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ABSTRACT

Osteonecrosis is an uncommon complication of acute lymphoblastic leukemia. One of the risk factor is

high-dose corticosteroid therapy. The highest incidence of osteonecrosis is observed in children 9 to 18 years

old at diagnosis and it is a rare condition below 5 years of age. We describe a 4 year-old child with acute lym-

phoblastic leukemia and complaints of progressive bone pain and walking difficulty who developed osteonecro-

sis and bone fracture after two remission induction chemotherapy.

Key Words: Osteonecrosis, Corticosteroid, Acute lymphoblastic leukemia, Treatment.

ÖZET

Akut lenfoblastik lösemili dört yafl›nda bir çocukta yüksek doz steroide ba¤l› osteonekroz

Osteonekroz akut lenfoblastik löseminin nadir bir komplikasyonudur ve yüksek doz steroid tedavisinin risk

faktörlerinden biridir. En yüksek osteonekroz insidans› tan› an›nda 9-18 yafllar› aras›nda olan çocuklarda

görülmektedir ve befl yafl alt›nda nadirdir. Biz akut lenfoblastik lösemi nedeniyle iki kez remisyon indüksiyon

kemoterapisi ald›ktan sonra kemik a¤r›s› ve yürümede güçlük yak›nmas› bafllayan ve diz ekleminde

osteonekroz ve fraktür geliflen dört yafl›nda bir olgu sunduk. 
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INTRODUCTION

Osteonecrosis is a potentially disabling
complication of cancer treatment[1]. Oste-
onecrosis may be asymptomatic but may also
cause severe pain, joint swelling, limited ran-
ge of motion, and ultimately joint damage and
articular collapse. Osteonecrosis is usually
multifocal and weight-bearing joints are pre-
dominantly affected[2]. Although its etiopat-
hogenesis is not fully established, steroids
are considered one of the main causative fac-
tors[3]. Steroids are also an essential compo-
nent of chemotherapy in acute lymphoblastic
leukemia (ALL). The incidence of symptomatic
osteonecrosis in children with ALL was repor-
ted as 1.1-9.3% in large series[4-6]. The hig-
hest incidence of osteonecrosis is observed in
children 9 to 18 years old at diagnosis; it is a
very rare condition below five years of age.

We describe a four-year-old child with
ALL and osteonecrosis of both femoral and ti-
bial epiphyses, and femoral condyle fracture,
which developed after two remission inducti-
on chemotherapies. 

CASE REPORT

A (four-year-old) boy was referred to our
hospital for evaluation of anemia and le-
ukocytosis. The child was healthy until three
months before admission, when he started
complaining of arthralgia. Pallor was the only
abnormality on physical examination. Labo-
ratory findings revealed hemoglobin 4.9 g/dL,
white blood cell count 138,000/mm3, and
platelet count 157 x 109/L. Bone marrow as-
piration showed 95% blast cells that were
characteristic of ALL, with L1 type morpho-
logy. Periodic acid-Schiff stain was positive
and peroxidase was negative on bone marrow
aspiration smear. We found CD10 and CD19
values to be positive, whereas CD5, CD7,
CD20 values were negative on flow cytometry.
We were not able to examine chromosomal
analysis because of technical insufficiency.
All the biochemical test results were within
normal range, except for elevated serum lac-
tate dehydrogenase (1571 U/mL).

With all these data, morphologically L1
and immunologically preB type ALL was diag-
nosed. The patient was treated with the previ-
ously described modified St. Jude Total The-
rapy Studies XIII with minor modification inc-
luding high-dose methylprednisolone
(HDMP)[7]. HDMP was administered during re-
mission induction treatment (20 mg/kg/day
in the first week, 10 mg/kg/day in the second
week and 2 mg/kg/day in the last two weeks).
A total of 4760 mg/m2 prednisolone was given
within 28 days. Remission induction treat-
ment could only be completed within 40 days
due to neutropenic sepsis attack. The patient
was readmitted for the consolidation treat-
ment 45 days after remission induction the-
rapy, which was 30 days later than originally
planned. Bone marrow aspiration showed
30% lymphoblasts. Due to the patient’s non-
compliance with the treatment regimen, repe-
ated remission induction treatment including
HDMP was attempted and remission was suc-
cessfully achieved. According to the chemot-
herapy protocol, 4760 mg/m2 prednisolone
was given again within 30 days.

At the end of the second remission inducti-
on treatment, bone pain and walking difficulty
started. T1 and T2 weighted magnetic reso-
nance images (MRI) showed hypointense foci of
osteonecrosis associated with larger areas of
reactive marrow edema of the medial and late-
ral femoral condyle and tibial plateaus. A frac-
ture of the distal femoral condyle was also de-
tected on MRI (Figure 1 A,B). Orthopedic sur-
gical intervention for femoral condyle fracture
could not be performed because of the pati-
ent’s poor general condition. The patient died
due to neutropenic sepsis which occurred one
month after the second induction treatment. 

