH) 
wass exaggerated with a normal basal LH and testosterone. Comparing 
testicularr function of prepubescent versus pubescent state at time of 
treatmentt appears to show a trend for improved outcome in the younger 
patients. . 
Gonadall  function of long-term survivors of paediatric Hodgkin's disease 
treatedd with MOPP chemotherapy is severely impaired permanently. 
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Introductio n n 

Sincee the introduction of effective combination chemotherapy, Hodgkin's disease is a 
curablee malignancy in the majority of patients.1-2 However, the use of chemotherapy and 
radiationn therapy have been associated with late sequelae such as organ damage,3,4 second 
malignancy,5-66 and infertility.7-8 Impairment of fertility is most profound in survivors of 
Hodgkin'ss disease or male genital cancer compared with survivors of other types of 
malignancy.99 Testicular injury includes damage to be germinal epithelium and the Leydig 
cells.. Germ cells are responsible for the spermatogenesis, whereas Leydig cells are involved 
inn androgenic steroid synthesis and secretion, which are essential for spermatogenesis and 
sexuall  maturation. Although gonadal damage after combination chemotherapy for Hodgkin's 
diseasee in adultt males is well documented,1011 less attention has been paid to such damage 
inn children and adolescents. In the past several authors1213 suggested that preservation of 
spermatogenesiss was related to age: pubescent boys, like adult patients, were considered 
too be at greater risk of permanent damage to germinal epithelium than prepubescent boys. 
However,, recent studies indicated that prepubertal testes were not protected from such 
damage.14155 Therefore, we have studied gonadal function of long-term male survivors of 
Hodgkin'ss disease who were treated before or during puberty with MOPP chemotherapy 
withh or without radiation therapy. 

Patients s 

Thee study population was comprised of 19 long-term male survivors of childhood 
Hodgkin'ss disease. The patients were treated during the period 1975 -1984 at the Emma 
Kinderziekenhuis,, University of Amsterdam. At the time of investigation, all were older 
thann 16 years and all were more than 5 years in complete remission. All patients were 
treatedd with six courses of MOPP chemotherapy (mechlorethamine, vincristine, 
procarbazinee and prednisone). Radiation therapy was given as adjuvant treatment in 8 
patientss with large lymphnode tumours; six received irradiation above the diaphragm, and 
twoo patients were irradiated below the diaphragm (20 Gray (Gy), on the paraaortal and 
splenicc regions, respectively, and 25 Gy on the inguinal region; see Table 1). The median 
agee of the boys at the time of diagnosis of Hodgkin's disease was 11 years, (range, 5-15 
years).. At the time of treatment, 4 patients were pubescent and 15 prepubescent. All 
consentedd to tests of gonadal function after receiving information. The study was approved 
byy the Medical Ethics Committee of our hospital. 
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TABLEE 1. Characteristics of 19 male patients treated for childhood Hodgkin's disease with MOPP 
chemotherapy. . 

patien t t 
no. . 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 

10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 
17 7 
18 8 
19 9 

puberta l l 
stag e e 

pub b 
pre e 
pre e 
pre e 
pre e 
pre e 
pre e 
pre e 
pub b 
pre e 
pub b 
pre e 
pre e 
pre e 
pre e 
pre e 
pre e 
pub b 
pre e 

agee at 
treatmen t t 

14 4 
9 9 
5 5 

11 1 
8 8 
6 6 
4 4 

11 1 
13 3 
11 1 
14 4 
11 1 
11 1 
9 9 
6 6 

12 2 
12 2 
15 5 
10 0 

localizatio n n 
off  lymp h nodes 

mediastinum ,, cervica l 
cervica l l 
cervical,axill a a 
inguina l l 
cervica l l 
cervical ,, spleen,paraaorra l 
cervica l l 
inguina l l 
cervica|/mediasrinum,splee n n 
cervica l l 
cervical ,, mediastinu m 
cervical ,, hepar 
inguinal,hepat,splee n n 
cervica l l 
cervica l l 
cervica l l 
cervica l l 
mediastinu m m 
cervical ,, mediosrinum,inguina l 

stag ee of 
disease * * 

Ha a 
lb b 
Ho o 
ID D 

la a 
Ili a a 
fa a 
la a 

lll b b 
la a 
lib b 

Ili a a 
Ha a 
la a 
la a 
la a 
la a 
lb b 

lll b b 

radiatio n n 
therap yy (gray ) 

cervica ll  30 Gy 
cervica ll  35 Gy 

--
--
--
paraaortal ,, splee n 20 Gy 
cervica ll  40 Gy 

--
--
--
cervica ll  25 Gy 

--
inguina ll  25 Gy 
cervica ll  25 Gy 

--
--
--
mediastinu mm 25 Gy 

--

Abbreviations:: pub=pubescent, pre=prepubescent, * Stage is according Ann Arbor classification. 

Methods s 

Att initial assessment, in 1989, data on length, body weight, and pubertal maturation 
weree recorded. Testicular size was assessed by the Prader orchidometer; normal testicular 
volumee in adult males are 15-20 ml, and testicular volume considered to be diminished if 
<155 ml. Fresh semen was collected from all patients after a minimum of two days of 
abstinence.. The semen volume, sperm concentration and motility were examined. 
Normospermiaa was defined as a sperm concentration above 20 million/ml, moderate 
oligospermiaa as >0.1 to 20 million/ml, and severe oligospermia as less than 0.1 million/ml. 
Thee patient was considered azoospermic when no spermatozoa was seen. 

