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Abstract

The attention to treatment related toxicity has increased since the survival of children with acute lymphoblastic leukemia (ALL)
has improved significantly over the past few decades. Intensive ALL treatment schedules including corticosteroids and
asparaginase have been shown to give rise to skeletal abnormalities such as osteonecrosis and low bone mineral density (BMD),

which may lead to debilitating sequelae in survivors. Although osteonecrosis and low BMD are different entities with suggested
separate pathophysiological mechanisms, recent studies indicate that osteonecrosis is associated with accelerated BMD decline.
Common underlying mechanisms for osteonecrosis and BMD decline are considered, such as an enhanced sensitivity to
corticosteroids in children who suffer from both osteonecrosis and low BMD. In addition, restriction of weight-bearing activities,
which is generally advised in patients with osteonecrosis, could aggravate BMD decline. This induces a clinical dilemma, since
bone stimulation is important to maintain BMD but alternative interventions for osteonecrosis are limited. Furthermore, this recent
finding of accelerated BMD decline in children with osteonecrosis emphasizes the need to develop effective preventive measures

for osteonecrosis, which may include targeting BMD decline.
Keywords

Osteonecrosis; bone mineral density; childhood acute lymphoblastic leukemia

Peer Review

The peer reviewers who approve this article are:

1. Michaela Kuhlen, Paediatrics and Adolescent Medicine, University Medical Center Augsburg, Augsburg,
Germany Competing interests: No competing interests were disclosed.

2. Szymon Skoczen, Department of Oncology and Hematology, University Children’s Hospital, Krakéw, Poland; Department
of Pediatric Oncology and Hematology, Institute of Pediatrics, Jagiellonian University Medical College, Krakoéw, Poland
Competing interests: No competing interests were disclosed.

3. Bruno Michon, Department of Pediatrics, CHU de Québec - Centre Mére-Enfant Soleil, Quebec City, Quebec,
Canada Competing interests: No competing interests were disclosed.



G Faculty Opinions Faculty Reviews 2021 10:(57)

*Corresponding author: Jenneke E. van Atteveld (J.E.vanAtteveld@prinsesmaximacentrum.nl)

Competing interests: The authors declare that they have no competing interests.

Grant information: The authors declare that no grants were involved in supporting this work.

Copyright: © 2021 van Atteveld JE et al. This is an open access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

How to cite this article: van Atteveld JE, de Winter DTC, Pieters R, Neggers SICMM, and van den Heuvel-Eibrink MM. Recent perspectives on the
association between osteonecrosis and bone mineral density decline in childhood acute lymphoblastic leukemia. Faculty Reviews 2021 10:(57)
https://doi.org/10.12703/r/10-57

Published: 23 June 2021, Faculty Reviews 10:(57) https://doi.org/10.12703/1/10-57


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12703/r/10-57
https://doi.org/10.12703/r/10-57

% Faculty Opinions

Faculty Reviews 2021 10:(57)

Introduction

The increased survival of children with acute lymphoblastic
leukemia (ALL) has led to a growing awareness of
treatment-related toxicity'. Osteonecrosis and low bone min-
eral density (BMD) are two common skeletal toxicities of ALL
and its treatment that may lead to important morbidity both
during therapy and years thereafter’. In the past decade, our
understanding of their pathophysiology and risk factors has
increased, but effective preventive measures are still largely
unavailable.

Although osteonecrosis and low BMD are different condi-
tions, there is emerging evidence that these toxicities are
associated and possibly even causally related®!. However,
limited knowledge is available about the mechanism of this
relationship, which is pivotal when developing preventive strat-
egies for symptomatic osteonecrosis and clinically important
low BMD (i.e. BMD Z-score <-2, especially in the presence
of low-trauma fractures). This review examines the relation-
ship between osteonecrosis and BMD decline, common risk
factors for both, and implications for treatment and preventive
strategies.

Osteonecrosis

In patients with osteonecrosis, the blood supply to the bones is
insufficient to meet their demands, causing bone death’. This
impaired blood supply may be caused by intravascular emboli
(for example, resulting from a hypercoagulable state in patients
treated for ALL’), increased bone marrow pressure, and/or
direct blood vessel damage®’. Clinically important sympto-
matic osteonecrosis occurs in about 1 to 8% of all patients
treated for ALL°. Adolescents are most commonly affected
(10 to 20%)°, and we recently showed in a large cohort of
1,470 children with ALL that the cumulative incidence of symp-
tomatic osteonecrosis and the frequency of severe osteonecro-
sis (Ponte di Legno toxicity working group [PTWG]
grade 4) are highest among patients aged 15 to 18 years
(31.4%, 59% of those had severe osteonecrosis)®. In other hema-
tological malignancies, this problem has been less extensively
studied.

Symptoms are most commonly present in weight-bearing
joints and range from slight limitations in the range of motion

to severe pain and joint destruction®!’. Several classification

systems for osteonecrosis exist, both clinical (based on symp-
toms) and radiological (based on magnetic resonance imaging
[MRI] scans) as well as combined classifications. To facilitate
comparisons of frequencies and severities across ALL treat-
ment protocols, the PTWG has established a consensus defi-
nition and grading of osteonecrosis (Table 1), which is based on
the severity of clinical symptoms and MRI abnormalities
(involvement of weight -bearing bones, joint lines, or joint
deformation)'!. The Niinimiki classification allows radiological
classification of osteonecrotic lesions at multiple sites'>. The
severity is based on the localization of the lesions (weight-bearing
versus non -weight-bearing bones and epi- physis versus
diaphysis /metaphysis), as well as the area of articular surface
involvement (<30 % versus 2>30% ) and presence of joint
deformation.

Symptomatic osteonecrosis most often occurs during the main-
tenance phase of ALL treatment’ but can already be present at
ALL diagnosis”® and in rare cases even years after treatment
cessation'*. The main treatment-related risk factor is exposure
to corticosteroids, especially when administered concurrently
with asparaginase®. Patients who underwent hematopoietic
stem cell transplantation (HSCT) are also at increased risk
of developing symptomatic osteonecrosis'”.

