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Corticosteroid can induce osteonecrosis in children with leukemia. Few studies have been designed to assess the
influence of a wide range of cumulative steroid dose on this side effect. Prevalence, risk factors of symptomatic
osteonecrosis and its impact on adults’ Quality of Life were assessed in 943 patients enrolled in the French
“Leucémies de l'Enfant et de l'Adolescent“ (LEA) cohort of childhood leukemia survivors. During each medical
visit, data on previous osteonecrosis diagnosis were retrospectively collected. Patients without a history but with
suggestive symptoms were investigated with magnetic resonance imaging. The total steroid dose in equivalent of
prednisone was calculated for each patient and its effect on osteonecrosis occurrence was studied in multivariate
models. Cumulative incidence was 1.4% after chemotherapy alone versus 6.8% after transplantation (P<0.001). A
higher cumulative steroid dose, age over ten years at diagnosis, and treatment with transplantation significantly
increased the risk of osteonecrosis. A higher post-transplant steroid dose and age over ten years at time of trans-
plantation were significant factors in the transplanted group. With patients grouped according to steroid dose quar-
tile, cumulative incidence of osteonecrosis reached 3.8% in the chemotherapy group for a dose beyond 5835
mg/m2 and 23.8% after transplantation for a post-transplant dose higher than 2055 mg/m2. Mean physical com-
posite score of Quality of Life was 44.3 in patients with osteonecrosis versus 54.8% in patients without (P<0.001).
We conclude that total and post-transplant cumulative steroid dose may predict the risk of osteonecrosis, a rare
late effect with a strong negative impact on physical domains of Quality of Life.
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Introduction

Approximately 80% of children with acute lymphoblastic
leukemia (ALL) and 60% of those with acute myeloblastic
leukemia (AML) can be cured of their disease.1 Along with the
improved cure rate, awareness of treatment-related late
effects has become increasingly important.2 Osteonecrosis
(ON) has long been recognized as a complication of leukemia
treatment.3-5 The Childhood Cancer Survivor Study has com-
pared the rate of self-reported ON in cancer survivors with
the rate observed in a sibling comparison group. The rate
ratio was 6.5 in non-transplanted ALL, 11.2 in non-transplant-
ed AML, and 59.2 for allogeneic hematopoietic stem cell
transplantation (HSCT) recipients.6 ON can result in severe
pain, loss of function, and joint collapse requiring surgical
intervention.7,8 The initial imaging technique is often a plain
radiograph but now magnetic resonance imaging (MRI) has
been established as the most sensitive method in the early
diagnosis of ON.9

Prevalence and risk factors for ON effect have varied widely
in previously published papers. This might reflect differences

in the definition and detection methods of ON but also dispar-
ities in the studied cohorts such as size and type of the cohort,
inclusion criteria (notably the percentage of adolescents) and
the treatments received (mainly the cumulative steroid dose).
Corticosteroids are essential for the treatment of pediatric
ALL10-12 and have been identified as the main cause of ON in
this context. However, few studies were designed to under-
stand the effect of the cumulative steroid dose as a quantitative
variable on the risk of ON and, to our knowledge, none of
them have tried to identify a steroid dose threshold. On the
other hand, many published studies are based on a chemother-
apeutic protocol and patients who received hematopoietic
stem cell transplantation (HSCT) as part of their anti-leukemic
treatment are often excluded. In the present study, data were
extracted from a large cohort of childhood leukemia survivors,
the French LEA cohort, which is not based on a specific thera-
peutic protocol but was designed to include all children treated
for leukemia after 1980 in several participating centers. This
allowed us to assess the influence of a wide range of cumula-
tive steroid dose and to compare children treated with
chemotherapy only to those treated by chemotherapy and
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HSCT. In addition, we also evaluate the impact of ON on
Quality of Life of patients who reached adulthood. 