Bloodd samples were obtained in each patient to determine basal levels of follicle-
stimulatingg hormone (FSH), luteinising hormone (LH) and testosterone. 
Concentrationss of thyroid-stimulating hormone (TSH), prolactin and sex hormone-binding 
globulinn (SHBG) were also measured. 

Serumm FSH and LH concentrations were also measured at 15,30,45 and 60 minutes 
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afterr an intraveneus injection of 100 mg of gonadotropin-releasing hormone (GnRH). A 
4-- to 8 fold increase in LH level and a 1.5- to 2.5 fold increase in FSH level after 
administrationn GnRH was considered a normal response. Concentrations of plasma FSH 
andd LH were measured by a commercial radioimmunoassay (Kodak, U.K.), testosterone 
andd prolactin were measured by an in-house radioimmunoassay. TSH was measured by 
immunoradiometricc assay IRMA (Boots-Celltech, U.K.) and SHBG by IRMA (ORION 
Diagnostica,, Finland). 

Afterr initial assessment, the majority of patients were seen annually. Serum FSH,, LH 
andd testosterone were measured, and at follow-up, on request, a repeat semen analysis 
wass also performed. Germ cell damage was defined as a low sperm count, elevated basal 
FSHH levels, or reduced testicular volume. Leydig cell dysfunction was considered present 
iff  basal LH level was raised above 15 U/l with or without a low testosterone level, or if 
theree was an exaggerated LH response after GnRH stimulation. 

Two-tailedd tests of significance were calculated using the Student-t test for paired 
samples. . 

Results s 

ClinicalClinical data 
initiall  study 
Patientt characteristics are given in Table 1. At the time of the first study, in 1989, 

patients'' disease had been in complete remission for 6 to 14 years (median, 10 years). 
Thee median age of the patient was 19 years (range, 16-27 years), the mean length was 
1.800 m (range, 1.63-1.98 m) and the mean body weight 69.7 kg (range, 46.0-98.8 kg). 
Noo delayed onset of puberty was observed. Testicular size was small in all but one 
patientss (mean, 11 ml; range 5-15 ml). 

follow-upp study 
Furtherr follow-up examination was performed at a median of 14 years (range, 13-20 

years)) after chemotherapy. At the time of follow-up none of the patients had yet fathered 
aa child. 

SeminalSeminal Analysis 
initiall  study 
Resultss of seminal analysis are shown in Table 2. A normal sperm count was found in 
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TABLEE 2. Testicular function and serum hormone measurements in 19 male patients treated for 
Hodgkin'ss disease in childhood with MOPP chemotherapy. 

PATIENT T 

No. . 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 
17 7 
18 8 
19 9 

MEAN* * 

TESTICULAR R 

VOL.. (ML) 

13 3 
17 7 
13 3 
11 1 
15 5 
6 6 

11 1 
11 1 
5 5 

ND D 

11 1 
11 1 
13 3 
9 9 

13 3 
14 4 
15 5 
11 1 
13 3 

11(5-15) ) 
NORMALL VALUES 1 5 - 2 0 

SPERMM COUNT x l 0 * 

INITIALL FOLLOW-UP 

0 0 
12 2 
0 0 
0 0 

43 3 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 
1 1 
0 0 
0 0 

18 8 
1 1 
0 0 
0 0 

11 1 

5 5 
>20 0 

ND D 

16 6 
ND D 

ND D 

ND D 

ND D 

0 0 
ND D 

0 0 
ND D 

0 0 
18 8 
ND D 

0 0 
ND D 

ND D 

ND D 

NO O 

12 2 

4 4 

TESTOSTERONEE ( N M 0 L / L ) 

INITIALL FOLLOW UP 

21.0 0 
19.1 1 
21.0 0 
9.9 9 

13.0 0 
13.4 4 
24.4 4 
27.0 0 
10.1 1 
18.1 1 
12.3 3 
16.0 0 
13.2 2 
12.3 3 
9.1 1 

17.0 0 
15.3 3 
19.0 0 
13.7 7 

5 5 
14-42 2 

24.0 0 
17.8 8 
23.0 0 
11.9 9 

ND D 

17.7 7 
21.0 0 

ND D 

8.3 3 
20.0 0 
12.2 2 
17.2 2 

ND D 

16.6 6 
9.5 5 

16.3 3 
17.6 6 
20.0 0 
12.7 7 

16.6+4.6 6 

BASAL L 

14.4 4 
9.4 4 
6.6 6 

22.0 0 
15.3 3 
8.1 1 

21.3 3 
16.5 5 
16.8 8 
13.6 6 
20.5 5 
15.0 0 
13.0 0 
18.0 0 
5.2 2 

11.5 5 
11.2 2 
16.0 0 
16.8 8 

8 8 
1-10 0 

FSHH (O/L) 

STIM. . 