Low bone mineral density and fractures

Children treated for ALL are at increased risk of BMD decline
and consequent bone fractures'®'”. A large national Dutch study
showed that BMD of the lumbar spine was below normative val-
ues in children at ALL diagnosis and remained lower during
treatment'’. The 3-year cumulative incidence of sympto-
matic fractures was 17.8% in this cohort. Significantly lower
BMD was observed in children with fractures versus those
without. In a previous study including a subset of these patients,
the fracture incidence was compared with that of healthy con-
trols, which showed that the fracture rate in patients with ALL
was 6 times higher'®. In a well-characterized pan-Canadian
cohort, the cumulative incidence of fractures was 36% (32.5%
for vertebral fractures and 23.0% for non-vertebral fractures)
from ALL diagnosis until 6 years of follow-up'®. The peak
annual incidence of vertebral fractures occurred at 12 months
and of non-vertebral fractures at 24 months. Most importantly,

Table 1. Grading of osteonecrosis associated with treatment of childhood acute lymphoblastic leukemia according to the

PTWG.
PTWG grade 1  Asymptomatic with findings only by MRI
PTWG grade 2
non-weight-bearing bones.
PTWG grade 3
affecting joint lines in non-weight-bearing bones.
PTWG grade 4

living

Symptomatic, not limiting, or only slightly limiting self-care activity of daily living. Lesions only outside joint lines in

Symptomatic, not limiting, or only slightly limiting self-care activity of daily living. Lesions in weight-bearing bones or

Symptomatic with deformation by imaging of one or more joints and/or substantially limiting self-care activity of daily

MRI, magnetic resonance imaging; PTWG, Ponte di Legno toxicity working group
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every 1 standard deviation reduction in BMD Z-score at ALL
diagnosis increased the risk of vertebral and non-vertebral
fractures by 89% and 70%, respectively. At the same time, the
skeleton has significant regenerative capacity, reflected by
reshaping of vertebral bodies following vertebral fractures
as well as an increase in BMD after ALL treatment discon-
tinuation in most children'™'""*. Tt is not entirely clear whether
low BMD during ALL treatment impacts bone health in the
(very) long term, since longitudinal studies from the time of
diagnosis with more than 10 years of follow-up are lacking.
However, it is conceivable that a proportion of children with
persistently low BMD may be at life-long increased risk of
fractures and associated pain, vertebral deformity, and func-
tional morbidity**'. Hence, prediction of this subset of survi-
vors is important. We recently published a prediction model
for low BMD (Z-score <-1) and very low BMD (Z-score <-2)
based on easily measured patient and treatment characteristics
(including sex, attained age, height, weight, current smoking
status, and previous cranial irradiation and abdominal irradia-
tion), which correctly identified BMD status in most white adult
survivors of childhood cancer®.

Association between osteonecrosis and bone
mineral density

In 2015, the association between symptomatic osteonecro-
sis and BMD decline during and shortly after ALL therapy
was established for the first time*. We showed that at ALL
diagnosis, lumbar spine and total body BMD were not
significantly different in patients who subsequently developed
symptomatic osteonecrosis versus those who did not. How-
ever, BMD decline over time was more pronounced in children
with symptomatic osteonecrosis compared to children without
symptomatic osteonecrosis, which started right after ALL diag-
nosis but became more substantial following osteonecrosis
diagnosis. At cessation of treatment, this also led to a signifi-
cantly lower BMD in patients with symptomatic osteonecrosis.
Hence, we revealed that additional BMD decline in patients
with symptomatic osteonecrosis started only after osteonecro-
sis occurrence. This study suggests that advised weight-bearing
restrictions to avoid aggravation of osteonecrosis may accelerate
BMD decline.

The results of a recently published study by Inaba er al’® con-
firmed the association between osteonecrosis and BMD decline
in 334 children with ALL who were prospectively screened
for osteonecrosis by MRI. They found that knee osteonecro-
sis  (59.3%) occurred more often than hip osteonecrosis
(12.0%). Interestingly, they showed that the development of
very low BMD (BMD Z-score <-2.0) was associated with
osteonecrosis of the knee but not with osteonecrosis of the hip.
The decrease in BMD Z-score was especially pronounced
in patients with 230% epiphyseal osteonecrosis involve-
ment. Inaba and colleagues did not separately analyze the
course of BMD decline (before or after osteonecrosis occur-
rence) or the effect of osteonecrosis on BMD decline in
patients with symptomatic versus asymptomatic osteonecrosis.
This would be relevant because an observation that BMD

decline is most evident after symptomatic osteonecrosis
occurrence would support the idea that immobilization for
osteonecrosis aggravates BMD decline. Since lumbar spine
BMD alone was measured in the study by Inaba and col-
leagues, and not hip BMD (a site that is frequently affected by
osteonecrosis), it is less conceivable that the reported general
BMD decline was induced by destruction of the bone due to
localized osteonecrotic lesions.

Hence, it remains unclear whether the most commonly used
management for symptomatic osteonecrosis, i.e. weight-bearing
restrictions, may aggravate the skeletal pathology in children
with ALL. This is especially important since, although the appli-
cation of these restrictions seems rational, the efficacy as a
singular intervention to improve osteonecrosis symptoms has
never been proven®. Alternatively, several common underlying
mechanisms in children with osteonecrosis and low BMD might
be considered, as discussed next.

Common risk factors for osteonecrosis and low bone
mineral density

Osteonecrosis and low BMD are considered different entities
with a different pathogenesis; however, the co-occurrence of
these side effects suggests that common factors may play a role
in their pathophysiology (Table 2). Osteonecrosis (although
uncommon) and low BMD can already be present at leuke-
mia diagnosis, indicating that the leukemic disease itself (for
example, due to enhanced bone resorption via cytokine release
by lymphoblasts®) could play a role in the development of
both complications'*!'”. Furthermore, the main treatment-related
risk factor (i.e. corticosteroid exposure) is shared, so a com-
mon pathophysiology through enhanced sensitivity to cor-
ticosteroids may be considered””. Asparaginase increases
dexamethasone plasma levels and may thus potentiate the detri-
mental effects of corticosteroids on the bone when administered
concurrently”’?. In addition, especially PEG-asparaginase
leads to hyperlipidemia, which is associated with osteonecro-
sis in children with ALL*. The association between hyper-
lipidemia and low BMD has not been established in this
population, but, interestingly, studies in the general adult
population do show such an adverse effect’®’!. High-dose
methotrexate may additionally modify the risk of osteonecro-
sis and BMD decline due to inhibition of bone formation and
mineralization®>*, although it has not been identified as an
independent risk factor for either toxicity in children with
cancer. HSCT has been associated with an increased risk of
symptomatic osteonecrosis, independently of corticosteroid
dose'’, and low BMD has been frequently described after
HSCT, even in groups in which the majority had not been
treated with corticosteroids™*. In addition, direct radiation to
the bone can lead to osteo(radio)necrosis due to damage of the
microvasculature within and surrounding the bone, and cra-
nial/craniospinal irradiation and total body irradiation have been
associated with low BMD in survivors of childhood ALL?"%-%,
Lastly, components of ALL treatment impair BMD by induc-
ing mesenchymal stem cells to differentiate into adipocytes
rather than osteoblasts, amongst other mechanisms®. Fatty
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Table 2. Common risk factors for osteonecrosis and low BMD in

the context of pediatric ALL.

