N

N

Bone Mineral Density Evolution and Its Determinants
in Long-term Survivors of Childhood Acute Leukemia A
Leucemies Enfants Adolescents Study
Marie-Dominique Tabone, Sami Kolta, Pascal Auquier, Camille Vercasson,
Pascal Chastagner, Justyna Kanold, Pierre-Simon Rohrlich, Yves Bertrand,

Andre Baruchel, Dominique Plantaz, et al.

» To cite this version:

Marie-Dominique Tabone, Sami Kolta, Pascal Auquier, Camille Vercasson, Pascal Chastagner, et
al.. Bone Mineral Density Evolution and Its Determinants in Long-term Survivors of Childhood
Acute Leukemia A Leucemies Enfants Adolescents Study. HemaSphere, 2021, 5 (2), pp.e518.
10.1097/hs9.0000000000000518 . hal-03325042

HAL Id: hal-03325042
https://hal.science/hal-03325042

Submitted on 24 Aug 2021

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche frangais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License


https://hal.science/hal-03325042
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

MM

EUROPEAN

HEMATOLOGY
ASSOCIATION

HemaSphere

Powered by EHA

Article

OPEN ACCESS

Bone Mineral Density Evolution and Its Determinants
in Long-term Survivors of Childhood Acute Leukemia

A Leucémies Enfants Adolescents Study

Marie-Dominique Tabone', Sami Kolta?, Pascal Auquier®, Camille Vercasson®, Pascal Chastagner?, Justyna Kanold?,
Pierre-Simon Rohrlich®, Yves Bertrand’, André Baruchelf, Dominique Plantaz®, Virginie Gandemer', Stéphane Ducassou'",
Arnaud Petit", Catherine Paillard'?, Guy Leverger!, Jean-Hugues Dalle?, Julie Berbis®, Christian Roux?, Gérard Michel'®

Correspondence: Marie-Dominique Tabone (marie-dominique.tabone@aphp.fr).

Abstract

This prospective study aimed to analyze determinants that can influence bone mineral density evolution in childhood acute leukemia
survivors. Patients included were selected from the long-term follow-up LEA cohort and had dual energy radiograph absorptiometry
scan between 10 and 18 years and after the age of 18. All scans were centrally reviewed. Bone mineral density was measured at
the lumbar spine, femoral neck, total hip, and whole body, and expressed as z-score. Eighty-nine patients (female 39, lymphoblastic
leukemia 68, relapse 25, hematopoietic stem cell transplantation 44, and mean age 15.4 and 20.1 years at the first and second scans,
respectively) were studied. The first and second scan z-scores were significantly correlated (P < 10-%). Mean femoral neck and total hip
z-scores improved significantly between the first and second scans, whereas no significant evolution occurred at the lumbar spine and
whole-body level. On the second evaluation, 14.6% of patients had z-score <—2 at the lumbar spine and 4.3% at the femoral neck
level. Gender, type of leukemia, transplantation, relapse, cumulative corticosteroid doses, or growth hormone deficiency did not have
any significant impact on z-score variation. Younger age at diagnosis (<8.5 years) proved an unfavorable risk factor for z-score evolution
at the lumbar spine (P = 0.041); the trend did not reach statistical significance for metabolic syndrome (P = 0.054). At the femoral neck,
both were associated with unfavorable z-score evolution (P = 0.003 and 0.025, respectively). Patients treated at a younger age and
those with metabolic syndrome seem to be at higher risk of bone mineral density decline and should benefit from specific interventions.
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Introduction

Survival rates after childhood acute leukemia (AL) have
reached more than 85% of patients with acute lymphoblastic
leukemia (ALL) and 60% of patients with acute myeloid leuke-
mia (AML)! in recent years. Hence, the long-term side effects of
the disease and its treatment have become major concerns. Bone
morbidity has been largely reported at diagnosis and during
treatment of AL,>* but among the long-term sequelae, conflict-
ing results have been reported regarding the prevalence of low
bone mineral density (BMD).*® In a previous study conducted
in adults participating in the French long-term follow-up LEA
(French acronym for “leukemia in children and adolescents™)
cohort of childhood leukemia survivors, we found that those
treated with chemotherapy only had a slight reduction in their
lumbar BMD, whereas transplanted patients with gonadal defi-
ciency had a reduced femoral BMD, which might increase their
fracture risk later in life.” However, evolution of BMD from the
first long-term evaluation to that in adulthood and potential
correlations between baseline and adult dual-energy radiograph
absorptiometry (DXA) BMD values remain poorly documented.