32.5 5 
20.9 9 
11.2 2 
38.5 5 
25.8 8 
19.0 0 
47.5 5 
38.5 5 
28.8 8 
28.8 8 
40.0 0 
28.0 0 
22.8 8 
37.0 0 
4.0 0 

15.3 3 
29.5 5 
28.0 0 
44.5 5 

FOLLOW-UP P 

22.0 0 
10.0 0 
7.5 5 

25.0 0 
ND D 

11.5 5 
32.0 0 

ND D 

23.0 0 
24.0 0 
48.0 0 
21.0 0 

ND D 

26.0 0 
3.5 5 

18.5 5 
18.5 5 
26.0 0 
18.0 0 

21.11 5 

BASAL L 

14.0 0 
21.0 0 
6.0 0 

21.3 3 
14.0 0 
10.3 3 
16.0 0 
16.0 0 
17.3 3 
13.5 5 
10.5 5 
14.0 0 
17.5 5 
14.8 8 
9.3 3 

16.8 8 
9.8 8 
7.3 3 

17.7 7 

6 6 
5-15 5 

LH(uA) ) 
STIM. . 

115.0 0 
95.0 0 
32.0 0 
64.0 0 
62.0 0 
62.0 0 
86.0 0 

120.0 0 
57.0 0 
79.0 0 
49.0 0 
53.0 0 
62.0 0 
78.0 0 
13.0 0 
33.0 0 
97.0 0 
49.0 0 
91.0 0 

FOLLOW-UP P 

12.5 5 
7.5 5 
9.5 5 

10.5 5 
NO O 

11.5 5 
13.0 0 

ND D 

10.5 5 
10.5 5 
14.5 5 
11.0 0 

ND D 

13.5 5 
9.0 0 
6.0 0 

15.0 0 
9.3 3 
6.5 5 

10.11 7 

abbreviations:: nd denotes not done, stim.: after stimulation with 100 ug GnRH intravenous, 
nn  standard deviation, range in parentheses. 

onlyy one patient. Three patients had moderate oligospermia, three had severe oligospermia, 
andd twelve patients were azoospermic (including all 4 males treated during puberty). In 
patientss in which spermatozoa were seen, including the patient with a normal sperm 
count,, sperm motility was always decreased. 

follow-upp study 
Inn 7 patients from whom serial samples of semen could be studied up to 20 years after 

treatment,, no recovery of spermatogenesis was found. 

HormonalHormonal Data 
initiall  study 
Inn Tables 1 and 2 induvidual patients have numbers 1-19. One patient (patient 3) had 

normall  basal levels of testosterone, FSH and LH and also a normal response of LH to 
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GnRHH (sperm analysis of this patient showed azoospermia). In 15 patients, FSH levels 
weree above the normal range (mean, 16.2 U/l; range, 10.8-23.5 U/l), but were responsive 
too GnRH stimulation. Three patients had normal FSH values (patients 2,6 and 15). Two 
off  these patients were oligospermic (patients 2 and 15). Patient 6 had an exaggerated 
FSHH response to GnRH, whereas patient 15 showed no response. In 9 patients, serum 
testosteronee concentrations were slightly decreased (mean 11.8 nmol/1, range 9.1-13.7 
nmol/1),, in 4 of these patients, the decrease was accompanied by a raised LH (mean, 
18.55 U/l; range, 17.5-21.3 U/l). The serum LH level showed an exaggerated response to 
administrationn of GnRH in 3 patients (patients 1,8 and 17), with normal basal values of 
testosteronee and LH. 

Theree were no differences in testosterone levels or in basal or stimulated levels of FSH 
andd LH between males treated before puberty and those during puberty. 
TSHH was elevated in 4 of 6 patients who received cervical or mediastinal radiation therapy 
(patientss 7,11,14 and 16, resp. 8.8,5.8,10.5 and 7.8 mU/1; normal values, 0.4-4.0 mU/1). 
Prolactinn and SHBG concentrations were within normal limits in all patients. 

follow-upp study 
Follow-upp hormone measurements were available for 16 patients. Testosterone and 

LHH levels were not different between initial examination and follow-up (Table 2). FSH 
levelss increased significantly over time, from 14.4  7.8 to 21.1  10.5 U/l, (P<0.001). 

Discussion n 

Inn this study, we evaluated gonadal function in males at 13 to 20 years of follow-up 
afterr treatment with MOPP chemotherapy for paediatric Hodgkin's disease. All patients, 
whetherr pre- or pubescent at time of treatment, were experiencing normal pubertal 
maturationn at the time of their examination. 

Thee most prominent finding was the severe, irreversible impairment of 
spermatogenesis.. Further evidence of germ cell damage were increased serum FSH levels 
andd small testicular sizes. Impairment of spermatogenesis was correlated in most patients 
withh elevated FSH levels and small testicular size. However, despite normal FSH levels 
inn four patients sperm counts were low or undetectable. 

Leydigg cell dysfunction was found in 7 patients: in 4 of them testosterone was slightly 
decreasedd and LH elevated,, whereas in the other 3 Leydig cell failure was limited to an 
exaggeratedd response of LH to GnRH. Damage to germinal cells was thus far more 
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pronouncedd (occuring in all patients) than Leydig cell dysfunction (occuring in 7 out of 
199 patients). The devastating effect of chemotherapy is mainly attributable to 
mechorethaminee and procarbazine which form part of the MOPP combination therapy.16 

Irradiationn may damage the testicular function as a result of direct radiation or scattered 
radiation.. The germinal epithelium is more sensitive to the radiation effects than the 
Leydigg cells.17 Two patients (patients 6 and 13) received subdiaphagmatic radiation 
therapy.. Damage to the germinal epithelium was present in both patients; one of them 
hadd Leydig cell dysfunction as well. Because of the small number of patients who received 
subdiaphragmaticc radiation therapy, no firm conclusions can be made about the combined 
toxicc effects of radiation and MOPP chemotherapy in our study. The incidence of gonadal 
dysfunctionn after chemotherapy for Hodgkin's disease in adult males is high,18 and the 
probabilityy of recovery spermatogenetic function and fertility is low in these patients.19 