Design and Methods

Patient selection
This study was designed to describe the prevalence of symp-

tomatic ON, to identify risk factors, and to evaluate its impact
on Quality of Life. We analyzed all patients included during the
years 2004-2009 in the French LEA cohort, a multicenter pro-
gram initiated in 2003 to evaluate prospectively long-term health
status of childhood leukemia survivors who had been treated
after 1980. Details of the whole program have been previously
described.13 Briefly, data are collected during specific medical
visits at pre-defined dates beginning one year after completion
of chemotherapy or one year after HSCT, then repeatedly every
two years until the patient reaches 20 years of age and has more
than ten years follow-up duration from diagnosis, and every four
years thereafter. The study was approved by the French
National Program for Clinical Research, the French National
Cancer Institute (InCA), and an ethics committee. 

Study end point
ON was one of the late side effects that were systematically

evaluated in the LEA program. During the medical visits, each
patient with a previous diagnosis of symptomatic ON was iden-
tified. Date of diagnosis, joints involved and treatments were
detailed. Patients were clinically evaluated during the medical
visit and MRI of the symptomatic joints was proposed if ON
was clinically suspected. 

Steroid therapy
Cumulative steroid doses differed according to the protocol

used for leukemia treatment. For each patient, we collected the
cumulative dose of prednisone and dexamethasone received as
part of conventional therapy and during the post-transplantation
period. The total steroid dose in equivalent of prednisone
received was calculated using the formula: total steroid dose in
mg/m² = dose of prednisone + (dose of dexamethasone x 6.67).14-

16 

Quality of Life
The Quality of Life (QoL) of adult patients was assessed using

the SF-36 questionnaire,17 a reliable instrument to assess self-per-
ceived health status in adult survivors of childhood cancer.18 The
SF-36 is comprised of 36 items describing 8 dimensions and two
summary composite scores: the physical composite score (PCS)
and the mental composite score (MCS). The PCS and MCS
scores are norm-based, using a linear T-score transformation
with a mean of 50. 

Statistical methods
Prevalence rates of ON were expressed as percentage of

affected patients in a given population. Cumulative incidences of
ON over time were estimated using the Kaplan-Meier method,
displayed with their 95% confidence interval (CI) and compared
with the log rank test. Multivariate logistical regression analyses
were used to construct models of association between preva-
lence rates of ON and potential risk factors. Multiple linear
regression models were constructed to explore the potential link
between occurrence of ON and the patient’s long-term QoL
scores. To help interpret the clinical significance of differences in
means scores of QoL dimensions, effect sizes were calculated by
dividing the difference between the mean score of patients with
ON and the mean score of patients without ON by the standard

deviation of the non-ON group. We considered an effect size of
0.2-0.49 as ‘small’, 0.5-0.79 as ‘medium’ and 0.8 or higher as
‘large’.19 

Results

Characteristics of studied cohort
Among the 1115 childhood leukemia survivors fulfilling

criteria for LEA inclusion in the five participant centers,
943 patients agreed to participate and were enrolled in the
LEA program during the years 2004-2009 (response rate
84.6%). There was no significant difference in gender,
type of leukemia, age at diagnosis, history of relapse, and
treatment or not with HSCT between the responder
group and the non-responder group.

All these 943 patients had ON assessment during each
of their specific LEA medical visits: data on previous
osteonecrosis diagnosis were retrospectively collected
whereas patients without such a history were clinically
evaluated and proposed to have MRI examination of the
symptomatic joints. Details of patient- and disease-related
characteristics, as well as treatment modalities, are shown
in Table 1. All patients had been treated after 1980 for
acute lymphoblastic (ALL, n=807) or acute myeloid
leukemia (AML, n=136), with the various treatment pro-
tocols that were used in France during this time period.
Mean follow-up duration from diagnosis to last LEA eval-
uation was 11.9 years. Two hundred and three patients
were over ten years of age at time of diagnosis. Six hun-
dred and eighty-seven were treated by chemotherapy
with or without CNS irradiation, whereas the 256 other
patients also received HSCT (65 autografts and 191 allo-
grafts from sibling, unrelated donor or cord blood). All
patients with ALL received corticosteroids. Among 136
AML patients, 97 never received steroids and 39 who
were treated with allogeneic HSCT received post-trans-
plant steroid therapy. Mean total steroid dose was 4943.7
mg/m2 for the whole cohort. In the HSCT group, total
dose was 5766.1 mg/m2, including 1528.3 mg/m2 during
the post-transplant period, whereas total dose was 4646.3
mg/m2 in the chemotherapy group.