DISCUSSION

Recent advances in intensive multiagent
chemotherapy along with adequate supporti-
ve care have produced remarkable improve-
ments in long-term survival of children affec-
ted by ALL. As cure rates have improved, re-
search has focused on the recognition and
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reduction of treatment-related morbidity. Os-
teonecrosis is a potentially disabling compli-
cation of cancer treatment[1]. Although oste-
onecrosis has been reported rarely in patients
receiving high-dose methotrexate and doxo-
rubicin, it is the most common complication
related with high-dose corticosteroid admi-
nistrations[2,8]. We thought that the develop-
ment of osteonecrosis was strongly related to
steroid administration because osteonecrosis
occurred before high-dose methotrexate and
after high-dose corticosteroid administration.

Age greatly influences the risk of osteonec-
rosis and older age is a known risk factor[5].
The maturing bone of adolescents may be mo-
re susceptible to the development of osteonec-
rosis. With epiphyseal closure, corticosteroid-
induced marrow hypertrophy results in eleva-

ted intraosseous pressure followed by reduced
intramedullary blood flow, marrow ischemia,
and ultimately necrosis. In contrast, immatu-
re bone may buffer increased pressure at the
epiphyseal plate[9]. Even though older child-
ren and adolescents are at highest risk for os-
teonecrosis, younger children are clearly not
exempt from this toxicity, although their cour-
se may be transient and reversible. Mattano et
al reported that the mean age of ALL patients
with osteonecrosis was 13 years and among
them only 0.9% were younger than nine years
old[5]. Symptomatic osteonecrosis occurred in
1.1% of patients with childhood ALL enrolled
in the AIEOP-ALL 95 study[6]. One of them
was younger than five years old and this pati-
ent had congenital bilateral coxa vara. Stra-
uss et al reported that five years, cumulative
incidence of osteonecrosis among 187 pati-
ents was 7.3% and risk of osteonecrosis deve-
lopment for those aged 9-18 is five times gre-
ater than for those under the age of nine[4].
Burger et al  reported the overall five-year cu-
mulative incidence for osteonecrosis as
1.8%[10]. For the age group < 10 years, the in-
cidence rate for developing osteonecrosis is
0.2%, and for patients older than 10 years it
increases to 8.9%. Comparison of steroid do-
ses and osteonecrosis development in diffe-
rent ALL trials is given in Table 1. In our pati-
ent osteonecrosis was diagnosed at the age of
four and there was no additional skeletal ano-
maly. This is a rare condition. Development of
osteonecrosis in the very young may be rela-
ted to use of a very high-dose of prednisolone
(total cumulative prednisolone dose was 9520
mg/m2) in a short period. We think that if a
conventional dose of prednisolone been admi-
nistered instead of HDMP in the second
remission induction protocol, osteonecrosis
may not have developed. However, as we have
no experience with other cases relapsing this
quickly and since there were no cases in the
literature who were readministered HDMP,
this comment is no more than speculation.

Occurrence of osteonecrosis is generally
seen 1-2 years after the beginning of ALL tre-
atment. Arico et al reported that the median
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Figure 1. Osteonecrosis of medial femoral condyle

and tibial plateau demonstrate low signal intensity on

T1 weighted (A) and high signal intensity on T2 we-

ighted images (B). Fracture of lateral femoral condyle

and reactive marrow edema are also observed.
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period from diagnosis of ALL to development
of osteonecrosis was 17 months (range 8-45
months)[6]. In the other two studies median ti-
me from diagnosis of ALL to development of
osteonecrosis was reported as 14 and 30
months[3,4]. Mattano et al reported a patient
who developed osteonecrosis after induction
therapy[5]. In our patient osteonecrosis deve-
loped within five months after the beginning of
chemotherapy. Similarly, the reason for the
development of osteonecrosis in a very short
time may be related to usage of a very high-
dose of prednisolone in a short period.

Based on the results observed in our case,
clinicians should be watchful for the develop-
ment of osteonecrosis during use of high-do-
se steroid. Magnetic resonance should be ob-
tained in suspected cases and, if necessary,
treatment protocol should be modified.
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Table 1. Comparison of steroid doses in different ALL trials

Trial Age (year) Prednisolone dose in mg/m2 Incidence (%)

ALL-BFM 95 1-9 3411-6993 0.2
10-18 8.9
15-18 16.7

CCG-1882 1-9 7782-11150 0.9
10-15 13.5
16-20 18

DFCI, 87-01 0-18 7600-21240 6
DFCI, 91-01 0-18 7920-21530 9
AIEOP- ALL 95 0-5 1820-3008 0.3

6-9 0.7
10-17 7.4