Recentt studies have reported impaired gonadal function in patients treated during 
childhoodd for Hodgkin's disease. In boys treated before adulthood, a high incidence of 
germinall  cell damage was found, with minor Leydig cell dysfunction.1415-20 

Sincee chemotherapeutic agents generally affect the more metabolically active cell 
lines,, it has been suggested that chemotherapy-induced damage is proportional to gonadal 
activityy at the time of treatment.21 Specifically one would expect that the incidence of 
chemotherapy-inducedd damage in prepubescent children with a not yet fully active 
gametogenesiss would be lower as compared with adolescents and adults, whose level of 
gonadall  activity is higher. In comparing testicular function of the patients treated before 
orr during puberty, all patients treated during puberty (n=4) were azoospermia with small 
testess and elevated FSH levels. The observed damage to the gonads of the prepubescent 
maless seemed less severe because in 7 of the 15 patients in this group, some spermatozoa 
weree seen, indicating a reproductive potential. Although no firm conclusion can be drawn 
becausee of the small number of patients in our study, there seemed to us to be a trend for 
improvedd outcome in these patients who were prepuberscent at the time of treatment. 

Ourr study comfirms the severe gonadal toxicity of MOPP chemotherapy and extends 
ourr knowledge about long-term effects of gonadal toxicity, as we found no recovery of 
germm cell function in our long and repeated follow-up examination. On the contrary, 
FSHH levels increased further during follow-up indicating permanent gonadal damage. 
Leydigg cell function did not deteriorate further. 

Inn summary, this study demonstrates the gonadal toxicity of six courses of MOPP chemo-
therapyy in prepubescent and pubescent boys treated for Hodgkin's disease. When the 
reproductivee potential of males treated for childhood Hodgkin's disease are evaluated, 
FSHH levels and testicular size may give a good indication of damage to the germinal 
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epithelium,, but seminal analysis still remains the definite test of an individual's reproductive 

potential. . 

Furtherr attemps must be made to design regimens that are equally effective as standard 

combinationn chemotherapy but have less late toxicity and create a lower risk of infertility22 
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Ass a result of the differences in cure rates between adult and childhood cancers, informa-
tionn regarding late effects of cancer treatment are primary obtained from survivors of 
malignanciess in children and young adolescents. The major reason for the survival difference 
iss that the majority of adult cancers are derived from epithelial tissue, while childhood 
cancerss are mostly derived from nonectodermal embryonal tissue, such as bone marrow, 
lymphh glands, bone and muscle. Experience has shown that carcinomas are less responsive 
too therapy than childhood cancers. Moreover, chemotherapy in children can be given in 
higherr doses and is often given over a more prolonged period of time. 

Manyy publications are available on late effects of antineoplastic agents and radiation 
therapy.. Long-term follow-up studies based on diagnosis have also been performed as 
well.. Survivors treated for Hodgkins' disease, acute lymphoblastic leukaemia and Wilms' 
tumourss have been particularly well studied. The studies described in the previous chapters 
aree aimed to contribute to this field of knowledge. 

Byy contrast, studies on overall morbidity of the population of survivors of childhood 
cancerr are less frequently reported. In a study exploring late morbidity in childhood 
cancerr survivors treated at the Birmingham Children's Hospital, at least one chronic 
medicall  problem was observed in 58% of the patients.1 Garre et al reported in a single-
institutee study, that after a 2.5 years post-treatment interval late effects were present in 
69%% of the survivors, whereas 42% patients showed symptomatic changes.2 

Follow-upFollow-up strategies 
Givenn the high percentage of known late effects, it is generally agreed that longitudinal 

long-termm follow-up after successful treatment for childhood cancer is needed with the 
aimm of both preventing and managing late complications. Therefore, it is interesting to 
knoww what the current available methods for monitoring and providing care in young 
adultt survivors are. Oeffinger3 showed that in approximately half of the paediatric 
oncologyy institutions, in the United States, a long-term follow-up clinic is present. Only 
aa small proportion (15%) of these institutions programmes have established any type of 
formall  data base for adult survivors of childhood cancer. A comprehensive study which 
inventarizedd follow-up strategies in Northern Europe, is not available, although in the 
Unitedd Kingdom guidelines were developed for long-term follow-up by the United 
Kingdomm Children's Cancer Study Group (UKCCSG). These guidelines should serve to 
rationalizee follow-up strategies for physicians in the follow-up clinic for survivors of 
childhoodd cancer.4 The two international organizations that initiate and coordinate 
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multicentree trials in Europe and North America (EORTC and RTOG) introduced in 
19933 a scoring system of late effects. Two acronyms describe the new scoring system for 
latee effects toxicity and the key elements forming the scales: Late Effects Normal Tissue 
(LENT)) and Subjective, Objective, Management and Analytical evaluation of late injury 
(SOMA).. The LENT-SOMA scales will be introduced in the follow-up of multicenter 
trials.. These EORTC/RTOG protocols are mainly devised for adult malignancies, although 
theyy could be of value in the follow-up of childhood cancer.5 6 

Overall,, much effort is being invested in developing screening protocols for assessing 
latee sequelae of cancer treatment, but to date a significant proportion of adult survivors 
aree not being followed-up on a regular basis. 