In the long-term follow-up LEA program, BMD measure-
ments are recommended at baseline when children reach the
age of 10 and then when reaching adulthood. The aim of this
prospective multicenter study, using LEA cohort data, was to
describe the evolution of BMD in patients who underwent at
least 2 DXA measurements, the first scan during childhood after
completion of leukemia treatment, and the second scan during
adulthood, and to analyze the determinants that can influence
BMD recovery or decline.
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Materials and methods
The study cohort

As detailed in previous reports,'® LEA is a French multicenter
long-term follow-up program involving all childhood AL sur-
vivors treated since 1980 in the participating pediatric cancer
centers. Patients in the LEA program are summoned to the fol-
low-up clinic at predefined dates, starting 1 year after hema-
topoietic stem cell transplantation (HSCT) or after completion
of chemotherapy. These visits repeat every 2 years until the age
of 20 and at least 10 years of continuous complete remission,
and every 4 years thereafter. The LEA study was approved by
the French National Program for Clinical Research and by the
French National Cancer Institute.

Patients in the LEA cohort were eligible for the present study
if they (1) were older than 18 years at the last LEA evaluation;
(2) had 2 consecutive DXA scans, the first one between the age
of 10 and 18 years (scan 1) and the second after the age of 18
(scan 2); and (3) had been authorized to participate by the par-
ents or legal guardian at first evaluation and had provided their
own written informed consent after the age of 18.

Bone density measurement

Bone mineral density (g/cm?) was measured using DXA.
Devices of 2 different manufacturers were used in this study:
Hologic (Hologic Inc, Bedford, Massachusetts) and GE-Lunar
(Madison, Wisconsin). For each patient, the 2 consecutive DXA
scans were always performed in the same center on the same
machine. Quality control of each DXA device was performed
by measuring a local phantom every day when a patient was
scanned and at least 3 times per week. These quality control
tests were controlled each month by an independent office.

Because devices of different manufacturers give different
absolute BMD values (due to the use of different technologies),
patients’ results were expressed as z-scores. Z-score is calculated
according to the following formula: (BMD of the patient - BMD
of normal persons of the same age)/standard deviation (SD) of
the BMD of normal persons of the same age). It is matched for
age, ethnicity, sex, as well as for the technology used. Low BMD
was defined as a z-score below -2. BMD of the lumbar spine
was measured in all patients. BMD of the upper extremity of the
femur (femoral neck and total hip) and of whole body was also
measured in a subset of patients.

All DXA scan images were centrally reviewed by a rheuma-
tologist to verify the quality of the scan: optimal positioning
of the patient, absence of artifacts, and analysis of the scans

113 eligible
patients

Study population
with 2 lumbar
spine scans
(N=89)

21 patients with 3 patients with

insufficient data*

less than a year
between the two
scans

69 patients with
2 femoral neck
and/or total hip
scans

43 patients with
2 whole body
scans

Figure 1. Flowchart. *Patients with insufficient data were those for whom
we only had T-scores or scan results without images, and we were unable to
perform quality control.
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Comparison of Nonincluded and Included Patients.

Eligible
Nonincluded Included
(N=24) (N =89)
N (%) N (%) P
Gender

Female 17 (70.8) 39 (43.9)

Male 7(29.2) 50 (56.2) 0.019
Type of leukemia

ALL 19 (86.4) 68 (76.4)

AML 3(13.6) 21 (23.6) 0.31
Age at diagnosis (Mean = SD), y 83+47 85+5.1 0.866
CNS radiation 6 (25) 12 (13.6) 0.179
HSCT 11 (45.8) 44 (49.4) 0.754
History of relapse 11 (45.8) 25(28.1) 0.098
Follow-up duration from 157 +6.3 13.8+4.9 0.115

diagnosis (Mean + SD), y

ALL = acute lymphoblastic leukemia; AML = acute myeloid leukemia; CNS = central nervous
system; HSCT = hematopoietic stem cell transplantation; SD = standard deviation.

according to the manufacturer’s recommendations were the
main points that were checked to decide inclusion or exclusion
of the examination.

