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Long-termm survivors of childhood brain cancer 
havee an increased risk for cardiovascular disease 
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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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Introduction 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. 

Patient 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 

diagnosis s 

medulloblastoma a 
medulloblastoma a 
medulloblastoma a 

medulloblastoma a 
medulloblastoma a 
medulloblastoma a 

medulloblastoma a 
medulloblastoma a 
medulloblastoma a 
medulloblastoma a 
medulloblastoma a 
medulloblastoma a 
medulloblastoma a 
medulloblastoma a 
medulloblastoma a 
medulloblastoma a 
medulloblastoma a 
medulloblastoma a 
astrocytoma a 
ependymoma a 
ependymoma a 

astrocytoma a 
ependymoma a 
astrocytoma a 
craniopharyngeoma a 
nasopharynxx carcinoma 

Agee at 
Treatment 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 
completionn of 

therapy 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 

Cranial l 
Radiation n 
Therapyy gray 
(includingg 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 

Chemotherapy y 

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

CHpeak k 

(mU/ir 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 

Substitution n 
Treatment t 

thyroxine e 

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

--
--
--
vasopresin,OC 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. 

Parameter r 

Agee (yrs) 
Males/females s 
currentt smoker 
Bodyy mass index (kg/m1) 
Waist/Hipp ratio 
Systolicc Blood pressure (mmHg) 

Diastolicc Blood pressure (mmHg) 

Plasmaa lipids (mmol/l) 
totall cholesterol 
HDLL cholesterol 
Cholesterol/HDLL ratio 
LDLL cholesterol 
Triglycerides s 
apoA-l l 
apoB B 

controls s 
n=29 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) 

survivors s 
n=26 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-value 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 

Parameterr controls survivors p-value 

n=299 n=26 

Combinedd IMT* 057(0.9} 055(1.3) NS 

Arteriall segments 
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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