Oncee follow-up of survivors of childhood cancer is achieved, it appears that more than 
90%% of adult survivors are seen at a paediatric institution by a paediatric oncologist.3 It 
sometimess happens that paediatric oncologists follow 'their' patients until the age of 40 
yearss or even older. In contrast to people who have conditions requiring continuing active 
medicall  management (for example diabetes and rheumatoid arthritis) for whom transfer 
arrangementss can be made to an appropriate adult clinic, there is no pattern of care available 
withinn the adult cancer service that meets the need of adult survivors of childhood cancer. 
Soo far, few programs have developed a multidisciplinary transitional approach combining 
thee efforts of paediatric oncology teams with adult-oriented health providers. 

Althoughh the need for regular surveillance is emphasized by physicians, surprisingly 
feww studies have assessed the awareness among survivors of childhood cancer themselves 
concerningg both their past disease and the anticipated morbidity. Backlay et all7 assessed 
thee present knowledge in survivors of childhood cancer about their past medical history 
andd the possible implications for the future. Ten percent could not name their past illness, 
awarenesss of the possibility of late effects was limited. Fifty percent considered that 
theirr illness might have an negative effect on their future and only one tenth thought one 
off  the reasons for attending follow-up clinics was to check for late effects. The majority 
off  these survivors of childhood cancer welcome the availability of information both 
aboutt their past medical history as well as about any future consequences of the disease 
itselff  and its treatment. 

FutureFuture directions for screening and management of late effects 
Fromm the four years of experience with the follow-up clinic for survivors of childhood 
cancerr (PLEK), combined with the results from this thesis and with reference to the 
literature,, we will present some suggestions for the improvement of follow-up programs. 

Whenn a follow-up clinic is founded one should question what the purpose and the role 
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off  the follow-up clinic should be. In our opinion the follow-up clinic should serve two 
majorr goals: patient care and research. 

Fromm the viewpoint of patient care, follow-up should include provision of health-
relatedd teaching and monitoring for late effects to survivors of childhood cancer. As was 
previouslyy demonstrated, the information under survivors of childhood cancer with regard 
too their possible future late effects is low. This implies that continued education in cancer 
survivorss regarding their risks of late effects is essential, with the primary goal of allowing 
themm to maintain healthy lifestyles. In the follow-up practice a multidisciplinairy approach 
iss required, combining the experience of paediatric and adult-oriented health providers 
whichh should include a paediatrician, an internist, a radiotherapist, a (orthopedic) surgeon 
andd a psychologist. 

Inn order to monitor late effects, a record of cumulative drug and radiation exposure 
shouldd be compiled for each patient at the end of treatment and a surveillance plan 
developedd to match any risk factors identified, including an opinion on the specific 
pointss to be checked in the future. 

Fromm the viewpoint of research, standardized follow-up protocols and individualized 
screeningg recommendations must be developed to facilitate research into late effects of 
cancerr treatment. There appears to be a general agreement about the need to organize 
follow-upp clinics for survivors of childhood cancer, but no consensus exists about the 
implementationn of the follow-up clinic. In contrast to the multicentered treatment protocols 
forr childhood cancer, in which most patients are participating, follow-up protocols are 
mainlyy initiated at single institutions, and programs differ considerably. In our opinion, 
givenn the existing infrastructure for international trials and the unique high participation 
gradee of paediatric centres, it seems appropriate to develop screening-programmes in 
collaborationn with these research institutions. So ideally, in future follow-up programmes 
off  survivors of childhood cancers will be carried out in multicentre follow-up protocols. 
Onlyy then will the entire survivor population be the subject of study for adverse treatment 
outcomes,, such as mortality and morbidity, but also costs of lifetime medical care, lifetime 
cancerr risk and health in offspring. 

Thee results of clinical and epidemiological follow-up studies will help clinicians who 
plann therapy for children with cancer to introduce new treatment methods that are likely 
too cure children with resistent disease. But they need also to develop ways of reducing 
therapyy in children whose clinical outlook is excellent and who have more to lose because 
off  the long-term effects of therapy that is more aggressive than their disease warrants. 
Thee late effects of treatment for medulloblastoma mainly caused by high-dose craniospinal 
irradiation,, which we described in chapter 3 to 6, has been the standard therapy since 
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almostt three decades. Packer8 showed recently that in non-disseminated medulloblastoma 
aa reduced dose of craniospinal radiation therapy in combination with adjuvant 
chemotherapyy produces the same overall survival rates, most probably with less cognitive 
andd endocrine late effects. Possibly the determination of prognostic factors, such as 
gender,, age, tumour size and presence of metastases, histology and laboratory features, 
wil ll  result in the determination of different risk groups to stratify treatment intensity and 
too limit the risk of late effects of therapy. 

Anotherr research field of interest could be to provide not yet existing outcome-based 
researchh that evaluates the value and components of follow-up programs. Much has to 
bee learnt about the best method of follow-up, which tests are cost effective, and how 
frequentlyy they should be carried out. This is particularly urgent now that restrictions are 
placedd upon resources of medical care. 

Finally,, as a consequence of the introduction of new antineoplastic agents, previously 
unrecognizedd adverse effects will surface, which will give direction to new research. 