Data processing

Patients’ characteristics such as disease type, treatment
modalities, and long-term side effects were extracted from the

Patients’ Characteristics (N = 89).

N (%)

Gender

Female 39 (43.9)

Male 50 (56.2)
Type of leukemia

ALL 68 (76.4)

AML 21 (23.6)
Age at diagnosis (Mean + SD), y 8.5+5.1
CNS radiation 12 (13.5)
HSCT* 44 (49.4)
History of relapse 25 (28.1)
Follow-up duration from diagnosis (Mean + SD), y 13.8+4.9
Growth hormone deficiency

No 84 (94)

Yes without treatment 0(0)

Yes with treatment 5 (6)
Hypogonadism

No 59 (66.3)

Yes without treatment 4(4.5)

Yes with treatment 26 (29.2)
Metabolic syndrome (data for 77 patients) 5(6.5)
Corticosteroids 66 (74)
Cumulative doset (Mean + SD) 6118.2 £ 3197.9
Interval from diagnosis to first scan (Mean + SD), y 70+47
Interval from diagnosis to second scan (Mean + SD), y 11.7+52
Interval between both scans
Mean + SD, y 48+26

Median (minimum-maximum) 3.8 (1.30-12.75)

ALL = acute lymphoblastic leukemia; AML = acute myeloid leukemia; CNS = central nervous
system; HSCT = hematopoietic stem cell transplantation; SD = standard deviation.

“0f 44, 37 patients had total body irradiation.

Dose of prednisone + dose of dexamethasone X 6.67 (in mg/m?).
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Figure 2. Correlation between z-scores of the first and the second scan and corresponding Bland Altman plots at lumbar spine (A), femoral

neck (B), total hip (C), and whole body (D).

LEA database.!® Metabolic syndrome (MS) was defined accord-
ing to the National Cholesterol Education Program—Adult
Treatment Panel III (NCEP-ATPIII) revised in 2005.'"" In the
LEA cohort, MS criteria are analyzed for patients older than 18

years. Hypogonadism was defined as low estradiol level with
high follicle stimulating hormone (FSH) and high luteinizing
hormone (LH) in women, low testosterone, or high FSH in men
and/or hormone substitution for both genders.



Tabone et al

Statistical methods

Categorical variables were expressed in number and per-
cent. Quantitative variables were expressed as mean = SD or
median and range. Associations between z-score in the first
and second scans were expressed with correlation coefficient
and limits of agreement were graphically represented with
Bland-Altman plots. Means of the z-scores at the 2 measure-
ment times were compared with the paired student t test.
Differences of the variation of z-scores between the 2 times
of measurement and potential factors associated were ana-
lyzed with the linear general model for repeated measures.
Statistical analysis was performed using SPSS 20.0 software
(SPSS Inc., Chicago, Illinois) and Intercooled Stata 9.0 (Stata
Corp., College Station, Texas)

Results

Patients’ characteristics

Among 4123 patients included in the LEA cohort as of
November 2016, 113 adults fulfilled all eligibility criteria
(ie, were identified in the LEA database as having had a bone
density scan before the age of 18 years and a follow-up scan
after the age of 18). Central review excluded 21 patients for
whom we only had T-scores (not z-scores) or for whom we had
scan results without images, and we were unable to perform
Quality Control. Three further patients were excluded because
the interval between the 2 scans was less than a year. As shown
in the flowchart, 89 patients were studied (Figure 1). All of
them had had 2 lumbar scans, of whom 69 had in addition
2 total hip and/or femoral neck scans, and 43 patients had 2
whole-body scans.

