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Abstract

Background—We sought to improve lumbar spine bone mineral density (LS-BMD) in long-

term survivors of childhood acute lymphoblastic leukemia (ALL) using calcium and

cholecalciferol supplementation.

Procedure—This double-blind, placebo-controlled trial randomized 275 participants (median

age, 17 (9 –36.1) years) with age- and gender-specific LS-BMD Z-scores < 0 to receive nutritional

counseling with supplementation of 1000 mg/day calcium and 800 IU cholecalciferol or placebo

for 2 years. The primary outcome was change in LS-BMD assessed by quantitative computerized

tomography (QCT) at 24 months. Linear regression models were employed to identify the baseline

risk factors for low LS-BMD and to compare LS-BMD outcomes.

Results—Pre-randomization LS-BMD below the mean was associated with male gender

(p=0.0024), white race (p=0.0003), lower body mass index (p<0.0001), and cumulative

glucocorticoid doses of ≥5,000 mg (p=0.0012). One hundred eighty-eight (68%) participants

completed the study; 77% adhered to the intervention. Mean LS-BMD change did not differ

between survivors randomized to supplements (0.33±0.57) or placebo (0.28±0.56). Participants

aged 9 – 13 years and those 22–35 years had the greatest mean increases in LS-BMD (0.50±0.66

and 0.37±0.23, respectively). Vitamin D insufficiency [serum 25(OH)D <30 ng/mL] found in 296

(75%), was not associated with LS-BMD outcomes (p=0.78).
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Conclusion—Cholecalciferol and calcium supplementation provides no added benefit to

nutritional counseling for improving LS-BMD among adolescent and young adult survivors of

ALL (93% of whom had LS-BMD Z-scores above the mean at study entry).
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INTRODUCTION

In addition to nutritional and behavioral factors that adversely impact bone health at

presentation of acute lymphoblastic leukemia (ALL), standard chemotherapy agents,

including corticosteroids and methotrexate, have negative effects on bone[1,2]. Osteotoxic

effects may be compounded by endocrinopathies resulting from exposure to cranial

irradiation and alkylating agents[3]. Failure to attain optimal bone mass during adolescence

contributes to bone mineral deficits typically associated with aging, which may precipitate

early onset osteoporosis during adulthood[4–6]. Thus, long-term survivors of childhood

ALL are at risk for morbidity associated with low bone mineral density (BMD) and may

benefit from interventions to optimize bone health as they age.

The adverse consequences of low BMD are well recognized [7]. However, the impact of low

BMD in aging survivors of childhood cancer has not been established. The degree to which

low BMD is reversible remains unclear, or if its persistence results in premature onset of

clinically significant bony morbidity. With this uncertainty, clinicians caring for ALL

survivors often provide nutritional supplements in an effort to remediate BMD deficits.

However, to date, benefits of such therapeutic interventions have not been validated in large

cohorts. Thus, we designed this study to determine if nutritional counseling combined with

vitamin D and calcium supplementation would result in greater gains in BMD over 2-years

when compared to nutritional counseling combined with placebo among adolescent and

young adult survivors of childhood ALL.

METHODS

Eligibility, recruitment, and randomization

The study design and details of recruitment and participant enrollment have been described

previously (NCT00186901)[8]. Briefly, following approval from the institutional review

board, we contacted survivors of childhood ALL treated between 1984 and 1997 on one of

three institutional (Total XI-XIII) protocols[9–14], and who were in remission for at least 5

years. Study participants underwent baseline evaluation of liver, renal and endocrine

function and assessment of LS-BMD by quantitative computerized tomography (QCT; S1).

All participants received educational material summarizing strategies for maintaining a bone

healthy lifestyle such as participating in regular weight-bearing exercise, optimizing dietary

intake of calcium and vitamin D, and avoiding smoking and excessive alcohol consumption.

Those with LS-BMD age-and sex-specific Z-scores of zero or more completed study

participation after the baseline assessment and counseling. Those with LS-BMD Z-scores

below zero were eligible for randomization.
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Informed consent was obtained from adult patients and parents or guardians of minors;

patients over the age of 10 years provided assent. Enrollment was coordinated with patient

annual evaluation in the multidisciplinary After Completion of Therapy (ACT) Clinic[15].

