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Osteopenia has been reported in children surviving acute lymphoblastic leukaemia, apparently as a

consequence of therapy. It has been suggested that cranial irradiation may play a crucial role in this

disorder. To explore that possibility, survivors of brain tumours in childhood, all of whom had

received radiotherapy, were examined for evidence of bone mineral loss. 19 children were assessed, on

average at 7 years after treatment. Measurements of growth velocities, plain radiography of the ske-

leton, bone densitometry, health-related quality of life and physical activity were undertaken. Growth

hormone (GH) de®ciency had been detected in 6 children and 5 had received GH replacement, for a

minimum of more than 3 years. 9 children were radiographically osteopenic (including the 5 who had

received GH). Z scores for bone mineral density (BMD) were negative in the majority of children.

Health-related quality of life was less and pain more frequent in those with low BMD scores. Pain was

correlated negatively with both free-time activity and seasonal activity (P < 0.01). Osteopenia is a

common sequel of therapy in children with brain tumours. Those with osteopenia have more pain and

more compromised, health-related quality of life than those who are not osteopenic, and pain sig-

ni®cantly limits physical activity. The pathogenesis of osteopenia in these children is still uncertain,

but is likely to be multifactorial. # 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Among the many short- and long-term consequences of

otherwise increasingly successful treatment of cancer in chil-

dren is musculo-skeletal morbidity [1]. In the commonest

form of malignant disease in childhood (acute lymphoblastic

leukaemia (ALL)), pain is reported in 45±70% of patients

during therapy [2, 3], apparently related, at least in part, to

osteopenia which is associated with disturbances of gait and

frequent fractures [4]. These prevalent sequelae can persist

long after treatment has been completed [5, 6]. EVective

management and ultimate prevention of this disorder will

depend on identi®cation of causal factors and an under-

standing of the pathogenesis.

In previous investigations, we have described this clinical

circumstance in detail and have deduced that corticosteroid

therapy plays an important aetiological role [7]. Others have

postulated that cranial irradiation is implicated, perhaps by

the mechanism of growth hormone (GH) de®ciency [8, 9].

However, in contrast to osteopenia, GH de®ciency is

uncommon after treatment for ALL, especially with the ever

more limited use of radiotherapy [10], the administration of

progressively lower doses of whole brain radiation (now

usually 18 Gy) [11] and, potentially, with the lower toxicity

associated with hyperfractionation schedules [12].

Our recent preliminary studies suggest that cranial irradia-

tion is not a signi®cant causal factor in osteopenia, at least in

children with ALL [13]. Nevertheless, in order to explore

such a possible association further, we examined children

who survived brain tumours and who received doses of cra-

nial irradiation higher than those administered to patients

with ALL. Resolving the pathogenesis of osteopenia in chil-

dren with cancer has obvious implications for the design of

future treatment strategies, both antineoplastic and rehabili-

tative.

PATIENTS AND METHODS

All children who had been treated for brain tumours in

Hamilton, Canada were eligible if they had received radio-

therapy, had completed all treatment approximately 1 year or
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more prior to this investigation, and were currently ambulant.

In addition to demographic information, details of treatment

were obtained by review of records. Informed consent was

obtained from the children's parents and the study protocol

was approved by the Research Advisory Group of McMaster

University's Faculty of Health Sciences.

The components of this cross-sectional study were: deter-

mination of current height and weight, so allowing the calcu-

lation of growth velocities according to the normative

standards of Tanner and colleagues [14, 15]; an assessment

of osteopenia (present or absent) by a single observer (GJG)

using plain antero-posterior radiographs of the hips, knees,

ankles and wrists. This is a demonstrably reliable and sensi-

tive estimate [16]; measurement of bone mineral density

(BMD) of the lumbar vertebrae and femoral necks using a

Hologic 4500A (X-ray based) bone densitometer (Hologic

Inc., Waltham, Massachusetts, U.S.A.). Bone mineral mea-

surements were compared with normative standards estab-

lished for children elsewhere in Canada [17], using

equipment from the same manufacturer. Comparison of the

BMD with the reference population was computed as a

deviation or Z score to allow comparison across age and gen-

der; a parental assessment of each child's global health status

and health-related quality of life (HRQL) using a 15-item

questionnaire derived from the multi-attribute Health Uti-

lities Index Mark 2 (HUI2) and Mark 3 (HUI3) [18], with

calculations of corresponding utility scores aVorded by this

preference-linked approach [19]; and an assessment of each

child's physical activity during the last year using a 61-item

questionnaire, with established reliability, from which sum-

mary scores were calculated [20]. In almost half the instan-

ces, this was completed by the child.