Comparing the study population of 89 patients with the
group of 24 “eligible but not included” patients, we found no
significant difference regarding the type of leukemia, the age at
diagnosis, the follow-up duration from diagnosis to the last LEA
evaluation, history of relapse, central nervous system radiation,
or hematopoietic stem cell transplantation. Men were under-
represented in the “eligible but not included” group when com-
pared to the study population (Table 1).

Patients’ characteristics are presented in Table 2. Sixty-eight of
them (76 %) had ALL and 21 (24%) had AML. Mean age at the
first and second scans was, respectively, 15.4 and 20.1 years old.
Mean weight and height were, respectively, 50.9kg/159.2cm
and 59.4kg/165cm.

MS was found in 5 patients (6.5%). These patients had 3
(n=4) or 5 (n = 1) criteria according to MS definition, including
increased waist circumference for 3 of them, increased blood
pressure for 3 of them, decreased HDL-cholesterol in 4 cases,
elevated fasting glucose in 4 cases, and increased triglycerides
in 3 cases.

Correlation between first and second scans

As shown in Figure 2, the correlations between z-scores mea-
sured at the first and the second scans (paired for each patient)
were highly significant. This was observed at all levels, lumbar
spine, femoral neck, total hip, and whole body (P value <10-3 for
each site) with acceptable agreement.

Overall change in BMD z-score from baseline to
adult BMD

Overall, mean z-scores at the second evaluation improved
significantly at the femoral neck (mean -0.85 = 1.02 at the first
scan, —-0.64 = 0.97 at the second scan; P = 0.033) and total hip
(mean -0.78 = 1.11 at the first scan, -0.59 = 1.17 at the second

Bone Mineral Density Evolution in Childhood Acute Leukemia Survivors

Changes in Bone Mineral Density z-Scores Between First and
Second Scans.

z-Score at z-Score at
First Scan Second Scan Difference z2-z1,
(Mean =SD)  (Mean = SD) Mean (95%CI) P

Lumbar spine  -1.18+1.10 -1.07+1.05 0.11(-0.05t00.28)  0.170
(L1-L4)
Femoralneck  -0.85+1.02 -0.64+0.97 0.21(0.02-0.40) 0.033
Total hip -078+111 -059=+117 0.19(0.01-0.38) 0.036
Whole body -036+119 -033+116 0.03(-0.191t00.25  0.815

Cl = confidence interval; SD = standard deviation.

Number and Proportion of Patients with Low Bone Mineral Den-
sity (z-Score < -2) at Each Site at the First and Second Scans.

Number (%) of Patients With Low BMD

Lumbar spine Femoral Total Hip, Whole Body,

(L1-L4),N =89 Neck, N = 69 N =69 N=143
First scan 14 (15.7%) 10 (14.5%) 10 (14.5%) 3 (7%)
Second scan 13 (14.6%) 3 (4.3%) 5 (7.2%) 4(9.3%)
P 0.834 0.04 0171 1

scan; P = 0.036) level (Table 3). There was no significant evolu-
tion at lumbar spine and whole body.

The distribution of the number of patients with low BMD
(z-score < -2) at each site and stage is detailed in Table 4. The
percentage of patients with a femoral neck z-score below -2
decreased from 14.5% to 4.3% (P = 0.04). We did not detect
any significant difference at the other sites. Overall, 23 (24%)
patients presented low BMD at 1 site or more at the first scan
compared to 17 patients (19%) at follow-up evaluation.

Determinants of BMD changes

Factors that could have influenced evolution of z-score
between the 2 scans (z2-score over 18 years—z1-score under 18)
are presented in Table § for the lumbar spine and in Table 6
for the femoral neck. At the lumbar spine site, the only statis-
tically significant factor was the age at diagnosis of AL: z2-z1
score was 0.28 (improvement) for patients older than 8.5 years
at diagnosis (the mean age of children at diagnosis), and -0.06
(decline) for those <8.5 years (P = 0.041). According to the pres-
ence of an MS, z2-z1 score was +0.16 (improvement) and -0.54
(decline) in patients without and with MS, respectively, but the
difference did not reach statistical significance (P = 0.054). Both
younger age at diagnosis and MS had a statistically significant
unfavorable impact on femoral BMD (P = 0.003 and 0.025,
respectively). Evolution of BMD according to the presence of
MS or not is shown on Figure 3. Among patients with hypo-
gonadism, those with substitutive treatment (n = 26) improved
their lumbar z-scores (z2-z1 = +0.35), while those without treat-
ment (n = 4) had a decline (z2-z1 = -0.20) but, may be due to
the small number of patients, this trend is not statistically signif-
icant. We did not detect any significant risk factor for changes in
total hip and whole-body analysis.