ON BMD/!
Patient characteristics
Sex + (female) ? (male)
Older age at ALL diagnosis + +
BMI + (higher)  + (lower)
Caucasian race + +
Disease factors
Leukemic disease ES +
Treatment factors
Corticosteroids + +
Asparaginase (+ GCs)
Methotrexate ?
Radiotherapy + +
HSCT + +
Treatment-induced metabolic changes
Marrow adipose tissue +
Hyperlipidemia +
+ Independent risk factor in childhood ALL

W

Conflicting evidence for this risk factor in childhood ALL

? Associated with the outcome in other populations

ALL, acute lymphoblastic leukemia; BMD, bone mineral density; BMI,
body mass index; GCs, glucocorticoids; HSCT, hematopoietic stem cell
transplantation; ON, osteonecrosis; RT, radiotherapy

infiltration into the bone marrow is also assumed to be asso-
ciated with osteonecrosis development, although the main
contributing factor is thought to be decreased blood flow to the
bone due to microthrombi, which induces osteocyte death®.

In addition, several common non-treatment-related risk fac-
tors for osteonecrosis and low BMD have been identified.
Older age is the most important risk factor for osteonecro-
sis in children with ALL® and has also been shown to increase
the risk of BMD decline'. The role of sex in develop-
ing osteonecrosis has not been consistently shown; however,
some studies in children with ALL have indicated that females
are at increased risk for osteonecrosis®”. A large study in
845 adult survivors of childhood ALL has shown that males
are at increased risk of developing low BMD (Z-score <-1),
although this association has not been shown during ALL
therapy”'. The effect of body mass index (BMI) on the risk of
osteonecrosis is also opposite to its effect on low BMD: a high
BMI has in some studies been associated with osteonecro-
sis (probably through the same mechanism as hyperlipidemia,
since those conditions are highly correlated**'), whereas low
BMI or body weight has been associated with low BMD'".

Finally, Caucasian children have been shown to be at increased
risk for both osteonecrosis and low BMD*>#.

Variation in the occurrence of these serious side effects among
similarly treated patients suggests a role for genetic suscepti-
bility. Carriership of single nucleotide polymorphisms (SNPs)
in, for example, the MTHFR, MTRR, and VDR genes has
been associated with low BMD at ALL diagnosis and during
ALL treatment**, and SNPs near glutamate receptor genes,
in the ACPI gene, and in the VDR Fok I start site have been
associated with the development of osteonecrosis®*.
Although genetic variations in the VDR gene led to an increased
risk of both lower BMD and osteonecrosis, the exact SNPs
were different.

Interventions to overcome osteonecrosis and bone
mineral density decline

Because of the possibility that BMD decline is accelerated
by osteonecrosis occurrence, the development of adequate
interventions for osteonecrosis becomes even more important,
since this could prevent BMD decline to a certain extent.
However, concomitant osteonecrosis and low BMD in pediatric
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ALL pose a challenging clinical dilemma. Weight-bearing
restrictions to ameliorate osteonecrosis symptoms may be care-
fully considered to prevent the acceleration of bone density
decline, as other treatment options for osteonecrosis and evi-
dence for their effectiveness are limited. For this purpose,
non-weight-bearing exercises such as swimming and cycling,
under the supervision of a specialized physiotherapist, may
be encouraged, as this perhaps enhances bone formation and
stimulates muscle strength while limiting weight-bearing of the
joints*. Bisphosphonates have been evaluated for pain reduc-
tion and prevention of articular collapse in patients with symp-
tomatic osteonecrosis. Although small case-series have indeed
suggested that bisphosphonates lead to pain relief and improved
mobility, they failed to show a decline in the progression of
joint destruction®®. Whether early administration of bisphos-
phonates to children with asymptomatic osteonecrosis has the
potential to mitigate disease progression remains unknown.
Except for acute-phase reactions, no adverse events of bisphos-
phonate therapy were reported. However, the safety and
efficacy of bisphosphonate administration during leukemia
treatment needs to be demonstrated in preclinical studies and
randomized controlled trials. Until then, their prescription
should be restricted to compassionate grounds in selected
patients. In case of low BMD, bisphosphonates are reserved
for children with severe osteoporosis (BMD Z-score <-2 in the
presence of clinically relevant fractures) and low potential for
BMD restitution®.

In more advanced stage osteonecrosis (PTWG grade 3), sev-
eral non-conservative treatment options to prevent articular
collapse have been reported, such as core decompression
(with or without mesenchymal stem cells), bone grafting, and
osteotomies®. Unfortunately, evidence that these interven-
tions prevent further joint damage remains limited, and a recent
study in 85 children and young adults with osteonecrosis
during ALL treatment suggested that core decompression does
not delay or improve the rates of femoral head survival®.
Furthermore, the timing of such interventions is difficult given
the variable natural history of the progression of osteonecrosis.
Preferably, these interventions should take place before any
joint damage (before PTWG grade 4), although intervening
too early in patients who would never experience joint collapse
should be avoided, as about 60% of patients with symptomatic
osteonecrosis show reversible symptoms’. The identification
of patients at high risk for severe osteonecrosis could
guide this decision, but, so far, only older age (about 15
to 21 years)**! multiple joints affected at diagnosis of
osteonecrosis’’, and the presence of bone marrow edema on
MRI in some studies™ have been shown to increase the risk
of progressive osteonecrosis.

Given the limited availability and efficacy of treatment options
for osteonecrosis, some patients eventually require joint
replacement”, which is an undesirable outcome, as these
patients are young and prostheses have a lifespan of approxi-
mately 15 to 25 years®. Thus, strategies to identify patients at
risk of severe, progressive osteonecrosis at an early stage, as

well as strategies to prevent osteonecrosis, are preferable and
should be pursued.