Features and risk factors of osteonecrosis
Among the 943 patients, 24 (2.5%) developed sympto-

matic ON within a median of 1.8 years (interquartile
range, IQR, 1.2-3.5 years) after the diagnosis of acute
leukemia. Median time was 2.4 years (IQR, 0.9-3.3) after
diagnosis in the chemotherapy group and 0.9 years (IQR,
0.6-1.5) after the first transplant in the HSCT group. The
cumulative incidence of ON over time was 2.8±0.6% for
the whole cohort (Figure 1). This incidence was 6.8±1.8%
in the HSCT group and 1.4±0.5% in the chemotherapy
group (P<0.001). In the HSCT group, all symptomatic ON
occurred after transplantation and none during the previ-
ous chemotherapeutic phase. The most frequent locations
were knee (15 patients) and hip (11 patients). Multiple
joints involvement was not rare (7 of 24 cases, 29.2%).
Four patients required surgical joint replacement. 

Univariate analysis of risk factors was carried out in the
whole cohort and then separately in the ‘chemotherapy’
and the ‘HSCT’ subgroups (Table 2). Age over ten years at
time of diagnosis and a higher cumulative steroid dose
increased the risk for ON in the whole cohort as well as in
both subgroups. Date of diagnosis, distributed by quartile
was also a significant risk factor, the highest risk being
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observed during the most recent time periods. This reflect-
ed changes in steroid cumulative steroid dose according to
the treatment protocols over the time periods (Table 3). In
the HSCT group, 4 additional significant factors were
detected: age over ten years at time of transplant, the type

of HSCT (the risk being higher after allogeneic than after
autologous transplantation), the occurrence of graft-versus-
host disease (GvHD) and a higher post-transplant steroid
dose. Gender did not appear to interfere significantly with
the development of ON. ALL patients treated with

Osteonecrosis in childhood leukemia survivors
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Table 1. Patients’ and treatment characterictics.
                                                                                                  All patients                            Chemotherapy group HSCT group
                                                                                                      n=943                                        n=687 n=256
                                                                                                       n (%)                                             n (%) n (%)

Patient-and disease-related characteristics
Gender                                                                                                                  
Females                                                                                                       423 (44.9)                                               329 (47.9) 94 (36.7)
Males                                                                                                            520 (55.1)                                               358 (52.1) 162 (63.3)
Initial diagnosis                                                                                                     
ALL                                                                                                                807 (85.6)                                               630 (91,7) 177 (69.1)
AML                                                                                                              136 (14.4)                                                 57 (8.3) 79 (30.9)
Date of diagnosis (distribution by quartile)
Before April 1991                                                                                        236 (25)                                                  161 (23) 75 (29)
April 91 – July 97                                                                                         236 (25)                                                  168 (24) 68 (26)
July 97 – May 2002                                                                                      236 (25)                                                  173 (25) 63 (25)
After  May 2002                                                                                            235 (25)                                                  187 (27) 50 (20)
Age at diagnosis                                                                                                                                                                     
Mean +/- SEM *                                                                                        6.35 ± 0.14                                             6.09 ± 0.15 7.05 ± 0.29
0-10 years                                                                                                   740 (78.5)                                               555 (80.8) 185 (72.2)
10-18 years                                                                                                  203 (21.5)                                               132 (19.2) 71 (27.8)
Relapse                                                                                                                   
Yes                                                                                                                152 (16.1)                                                26 (3.8) 126 (49.2)
No                                                                                                                 791 (83.9)                                               661 (96.2) 130 (50.3)
HSCT                                                                                                                        
Yes                                                                                                                256 (27.1)                                                      - -
No                                                                                                                 687 (72.9)                                                        
Age at HSCT                                                                                                           
Mean +/- SEM *                                                                                                                                                                   8.65 ± 0.30
0-10 years                                                                                                           -                                                              - 164 (64)
10-18 years                                                                                                          -                                                              - 92 (36)
Follow-up duration from diagnosis (years)                                                   
Mean +/- SEM *                                                                                         11.9 ± 0.2                                                11.7 ± 0.2 12.5 ± 0.4