Discussion

Alow BMD is a well-known risk factor for fracture with advanc-
ing age. After the age of 50, 1 SD decrease in BMD value doubles
the risk of fracture.”> In healthy young adults, a low but stable
BMD is not a risk factor of imminent fracture, but detection of low
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Factors Influencing Changes in z-Score at the Lumbar Spine L1-L4.
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z-Score L1-L4 (N = 89)

z1 (at Scan 1), z2 (at Scan 2),
N Mean = SD Mean = SD 22-71 b (95% CI) P

Gender

Female 39 -1.04 + 0.91 -0.79+0.93 0.25 +0.62 Ref

Male 50 -1.30+1.22 -1.29+1.10 0.01+0.87 —0.24 (-0.56 t0 0.09) 0.154
Leukemia type

ALL 68 -1.30+1.15 -115+1.07 0.15+0.76 Ref

AML 21 —-0.82 +0.81 -0.82 +0.99 —0.005 + 0.84 —0.15(-0.54 10 0.23) 0.426
HSCT

No 45 -1.30+1.30 -112+1.15 019+0.72 Ref

Yes 44 -1.06 £ 0.84 -1.02 + 0.96 0.04 +0.83 —0.15(-0.47 10 0.18) 0.374
History of relapse

No 64 -115+1.10 -1.01 £1.02 015+0.77 Ref

Yes 25 -1.26+1.12 -1.23+1.14 0.03 +£0.79 —0.11 (-0.48 t0 0.25) 0.545
Growth hormone deficiency

No 84 -1.16 +1.11 -1.07 +1.07 0.10+0.79 Ref

Yes 5 -1.55+0.87 -1.14 +0.80 0.41 +0.50 0.300 (-0.40 t0 1.02) 0.386
Hypogonadism

No 59 -1.09 +1.15 -1.05+1.08 0.04 +0.71 Ref

Yes 30 -1.38 £ 0.96 111 +£1.01 0.27 +0.89 0.23 (-0.12 10 0.58) 0.188
If yes substitution

No 4 -1.20+0.62 -1.40+1.16 —0.20 + 0.60 Ref

Yes 26 -1.41+£1.01 —1.06 +1.00 0.35+0.92 0.55(-0.43 10 1.53) 0.264
Metabolic syndrome

No 72 -1.14+£1.03 -0.98 +1.02 0.16 +0.78 Ref

Yes 5 —0.66 +0.98 -1.20+0.97 —0.54 + 0.66 —-0.70 (-1.41 10 0.01) 0.054
Cumulative corticosteroid dose (as continuous variable) 0.00001 (—0.00004 to 0.00007) 0.691
Weight z-score difference between scan 1 and scan 2 (as continuous variable) 0.07 (-0.016 t0 0.16) 0.11
Age at diagnosis (as continuous variable) 0.03 (-0.003 to 0.06) 0.074
Age at diagnosis

<85y 43 -1.22+097 -1.28 + 0.91 -0.06 +0.75 Ref

>8.5y 46 -1.15+1.22 -0.87 +1.15 0.28 +0.77 0.34 (0.01-0.66) 0.041
Total body irradiation

No 52 -124+124 -1.05+1.12 019+0.77 Ref

Yes 37 -1.11+087 -1.10+0.96 0.01+0.78 —0.18 (-0.51 10 0.15) 0.285
CNS radiation

No 76 114 +1.04 -1.05+1.02 0.09 +0.80 Ref

Yes 13 -1.40+148 -1.18+1.35 0.23+0.69 0.13(-0.3510 0.62) 0.588
Interval between scans (as continuous variable)* 0.07 (-0.52 t0 0.66) 0.816

ALL = acute lymphoblastic leukemia; AML = acute myeloid leukemia; CNS = central nervous system; Cl = confidence interval; HSCT = hematopoietic stem cell transplantation; SD = standard deviation.