Thereforee screening of the whole survivor population is mandatory, even when no 
sequelaee are detectable (sub)clinically. 

Inn survivors of childhood medulloblastoma we demonstrated an increased risk for 
cardiovascularr diseases (chapter 6), particularly in those with growth hormone deficiency. 
Treatmentt for acute leukaemia, brain tumours and lymphoma, which account for 
approximatelyy 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-lo wering medication can contribute to the prevention of cardiovascular disease, 
wee advocate long-term prospective, follow-up studies on cardiovascular risk factors in 
survivorss of cancer. 

Ass many reports on late sequelae appear, it is important to remember that the future is 
brightt for the majority of children diagnosed with cancer and that the benefits of effective 
treatmentt of childhood cancer far exceed the risks. In general the outlook of the long-term 
survivorss is good as evidenced by numerous studies. Most survivors adapt well into 
adulthoodd and achieve 'adult-life goals' as measured by employment, acquisition of health 
andd life insurances, marriage and reproduction when compared with the population at 
large.99 Also, the perceived health-related quality of life of adolescents and adults surviving 
malignanciess in childhood is as least as good as that of the normal population.10 Nevertheless, 
significantt medical complications face the survivors of childhood cancer. Therefore, 
investigations,, education and clinical care are the keys for making this outlook even better. 
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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. 

117 7 



Summary Summary 

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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Inn Nederland wordt ongeveer 70% van de kinderen met kanker na behandeling genezen 
verklaard.. Veelal bestaat de behandeling uit een combinatie van operatie, chemotherapie 
enn radiotherapie. 

Ditt heeft tot gevolg dat momenteel ongeveer 1 op de 750-800 jong volwassenen in 
Nederlandd een genezen patient is van jeugdkanker. De laatste decennia is echter gebleken 
datt na verloop van tijd nadelige gevolgen van de behandeling op kunnen treden. Dit 
impliceertt dat bij de behandeling van kinderen met een kwaadaardige aandoening het doel 
niett alleen is de ziekte zo effectief mogelijk te behandelen, maar ook dat de therapie zodanig 
opp de patient dient te worden toegesneden dat zo min mogelijk schade op korte en lange 
termijnn ontstaat. 

Inn Hoofdstuk 1, wordt een kort historisch overzicht gegeven van de ontwikkelingen 
inn de kinderoncologie. Daarna wordt ingegaan op het ontstaan van de polikliniek late 
effectenn kindertumoren (PLEK) van het Emma Kinder Ziekenhuis/Academisch Medisch 
Centrumm (EKZ/AMC). De PLEK is opgezet met twee doelstellingen: patiëntenzorg en 
wetenschappelijkk onderzoek, zo hopen we te bereiken dat de kwaliteit van leven van 
overlevendenn van kanker verbetert. Gestandaardiseerde protocollen, toegesneden op het 
individuu en afhankelijk van de diagnose en gegeven therapie werden ontwikkeld. 

Inn dit proefschrift zijn late effecten van chemo- en radiotherapie onderwerp van studie. 
Dee onderzochte overlevenden waren ouder dan 18 jaar en de oncologische behandeling 
vondd meer dan 5 jaar voor de studie plaats. 

Inn Hoofdstuk 2, wordt een overzicht gegeven van de belangrijkste late gevolgen die 
kunnenn optreden als gevolg van een oncologische behandeling met radio- en/of 
chemotherapiee toegepast op de kinderleeftijd. Late effecten van radio- en chemotherapie 
kunnenn organen en weefsels in hun groei en ontwikkeling belemmeren. Tesamen met de 
fysiologischee veroudering van het orgaan, kan orgaanfalen manifest worden. Late effecten 
zijnn in te delen in: orgaan dysfunktie, tweede maligniteiten, cognitieve en psychosociale 
problematiek. . 

Hersentumorenn zijn de tweede meest voorkomende kindermaligniteit. De curatiekans 
iss 40 tot 70%. Bij de meeste genezen patiënten gaat dit ten koste van aanzienlijke late 
schade.. In Hoofdstuk 3, beschrijven we of klinische parameters te gebruiken zijn als 
prognostischee factoren bij patiënten die op de kinderleeftijd zijn behandeld voor een 
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medulloblastoom/primaryy neuroectodermal tumor (PNET). Prognostische factoren 
zoudenn van nut kunnen zijn bij het differentieren van een behandelings beleid met het 
doell  zo min mogelijk bijwerkingen op korte en lange termijn te induceren. Retrospectief 
werdenn de ziektegeschiedenissen van 105 kinderen bestudeerd. Bij univariate analyse 
bleekk de grootte van de resectie, de noodzaak tot het aanleggen van een cerebrospinale 
shunt,, aanwezigheid van meningitis carcinomatosa en de dosis van de radiotherapie van 
significantee betekenis te zijn op de ziekte vrije overleving. Bij multivariate analyse bleken 
alleenn de twee laatst genoemden variabelen significant. 

Momenteell  zijn er geen betrouwbare klinische parameters voorhanden die gebruikt 
zoudenn kunnen worden als prognostisch kenmerk om verschillende risicogroepen te 
onderscheiden.. Mogelijk dat in de toekomst met behulp van moleculair biologische 
'markers'' betrouwbare prognostische kenmerken kunnen worden geïdentificeerd. 