Emerging preventive measures for osteonecrosis
and bone mineral density decline

Several of these strategies have recently been explored or are
currently under investigation. In 2012, Mattano and colleagues
from the Children’s Oncology Group proved the first and only
preventive measure for osteonecrosis thus far by showing
that the administration of shorter pulses of dexamethasone
reduced the risk of osteonecrosis in patients aged 10 to 21 years
despite a higher cumulative dose and without compromis-
ing leukemia outcomes®. This simple scheduling modifica-
tion was adopted in many ALL protocols®. However, our group
showed that the protective effect of these shorter pulses on
osteonecrosis development may be dependent on the thera-
peutic context and especially that the administration of con-
current intensified asparaginase (administered in current ALL
protocols) could attenuate the benefit’. The ongoing British
Osteonecrosis Study (BONES) will assess risk factors and
specific radiological features that predict progression in those
with (symptomatic) osteonecrosis (ClinicalTrials.gov Identi-
fier: NCT02598401)*. Since in this study patients with ALL
aged 10 to 24 are prospectively screened for osteonecrosis
by MRI and for BMD decline by dual energy X-ray absorp-
tiometry, it could potentially confirm whether BMD decline
precedes and/or follows osteonecrosis. Furthermore, in assessing
the association between osteonecrosis and BMD decline,
stratification of patients with asymptomatic and symptomatic
osteonecrosis could identify whether osteonecrosis itself (sug-
gesting common risk factors), or interventions for symptomatic
osteonecrosis (i.e. weight-bearing restrictions), are associated
with BMD decline.

Janke et al. from St. Jude Children’s Research Hospital
showed that hypertension might be a modifiable risk factor
for osteonecrosis’ and initiated an ongoing randomized con-
trolled trial investigating the effect of an antihypertensive drug
(lisinopril) on osteonecrosis development (ClinicalTrials.gov
identifier: NCT04401267). Furthermore, recent publications
on the role of hyperlipidemia in the development of
osteonecrosis®*** and other toxicities”’ prompted the design
of a randomized controlled trial assessing the effect of
omega-3 supplements on lipid levels and osteonecrosis occur-
rence in children and young adults with ALL treated accord-
ing to the NOPHO (and now the ALLTogether) protocol,
which is currently recruiting (ClinicalTrials.gov identifier:
NCT04209244). The results of these trials are expected
within the next few years and may hopefully identify an
effective way to prevent osteonecrosis and thereby potentially
low BMD as well.

Targeting BMD decline during ALL therapy directly is
also an area of ongoing research. Adequate dietary calcium
(200-1,100 mg/day) and vitamin D (at least 400 IU/day) is
important®®, and vitamin D and calcium supplementation has
been shown to increase BMD in otherwise healthy children and
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adults with low vitamin D levels (25OHD levels <20 ng/ml)>*.
Whether vitamin D and calcium supplementation has a sig-
nificant effect on estimates of bone strength in children with
cancer at higher 250HD thresholds remains unknown. Mogil
et al. showed that low-magnitude, high-frequency mechani-
cal stimulation significantly improved tibial trabecular bone
content in a per-protocol analysis of childhood cancer survi-
vors completing at least 70% of prescribed sessions®'. The effect
of this intervention on BMD parameters during ALL therapy
is currently underway as part of the St. Jude Total Therapy
XVII trial (ClinicalTrials.gov identifier: NCT03117751).
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Conclusion

The recently established association between osteonecrosis
and accelerated BMD decline suggests that common fac-
tors may play a role in their pathophysiology. Furthermore,
BMD declines complicate considerations about the treatment
of osteonecrosis; weight-bearing restrictions should be care-
fully considered and supervised by an experienced physical
therapist to minimize potential consequent BMD decline. The
results of ongoing randomized controlled trials investigating
the preventive effect of several agents on osteonecrosis and
BMD decline are eagerly awaited.

@ Faculty Opinions Recommended

1. Reedijk AMJ, Coebergh JWW, de Groot-Kruseman HA, et al.: Progress against
childhood and adolescent acute lymphoblastic leukaemia in the Netherlands,
1990-2015. Leukemia. 2021; 35(4): 1001-1011.

PubMed Abstract | Publisher Full Text | Free Full Text

2. s Mostoufi-Moab S, Ward LM: Skeletal Morbidity in Children and Adolescents
during and following Cancer Therapy. Horm Res Paediatr. 2019; 91(2): 137-51.
PubMed Abstract | Publisher Full Text | Free Full Text |
Faculty Opinions Recommendation

3. s Inaba H, Cao X, Chang JY, et al.: Incidence of hip and knee osteonecrosis
and their associations with bone mineral density in children with acute
lymphoblastic leukaemia. Br J Haematol. 2020; 189(4): e177—-e181.

PubMed Abstract | Publisher Full Text | Free Full Text |
Faculty Opinions Recommendation

4. G den Hoed MAH, Pluijm SMF, te Winkel ML, et al.: Aggravated bone
density decline following symptomatic osteonecrosis in children with acute
lymphoblastic leukemia. Haematologica. 2015; 100(12): 1564—70.

PubMed Abstract | Publisher Full Text | Free Full Text |
Faculty Opinions Recommendation

5. te Winkel ML, Appel IM, Pieters R, et al.: Impaired dexamethasone-related
increase of anticoagulants is associated with the development of
osteonecrosis in childhood acute lymphoblastic leukemia. Haematologica.
2008; 93(10): 1570-4.

PubMed Abstract | Publisher Full Text

6. s Kunstreich M, Kummer S, Laws HJ, et al.: Osteonecrosis in children with
acute lymphoblastic leukemia. Haematologica. 2016; 101(11): 1295-305.
PubMed Abstract | Publisher Full Text | Free Full Text |
Faculty Opinions Recommendation

7. Q Janke LJ, van Driest SL, Portera MV, et al.: Hypertension is a modifiable risk
factor for osteonecrosis in acute lymphoblastic leukemia. Blood. 2019; 134(12):
983-986.

PubMed Abstract | Publisher Full Text | Free Full Text |
Faculty Opinions Recommendation

8. van Atteveld JE, de Groot-Kruseman HA, Fiocco M, et al.: Effect of post-
consolidation regimen on symptomatic osteonecrosis in three DCOG acute
lymphoblastic leukemia protocols. Haematologica. 2020; 106(4): 1198-1201.
PubMed Abstract | Publisher Full Text | Free Full Text

9. te Winkel ML, Pieters R, Hop WCJ, et al.: Prospective study on incidence,
risk factors, and long-term outcome of osteonecrosis in pediatric acute
lymphoblastic leukemia. J Clin Oncol. 2011; 29(31): 4143-50.

PubMed Abstract | Publisher Full Text

10.  Girard P, Auquier P, Barlogis V, et al.: Symptomatic osteonecrosis in childhood
leukemia survivors: Prevalence, risk factors and impact on quality of life in
adulthood. Haematologica. 2013; 98(7): 1089-97.