‘For this variable, a logarithmic transformation technique was implemented.

BMD should lead to the implementation of nonpharmacological
measures and to the prevention and/or treatment of any additional
risk factors of BMD decline, as hypogonadism or tobacco smoking.
Patients with added risk factors, including those requiring cortico-
steroid therapies, should benefit from a reinforced follow-up.

The main objective of this study, conducted in a population
of AL survivors, was to describe the variation of BMD after the
end of AL treatment, focusing on a period theoretically marked
by a dramatic bone mass gain between adolescence and adult-
hood. Our results suggest that there is a significant improvement
of BMD at the femoral neck and total hip but not at the lumbar
spine level, from childhood to adulthood, with a mean interval
between the 2 scans of 4.8 years.

Like many other pediatric oncology groups, the Children’s
Oncology Group recommends a baseline BMD evaluation at
entry into long-term follow-up'and considers DXA screening
among “high-yield” tests for early detection of long-term com-
plications in childhood cancer survivors.'* However, for each
individual, the clinical relevance of this initial assessment to pre-
dict BMD in adulthood has not been studied, although a pos-
itive linear relationship has been described previously between

BMD at the time of ALL diagnosis and during continuation ther-
apy.? In our cohort, we found at each site a strong correlation
between the first and second BMD measurement, confirming the
importance of baseline evaluation to allow adequate manage-
ment in the case of low BMD. We therefore recommend BMD
measurement when entering in the long-term follow-up period
for all patients diagnosed with AL during childhood, because
our study does not allow us to identify a group for which this
first evaluation can be safely omitted.

Previous reports which evaluated longitudinally the variation
of BMD have focused on ALL patients only.>*!-18 In survivors
of childhood AML, data concerning BMD are available through
small series of patients," or as part of a more global long-term
late effects evaluation.?*-?? In this prospective study, patients
included were treated during childhood for either ALL or AML,
with chemotherapy only or chemotherapy followed by HSCT.
The constitution of the LEA cohort historically began with the
inclusion of patients in pediatric cancer centers with high trans-
plant activity, before expanding to other centers, which could
explain the overrepresentation in our cohort of patients who
underwent HSCT and/or with AML. As expected, the same
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Factors Influencing Changes in z-Score at Femoral Neck.

Bone Mineral Density Evolution in Childhood Acute Leukemia Survivors

z-Score Femoral Neck (N = 69)

z1 (at Scan 1), z2 (at Scan 2),
N Mean = SD Mean = SD z2-z1 b (95% Cl) P

Gender

Female 30 —0.78 +01.09 —0.61 +0.96 017 +£0.78 Ref

Male 39 -0.91+£0.97 —0.67 +1.00 0.24 +0.81 0.07 (-0.32 10 0.46) 0.726
Leukemia type

ALL 54 -0.92 +0.99 -0.71 £ 0.99 0.21+£0.82 Ref

AML 15 -0.60 +1.13 -0.41 +0.89 019+0.73 —0.03 (-0.49 t0 0.44) 0.905
HSCT

No 36 -0.76 +1.16 -0.44 +1.00 0.31+0.74 Ref

Yes 33 —0.96 + 0.85 —0.86 + 0.90 0.09 +0.85 —0.22 (-0.60 t0 0.16) 0.254
History of relapse

No 51 -0.81+1.04 -0.52 +0.95 0.29+0.73 Ref

Yes 18 -0.97 +0.99 -1.00 + 0.96 -0.03+0.95 -0.32 (-0.751t0 0.11) 0.144
Growth hormone deficiency