Statistical analyses were performed by linear regression

and the Wilcoxon test for two samples.

Table 1. Patients' diagnoses and radiotherapy

Treatment volumes (cm)

Patient no. Diagnosis RL LL PO/AO Dose (Gray) Fraction number Time (weeks)

Cerebellar astrocytomas

1 7.5�8 7.5�8 7.5�8 50 30 6

2 13�10 13�10 Ð 45 29 6

3 9.5�9.5 9.5�9.5 Ð 50 30 6

4 9�8.5 9�8.5 Ð 54 30 6

Other grade (1/2) astrocytomas

5 Pineal 7�6.5 7�6.5 7�6.5 55 35 7

6 Hypothalamic 9.5�9 9.5�9 9�9 50 33 6.5

7 Suprasellar 10�7.6 10�7.6 8.5�7.6 50 30 6

8 Suprasellar 5.5�6.8 5.5�6.8 5.5�6.8 50 30 6

9 Brain stem 8.5�8 8.5�8 7�8 55 35 7

10 Brain stem 10�7.6 9.5�9 9�9 50 30 6

Grade (3/4) astrocytomas

11 Parieto-occipital 20�15 20�15 Ð 38.5 22 4.5

Boost 12�10.2 (9.5�10.5)�2 13.6 8 1.5

12 Cerebellar Ð 10�9.5 8.5�9.5* 54 30 6

PNET

13 Posterior fossa 21.5�20 21.5�20 Brain 35 20 4

5.5�28.5 Spine 35 20 4

10.5�8.5 10.5�8.5 Boost 20 12 2.5

14 Posterior fossa 21�18.5 21�18.5 Brain 35 23 4

5.5�28.5 Spine 35 25 5

10.5�8.5 10.5�8.5 Boost 20 12 2.5

15 Frontal 18�15 18�15 Brain 30 20 4

5.6�35.3 Spine 30 20 4

10.5�13 10.5�13 Boost 20 12 2.5

16 Temporal 19�17.5 19�17.5 Brain 50 50y 5

6.5�38.5 Spine 40 44y 4.5

18�8 18�8 Boost 15 15y 1.5

17 Parieto-occipital 14.8�19 14.8�19 Brain 30 21 4

4�31.5 Spine 30 25 5

13�13.5 13�13.5 Boost 17.5 12 2.5

Ependymoma

18 Cerebellar 12.5�15 12.5�15 Ð 51.4 31 6

19 Lumbosacral 19�20 19�20 Brain 30 20 4

8.2�36.4 Spine 40 28 5.5

8.2�19.2 Boost 10 7 1.5

RL, right lateral; LL, left lateral, PO/AO, posterior or anterior oblique; PNET, primitive neuro-ectodermal tumour (medulloblastoma).

*Posterior wedged. yHyperfractionation.
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RESULTS

Patient population

30 children ful®lled the eligibility criteria, but 1 died before

study, 3 were lost to follow-up, 6 declined to participate and

1 underwent technically ¯awed densitometry. The study

group therefore consisted of 19 subjects (5 males and 14

females).

Disease and treatment data

4 children had low grade cerebellar astrocytomas, 6 had

other grade (1/2) astrocytomas, 2 had high grade (3/4) astro-

cytomas, 5 had primitive neuro-ectodermal tumours (medul-

loblastomas), and 2 had ependymomas (Table 1). All

underwent surgical resection, which in 9 was grossly com-

plete. In each case, the tumour volume received at least 40 Gy

and the hypothalamus/pituitary was judged as having been

irradiated in 12 cases. 6 children received adjuvant che-

motherapy which, in 2 instances, included corticosteroids. An

additional 5 children had been given steroid therapy for

symptomatic control.

Age distributions

The ages at diagnosis, conclusion of therapy and current

investigation are given in Table 2, together with the corre-

sponding intervals. The average age at diagnosis was

approximately 7 years (and 2±6 months older at the end of

treatment), and almost double that at the time of the current

investigation, when only 3 children were still prepubertal.

