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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 

Introduction 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 

27 7 



ChapterChapter 2 

Tablee I. Late effects of irradiation after treatment for childhood cancer 

areaa irradiated expected late effects 

cranium/brainn hypothalamic-pituitary deficiencies, short stature, cognitrve-neuropsychological disabilities, alopecia, cataract, primary 

hypothyroidism,, SMN (brain,thyroid) 

headd and neck hypothyroidism, alopecia, dental abnormalities, bone- and soft tissue hypoplasia, cataract, xerostomie, SMN (soft 
tissue,bone,thyroid) ) 

mediastinum// hypothyroidism, lungfibrosis, cardiomyopathy, atherosclerosis, valve deformities, conduction disorders, pericarditis, 
thoraxx hypoplasia of the mammae, scoliosis, kyphosis, SMN (mammae,thyroid,lung) 

abdomen/pelviss soft tissue/bone hypoplasia, chronic enteritis, motility disorders, ovarian dysfunction, germcell/Leydigcell dysfunction, 
nephritis,, (renovascular) hypertension, urinary tract infections, scoliosis, kyphosis, splenic atrophy, SMN (gastro-intestinal, 
softt tissue) 

spinee scoliosis, kyphosis, osteoporosis, short stature, hypothyroidism 

extremitiess loss of function, avascular bone necrosis, SMN (bone.soft tissue) 

SMN;; second malignant neoplasm 

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

organ n (sub)dinicall manifestations agent(s) ) 

gonads s 

heart t 

azo-oligospermia,, delayed puberty 
earlyy puberty, precocious menopauze, 
oligo/amenorrhoea a 

cardiomyopathy,, conduction disorders 

BCNU,, busulphan, carboplatin, CCNU, chloorambucil, 
cisplatin,, cyclophosphamide, cyfarabine, dacarbazine, 
ifosfamide,, melphalan, nitrogen mustard, procarbazine, 
thiotepa a 

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

lung g 

kidney y 

bone e 

nerves s 

ear r 

secondd malignancy 

longfibrosis s 

glomerularr and tubular dysfunction 

osteoporosis,, avascular bone necrosis 

neuropathies s 

hearingg loss 

Non-Hodgkinn lymphoma, acute myeloid leukaemia 

BCNU,, bleomycin, busulphan, CCNU 

BCNU,, carboplatin, cisplatin, cyclophosphamide, 
melphalan,, methotrexate 

steroids,, methotrexate 

cisplatin,, vincristin 

cisplatin 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 primary 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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