No 67 —0.80 + 0.99 -0.62 +0.97 0.19+0.79 NA NA

Yes 2 Patient 1:-2.50 Patient 1:-1.90 Patient 1:0.60

Patient 2:-2.50 Patient 2:-1.10 Patient 2:1.40

Hypogonadism

No 50 —0.80 +1.09 -0.51+1.03 0.29 +0.75 Ref

Yes 19 —0.99 +0.80 -0.99 +0.71 0.005 +0.89 —0.28 (-0.71 10 0.14) 0.193
If yes substitution

No 4 -0.78 +0.77 -1.03+1.14 -0.25+0.57 Ref

Yes 15 -1.05+0.83 —-0.98 + 0.61 0.07 +0.96 0.032 (-0.75 to 1.40) 0.534
Metabolic syndrome

No 54 -0.78 +1.01 -0.51 +1.00 0.27 +0.65 Ref

Yes 5 -0.4 +0.95 -0.84 +0.84 -0.44 +0.73 -0.71 (-1.33 10 -0.09) 0.025
Cumulative corticosteroid dose (as continuous variable) 0.00003 (—0.00003 to 0.00009) 0.322
Weight z-score difference between scan 1 and scan 2 (as continuous variable) 0.05 (-0.06-0.15) 0.396
Age at diagnosis (as continuous variable) 0.05(0.01-0.09) 0.013
Age at diagnosis

<85y 31 —0.66 +1.04 -0.76 £ 0.97 —0.10 + 0.61 Ref

>8.5y 38 -1.01 +0.99 -0.55+0.98 0.46 + 0.85 0.55(0.19-0.92) 0.003
Total body irradiation

No 41 -0.75+1.14 -0.43 +1.01 0.31+0.72 Ref

Yes 28 -1.01+0.81 -0.95+0.83 0.05+0.89 —0.26 (-0.6510 0.13) 0.183
CNS radiation

No 60 -0.85+1.07 —0.64 +0.99 0.21 +0.84 Ref

Yes 9 —-0.89 + 0.66 —0.66 + 0.90 0.23+0.38 0.03 (—0.54 t0 0.60) 0.922
Interval between scans (as continuous variable)* -0.55 (-1.31100.21) 0.155

ALL = acute lymphoblastic leukemia; AML = acute myeloid leukemia; CNS = central nervous system; Cl = confidence interval; HSCT = hematopoietic stem cell transplantation; NA = not applicable; SD =

standard deviation.
‘For this variable, a logarithmic transformation technique was implemented.

occurs in our study population. However, as we did not find any
impact of HSCT or type of leukemia on the evolution of BMD,
it is unlikely that this recruitment bias influenced the results.

In our whole cohort of patients, we found that BMD trends to
recover from childhood to adulthood, with significant improve-
ment at the femoral neck and total hip sites. This is consistent
with Gurney et al’s results.* However, in this study from the St
Jude Lifetime Cohort where lumbar trabecular volumetric BMD
was determined from computed tomography, the proportion of
patients under the age of 18 at the time of first assessment is
not detailed. In a cross-sectional study, age and sex-standard-
ized whole-body BMD z-scores also seemed to improve linearly
as time elapses after the completion of therapy.” As compared
to controls, other previous studies that included children and
young adults did not detect any impact of the disease and its
treatment on BMD in survivors of childhood ALL.%* In con-
trast, during and after completion of therapy, a decline in BMD
or a failure to improve z-scores were described in monocentric
studies.>!¢ In Kaste et al® study, 21% of ALL survivors had low

BMD, a proportion significantly greater than in the normal pop-
ulation, as also reported by other groups.>?* In these studies,
most patients had received cranial irradiation as part of their
treatment. With a mean interval of 4 years from the end of
treatment to evaluation, up to 37.9% of ALL survivors had low
BMD or osteoporosis in a cross-sectional study conducted more
recently in the Iranian population.?