Height and weight

The centiles for height ranged from 1 to 100 (mean 49,

median 70) and for weight from 3 to 100 (mean 58, median

67). All but 6 children had sustained growth velocities above

the third centiles. Only this group of 6 were tested formally

for GH de®ciency (which was con®rmed in all of them). 5 of

the 6 received GH replacement therapyÐthe other child

declined (and manifest precocious puberty). Of these 5 chil-

dren, 3 had completed GH replacement having received

therapy for 4 years 10 months, 5 years and 5 years 6 months.

Both of the other children had been receiving GH replace-

ment for 3 years and 5 months when they entered this study.

Radiographic assessment

While blinded to the results of bone densitometry, the

experienced observer categorised 9 children as osteopenic

and 10 as not. There were no signi®cant diVerences between

these groups with respect to centiles for height or weight, or

the ages or time intervals in Table 2. All GH de®cient chil-

dren were osteopenic.

BMD

In the lumbar spine, the Z scores ranged from ÿ 2.91 to

+ 1.15 (median ÿ 1.05, mean ÿ 0.98). 16 of 19 children

(84%) had negative Z scores. In the femoral necks, the Z

scores ranged from ÿ 2.38 to + 2.38 (median ÿ 0.84, mean

ÿ 0.64). 14 children had negative Z scores. The relationships

between radiographic assessments of osteopenia and mea-

surements of BMD are listed in Table 3. There were no sig-

ni®cant correlations between the Z scores for vertebrae or

femora and centiles for height or weight, nor between these Z

scores and any of the ages or time intervals in Table 2 (data

not shown). Furthermore, there was no signi®cant diVerence

between the Z scores in the lumbar spine for those who had

undergone spinal irradiation (n = 6, mean =ÿ 0.98, med-

ian =ÿ 1.24) and the Z scores for those who had not (n = 13,

mean =ÿ 0.98, median =ÿ 1.03).

In the GH de®cient children, all but one of whom had had

replacement therapy, the mean Z scores for vertebrae and

femora were ÿ 1.13 and ÿ 1.45, respectively. The corre-

sponding scores for non-GH de®cient children were ÿ 0.45

and ÿ 0.76. These diVerences were not statistically sig-

ni®cant. Therefore, it is not surprising that there were no

signi®cant diVerences in the Z scores between children who

were judged to have received hypothalamic/pituitary irradia-

tion and those who were not (data not shown). However, it

must be acknowledged that there is the prospect of a type II

error, as the power to detect a true diVerence between sam-

ples of this size is low.

Again, there were no statistically signi®cant diVerences in

Z scores between children who had received steroids and

those who had not; re¯ecting the low doses and short dura-

tion of therapy, by comparison with the experience of chil-

dren with ALL, and the long average interval between

treatment and testing.

Assessments of global health status and HRQL

As determined in the HUI3 system, all but 2 of the chil-

dren were without compromise in ambulation, so con®rming

their eligibility for this study on the basis of that criterion.

The utility scores for global health status, as measures of

HRQL, ranged from 0.59 to 1.00 (median 0.90, mean 0.85)

on a 0.00 to 1.00 scale from death to perfect health. The

correlation between these scores and BMD values was statis-

tically signi®cant (r = 0.46, P < 0.05) for the femora but not

the vertebrae. In a single attribute analysis, 10 of 19 parents

reported pain in their children using the HUI2 system and 8

of 19 with the HUI3 system. In each comparison (Table 4),

children in whom pain was reported had median BMD values

lower than those who did not experience pain, although in

Table 2. Age distribution of the study population (months)

A B C D E

Range 18±154 23±184 66±214 13±129 11±126

Median 87 89 160 81 77

Mean 82 88 167 75 69

A, age at diagnosis; B, age at conclusion of therapy; C, age at current

investigation; D, interval from A to C; E, interval from B to C.

Table 3. Radiographic assessments and densitometric measurements

Z scores

Lumbar vertebrae Femoral necks

Osteopenia present*

Range ÿ2.55 to + 0.12 ÿ 2.38 to + 2.38

Median ÿ 1.72 ÿ1.34

Mean ÿ 1.47 ÿ0.86

Osteopenia absent*

Range ÿ2.91 to + 1.15 ÿ 1.93 to + 1.35

Median ÿ 0.38 ÿ0.48

Mean ÿ 0.53 ÿ0.44

P valuey < 0.05 n.s.