                                                                                                                                                Treatment modalities

TBI                                                                                                                            
Yes                                                                                                                        -                                                              - 187 (73.0)
No                                                                                                                                                                                            69 (27)
Corticotherapy                                                                                                      
Yes                                                                                                                846 (89.7)                                               630 (91,7) 216 (84.4)
No                                                                                                                  97 (10.3)                                                  57 (8.3) 40 (15.6)
Prednisone                                                                                                 791 (83.9)                                               578 (84.1) 213 (83.2)
Dexamethasone                                                                                        631 (66.9)                                               499 (72.6) 132 (51.6)
Mean total dose of steroids **                                                                         
Mean +/- SEM * (mg/m²)                                                                   4943.7 ± 103.8                                        4646.3 ± 92.1 5766.1 ± 290.8
Type of graft                                                                                                           
Allograft                                                                                                               -                                                              - 191 (74.6)
Autograft                                                                                                             -                                                              - 65 (25.4)
Significant GVHD                                                                                                 -                                                              - 74 /256 (28.9)
                                                                                                                                                                                                    74/191 (38.7) 
Post-transplant steroid therapy                                                                        
Yes                                                                                                                        -                                                              - 134 (52.3)
No                                                                                                                         -                                                              - 122 (47.7)
Post-transplant mean total dose of steroids **(mg/m²)                           
Mean +/- SEM *                                                                                                -                                                              - 1528.3 ± 167.2

*SEM: standard error of mean; **mean total dose of steroids = dose of prednisone + (dose of dexamethasone x 6.67) in mg/m2. TBI : total body irradiation, Significant GvHD: acute
graft-versus-host disease grade ≥ 2 or chronic extensive.
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chemotherapy only had a 1.4% prevalence of sympto-
matic ON whereas all patients with AML and osteonecro-
sis were in the HSCT group. AML patients who received
HSCT had a 5% prevalence (4 of 79) who reached 6.6% (4
of 61) when only allogeneic HSCT were considered. All
significant risk factors in the univariate analysis were

entered in the multivariate logistical regression models
with the exception of type of graft and GvHD that were
clearly in a cause and effect relationship with the post-
transplant steroid dose. Results of the multivariate models
are shown in Table 4. In the whole cohort, age at diagnosis,
HSCT and higher total steroid dose were significant prog-
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Table 2. Risk factors for osteonecrosis patients: univariate analysis.
All patients Chemotherapy group HSCT group
n. (%) P no. (%) P no. (%) P
with ON with ON with ON

Patient-and disease-related characteristics
Gender
Females 12 (2.8) 0.61 6 (1.8) 0.32 6 (6.38) 0.79
Males 12 (2.31) 3 (0.84) 9 (5.5)
Initial diagnosis
ALL 20 (2.48) 0.77 9 (1.4) 1 11 (6.2)1
AML 4 (2.9) 0 4 (5)
Age at diagnosis (years)
0-10 4 (0.54) ≤ 10-3 0 ≤ 10-3 4 (2.16) ≤ 10-3

10-18 20 (9.9) 9 (6.8) 11 (15.5)
Date of diagnosis (distribution by quartile)
Before April 1991 1 (0.4) ≤ 10-3 0 (0) 0.01 1 (1.3) 0.04
April 91 – July 97 3 (1.3) 0 (0) 3 (4.4)
July 97 – May 2002 14 (5.9) 6 (3.5) 8 (12.7)
After  May 2002 6 (2.6) 3 (1.6) 3 (6)
HSCT
Yes 15 (5.9) ≤ 10-3 - - - -
No 9 (1.3) -

Age at HSCT (years)
0-10 - - - - 3 (1.8) ≤ 10-3
10-18 - - - - 12 (13)
History of relapse
Yes 5 (3.28) 0.57 0 (0) 1 5 (3.96) 0.21
No 19 (2.4) 9 (1.36) 10 (7.7)