The intervention

The intervention was designed to optimize peak bone mass during a known period of

enhanced bone mineral accretion. Participants randomized to supplement received a

prescription for once daily calcium carbonate 1,000 milligrams (mg) and cholecalciferol 800

International Units (IU), providing twice the Recommended Dietary Allowance (RDA) of

cholecalciferol at the time the study was designed. Participants, investigators and study staff

were blind to randomization arm; only the pharmacy was aware of group assignment.

Participants randomized to placebo received identical tablets composed of inert substances.

All randomized participants underwent nutritional counseling to encourage recommended

daily intake of calcium and cholecalciferol at baseline and every 6 months for 2 years.

Educational and promotional materials from the American Dairy Association, and

information about non-dairy foods high in calcium and vitamin D were utilized during

counseling; refresher materials were mailed 3, 9, 15 and 21 months after enrollment (S2).

Compliance was monitored by pill counting at 6-, 12-, 18-and 24-months and by monitoring

urinary calcium every 6 months. Participants received small incentives for meeting calcium

and vitamin D intake targets.

Evaluation of bone mineral density

The primary outcome of interest was QCT-determined BMD. Lumbar spine (LS) vertebral

trabecular BMD was determined with a Siemens Somatom-Plus spiral CT scanner (Siemens,

Iselin, NY) and Mindways QCT calibration phantoms and software (Mindways Software,

Inc., Austin, TX), as previously reported[16,17].

We classified diminished LS-BMD as an age- and sex- specific Z-score below zero. Patients

were referred for endocrine evaluation if their LS-BMD Z-score was ≤ −2.0. Participants

with medically controlled endocrinopathies were allowed to remain on study at the

discretion of a pediatric endocrinologist.

Other factors of interest

Patient treatment was obtained from medical records by trained abstractors and included

radiation and chemotherapeutic doses, age at leukemia treatment [9–14], gender, race, and

age at study enrollment. Threshold values characterizing chemotherapy cumulative doses

were: 1) cyclophosphamide < 7,500 mg per meter squared (mg/m2) or ≥ 7,500 mg/m2; 2)

methotrexate < 10,000 mg/m2, 10,000–19,999 mg/m2 or ≥ 20,000 mg/m2; and 3)

glucocorticoids in prednisone equivalent dose < 5,000 mg/m2 or ≥ 5,000 mg/m2 (assuming

0.75 mg of dexamethasone = 5 mg prednisone). Age at diagnosis was dichotomized at the

median as younger than 4.6 and 4.6 years of age or older. Race was classified as white or

non-white. Age at study enrollment was classified into 9–13, 14–17, 18–21, and 22–36

years.
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Medical history and clinical information were obtained from questionnaire responses,

physical examination findings, or laboratory testing (S1). We considered dietary intake,

physical activity status, use of hormone replacement therapy, body habitus, bone age[18],

pubertal status, and hepatic, renal, thyroid, parathyroid and gonadal function. Usual intake of

110 food items was assessed with the 1998 Block Food Frequency Questionnaire[19,20];

physical activity status was determined by asking about frequency, type and duration of

strenuous physical activity[21]. Body mass index (BMI) was used to characterize body

habitus. Pubertal status was determined by evaluating Tanner stage (female breast

development, testicular volume males,) and was categorized as Stages I–III or IV–V[22].

High pressure liquid chromatography coupled to a mass spectrometer detector (LC/MS) was

used to determine serum 25(OH)D. The inter-assay coefficient of variation (CV) is < 5%

across measurements.