*As judged radiographically. yDiVerence between osteopenic and

non-osteopenic. n.s., not signi®cant.
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only one instance (femoral BMD values in the HUI2 system)

did this achieve formal statistical signi®cance.

Activity levels in organised sports, free-time activity and seasonal

activity

The scores are displayed in Table 5. There were no sig-

ni®cant correlations between any of the activity scores and

BMD Z scores, nor between activity scores and utility scores

(as measures of global HRQL). However, there were statisti-

cally signi®cant negative correlations between the levels on

the pain attribute in HUI3 and free-time activity (r = 0.59,

P < 0.01), as well as seasonal activity (r =ÿ 0.63, P < 0.01).

DISCUSSION

The issue addressed in this report is not whether osteope-

nia in children can be the result of GH de®ciency, for the

evidence on that issue is strong [21]. Rather the question to

answer is that of the basis for osteopenia in children who are

engaged in active therapy for cancer and in those who have

completed treatment for these diseases, for osteopenia is a

common form of early and late morbidity in such children [7]

so demanding attention for treatment and prevention.

Points against a prominent causal role for GH de®ciency in

osteopenia occurring in children who had ALL include: the

low frequency of GH de®ciency in contrast to the high pre-

valence of osteopenia in such children [10]; the lack of a sig-

ni®cant diVerence, in either the prevalence or severity of

osteopenia, between children who underwent cranial irradia-

tion and those who did not [13]; and the progressive rise in

serum osteocalcin levels during treatment, accompanied by at

least normal concentrations of type 1 collagen cross-linked N

telopeptide in the urine [7], for these measures, respectively,

of bone formation and resorption, are typically low in the

context of GH de®ciency [22±27].

In children who have survived brain tumours, similar

arguments can be advanced on the basis of the present study.

For example, there was no signi®cantly greater frequency or

severity of osteopenia (as judged by BMD values) in those

who were demonstrably GH de®cient than in those who were

not. Moreover, those children who had received or who were

receiving GH replacement were still osteopenic and the single

GH de®cient child who refused replacement therapy was the

only one who was not osteopenic (but he had experienced

precocious puberty). Although there may be an initial fall in

BMD after the start of GH replacement therapy [28, 29], the

patients in the present study were long past such a phase of

response, and recovery of BMD may continue after adminis-

tration of GH has ceased [30, 31]. However, it is recognised

that the present results are subject to a type II error and an

expanded sample size will be required to address this issue

de®nitively.

Nevertheless, whether judged radiographically or mea-

sured by BMD, osteopenia was prevalent among these chil-

dren who had survived brain tumours. The clinical

importance of this observation is re¯ected in its relationship

to global health status, in part at least as a consequence of

associated pain (of variable location) which, in turn, sig-

ni®cantly limits physical activity. Speci®cally, although the

children in this study engaged in as much free-time activity as

normal children, they participated much less in organised

sports and seasonal activities. Similar results have been

reported by others [32]. Perhaps this re¯ects an additional

element of parental protection. The markedly diVerent activ-

ity pro®le in these children, compared with normal children,

may have long-term consequences for their health.

Evidently, the natural history of this disorder (osteopenia)

and its accompanying burden of morbidity will become clear

only with longitudinal studies of such patients. In a cross-

sectional study of very long-term survivors of ALL in child-

hood (average duration of follow-up more than 10 years) who

had received several diVerent treatment regimens, it has been

reported that osteopenia was no more prevalent than expec-

ted [33]. Our own experience, in a longitudinal study, does

suggest that resolution may follow the completion of therapy,

at least in those who do not receive cranial irradiation [13].

Support for such an evolution comes from the recent

description of the preliminary observations of other investi-

gators [34]. However, in a cross-sectional study of long-term

survivors of ALL in childhood (average duration of follow-up

more than 6 years) [6], almost all of whom had received cra-

nial irradiation, osteopenia was prominent.

It may be that loss of bone mineral mass can be a con-

sequence of more than one insult in children with cancer.

Steroid therapy is an obvious candidate and cranial irradia-

tion may play a role, but by a mechanism not yet de®ned.

1. Blatt J. Studying survivors of childhood cancer for late eVects of
therapy. Int J Pediatr Hematol Oncol 1995, 2, 325±336.