Treatment modalities

TBI
Yes - - - - 13 (7.0) 0.37
No 2 (2.9)
Corticotherapy 0.14
Yes 24 (2.8) 0.16 9 (1.4) 1 15 (6.9)
No 0 (0) 0 (0) 0 (0)
Prednisone 0.14
Yes 24 (3.0) 0.04 9 (1.6) 0.62 15 (7.0)
No 0 (0) 0 (0) 0 (0)
Dexamethasone 0.55
Yes 18 (2.8) 0.50 9 (1.8) 0.12 9 (6.8)
No 6 (2.1) 0 6 (5.0)
Mean total dose of steroids NA ≤ 10-3 NA ≤ 10-3 NA 0.01
Type of graft 0.01
Allograft - - - - 15 (7.8)
Autograft - - - - 0 -

GVHD (acute ≥ 2 or chronic)
Yes - - - - 12 (16.2) ≤ 10-3

No 3 (1.6)
Post-transplant steroid therapy
Yes - - - - 15 (11.2) ≤ 10-3

No - - - - 0
Post-transplant  mean total dose of steroids  - - - - NA ≤ 10-3
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nostic factors. Considering the 2 therapeutic subgroups,
significant factors were age at diagnosis and steroid dose in
the chemotherapy group, and age at transplantation and
post-transplant steroid dose in the HSCT group. 

Figure 1 shows the cumulative incidence of ON depend-
ing on steroid dose with patients grouped according to
dose quartiles. In the whole cohort, as well as in both ther-
apeutic subgroups, the threshold was apparently at the
higher dose category. More precisely, cumulative inci-
dence of ON reached 8.6% (95%CI: 5.2-14.5) in the whole
cohort for a steroid dose over 6150 mg/m². This incidence
was 3.8% (1.7-8.5) in the chemotherapy group over 5835
mg/m² and 23.8% (12.8-44.4) for children who received
HSCT and a post-transplant steroid dose exceeding 2055
mg/m². 

QoL in osteonecrosis patients
Among 493 patients who had reached adulthood at

time of evaluation, 448 completed the SF36 questionnaire.
Twenty of them had ON. As reported in table 5, ON had
a strong negative impact on physical domains of quality of
life. In the multivariate analysis (including gender, type of
leukemia, age at diagnosis and HSCT as potential con-
founders), ON significantly deteriored the physical com-
posite score (PSC) and the subscales “physical function-
ing”, “role limitations due to physical health problems”,
“bodily pain” and “general health”. The effect sizes were
larger than 0.80 (range, 0.91 to 1.36) in the PCS, “physical
functioning”, “bodily pain” and “general health”. On the
other hand, no significant difference was found in the
mental composite score.

Discussion

This study was designed to evaluate symptomatic ON
in a large cohort of long-term childhood leukemia sur-
vivors, with a separate analysis of patients treated by
chemotherapy alone or by chemotherapy and HSCT. The
cumulative incidence estimation was 2.8% for all patients,
6.8% after HSCT and 1.4% in the chemotherapy group. 

Osteonecrosis in childhood leukemia survivors
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Figure 1. Cumulative incidence of osteonecrosis (A) All patients (B)
Chemotherapy group versus HSCT group (C). All patients grouped
according to cumulative steroid dose quartiles. (D) Chemotherapy
patients grouped according to cumulative steroid dose quartiles. (E)
HSCT patients grouped according to the post-transplant cumulative
steroid dose quartiles. Almost all patients in the quartile 1 and 2 did
not receive any post-transplant steroid therapy. Consequently the first
category includes all patients with a cumulative dose equal to 0.

A

C

E

D

BIncidence of ON Incidence of ON

2.8±0.6

8.6% [5.2-14.5] 3.8% [1.7-8.5]

23.8% [12.8-44.4]

6.2% [1.9-20.8]

1.9% [0.8-4.7]
1.3% [0.3-5.1]

1.1% [0.1-7.7]

0.9% [0.2-3.15]

Total dose ≤ 2520
Total dose 5597-6149

Total dose ≤ 2614
Total dose 5597-5834

Total dose 2615-5596
Total dose ≥ 5835

Total dose 2521-5596
Total dose ≤ 6150

6.8±1.8

1.4±0.5

P<10-3

P<10-3

P≤10-3

P≤0.027

0 10 20 Follow up (years)

0 10 20 30

0 10 20 30

0 10 20 30

0 5 10 15 20 25

3%

2%

1%

0%

8%

6%

4%

2%

0%

4%

3%

2%

1%

0%

25%

20%

15%

10%

5%

0%

8%

6%

4%

2%

0%

Follow up (years)

Follow up (years)

Chemotherapy
HSCT

NoPT dose=0
PT dose≥ 2055

PT dose=1-2054

Incidence of ON Incidence of ON

Incidence of ON

Follow up (years) Follow up (years)

© Ferr
ata

 S
tor

ti F
ou

nd
ati

on
. 