Statistical methods

Descriptive statistics were calculated for demographic, treatment, and lifestyle factors to

describe the baseline population. Demographic and treatment variables were compared

between males and females, and between the two study groups with Wilcoxon rank sum

tests or Chi-square statistics. Linear regression models were employed to evaluate baseline

risk factors for low BMD and to compare LS-BMD change between the supplement and

placebo groups at 24 months. Analyses were conducted using SAS 9.2 (Cary, N.C.) and R

2.13.2. Statistical significance was set at p ≤ 0.05.

RESULTS

Characteristics of the study population

We identified 772 potentially eligible survivors of childhood ALL treated on Total Therapy

Protocols XI-XIII (Figure 1).[9–14] Of 614 (79.5%) individuals contacted, 429 (69.8%)

agreed to participate. Five were ineligible (one with central nervous system relapse, one with

inability to swallow pills, three less than 5 years from start of ALL treatment); the final

cohort included 424 participants. Table I shows participant baseline characteristics.

Serum 25(OH)D levels were assayed in 387 of 424 participants (91%); most were

insufficient or deficient: 291 (69%) with <30 ng/mL, 114 (27%) with ≤ 20 ng/mL, and 20

(5%) with ≤10 ng/mL. The median age- and gender-specific LS-BMD Z-score was −0.3

(−3.7 to 3.2) for females and −0.6 (−3.9 to 5.1) for males. We found no association with

baseline vitamin D and LS-BMD Z-score (p= 0.7) after adjusting for age, gender and race.

At baseline, 279 individuals had LS-BMD Z-scores less than zero and were eligible for

randomization; four elected not to participate in the intervention arm. Thus, the final cohort

included 275 patients; 141 randomized to receive calcium and vitamin D supplements, and

134 to receive placebo. Table II characterizes the participants by treatment group. There

were no differences between the two groups by gender, race, Tanner stage, original

treatment protocol, treatment modality or dose, or by smoking or physical activity status.

Serum 25(OH)D levels were similar between groups. No participant had compromised

hepatic or renal function. Thirty-two (11.6%) of randomized participants had at least one
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documented endocrinopathy: somatotropin deficiency (8.0%), hypothyroidism (8.6%), and

adrenocortitropic hormone deficiency (1.7%) (Table III). The supplement group included 12

(8.1%) and the placebo group 3 (2.2%) patients with history of hypothyroidism (p=0.03). All

had been treated previously, or were receiving hormonal therapy. Twenty-nine participants

with LS-BMD Z-scores ≤ −2 were referred to endocrinology. None were treated with

bisphosphonates, none were excluded from the study for low LS-BMD Z-scores. Median

baseline LS-BMD values were 156.3 mg/cm3 (58.5 to 201.3) for the supplement group and

159.6 mg/cm3 (83.0 to 197.2) for the placebo group (P = 0.44). Median baseline LS-BMD

Z-scores were –1.0 for both groups.

Among 275 individuals randomized, 188 (68.4%) remained on study and completed the 24-

month evaluation and were included in final analyses. The 87 individuals who did not

complete the study included 43 in supplement and 44 in placebo groups. Survivors not

completing did not differ from those who completed the study by gender, age at diagnosis,

treatment protocol, or baseline LS-BMD Z-score. However, those not completing the study

were slightly older (median age 18 years) than those remaining on study (median age 16

years; P < 0.003).

Demographic, treatment and lifestyle factors associated with low BMD prior to
randomization

Table III shows associations between demographic, treatment and lifestyle variables, and

LS-BMD Z-scores among 424 participants who completed pre-randomization baseline

assessments. This model explained 20% of the variance in LS-BMD. Model fit was not

improved by adding endocrine status, dietary intake, or measures of vitamin D and calcium.

Female gender, non-white race, higher BMI, and lower glucocorticoid doses were associated

with higher LS-BMD Z-scores. In the adjusted model, females had BMD Z-scores 0.35

standard deviations (SD) higher than males; non-whites had LS-BMD Z-scores 0.58 SD

higher than whites; and a 5 kg/m2 increase in BMI was associated with an increase in LS-

BMD Z-score of 0.25 SD. Survivors exposed to cumulative doses of glucocorticoids < 5,000

mg/m2 had, on average, LS-BMD Z-scores0.71 SD higher than those exposed to doses ≥

5,000 mg/m2.