Table 4. A comparison of the presence or absence of pain and bone

mineral density

Z scores

Femora Vertebrae

HUI2

Pain (Yes)

Range ÿ2.38 to ÿ 0.27 ÿ2.14 to + 1.15

Median ÿ1.34* ÿ 1.24

Mean ÿ1.34* ÿ 0.91

Pain (No)

Range ÿ 2.23 to + 2.38 ÿ2.91 to + 0.12

Median ÿ0.19 ÿ 0.51

Mean + 0.06 ÿ 1.05

HUI3

Pain (Yes)

Range ÿ2.38 to ÿ 0.27 ÿ1.90 to + 0.91

Median ÿ1.31 ÿ 1.24

Mean ÿ1.20 ÿ 0.78

Pain (No)

Range ÿ 2.23 to + 2.38 ÿ2.91 to + 1.15

Median ÿ0.19 ÿ 1.05

Mean ÿ0.19 ÿ 1.23

*No pain versus pain, P < 0.025.

Table 5. Activity scores

Organised sports* Free-time activity* Seasonal activity*

Range 0±21 1±13 3±13

Median 1 8 7

Mean 3 7 8

Normaly 7.51 � 4.34 7.85 � 2.25 14.02 � 2.58

*Possible ranges for scores are: organised sports 0±30; free-time

activity 0±14; and seasonal activity 0±20. yDerived from a sample of

576 children age 8±14 years [19].

876 R.D. Barr et al.



2. Stanisavljevic S, Barbock AL. Fractures in children treated with
methotrexate for leukemia. Clin Orthop 1977, 125, 139±144.

3. Barr RD, Petrie C, Furlong W, et al. Health-related quality of life
during post-induction chemotherapy in children with acute lym-
phoblastic leukemia in remission. Int J Oncol 1997, 11, 333±339.

4. Atkinson SA, Fraher L, Gundberg CM, et al. Mineral hemostasis
and bone mass in children treated for acute lymphoblastic leu-
kemia. J Pediatr 1989, 114, 793±800.

5. Warner JT, Evans WD, Dunstan FDJ, et al. Relative osteopenia
following treatment for childhood acute lymphoblastic leukemia.
Med Pediatr Oncol 1996, 27, 241, (abstr O-119).

6. Hoorweg-Nijman JJG, Dijk HJ van, Pieters R, et al. Bone
mineralisation after treatment for acute lymphoblastic leukemia.
Med Pediatr Oncol 1996, 27, 292 (abstr P20).

7. Halton JM, Atkinson SA, Fraher L, et al. Altered mineral meta-
bolism and bone mass in children during treatment for acute
lymphoblastic leukemia. J Bone Min Res 1996, 11, 1774±1783.

8. Gilsantz V, Carlson ME, Roe TF, et al. Osteoporosis after cra-
nial irradiation for acute lymphoblastic leukemia. J Pediatr 1990,
117, 238±244.

9. Brennan BMD, Rahim A, Mackie EM, et al. Osteopenia and
growth hormone insuYciency in adults treated for acute lym-
phoblastic leukemia in childhood. Med Pediatr Oncol 1996, 27,
347 (abstr P240).

10. Hokken-Koelega ACS, Doorn JWG van, Hahlen K, et al. Long-
term eVects of treatment for acute lymphoblastic leukemia with
and without cranial irradiation on growth and puberty: a com-
parative study. Pediatr Res 1993, 33, 577±582.

11. Cicognani A, Cacciari E, Vecchi V, et al. DiVerential eVects of
18 and 24 Gy cranial irradiation on growth rate and growth
hormone release in children with prolonged survival after acute
lymphocytic leukemia. Am J Dis Child 1988, 142, 1199±1202.

12. Tarbell N, Waber D, Cohen H, et al. Hyperfractionated cranial
irradiation (HCI) in childhood acute lymphoblastic leukemia
(ALL): rationale and preliminary results. Proc ASCO 1991, 10,
239 (abstr. 813).

13. Barr RD, Halton J, Cockshott WP, et al. Impact of age and cra-
nial irradiation on radiographic skeletal pathology in children
with acute lymphoblastic leukemia. Med Pediatr Oncol 1993, 21,
537 (abstr 26).

14. Tanner JM, Whitehouse RH, Takaishi M. Standards from birth
to maturity for height, weight, height velocity and weight velocity:
British children, 1965. Part 1. Arch Dis Child 1966, 41, 454±471.

15. Tanner JM, Whitehouse RH, Takaishi M. Standards from birth
to maturity for height, weight, height velocity and weight velocity:
British children, 1965. Part II. Arch Dis Child 1966, 41, 613±635.