Hett optreden van neuroendocriene schade na bestraling bij hersentumoren op de 
kinderleeftijdd is een bekend laat gevolg van de therapie. Echter de prevalentie en eventuele 
volgordee van endocriene uitval bij overlevenden van hersenkanker op de kinderleeftijd 
zijnn minder goed onderzocht. In Hoofdstuk 4, wordt een studie beschreven, waarin bij 
200 jong volwassenen gemiddeld 16 jaar na therapie het (neuro)endocriene functioneren 
onderzochtt werd. De bestralingsdosis op het hoofd en de craniospinale as was 6 
Gray,, met een surdosage op de fossa posterior van 7 Gray. Dertien van hen werden 
adjuvantt behandeld met chemotherapie. Bij 15 van de 20 (75%) patiënten werden 
endocrienee deficiënties vastgesteld. Bij 14 (70%) patiënten betrof dit een groeihormoon 
(GH)) deficiëntie. Bij slechts 20% was de hypothalame-hypofysaire-schildklier as (HPT) 
aangedaan.. Bij 15% was de hypothalame-hypofysaire-gonadale as (HPG) beschadigd. 
Indienn een centrale deficiëntie van HPG of HPT as aanwezig was, was er tevens sprake 
vann GH deficiëntie. Centraal hypocortisolisme werd niet gevonden. Basale waarden van 
prolactinee waren in alle gevallen normaal. Behandeling op jonge leeftijd is geassocieerd 
mett het onstaan van GH deficiëntie. Noch de duur van de follow-up, noch het gebruik 
vann chemotherapie waren determinanten van het endocriene functioneren. 

Wee veronderstelden dat beschadiging van de hypothalame-hypofysaire as na bestraling 
niett alleen endocrien gevolgen heeft, maar dat mogelijk ook slaap en circadiane ritmen 
verstoordd kunnen zijn. Dit zou een verklaring kunnen zijn waarom vermoeidheid en 
problemenn met dag-nacht ritme regelmatig voorkomen. We deden een gecontroleerde 
studiee naar circadiane ritmen bij overlevenden van een hersentumor op de kinderleeftijd 
enn vergeleken de resultaten met die van een gezonde populatie. De resultaten worden 
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beschrevenn in hoofdstuk 5. Bij 25 jong volwassenen, 8-25 jaar na behandeling voor een 
hersentumor,, en bij 27 gezonde vrijwilligers, werden subjectieve (vragenlijst) en objectieve 
(actigrafische)) metingen verricht betreffende circadiane ritmen en slaapkwaliteit. In de 
groepp die was bestraald, werd in een eerdere studie de groeihormoon status bepaald. Tevens 
werdd serum leptine, gecorrigeerd voor lichaamsvet, en prolactine bepaald. Bij actigrafische 
metingenn werd in de bestraalde groep een sterk verlengde slaapduur (p=0.0001) en een 
toegenomenn slaap-waak ritme (p=0.003) met een hogere amplitude en met minder 
slaapfragmentatiee gevonden. Groeihormoon deficiëntie was geassocieerd met een 
toegenomenn slaap-waak amplitude. Afgenomen alertheid bleek geassocieerd te zijn met 
groeihormoonn deficiëntie, een verhoogde leptine/lichaamsvet ratio en verhoogd prolactine. 
Geconcludeerdd werd dat hoge dosis hersen bestraling tijdens de jeugd zowel subjectieve 
alss objectieve veranderingen in slaap-waak ritmen veroorzaakt. Neurendocriene deficiënties 
verklarenn slechts deels de subjectieve en objectieve slaap-waak veranderingen. 

Hett is bekend dat patiënten, waarbij op volwassen leeftijd een panhypopituarisme 
wordtt ontdekt, een verhoogd risico op cardiovasculaire morbiditeit en mortaliteit hebben. 
Wee verwachten dat ook na schedelbestraling bij kinderen een verhoogd risico bestaat op 
hartt en vaatziekten (HVZ). Het doel van de studie, zoals beschreven in Hoofdstuk 6, 
wass om risicofactoren voor HVZ te bestuderen en de relatie met de endocriene status te 
onderzoeken.. Onderzocht werden de bloeddruk, lipidenspectrum, lichaamssamenstelling, 
enn intima-media dikte (IMT) van de carotiden. 26 overlevenden van een hersentumor 
tijdenss de jeugd, gemiddeld 16 jaar na de behandeling, werden onderzocht en vergeleken 
mett 29 gezonde vrijwilligers. In de onderzochte populatie bleek de systolische bloeddruk 
significantt verhoogd, evenals totaal cholesterol/HDL ratio, LDL-cholesterol en 
apolipoproteine-B,, ten opzichte van de controlegroep. De body mass index (BMI) was 
niett verschillend tussen de groepen, de waist/hip (W/H) ratio daarentegen was in de 
onderzoeksgroepp wel toegenomen. De IMT van de bifurcatie van de carotis was 
toegenomenn in de onderzoekspopulatie, echter de IMT van de carotis interna en carotis 
comunisss verschilden niet significant. In de absolute GH deficiënte groep viel op dat 
LDL-cholesteroll  en apolipoproteine-B evenals de W/H ratio opvallend afwijkend waren. 
Wee concludeerden dat bij overlevenden van hersentumoren er een verhoogd risico is op 
HVZ,, gezien de aanwezigheid van dyslipaedaemie, een centrale adipositas en een 
verhoogdee systolische bloeddruk. In de GH deficiënte groep was het risico profiel 
ongunstiger.. Tenslotte vonden we aanwijzingen voor vervroegde atherosclerose mbv 
IMTT metingen. 
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Gonadalee schade bij volwassenen na de behandeling voor de ziekte van Hodgkin is 
goedd gedocumenteerd, echter gegevens betreffende de fertititeit bij behandeling voor of 
tijdenss de puberteit zijn schaars. Vandaar dat we de gonadale functie bestudeerden bij 
genezenn Hodgkin patiënten die voor of tijdens de puberteit behandeld werden met MOPP 
chemotherapie.. In Hoofdstuk 7, rapporteren we de bevindingen van gonadale functie 
bijj  19 jongvolwassen mannen, gemiddeld 10 jaar na MOPP chemotherapie tijdens of 
voorr de puberteit. De metingen werden bij de meesten jaarlijks herhaald. Sperma analyse 
toondee bij 12 een azoospermie en bij 6 was er sprake van oligospermia Bij jaarlijkse 
controless trad geen herstel op van de spermatogenese. De testes grootte was bij 18 van 
dee 19 te klein. Het FSH gehalte steeg in de loop der jaren als uiting van kiemcelschade. 
Verminderdd functioneren van de Leydigcellen werd bij 7 mannen aangetoond. De 
uitkomstenn lijken niet beïnvloed te worden door het tijdstip van behandeling voor of 
tijdenss puberteit. Samengevat bleek dat bij jongvolwassen mannen die in hun jeugd zijn 
behandeldd met MOPP chemotherapie voor de ziekte van Hodgkin de fertiliteit ernstig en 
irreversibell  gestoord is. 