Nutritional intake of calcium or vitamin D either at baseline or at 2 years did not differ

between groups (n = 106; supplement group n = 62 and placebo group n = 44) (S3). Dietary

calcium intake increased by a median of 906.5 and 840.3 mg/d and dietary vitamin D intake

increased by a median of 147.0 and 185.8 IU/d in placebo and supplement groups,

respectively.

Compliance with diet and the dietary intervention

Among those randomized and who completed the study, 213 (77%) took their medication

over the entire 2-years. Of these, 25 did not return for their final QCT, but completed all

other study documentation. Sixty-two (23%) stopped taking their supplement (n = 22) or

placebo (n = 40). Reasons for stopping included renal stones (n = 3), elevated calcium

creatinine ratios (n = 3), initiation of open label calcium by a physician (n = 8), and non-

compliance (n = 49). Among those who were non-compliant, 46 reported that they did not
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like the taste. Those who returned for their final evaluation were included in analysis,

regardless of compliance.

Effects of vitamin D and calcium supplementation on BMD

Table IV and Figure 2 show the impact of 2 years of vitamin D and calcium

supplementation on BMD among 188 participants who completed their QCT at 24-months.

After adjusting for baseline LS-BMD Z-score, age, gender, race, radiation dose, and

chemotherapy, there were no differences in mean LS-BMD values or mean LS-BMD Z-

scores between supplement and placebo groups. This lack of association between the

intervention and control groups persisted in a model that also adjusted for dietary intake of

vitamin D and calcium. Baseline LS-BMD Z-scores and age at start of the study consistently

predicted LS-BMD Z-scores at 24 months. A 1 SD higher baseline LS-BMD Z-score was

associated with a 0.83 greater LS-BMD Z-score at the 2-year evaluation. Participants 13–17

years and 18–21 years of age at the start of the study had smaller overall changes in LS-

BMD Z-score than those aged 22–35 years (−0.2 to −0.4 SDs). Participants aged 9 – 13

years had the greatest increase in LS-BMD Z-score (0.39). Though not reaching statistical

significance, among those with baseline Z-scores below -2, individuals who received the

supplement appeared to have a bigger increase in BMD (n = 14; median change +13.50

mg/cm3;range 1.1 to 45.9) than those who received the placebo (n = 15, median change

+3.05 mg/cm3; range −15.4 to 28.4; P = 0.15). However, among those with a baseline Z-

scores between −1 and −2, those who received the supplements had a similar median 24-

month change in BMD (n = 51; median change +11.4 mg/cm3; range −16.2 to 86.4) as those

who received placebo (n=48; median change +6.8 mg/cm3; range17.1 to 76.2; P = 0.72)).

We also performed a subset analysis of only those who completed the study and the

conclusion remained the same.

DISCUSSION

This randomized double-blind intervention indicates that nutritional counseling, vitamin D,

and calcium supplementation for 2 years offers no benefit above nutritional counseling alone

to BMD accretion among survivors of ALL. The most important factors—accounting for

about 60% of variability in change in LS-BMD Z-score—were LS-BMD at baseline and age

at study enrollment. Our finding of L-S BMD at the time of diagnosis being strongly

predictive of LS-BMD over time supports the similar finding by Rayar et al during

consolidation therapy[23]. While, on average, participants gained LS-BMD over the study

period, they failed to attain normal LS-BMD. Those aged 9–13 years (compared to those

22–35 years) had the greatest LS-BMD improvements. Although few study participants

(7%) displayed BMD Z-scores more than 2 SDs below the mean, descriptive data indicate

that these survivors might benefit most from a BMD-enhancing intervention.

BMD deficits in survivors of childhood ALL constitute a potentially important health risk

throughout adulthood. At 11 years after therapy, nearly 66% of the study cohort had LS-

BMD Z-scores below the mean; 31% had LS-BMD deficits more than 1 SD, and 7% had

LS-BMD deficits more than 2 SDs below the mean. Factors associated with low LS-BMD
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Z-scores were male gender, glucocorticoid exposure of at least 5,000 mg/m2, low BMI, and

white race.

