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Abstract

Background: We have previously shown that the majority of survivors treated for acute lymphoblastic leukemia (ALL) in
childhood recovered their bone mineral density (BMD) despite disease effects and prolonged therapy with steroids and
methotrexate. However, for a subset of patients who received higher total doses of methotrexate or prednisone, bone mass
remained sub-optimal. This study’s objective was to determine whether altered bone turnover was reflected in profiles of
bone biomarkers as a cause of their persistently reduced bone mass.

Methods: Markers of bone metabolism were measured in 31 survivors of ALL with low BMD. The results were compared
to 29 ALL survivors with normal BMD that were matched for gender, age and years since diagnosis. Blood samples
obtained at the time of the scan by dual energy x-ray absorptiometry for BMD measure were assayed for
25-hydroxyvitamin D, parathyroid hormone (PTH), and serum CrossLaps.

Results: No difference was found between survivors with low BMD and those with normal BMD for serum 25-OH
Vitamin D, PTH or serum C-terminal telopeptide of type-1 collagen (CrossLaps). Vitamin D status was lower than
accepted for normal bone health in 37% of subjects and 27% of controls.

Conclusion: Survivors of childhood ALL as a whole recover normal BMD. Those that have low BMD after treatments do
not have evidence of any permanent alterations in markers of bone turnover. Thus, survivors of childhood ALL who have
low BMD likely do so for the same reasons as the general population, such as inadequate Vitamin D status.
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1 Introduction

The late effects of cancer therapy are increasingly being recognized as a significant health issue. Acute lymphoblastic
leukemia (ALL), the most common malignancy in children, has an overall long-term survival of at least 80% ™ 2. As both
the incidence of cancer diagnosis and cure rates continue to rise secondary effects of cancer therapy may impinge on
quality of life of the survivors and health care costs.
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The loss of bone mineral mass in ALL has been well documented . However, low bone mineral density (BMD) is only
relevant if it persists in the long term so survivors do not achieve a normal peak bone mass by adulthood as seen in healthy
populations. We conducted a large long-term follow-up study of patients who were treated for ALL as children to determine if
they were at risk for low BMD in the long term .

We have previously published that no difference in BMD was observed for ALL survivors versus age matched normal
controls [, When data were analyzed by age at diagnosis (AAD), and gender, no differences existed between the study group
and age-matched normal controls. When analyzing for specific treatment factors, subjects who received very high dose
methotrexate (MTX) or higher dose steroids had the greatest proportion of subjects with low femoral BMD but no treatment
factors were associated with lower lumbar spine density .

The average age at diagnosis of ALL is 4 years of age and therapy is completed 2 to 3 years later, in most instances before the
start of puberty. As a proportion of body composition, bone mineral mass remains constant during childhood but increases
almost three fold during puberty I"}, to achieve peak bone mass in early adulthood %, Unless cancer or cancer therapy causes
permanent damage to the neurohormonal mechanisms of children with ALL, patients should resume their normal bone
mineralization after successful completion of therapy. The objective of this analysis was to compare the profiles of
biochemical markers of bone mineral metabolism between survivors with low BMD compared to matched controls with
normal BMD to determine if there are permanent pathophysiologic effects possibly associated with a lower BMD in this
sub-population of survivors.

2 Methods

2.1 Study design

One hundred and six disease free survivors of ALL (62 females and 44 males), who were more than two years from the end of
treatment, were recruited into the first part of this study in order to measure their whole body bone mass. Their results were
compared to normal age-matched controls; a full description of the study design has been published . For the subset of
survivors of ALL who had reduced bone density, we then evaluated key biomarkers of bone status.

2.2 Patients

Low bone density, a Z-score < 1.0 below normal reference values for age and gender, was identified in 33 patients but two
subjects refused to provide blood samples leaving 31 eligible patients for evaluation. Thirty-one patient survivors of ALL with
low BMD of the spine, femur or both were matched by age, gender and years since diagnosis to 29 patient survivors of ALL
who had been identified to have normal BMD. As there was not always an acceptable match for each case, some controls
matched to more than one case giving 29 controls available for evaluation

2.3 Biomarkers measured

Blood samples were obtained when the patients were initially studied for bone mass, spun to obtain plasma which was frozen
and stored for this analysis. The plasma was used to measure 25-hydroxyvitamin D (25-OHD) and parathyroid hormone
(PTH) as indicators of vitamin D status, osteocalcin as a marker of bone turnover and crosslaps as a measure of bone
resorption.

Approximately 8 mL of blood sample was collected and centrifuged at 3500 rpm at 4°C and stored at -20°C until the time of
analysis. For each biomarker, all samples were analyzed at the same time to avoid variations between kits. Plasma 25-OHD
was measured by RIA (Diasorin, Stillwater, MN) with an intra-assay CV of 5.5%. C-terminal telopeptide of type-1 collagen
(serum CrossLaps or CTx) was measured as serum CTx by enzyme linked immune sorbent assay (ELISA) (Immuno
Diagnostic Systems, Fountain Hills, AZ) with an intra-assay CV of 24.5%. PTH was measured by radioimmunoassay (RIA)
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(DSL Diagnostic Systems, Webster, TX). Serum osteocalcin was measured by enzyme-linked immunosorbent assay (ELISA)
(ALPCO Diagnostics, Salem, NH) with an intra-assay coefficient of variation (CV) of 4.6 %. However, the results are not
reported as the values obtained were very low presumably due to degradation of the osteocalcin due to the samples having been
thawed at least once previously.