PubMed Abstract | Publisher Full Text | Free Full Text

11. s Schmiegelow K, Attarbaschi A, Barzilai S, et al.: Consensus definitions of 14
severe acute toxic effects for childhood lymphoblastic leukaemia treatment: A
Delphi consensus. Lancet Oncol. 2016; 17(6): e231-e239.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

12. G Niinimaki T, Niiniméki J, Halonen J, et al.: The classification of osteonecrosis
in patients with cancer: Validation of a new radiological classification system.
Clin Radiol. 2015; 70(12): 1439-44.
PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

13. s Krull K, Kunstreich M, Bronsema A, et al.: Osteonecrosis in children

with acute lymphoblastic leukemia at initial diagnosis and prior to any

chemotherapy. Leuk Lymphoma. 2019; 60(1): 78-84.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation
14.  Kadan-Lottick NS, Dinu |, Wasilewski-Masker K, et al.: Osteonecrosis in adult

survivors of childhood cancer: A report from the childhood cancer survivor

study. J Clin Oncol. 2008; 26(18): 3038-45.

PubMed Abstract | Publisher Full Text

15.  Liu C, Janke LJ, Kawedia JD, et al.: Asparaginase Potentiates Glucocorticoid-
Induced Osteonecrosis in a Mouse Model. PLoS One. 2016; 11(3): e0151433.
PubMed Abstract | Publisher Full Text | Free Full Text

16. G Ward LM, Ma J, Lang B, et al.: Bone Morbidity and Recovery in Children
With Acute Lymphoblastic Leukemia: Results of a Six-Year Prospective
Cohort Study. J Bone Miner Res. 2018; 33(8): 1435-43.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

17.  te Winkel ML, Pieters R, Hop WCJ, et al.: Bone mineral density at diagnosis
determines fracture rate in children with acute lymphoblastic leukemia treated
according to the DCOG-ALL9 protocol. Bone. 2014; 59: 223-8.

PubMed Abstract | Publisher Full Text

18. van der Sluis IM, van den Heuvel-Eibrink MM, Hahlen K, et al.: Altered bone
mineral density and body composition, and increased fracture risk in
childhood acute lymphoblastic leukemia. J Pediatr. 2002; 141(2): 204-10.
PubMed Abstract | Publisher Full Text

19.  Marinovic D, Dorgeret S, Lescoeur B, et al.: Improvement in bone mineral
density and body composition in survivors of childhood acute lymphoblastic
leukemia: A 1-year prospective study. Pediatrics. 2005; 116(1): e102-8.
PubMed Abstract | Publisher Full Text

20. Johnell O, Kanis JA: An estimate of the worldwide prevalence and disability
associated with osteoporotic fractures. Osteoporos Int. 2006; 17(12): 1726-33.
PubMed Abstract | Publisher Full Text

21. Gurney JG, Kaste SC, Liu W, et al.: Bone mineral density among long-term
survivors of childhood acute lymphoblastic leukemia: Results from the St.
Jude Lifetime Cohort Study. Pediatr Blood Cancer. 2014; 61(7): 1270-6.
PubMed Abstract | Publisher Full Text | Free Full Text

22. van Atteveld JE, Pluijm SMF, Ness KK, et al.: Prediction of Low and Very Low
Bone Mineral Density Among Adult Survivors of Childhood Cancer. J Clin
Oncol. 2019; 37(25): 2217-2225.

PubMed Abstract | Publisher Full Text | Free Full Text

23.  Klumpp R, Trevisan C: Aseptic osteonecrosis of the hip in the adult: Current
evidence on conservative treatment. Clin Cases Miner Bone Metab. 2015;
12(Suppl 1): 39-42.

PubMed Abstract | Publisher Full Text | Free Full Text

24. G Ahn MB, Suh BK: Bone morbidity in pediatric acute lymphoblastic
leukemia. Ann Pediatr Endocrinol Metab. 2020; 25(1): 1-9.
PubMed Abstract | Publisher Full Text | Free Full Text |
Faculty Opinions Recommendation

25.  Huizenga NATM, Koper JW, De Lange P: A Polymorphism in the Glucocorticoid
Receptor Gene May Be Associated with an Increased Sensitivity to
Glucocorticoids in Vivo. J Clin Endocrinol Metab. 1998; 83(1): 144-51.

PubMed Abstract | Publisher Full Text

26. Mostoufi-Moab S, Halton J: Bone morbidity in childhood leukemia:
Epidemiology, mechanisms, diagnosis, and treatment. Curr Osteoporos Rep.
2014; 12(3): 300-12.