No c
om

merc
ial

 us
e i

s a
llo

wed



In previous publications, the incidence estimation has
been variable, probably reflecting differences in the defini-
tion (symptomatic or asymptomatic) and detection meth-
ods of ON, anti-leukemic treatments and cohort sizes.20

Our estimation is similar to those reported after several
chemotherapeutic protocols such as the BFM 95 with
1.8% in 1951 patients,21 the UKALL XII with 4% in 1053
patients,22 and in a study from Greece that found a cumu-
lative incidence of 2.5% in 276 patients.23 In some other
cohorts, reported incidences have been higher, ranging
from 7.1 to 14%.15,24-27 The time of occurrence we describe
here is also comparable with many existing studies who
reported a 14-27 month median time interval from
leukemia diagnosis to ON occurrence.15,20-25 After allogene-
ic transplantation for childhood leukemia, Faraci et al.
found a 3.9% prevalence of clinically and radiologically
documented ON.28 Another study revealed a prevalence of
ON in almost 30% of the children who had systematic
serial MRI of hips and knees (even if they had no clinical
symptom) during the three years after their allogeneic
HSCT, but in several patients, osteonecrotic lesions
resolved spontaneously.29 Patients with early, asympto-
matic and regressive ON were not identified in the LEA
late effect program because only symptomatic patients
were investigated. This difference in study design may in
part explain some discrepancy in prevalence rates. In addi-
tion, unlike reports from clinical trials, our analysis is
based on a study of survivors and did not include non-sur-
vivors with ON.

Most previous studies have underlined that the main
risk factor for ON after leukemia treatment is age over ten
years at diagnosis or at time of HSCT. This unique suscep-
tibility of adolescents is not easily explainable. Even if the
physiopathology of ON remains largely unknown and
probably multifactorial, a vascular role is clearly implicat-
ed.30,31 One hypothesis is that steroid therapy can induce
proliferation of marrow lipocytes. In adolescents with epi-
physeal closure, this marrow fat-cell hypertrophy results
in elevated intraosseous pressure followed by reduced
intramedullary blood flow, marrow ischemia and, ulti-
mately, necrosis.  In contrast, immature bone may buffer

increased pressure at the epiphyseal plate.30 The fact that
adolescents are prone to develop ON may also be
explained by age-related differences in steroid-induced
changes in the coagulation system during leukemia treat-
ment.26 Finally, a PAI-1 gene polymorphism predicts ON in
children aged ten years and over with ALL, suggesting that
this inhibitor of fibrinolysis plays a role in the pathophys-
iology.32

For HSCT patients, GVHD is a risk factor for ON, prob-
ably due to intensive use of steroid and immunosuppres-
sion.5,28 Our study confirms this relationship and suggests
that the risk may be extremely high when the post-trans-
plantation steroid dose is over 2055 mg/m2. Total body
irradiation has also been implicated,28 but this was not sig-
nificant in our study.

Steroids, such as prednisone (PDN) and dexamethasone
(DXM) are an essential component of acute lymphoblastic
leukemia treatment but have a well-established role in ON
occurrence. In our study, 97 patients out of 943 did not
receive corticosteroids because they had AML, and none
of them experienced symptomatic ON. Furthermore, we
demonstrated a highly significant impact of the cumula-
tive steroid dose on symptomatic ON occurrence in the
whole cohort as well as in the two therapeutic subgroups.
In the HSCT subgroup, we also found that the post-trans-
plant steroid dose was a major risk factor. In addition, our
analysis by quartile suggests a threshold cumulative
steroid dose as well as a threshold post-transplant dose for
the risk of symptomatic ON. The majority of patients
with symptomatic ON had a total dose of steroids 6150
mg/m2 or over, or a total post transplant dose of corticos-
teroids 2055 mg/m2 or over. To our knowledge, this study
is the first that suggests threshold doses. Interestingly,
published data from different childhood ALL trials that
reported both ON incidence and cumulative steroid doses
also indicate that the higher the total dose of steroids, the
higher the risk of ON is. In the CCG-1882 and the DFCI
87-01/91-01 trials, steroid dose in PDN equivalent was
7,782-11,150 and 7,600-21,530, respectively, the corre-
sponding ON incidence being 9.3% and 6-9%.15,24