2.4 Statistical analysis

Descriptive statistics included means and ranges for cases and controls. As the data appeared to be normally distributed,
analysis was carried out using unpaired T tests and correlation analysis. The statistical analysis was performed using the SAS
(Version 9, Cary, North Carolina, USA) software package. Significance was set at p< 0.05.

3 Results

3.1 Patient characteristics

There were no significant differences between cases and controls for age at study, age at diagnosis and years since
diagnosis (see Table 1). The cases had 22 patients treated with the more intensive protocol versus 20 in the controls. Both
groups had 17 patients who received cranial radiation. However, the cases had 6 patients who received very high dose
methotrexate (greater than 50 g/m?) versus 3 in the control group. 9 of 43 males studied were between 20-30 years of age
and would have achieved peak adult bone mass. 5 of them had low bone density. There were 12 of 62 females in that age
group and 5 of them had low bone density.

Table 1. Characteristics of study population

Cases Controls
Range Median Range Median

A - -

ge at diagnosis 1.0-16.0 6.5 13-168 6.3
(years)
Age at study (years) 9.3-285 16.7 8.1-30.6 16.9
Years off treatment 34-114 7.2 27-114 7.6
Gender Male: 11 Female: 20 Male: 11 Female: 18

3.2 Biomarkers

Vitamin D status: Mean plasma 25-OHD was not different between low and normal BMD groups. Vitamin D deficiency
(defined as plasma 250HD < 27.5 nmol/L in the Canadian Health Measures Survey) *Y occurred in 17% of both the low
and normal BMD groups. Using serum 250HD of <40 nmol/L as the cut-off below which is considered inadequate for
bone health ™!, 37% of cases and 27% of controls would qualify. There was no effect of season found on Vitamin D status
with a mean of 64.5 versus 62.2 nmo/L for summer and winter, respectively. Vitamin D status was not significantly
correlated with low BMD of the spine (p=0.056) nor the femur (p=0.99).

Parathyroid Hormone: There was no significant difference in PTH concentration between the low and normal BMD
groups. No correlation existed between PTH and Vitamin D status.

Crosslaps: Serum CTx did not differ between the low and normal BMD groups.

Table 2 summarizes the results of the biomarker assays.
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Table 2. Bone biomarkers in cases compared to matched controls

Cases Controls
Range Mean SD Range Mean SD
Vitamin D (nmol/L) 14.2-167.4 61.4 38.3 0.9-194.1 66.0 41.7
Parathyroid h
arathyroid hormone 0.97 - 7.75 3.76 14 1.02-7.78 3.85 1.86
(pmol/L)
Crosslaps (nmol/L) 482.3-1614.0 882.7 238.2 576.1-1835.1 877.9 243.7

4 Discussion

Many studies have demonstrated abnormalities of BMD and bone mineral metabolism in children with ALL at diagnosis,
as well as during and at the completion of chemotherapy 2. This report highlights the fact that normal bone turnover
appears to recover in survivors of ALL, even in those who were exposed to the more intensive chemotherapy. Although
bone density in most patients returned to normal when assessed more than two years after treatment, any deficits in bone
may be attributed to sub-optimal bone accretion during the post-pubertal period rather than ongoing perturbations in bone
turnover. If asymptomatic, having low bone mass for gender and age during or at the end of treatment is insignificant as
long as survivors of ALL achieve their normal adult peak bone mass.

Many factors have been shown to result in lower bone mass after treatment for ALL. These include cranial radiation,
growth hormone deficiency, reduced body size, low calcium intake, gonadal dysfunction, male gender, Caucasian race and
higher doses of antimetabolites * 8. Previous studies have had small patient sizes, shorter follow-up and a mix of patient
groups or therapies provided. In the one comparable study of consistently treated patients, 30 of 141 patients had low
BMD which is greater than one would see in the general population and similar to our results ™.

Our results do not demonstrate any consistent abnormalities of bone metabolism. Therefore it is unlikely that any
permanent damage is caused by either the treatment or the leukemia itself. This is notably confirmed by the fact that our
controls with normal bone mass had received the same treatment. Others have also looked at bone markers in
survivors 22 and have had the same results of no persisting abnormalities of bone mineral metabolism.

There are some limitations to our study. It was unfortunate that we were not able to obtain accurate results for serum
osteocalcin thus we could not evaluate bone formation. When we designed the study, a Z score of <1 standard deviations
compared to age matched controls defined osteoporosis. This has since been changed to <2 standard deviations. However,
this would not affect our conclusions as it would mean that even fewer patients had low bone density. It is possible that
patients with low BMD may have genetic polymorphisms in the bone mineral metabolism pathway that made their
recovery slower than their peers. This is an interesting point that is being looked at in the BONEII study at St. Jude’s *.

The one notable finding is that low Vitamin D status was observed in 37% of our subjects equally divided between those
with low and normal bone density. Vitamin D levels did not correlate with either the season or lower bone density. Thus
low Vitamin D is likely not related to disease or treatment factors but rather a reflection of the cohort’s age, lifestyle
factors and geographic location, similar to the general population. That there was no correlation between Vitamin D status
and PTH levels also suggests that neither are factors in affecting bone density in this population.

Thus, survivors of ALL who have low bone density do so for the same reasons as the general population. Ensuring
adequate catch up in bone mass after completion of chemotherapy is the key to ensuring optimal adult bone health. This
would include adequate Vitamin D replacement, adequate calcium intake and weight bearing exercise.
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