Inn hoofdstuk 8, worden suggesties gedaan ten aanzien van de screening van late gevolgen 
vann kinderoncologische behandeling. Met betrekking tot patiëntenzorg: van elke behandelde 
patientt dient gedocumenteerd te worden: de cumulatieve dosis van de chemotherapie en 
hett bestralings regime. Op basis hiervan kan het risicoprofiel ten aanzien van mogelijke 
latee gevolgen besproken worden en een individueel screeningsprotocol worden opgesteld. 
Dee begeleiding dient multidisciplinair van karakter te zijn. Ten aanzien van wetenschappelijk 
onderzoek:: gestandaardiseerde en individuele screeningsprogramma's moeten worden 
ontwikkeld,, het onderzoek naar late gevolgen zou geintegreerd dienen te worden in de 
behandelprotocollen.. Tenslotte dient een kosten-baten analyse plaats te vinden naar de 
inhoudd en waarde van de late effecten polikliniek. 

Endocrienee deficiënties, zoals ondermeer beschreven in deze thesis, worden frequent 
gezienn op de PLEK; immers acute leukemieen, hersentumoren en lymfomen, vormen 
60%% van PLEK populatie. Het gevolg van deze deficiënties kan zijn dat er een verhoogd 
risicoo is op cardiovasculair lijden. Daar hormoon vervangende therapie, lipiden verlagende 
middelenn en dieet bij kunnen dragen aan de preventie van hart- en vaatziekten, propageren 
wijj  nader onderzoek naar het cardiovasculair risico profiel bij overlevenden van jeugdkanker. 
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graagg ook ex-patienten, internisten, kinderartsen, verpleegkundigen, secretariaat en epidemiologen, 
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Mij nn beide co-promotoren: dr Eric Fliers en dr Piet Bakker. Door hun betrokkenheid, overzicht en 
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Mij nn beide promotoren: prof. dr Cees Veenhof en prof. dr Tom Voute. Door hun relativerend 

vermogenn plaatsten zij de resultaten in perspectief. Daardoor werd deze dissertatie tot een 

samenhangendd geheel gesmeed. 

Drr Eus van Someren, zonder wiens hersenspinsels het mooiste en ingewikkeldste stuk nooit 

geschrevenn zou zijn. 

Miekee Trip, Jantje Visser en Mathilde Ubbink voor hun hulp bij het cardiovasculaire onderzoek, 

enn Annette en Martine voor de assistentie bij de endocriene functietesten. 

Dee klinische onderzoeken vonden plaats tijdens de laatste twee jaar van mijn opleiding. Ik dank 

mijnn opleiders inwendige geneeskunde (prof. dr J. Vreeken, prof. dr L. Arisz en prof. dr E. Briet) 

enn Dick Munnik, voor de mogelijkheid die geboden werd om naast de opleiding tot internist ook 

klinischh onderzoek te doen. Vanaf oktober 1999 vond de voorbereiding van dit proefschrift plaats 

inn Assen. Dankzij het prettige werkklimaat in het Wilhelmina Ziekenhuis te Assen, was werk en 

wetenschapp goed te combineren. 

Bcc weet zeker dat als mijn vader dit nog had kunnen meemaken, hij glunderend van genoegen en 

voll  trots zou zijn geweest. Lieve ma, door de "nestwarmte" en het vertrouwen dat ji j en pa in mij 

stelden,, heb ik alle mogelijkheden gekregen om mij te kunnen ontplooien in de richting die ik zelf 

wildee gaan, dank je. 

Lievee Eric, bedankt voor de vanzelfsprekendheid waarmee je jouw carierre liet aansluiten op die 

vann mij en de souplesse waarmee we samen ons werk en gezin combineren. 

Assenn januari 2000 
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