Achievement of normal BMD is affected by genetic factors[24–28], physical activity[29–

33], vitamin D status[34], pubertal status[32], and treatment for ALL[35–38]. The relative

influence of these factors on BMD in survivors of childhood ALL has been reported in small

cohorts, possibly masking the individual and interactive effects of the unique variables. The

data presented here provide insights to guide the development of new interventions directed

at optimizing peak bone mass among ALL survivors. Simply providing standard nutritional

supplementation appears to be insufficient. Different and more aggressive approaches are

necessary and should consider degree of BMD deficit and attained age. Additionally, failure

of these survivors to achieve optimal bone mass 5 or more years from their original

treatment indicates a critical need to determine if low BMD in this population is associated

with fracture risk during aging.

Weight-bearing exercise is a key factor in developing peak BMD, regardless of age or

gender.[39] Although physical activity levels varied in our cohort[21], this factor was

unassociated with BMD. Recent literature indicates that a jumping exercise of 10 minutes

per day, 2–3 times per week, for 7 to 16 months is needed to improve bone health in

children[40–44]. Since we did not measure the amount of jumping by our participants as a

part of daily physical activity, we could not evaluate this association.

Vitamin D deficiency/insufficiency was prevalent but BMD at enrollment was unrelated to

circulating 25(OH)D or calcium status. In vitamin D replete patients, adding

supplementation of 800 IU/day cannot be expected to impact bone health. If vitamin D

deficiency is severe, this dosing could be inadequate to compensate for such deficits.

Unfortunately, there are no universally accepted standards for therapeutic levels of serum

25(OH)D, particularly in children and adolescents.[45,46] The wide range of vitamin D

intake necessary to maintain serum 25(OH)D levels in 20 to 40 year olds has been reported

as 7.2 to 41.1 μg/day, depending on sun exposure[47]. Emerging investigations should

define clinical parameters for children and adolescents [46,48].

The study protocol was designed during 2007, according to the contemporary standard of

care for healthy adolescents and young adults, and at a time when the therapeutic threshold

of vitamin D status for BMD accretion was under debate[45]. Our prevalence data resemble

those for a similar ALL survivor cohort[49], and are comparable to the prevalence of

vitamin D insufficiency/deficiency in the general population[46]. In another population-

based pediatric study, 15% of participants displayed serum total 25(OH)D levels below 15

ng/mL, and 61% had levels between 15 and 29 ng/mL[50]. Our results are similar to those

of Diaz et al.[48], who found no impact on bone mass after 12-months administration of

calcitriol in a prospective, randomized study of 24 patients with newly diagnosed ALL.

Other than vitamin D deficiency, only 11.6% (32 of 275) of our cohort had endocrinopathies

that could adversely impact bone mineralization; all were well controlled with hormonal

therapy. We found no associations between any endocrinopathy and BMD in our study.
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There are several limitations of this study. First, our results cannot be extrapolated to a

population of ALL survivors with a sufficient vitamin D status, or to a population of

survivors who were completely compliant with their prescribed intervention. Second, not all

of our randomized study participants completed their final QCT evaluation. This could bias

our results. Third, we utilized a generic assessment of physical activity that did not

specifically evaluate the jumping component of weight-bearing exercise known to facilitate

bone mineralization. Future studies should consider incorporation of longitudinal assessment

of serum 25(OH)D to monitor compliance with supplementation. Nevertheless, the strengths

of this study are the analysis of validated therapeutic exposures for a large clinically well-

characterized cohort of pediatric ALL survivors treated at a single institution.

Randomization was effective. The double-blind, placebo-controlled, longitudinal design of

this trial strengthens the rigorous data analysis. Patient adherence to the intervention among

the groups was comparable and reasonable.

In summary, an intervention of nutritional counseling combined with vitamin D and calcium

supplements for 2 years did not significantly increase BMD, compared to nutritional

counseling with placebo. Whether alternative strategies of individualizing calcium and

vitamin D doses, perhaps in combination with physical activity, would have resulted in an

increase in BMD in this population is unknown.

Supplementary Material
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Figure 1.
Consort Diagram
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Figure 2.
Quantitative computed tomography (QCT) Z-score at follow-up periods of 12-month and at

24-month are linearly associated with baseline Z-score.
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