PubMed Abstract | Publisher Full Text | Free Full Text

27. s Yang L, Panetta JC, Cai X, et al.: Asparaginase may influence


http://www.ncbi.nlm.nih.gov/pubmed/32820270
http://dx.doi.org/10.1038/s41375-020-01024-0
http://www.ncbi.nlm.nih.gov/pmc/articles/8024196
https://facultyopinions.com/734511650
http://www.ncbi.nlm.nih.gov/pubmed/30481777
http://dx.doi.org/10.1159/000494809
http://www.ncbi.nlm.nih.gov/pmc/articles/6536370
https://facultyopinions.com/734511650
https://facultyopinions.com/737644867
http://www.ncbi.nlm.nih.gov/pubmed/32207157
http://dx.doi.org/10.1111/bjh.16589
http://www.ncbi.nlm.nih.gov/pmc/articles/7444687
https://facultyopinions.com/737644867
https://facultyopinions.com/725809586
http://www.ncbi.nlm.nih.gov/pubmed/26405155
http://dx.doi.org/10.3324/haematol.2015.125583
http://www.ncbi.nlm.nih.gov/pmc/articles/4666332
https://facultyopinions.com/725809586
http://www.ncbi.nlm.nih.gov/pubmed/18698082
http://dx.doi.org/10.3324/haematol.12956
https://facultyopinions.com/726847402
http://www.ncbi.nlm.nih.gov/pubmed/27742768
http://dx.doi.org/10.3324/haematol.2016.147595
http://www.ncbi.nlm.nih.gov/pmc/articles/5394877
https://facultyopinions.com/726847402
https://facultyopinions.com/736429126
http://www.ncbi.nlm.nih.gov/pubmed/31409674
http://dx.doi.org/10.1182/blood.2019000006
http://www.ncbi.nlm.nih.gov/pmc/articles/6753622
https://facultyopinions.com/736429126
http://www.ncbi.nlm.nih.gov/pubmed/32646890
http://dx.doi.org/10.3324/haematol.2020.257550
http://www.ncbi.nlm.nih.gov/pmc/articles/8018109
http://www.ncbi.nlm.nih.gov/pubmed/21947829
http://dx.doi.org/10.1200/JCO.2011.37.3217
http://www.ncbi.nlm.nih.gov/pubmed/23645686
http://dx.doi.org/10.3324/haematol.2012.081265
http://www.ncbi.nlm.nih.gov/pmc/articles/3696613
https://facultyopinions.com/726422229
http://www.ncbi.nlm.nih.gov/pubmed/27299279
http://dx.doi.org/10.1016/S1470-2045(16)30035-3
https://facultyopinions.com/726422229
https://facultyopinions.com/727455047
http://www.ncbi.nlm.nih.gov/pubmed/26453406
http://dx.doi.org/10.1016/j.crad.2015.08.011
https://facultyopinions.com/727455047
https://facultyopinions.com/733160800
http://www.ncbi.nlm.nih.gov/pubmed/29718744
http://dx.doi.org/10.1080/10428194.2018.1466292
https://facultyopinions.com/733160800
http://www.ncbi.nlm.nih.gov/pubmed/18565890
http://dx.doi.org/10.1200/JCO.2007.14.9088
http://www.ncbi.nlm.nih.gov/pubmed/26967741
http://dx.doi.org/10.1371/journal.pone.0151433
http://www.ncbi.nlm.nih.gov/pmc/articles/4788417
https://facultyopinions.com/733278407
http://www.ncbi.nlm.nih.gov/pubmed/29786884
http://dx.doi.org/10.1002/jbmr.3447
https://facultyopinions.com/733278407
http://www.ncbi.nlm.nih.gov/pubmed/24287213
http://dx.doi.org/10.1016/j.bone.2013.11.017
http://www.ncbi.nlm.nih.gov/pubmed/12183715
http://dx.doi.org/10.1067/mpd.2002.125728
http://www.ncbi.nlm.nih.gov/pubmed/15995009
http://dx.doi.org/10.1542/peds.2004-1838
http://www.ncbi.nlm.nih.gov/pubmed/16983459
http://dx.doi.org/10.1007/s00198-006-0172-4
http://www.ncbi.nlm.nih.gov/pubmed/24585546
http://dx.doi.org/10.1002/pbc.25010
http://www.ncbi.nlm.nih.gov/pmc/articles/4300194
http://www.ncbi.nlm.nih.gov/pubmed/31169453
http://dx.doi.org/10.1200/JCO.18.01917
http://www.ncbi.nlm.nih.gov/pmc/articles/6804829
http://www.ncbi.nlm.nih.gov/pubmed/27134631
http://dx.doi.org/10.11138/ccmbm/2015.12.3s.039
http://www.ncbi.nlm.nih.gov/pmc/articles/4832407
https://facultyopinions.com/737702797
http://www.ncbi.nlm.nih.gov/pubmed/32252210
http://dx.doi.org/10.6065/apem.2020.25.1.1
http://www.ncbi.nlm.nih.gov/pmc/articles/7136509
https://facultyopinions.com/737702797
http://www.ncbi.nlm.nih.gov/pubmed/9435432
http://dx.doi.org/10.1210/jcem.83.1.4490
http://www.ncbi.nlm.nih.gov/pubmed/24986711
http://dx.doi.org/10.1007/s11914-014-0222-3
http://www.ncbi.nlm.nih.gov/pmc/articles/4131149
https://facultyopinions.com/1108876

% Faculty Opinions

Faculty Reviews 2021 10:(57)

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

[ hasone pharmacc
Oncol. 2008; 26(12): 1932-9.
PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

in acute lymphoblastic leukemia. J Clin

G Kawedia JD, Kaste SC, Pei D, et al.: Pharmacokinetic, pharmacodynamic,
and pharmacogenetic determinants of osteonecrosis in children with acute
lymphoblastic leukemia. Blood. 2011; 117(8): 2340-7; quiz 2556.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

s Finch ER, Smith CA, Yang W, et al.: Asparaginase formulation impacts
hypertriglyceridemia during therapy for acute lymphoblastic leukemia. Pediatr
Blood Cancer. 2020; 67(1): e28040.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

s Zhou Y, Deng T, Zhang H, et al.: Hypercholesterolaemia increases the risk
of high-turnover osteoporosis in men. Mol Med Rep. 2019; 19(6): 4603-4612.
PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

Kim YH, Nam GE, Cho KH, et al.: Low bone mineral density is associated with
dyslipidemia in South Korean men: The 2008-2010 Korean National Health and
Nutrition Examination Survey. Endocr J. 2013; 60(10): 1179-89.

PubMed Abstract | Publisher Full Text

Henien M, Carey B, Hullah E, et al.: Methotrexate-associated osteonecrosis of
the jaw: A report of two cases. Oral Surg Oral Med Oral Pathol Oral Radiol. 2017;
124(6): €283-€287.

PubMed Abstract | Publisher Full Text

Pfeilschifter J, Diel IJ: Osteoporosis due to cancer treatment: Pathogenesis and
management. J Clin Oncol. 2000; 18(7): 1570-93.
PubMed Abstract | Publisher Full Text

s Mostoufi-Moab S, Ginsberg JP, Bunin N, et al.: Bone density and structure

in long-term survivors of pediatric allogeneic hematopoietic stem cell
transplantation. J Bone Miner Res. 2012; 27(4): 760-9.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

Wilson CL, Ness KK: Bone mineral density deficits and fractures in survivors of
childhood cancer. Curr Osteoporos Rep. 2013; 11(4): 329-37.

PubMed Abstract | Publisher Full Text | Free Full Text

van Leeuwen BL, Kamps WA, Jansen HW, et al.: The effect of chemotherapy on
the growing skeleton. Cancer Treat Rev. 2000; 26(5): 363-76.
PubMed Abstract | Publisher Full Text

G Hawkes CP, Mostoufi-Moab S: Fat-bone interaction within the bone marrow
milieu: Impact on hematopoiesis and sy ic energy metabolism. Bone.
2019; 119: 57-64.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

s Inaba H, Cao X, Han AQ, et al.: Bone mineral density in children with acute
lymphoblastic leukemia. Cancer. 2018; 124(5): 1025-1035.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

s Mattano LA Jr, Devidas M, Nachman JB, et al.: Effect of alternate-week
versus continuous dexamethasone scheduling on the risk of osteonecrosis
in paediatric patients with acute lymphoblastic leuk ia: R from the
CCG-1961 randomised cohort trial. Lancet Oncol. 2012; 13(9): 906—15.
PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

Rao W, SuY, Yang G, et al.: Cross-Sectional Associations between Body Mass
Index and Hyperlipidemia among Adults in Northeastern China. Int J Environ
Res Public Health. 2016; 13(5): 516.

PubMed Abstract | Publisher Full Text | Free Full Text

Niiniméki RA, Harila-Saari AH, Jartti AE, et al.: High body mass index increases
the risk for osteonecrosis in children with acute lymphoblastic leukemia.