Our results are more reassuring, with only 14.6% of patients
with low lumbar BMD at adulthood, and 4.3% at the femoral
neck. We identified factors that could negatively influence BMD
evolution: a younger age at diagnosis for both lumbar spine
and femoral neck BMD and the existence of an MS for femoral
neck BMD. Prevention of BMD decline is important, as Van
der Sluis et al*® suggested that the change in BMD rather than
its absolute value could play a role in fracture risk. In previ-
ous studies, it was reported that a younger age at the time of
treatment in male children with ALL?** or at the time of trans-
plant®!® was associated with a higher risk of low BMD. Among
the factors that could account for this risk, growth impairment
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Figure 3. Comparison of z-score evolution between first and second
scan depending on the existence of a metabolic syndrome at lumbar
spine (A) and femoral neck (B). ®Metabolic Syndrome. *P values corre-
spond to the comparison of BMD evolutions between patients with or without
metabolic syndrome.

is one of the hypotheses. Despite the small number of patients
with an MS in our cohort, we found that it has a significant
negative impact on femoral BMD evolution, and a trend for
an unfavorable evolution at the lumbar level, which warrants
further comments. We previously found that, as compared to
the general population,?” adults participating in the LEA cohort
presented a higher risk of MS, regardless of antileukemic treat-
ment. However, to our knowledge, the link between MS and
BMD has not been studied in AL survivors. In other studies,
published results are conflicting regarding the relationship
between MS, BMD and fracture risk.?®?° A recent review focus-
ing on the possible effects of MS on BMD in adolescents was
in favor of a negative impact of MS on bone mass and some
components of MS were negatively correlated with BMD.*
From a physiopathological standpoint, the authors underline
that the components of MS can act on calcium homeostasis
and/or bone resorption and osteoblasts differentiation. Wong
et al*” also supported the hypothesis that MS and osteoporosis
shared common underlying pathway. Specific nutritional and
pharmacologic interventions against components of MS, as
well as lifestyle modifications, could thus not only reduce the
cardiovascular risk of patients but also improve their BMD.
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With the advances in pharmacogenomics, other risk factors
for bone morbidity and decreased BMD have been identified
such as germline variation in the MTHFR or MTRR genes’! and
single nucleotide polymorphism within CDH2 gene,** a field
that could be explored in the near future with the LEA cohort,
because a collection of biological samples for genome-wide
association studies is already in progress.

The first limitation of our work is its exploratory nature and
the lack of primary hypothesis, raising the point of valid statisti-
cal inferences. Our significant results from univariate exploration
of the determinants of the evolution of BMD are clearly explor-
atory results and corresponding hypothesis need to be tested in
further confirmatory studies. Second, although tobacco smoking
has been described as a potential risk factor for low BMD,* it
was not possible in this study to analyze the impact of smoking,
because only qualitative declarative data were collected, as well
as for the practice of sports activities. Another shortcoming of
this study is that the patient’s family history of osteoporosis was
not recorded, and no uniform recommendation was made in the
LEA cohort for lifestyle intervention, calcium, or vitamin D sup-
plementation and bisphosphonate therapy. In selected patients,
bisphosphonate treatment could be considered, as suggested by
Lee et al.** Management of patients with low BMD or at risk
of BMD decline should also continue to include assessment of
calcium intake, vitamin D supplementation, and correction of
hormone deficiency. In a longitudinal study, growth hormone
therapy has been shown to provide benefits on BMD in young
adults.” Physical fitness should also be promoted, as it seems to
be a major factor in developing and preserving BMD, that could
also impinge on MS.* To conclude, the strength of our study is
to have measured BMD longitudinally, before and after peak
bone mass achievement. Promoting bone health is a major issue
for AL survivors, because during childhood they had a disease
and received a treatment potentially deleterious for bone. A first
BMD measurement is recommended at baseline few years after
the end of leukemia treatment, and a follow-up BMD measure-
ment should be made at the end of growth especially for patients
who were young at the time of diagnosis, those with MS and/or
with impaired BMD at the first evaluation. For these patients,
additional risk factors for osteoporosis should be checked regu-
larly (chronic inflammation, corticosteroid use, hypogonadism,
hyperthyroidism, malabsorption, etc.). They could be offered
once they have become adults a systematic consultation with a
physician specialized in the management of osteoporosis. In case
of fracture without evidence of trauma, this consultation will
be mandatory, as pharmacological treatment will be indicated.
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