16. Greenspan A. Orthopedic Radiology. A Practical Approach, 2nd
edition. Philadelphia, Lippincott-Raven, 1996, 21.2.

17. Faulkner RA, Bailey DA, Drinkwater DT, et al. Bone densito-
metry in Canadian children 8±17 years of age. Calcif Tissue Int
1996, 59, 344±351.

18. Feeny DH, Torrance GW, Furlong WJ. Health Utilities Index.
In Spilker B, ed. Quality of Life and Pharmacoeconomics in Clinical
Trials, 2nd edition. Philadelphia, Lippincott-Raven, 1996, 239±
252.

19. Barr RD, Feeny D, Furlong W, et al. A preference-based
approach to health-related quality of life for children with cancer.
Int J Pediatr Hematol Oncol 1995, 2, 305±315.

20. Hay JA. Adequacy in and predilection for physical activity in
children. Clin J Sport Med 1992, 2, 192±201.

21. Vandeweghe M. Long-term consequences of growth hormone
de®ciency acquired in childhood. Acta Endocrinol 1993,
128(Suppl 2), 6±8.

22. Delmas PD, Chatelain P, Malaval L, et al. Serum bone GLA
protein in growth hormone-de®cient children. J Bone Miner Res
1986, 1, 333±338.

23. Johansen JS, Jensen SB, Riis BJ, et al. Serum bone gla protein: a
potential marker of growth hormone (GH) de®ciency and the
response to GH therapy. J Clin Endocrinol Metab 1990, 71, 122±
126.

24. Antoniazzi F, Radetti G, Zamboni G, et al. EVects of 1,25 dihy-
droxyvitamin D3 and growth hormone therapy on serum osteo-
calcin levels in children with growth hormone de®ciency. Bone
Mineral 1993, 21, 151±156.

25. Sartorio A, Conti A, Monzani M. New markers of bone and
collagen turnover in children and adults with growth hormone
de®ciency. Postgrad Med J 1993, 69, 846±850.

26. Zamboni G, Antoniazzi F, Tato L. Recombinant human growth
hormone replacement therapy and bone metabolism in children.
J Pediatr Endocrinol 1993, 6, 33±37.

27. Saggese G, Baroncelli GI, Bertelloni S, et al. EVects of long-term
treatment with growth hormone on bone and mineral metabo-
lism in children with growth hormone de®ciency. J Pediatr 1993,
122, 37±45.

28. Binnerts A, Swart GR, Wilson JHP, et al. The eVect of growth
hormone administration in growth hormone de®cient adults on
bone, protein, carbohydrate and lipid homeostasis, as well as on
body composition. Clin Endocrinol 1992, 37, 79±87.

29. Vandeweghe M, Taelman P, Kaufman J-M. Short and long term
eVects of growth hormone treatment on bone turnover and bone
mineral content in adult growth hormone de®cient males. Clin
Endocrinol 1993, 39, 409±415.

30. Ogle GD, Moore B, Lu PW, et al. Changes in body composition
and bone density after discontinuation of growth hormone ther-
apy in adolescence: an interim report. Acta Paediatr 1994, Suppl
399, 3±7.

31. Holmes SJ, Whitehouse RW, Economou G, et al. Further
increase in forearm corticol bone mineral content after dis-
continuation of growth hormone replacement. Clin Endocrinol
1995, 42, 3±7.

32. Calzolari A, Baronci C, Biondi G, et al. Evaluation of a group of
leukemic children ``oV therapy'', towards their inclusion in phy-
sical activities. J Sport Cardiol 1985, 2, 108±115.

33. Nysom K, Holm K, Molgaard C, et al. Whole body bone mineral
content 11 years after diagnosis of ALL. Med Pediatr Oncol 1995,
25, 249 (abstr 0-65).

34. Boot AM, Heuvel MM vd, Hahlen K, et al. Bone mineral density
of children with acute lymphoblastic leukemia. Med Pediatr Oncol
1996, 27, 292 (abstr P21).

AcknowledgementsÐThe authors wish to thank Stephanie A.
Atkinson Ph.D., Jacqueline Halton MD, John Vander Meulen MD
and Marilyn Rothney RN for their contributions to these studies
which were supported by funds from the Chedoke-McMaster
Hospitals Foundation.

Osteopenia in Survivors of Brain Tumours 877