J Clin Oncol. 2007; 25(12): 1498-504.

PubMed Abstract | Publisher Full Text

Mattano LA Jr, Sather HN, Trigg ME, et al.: Osteonecrosis as a complication
of treating acute lymphoblastic leukemia in children: A report from the
Children’s Cancer Group. J Clin Oncol. 2000; 18(18): 3262-72.

PubMed Abstract | Publisher Full Text

Relling MV, Yang W, Das S, et al.: Pharmacogenetic risk factors for
osteonecrosis of the hip among children with leukemia. J Clin Oncol. 2004;
22(19): 3930-6.

PubMed Abstract | Publisher Full Text

Kaste SC, Jones-Wallace D, Rose SR, et al.: Bone mineral decrements

in survivors of childhood acute lymphoblastic leukemia: Frequency of
occurrence and risk factors for their development. Leukemia. 2001; 15(5):
728-34.

PubMed Abstract | Publisher Full Text

G te Winkel ML, van Beek RD, de Muinck Keizer-Schrama SMPF, et al.:

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Pharmacogenetic risk factors for altered bone mineral density and body
composition in pediatric acute lymphoblastic leukemia. Haematologica. 2010;
95(5): 752-9.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

te Winkel ML, de Muinck Keizer-Schrama SMPF, de Jonge R, et al.: Germline
variation in the MTHFR and MTRR genes determines the nadir of bone density
in pediatric acute lymphoblastic leukemia: A prc tive study. Bone. 2011;
48(3): 571-7.

PubMed Abstract | Publisher Full Text

G Karol SE, Yang W, van Driest SL, et al.: Genetics of glucocorticoid-
associated osteonecrosis in children with acute lymphoblastic leukemia.
Blood. 2015; 126(15): 1770-6.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

G Daneshdoost SM, El Abiad JM, Ruble KJ, et al.: Bisphosphonate Therapy for
Treating Osteonecrosis in Pediatric Leukemia Patients: A Systematic Review.
J Pediatr Hematol Oncol. 2021; 43(3): e365-e370.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

Gasbarra E, Perrone FL, Baldi J, et al.: Conservative surgery for the treatment
of osteonecrosis of the femoral head: Current options. Clin Cases Miner Bone
Metab. 2015; 12(Suppl 1): 43-50.

PubMed Abstract | Publisher Full Text | Free Full Text

G Amin N, Kraft J, Fishlock A, et al.: Surgical manag 1t of symy ic
osteonecrosis and utility of core decompression of the femoral head in young
people with acute lymphoblastic leukaemia recruited into UKALL 2003. Bone
Joint J. 2021; 103-B(3): 589-96.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

G Mogensen SS, Harila-Saari A, Makitie O, et al.: Comparing osteonecrosis
clinical phenotype, timing, and risk factors in children and young adults
treated for acute lymphoblastic leukemia. Pediatr Blood Cancer. 2018; 65(10):
€27300.

PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation

G Theruvath AJ, Sukerkar PA, Bao S, et al.: Bone marrow oedema predicts
bone collapse in paediatric and adolescent leukaemia patients with
corticosteroid-induced osteonecrosis. Eur Radiol. 2018; 28(1): 410-7.
PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

s Evans JT, Evans JP, Walker RW, et al.: How long does a hip replacement
last? A systematic review and meta-analysis of case series and national
registry reports with more than 15 years of follow-up. Lancet. 2019; 393(10172):
647-54.

PubMed Abstract | Publisher Full Text | Free Full Text |

Faculty Opinions Recommendation

van den Heuvel-Eibrink MM, Pieters R: Steroids and risk of osteonecrosis in
ALL: Take a break. Lancet Oncol. 2012; 13(9): 855—7.
PubMed Abstract | Publisher Full Text

Amin N, Kinsey S, Feltbower R, et al.: British OsteoNEcrosis Study (BONES)
protocol: A prospective cohort study to examine the natural history of
osteonecrosis in older children, teenagers and young adults with acute
lymphoblastic leukaemia and lymphoblastic lymphoma. BMJ Open. 2019; 9(5):
e027204.

PubMed Abstract | Publisher Full Text | Free Full Text

Mogensen SS, Schmiegelow K, Grell K, et al.: Hyperlipidemia is a risk factor
for osteonecrosis in children and young adults with acute lymphoblastic
leukemia. Haematologica. 2017; 102(5): e175-e178.

PubMed Abstract | Publisher Full Text | Free Full Text

Schmiegelow K, Miller K, Mogensen SS, et al.: Non-infectious chemotherapy-
associated acute toxicities during childhood acute lymphoblastic leukemia
therapy [version 1; peer review: 3 approved]. F71000Res. 2017; 6: 444.
PubMed Abstract | Publisher Full Text | Free Full Text

Institute of Medicine (US) Committee to Review Dietary Reference Intakes for
Vitamin D and Calcium, Ross AC, Taylor CL, et al.: Dietary Reference Intakes for
Calcium and Vitamin D. National Academies Press; 2011.

PubMed Abstract | Publisher Full Text

Winzenberg TM, Powell S, Shaw KA, et al.: Vitamin D supplementation for
improving bone mineral density in children. Cochrane Database Syst Rev. 2010;
(10): CD006944.

PubMed Abstract | Publisher Full Text

Cranney A, Horsley T, O’'Donnell S, et al.: Effectiveness and safety of vitamin
D in relation to bone health. Evid Rep Technol Assess (Full Rep). 2007; (158):
1-235.

PubMed Abstract | Free Full Text

Mogil RJ, Kaste SC, Ferry RJ Jr, et al.: Effect of Low-Magnitude, High-Frequency
Mechanical Stimulation on BMD Among Young Childhood Cancer Survivors:
A Randomized Clinical Trial. JAMA Oncol. 2016; 2(7): 908—14.