Conversely ON incidence was only 1.8% in the ALL-

P. Girard et al.

1094 haematologica | 2013; 98(7)

Table 3. Cumulative dose of steroids according to date of diagnosis.
Mean total dose of steroids* P Post-transplant mean total dose P

(mg/m²) of steroids * (mg/m²) 
± SEM ± SEM

All patients
- Before April 1991 4053.66 ± 181.81 < 10-3 - -
- April 91 – July 97 4933.58 ± 203.68
- July 97 – May 2002 5843.93 ± 202.57
- After May 2002 5058.64 ± 207.10
Chemotherapy group
- Before April 1991 3902.60 ± 180.02 < 10-3 - -
- April 91 – July 97 4759.37 ± 195.57
- July 97 – May 2002 5284.47 ± 153.68
- After May 2002 4633.85 ± 175.99
HSCT group
- Before April 1991 4377.92 ± 421.69 < 10-3 702.94 ± 190.46 < 10-3

- April 91 – July 97 5363.99 ± 515.33 1795.24 ± 296.82
- July 97 – May 2002 7380.21 ± 592.27 2441.57 ± 483.33
- After May 2002 6630.39 ± 684.35 1364.43 ± 210.38

*Mean total dose of steroids = dose of prednisone + (dose of dexaméthasone x 6.67) in mg/m².
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BFM95 trial with a steroid dose of 3,411-6,993.21

Dexamethasone may cause more adverse effects than
PDN including infection, mood and behavior problems,
myopathy and skeletal morbidity (defined as muscu-
loskeletal pain, fracture or ON).33,34 However, DXM has
not been incontrovertibly proven to cause more ON that
PDN. Strauss et al.15 described an association between
DXM and higher risk of fractures, but not higher risk of
ON. In our study, no difference was observed between
DXM and PDN, perhaps because the large proportion of
children who had received both types of steroid precluded
sufficient statistical power. Modalities of administration
and duration of DXM therapy may also be implicated. In
one study, the incidence of ON decreased significantly
when the duration of DMX exposure during the intensifi-
cation phase was shortened from 3-4 weeks to two
weeks, independently of the cumulative total dose, sug-
gesting that the duration of DMX treatment might be as
equally important as the total dose.16 In the CCG-1961

trial, alternate-week DXM (given from Days 1-7 and Days
15-21) during 2 delayed intensifications reduced the risk of
ON compared with continuous DXM during only one
delayed intensification in rapid early responders.35,36

Several limitations of our current study must be consid-
ered. Although the studied cohort was large, the final
number of symptomatic ON is quite small and only 9
among 24 affected patients were in the chemotherapy
group. This clearly limits the study’s statistical power to
detect risk factors. Moreover, even if the study included
only childhood leukemia survivors, we acknowledge that
some heterogeneity in types of leukemia and treatments
received may be confounding factors. On the other hand,
in this context, the highly significant impact of steroid
cumulative dose and our findings regarding threshold
doses can be stressed in both the chemotherapeutic and
the HSCT groups. In our univariate analysis, symptomatic
ON occurred more frequently during the most recent
years than in the past. This was concomitant with a more
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Table 4. Risk factors for osteonecrosis: multivariate analysis. 
                                                                                                                                       Patients with osteonecrosis
                                                                                              Odds ratio                                         95%CI                                                 P
                                                                                                                                                    All patients

Age at diagnosis (≥ 10 year-old)                                                            20.28                                                  6.51 to 63.19                                                    <10-3