PubMed Abstract | Publisher Full Text | Free Full Text


http://www.ncbi.nlm.nih.gov/pubmed/18421047
http://dx.doi.org/10.1200/JCO.2007.13.8404
https://facultyopinions.com/1108876
https://facultyopinions.com/10573960
http://www.ncbi.nlm.nih.gov/pubmed/21148812
http://dx.doi.org/10.1182/blood-2010-10-311969
http://www.ncbi.nlm.nih.gov/pmc/articles/3062406
https://facultyopinions.com/10573960
https://facultyopinions.com/736758948
http://www.ncbi.nlm.nih.gov/pubmed/31612640
http://dx.doi.org/10.1002/pbc.28040
http://www.ncbi.nlm.nih.gov/pmc/articles/6868303
https://facultyopinions.com/736758948
https://facultyopinions.com/735506500
http://www.ncbi.nlm.nih.gov/pubmed/30957178
http://dx.doi.org/10.3892/mmr.2019.10131
http://www.ncbi.nlm.nih.gov/pmc/articles/6522796
https://facultyopinions.com/735506500
http://www.ncbi.nlm.nih.gov/pubmed/23877056
http://dx.doi.org/10.1507/endocrj.ej13-0224
http://www.ncbi.nlm.nih.gov/pubmed/29056286
http://dx.doi.org/10.1016/j.oooo.2017.09.005
http://www.ncbi.nlm.nih.gov/pubmed/10735906
http://dx.doi.org/10.1200/JCO.2000.18.7.1570
https://facultyopinions.com/13950002
http://www.ncbi.nlm.nih.gov/pubmed/22189761
http://dx.doi.org/10.1002/jbmr.1499
http://www.ncbi.nlm.nih.gov/pmc/articles/4540179
https://facultyopinions.com/13950002
http://www.ncbi.nlm.nih.gov/pubmed/24043370
http://dx.doi.org/10.1007/s11914-013-0165-0
http://www.ncbi.nlm.nih.gov/pmc/articles/4260527
http://www.ncbi.nlm.nih.gov/pubmed/11006137
http://dx.doi.org/10.1053/ctrv.2000.0180
https://facultyopinions.com/732905564
http://www.ncbi.nlm.nih.gov/pubmed/29550266
http://dx.doi.org/10.1016/j.bone.2018.03.012
http://www.ncbi.nlm.nih.gov/pmc/articles/6139083
https://facultyopinions.com/732905564
https://facultyopinions.com/732337115
http://www.ncbi.nlm.nih.gov/pubmed/29266176
http://dx.doi.org/10.1002/cncr.31184
http://www.ncbi.nlm.nih.gov/pmc/articles/5821586
https://facultyopinions.com/732337115
https://facultyopinions.com/717954862
http://www.ncbi.nlm.nih.gov/pubmed/22901620
http://dx.doi.org/10.1016/S1470-2045(12)70274-7
http://www.ncbi.nlm.nih.gov/pmc/articles/3448283
https://facultyopinions.com/717954862
http://www.ncbi.nlm.nih.gov/pubmed/27213419
http://dx.doi.org/10.3390/ijerph13050516
http://www.ncbi.nlm.nih.gov/pmc/articles/4881141
http://www.ncbi.nlm.nih.gov/pubmed/17442991
http://dx.doi.org/10.1200/JCO.2006.06.2539
http://www.ncbi.nlm.nih.gov/pubmed/10986059
http://dx.doi.org/10.1200/JCO.2000.18.18.3262
http://www.ncbi.nlm.nih.gov/pubmed/15459215
http://dx.doi.org/10.1200/JCO.2004.11.020
http://www.ncbi.nlm.nih.gov/pubmed/11368432
http://dx.doi.org/10.1038/sj.leu.2402078
https://facultyopinions.com//5403956
http://www.ncbi.nlm.nih.gov/pubmed/20015871
http://dx.doi.org/10.3324/haematol.2009.016303
http://www.ncbi.nlm.nih.gov/pmc/articles/2864381
https://facultyopinions.com/5403956
http://www.ncbi.nlm.nih.gov/pubmed/20955826
http://dx.doi.org/10.1016/j.bone.2010.10.163
https://facultyopinions.com//725715241
http://www.ncbi.nlm.nih.gov/pubmed/26265699
http://dx.doi.org/10.1182/blood-2015-05-643601
http://www.ncbi.nlm.nih.gov/pmc/articles/4600016
https://facultyopinions.com/725715241
https://facultyopinions.com//737826634
http://www.ncbi.nlm.nih.gov/pubmed/32324697
http://dx.doi.org/10.1097/MPH.0000000000001793
https://facultyopinions.com/737826634
http://www.ncbi.nlm.nih.gov/pubmed/27134632
http://dx.doi.org/10.11138/ccmbm/2015.12.3s.043
http://www.ncbi.nlm.nih.gov/pmc/articles/4832404
https://facultyopinions.com//740206522
http://www.ncbi.nlm.nih.gov/pubmed/33641424
http://dx.doi.org/10.1302/0301-620X.103B3.BJJ-2020-0239.R3
https://facultyopinions.com/740206522
https://facultyopinions.com//733512973
http://www.ncbi.nlm.nih.gov/pubmed/29943905
http://dx.doi.org/10.1002/pbc.27300
https://facultyopinions.com/733512973
https://facultyopinions.com//732698335
http://www.ncbi.nlm.nih.gov/pubmed/28726121
http://dx.doi.org/10.1007/s00330-017-4961-2
http://www.ncbi.nlm.nih.gov/pmc/articles/5718952
https://facultyopinions.com/732698335
https://facultyopinions.com//735131692
http://www.ncbi.nlm.nih.gov/pubmed/30782340
http://dx.doi.org/10.1016/S0140-6736(18)31665-9
http://www.ncbi.nlm.nih.gov/pmc/articles/6376618
https://facultyopinions.com/735131692
http://www.ncbi.nlm.nih.gov/pubmed/22901621
http://dx.doi.org/10.1016/S1470-2045(12)70315-7
http://www.ncbi.nlm.nih.gov/pubmed/31122988
http://dx.doi.org/10.1136/bmjopen-2018-027204
http://www.ncbi.nlm.nih.gov/pmc/articles/6538027
http://www.ncbi.nlm.nih.gov/pubmed/28209659
http://dx.doi.org/10.3324/haematol.2016.160507
http://www.ncbi.nlm.nih.gov/pmc/articles/5477618
http://www.ncbi.nlm.nih.gov/pubmed/28413626
http://dx.doi.org/10.12688/f1000research.10768.1
http://www.ncbi.nlm.nih.gov/pmc/articles/5389408
http://www.ncbi.nlm.nih.gov/pubmed/21796828
http://dx.doi.org/10.17226/13050
http://www.ncbi.nlm.nih.gov/pubmed/20927753
http://dx.doi.org/10.1002/14651858.CD006944.pub2
http://www.ncbi.nlm.nih.gov/pubmed/18088161
http://www.ncbi.nlm.nih.gov/pmc/articles/4781354
http://www.ncbi.nlm.nih.gov/pubmed/26967465
http://dx.doi.org/10.1001/jamaoncol.2015.6557
http://www.ncbi.nlm.nih.gov/pmc/articles/4945422

	10-57 van den Heuvel-Eibrink_Front.pdf
	10-57_van den Heuvel-Eibrink.pdf