HSCT                                                                                                              2.71                                                    1.04 to 7.09                                                      0.04
Higher total dose of steroid (mg/m²)                                                   1.11*                                                   1.04 to 1.18                                                     0.002
Date of diagnosis                                                                                    1.0001**                                              0.99 to 1.0003                                                    0.27
Chemotherapy group
Age at diagnosis (≥ 10 year-old)§                                                            5.52                                                      4.7 to 6.5                                                       <10-3

Higher total dose of steroid (mg/m²)                                                   1.25*                                                   1.03 to 1.51                                                     0.025
Date of diagnosis                                                                                    1.0002**                                              0.99 to 1.0007                                                    0.35
                                                                                                                                                   HSCT group

Age at transplant                                                                                         9.02                                                   2.19 to 37.13                                                    0.002
Higher total post-transplant dose of steroid (mg/m²)                     1.14*                                                   1.06 to 1.22                                                     <10-3

Date of diagnosis                                                                                    1.0002**                                              0.99 to 1.0004                                                    0.20

*odds ratio per each additional 500 mg/m² cumulative dose; **odds ratio per each additional year after 1980; §multivariate analysis not applicable because no patient less than
10-year-old experienced osteonecrosis in the chemotherapy group. Odds ratio and P value are provided by univariate analysis.

Table 5. Effect of osteonecrosis (ON) on Quality of Life among adults survivors (SF36).
Subscales of SF36 Univariate analysis Linear regression models Effect 

With ON (n=20) Without ON (n=428) P B-coefficient* P size**
Mean ± SEM Mean ± SEM

Physical functioning 71.3±5.2 92.4±0.8 0.001 -0.24 <10-3 1.26
Social functioning 68.8±5.7 79.6±1.1 0.04 -0.10 0.06 0.47
Role: physical 68.8±9.0 87.1±1.3 0.06 -0.13 0.006 0.67
Role: emotional 64.2±8.2 71.6±1.4 0.39 -0.04 0.42 0.26
Mental health 65.9±5.1 68.1±0.9 0.61 -0.02 0.65 0.11
Vitality 55.1±5.3 62.5±0.9 0.10 -0.07 0.18 0.37
Bodily pain 59.6±5.4 82.6±1.1 <10-3 -0.19 <10-3 0.99
General health 53.6±5.4 73.5±1.0 <10-3 -0.16 0.001 0.91
Physical composite score 44.3±2.3 54.8±0.4 <10-3 -0.26 <10-3 1.36
Mental composite score 45.5±2.8 45.2±0.5 0.93 0.01 0.88 0.03
SEM: standard mean error
*Potential confounders included in the models are: gender, type of leukemia (ALL vs. AML), age at diagnosis and HSCT. **Small effect size: 0.2-0.49, medium effect size: 
0.5-0.79, large effect size: >0.8.
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intensive use of steroids in the most recent French ALL
protocols.37-41 It might also reflect a larger use of unrelated
donors and cord blood in the HSCT group, with its subse-
quent effect on the post-transplant steroid dose. Finally,
we cannot exclude that diagnosis of symptomatic ON was
less accurate in the early period. Interestingly, when the
date of diagnosis and the steroid dose were entered
together in the multivariate models, the steroid dose
remained the statistically significant criteria whereas the
effect of the date lost its significance. 

Other drugs may influence the risk of ON. L-asparagi-
nase was included in all chemotherapeutic ALL protocols
used in France during the study period. L-asparaginase-
induced coagulopathy might increase the risk of ON,42 but
to our knowledge, this hypothesis has never been con-
firmed. Several authors have suggested that high-dose
methotrexate is a risk factor for osteoporosis.43 However,
in one study that compared cumulative methotrexate dose
given in the Nordic ALL protocols,16 the higher cumulative
dose of methotrexate was associated with a decreased risk
for ON, probably because patients who received more
methotrexate received lower steroid dose.

Several studies have recently been carried out to evaluate
the QoL among survivors of childhood cancer.44-50 Although

impairment in several domains of QoL have been described,
its relationships with different long-lasting adverse effects
such as ON remain largely unknown. Our study specifically
assessed the impact of symptomatic osteonecrosis on QoL
of adults surviving childhood leukemia. We detected major
and statistically significant differences in the physical
domains of QoL. The large effect sizes of these differences
underline their potential clinical relevance and the need for
careful evaluation of this side effect.
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