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1 |  INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most com-
mon malignancy diagnosed in children, representing 
one- quarter of all pediatric cancers (Seibel et al., 2008).  

The survival of children with acute lymphoblastic leukemia 
has increased in the last years due to the progressive inten-
sification of multiagent chemotherapy. Osteonecrosis is one 
of the most common and debilitating therapy- related side 
effects of anti- leukemic treatment and can adversely affect 
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Abstract
Background: Osteonecrosis (ON) is one of the major therapy- related complications 
in childhood acute lymphoblastic leukemia (ALL). The purpose of the current study 
is to assess the frequency of ON in children with ALL and to detect whether poly-
morphisms in vitamin D receptor gene (VDR) and plasminogen activator inhibitor- 1 
(PAI- 1) gene can affect the risk of ON.
Patients and Methods: Nighty- six ALL children were enrolled. Serum 
25- hydroxyvitamin D 25(OH)D levels were performed in addition to the detection of 
polymorphisms in PAI- 1and VDR genes by polymerase chain reaction.
Results: Ten out of 96 patients had ON (four males and six females aged above 
10  years) and had an insufficient level of 25(OH)D. Fifty- two percent of patients 
had PAI- 1 GG genotype while 48% had PAI- 1 GA genotype. PAI- 1 polymorphism 
was detected in 60% of all ON cases. The frequencies of VDR genotypes were CT 
(56.3%), CC (39.6%), and TT (4.2%). Osteonecrosis was found in eight patients with 
CC genotype and in two patients with CT genotype.
Conclusion: Osteonecrosis can develop early during the therapy of ALL. Older age 
and insufficient level of 25(OH)D were considered important risk factor for the de-
velopment of osteonecrosis. PAT- 1 and VDR gene polymorphism may be a genetic 
risk factor in its pathogenesis.
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long- term quality of life (Karol et al., 2015). Multiple can-
didate gene studies have indicated several polymorphisms 
in genes related to the development of osteonecrosis, such 
as PAI- 1 gene (French et al., 2008) and VDR gene (Relling 
et al., 2004).

Polymorphisms in PAI- 1 gene and VDR genetic variants 
have been associated with bone and vasculature morbidity, 
these pharmacogenetic associations likely reflect the interac-
tion of antileukemic medications with germline sensitivity to 
drug action and might identify ALL patients at highest risk to 
develop osteonecrosis (Relling et al., 2004).

However, there was a debate about the association of plas-
minogen activator inhibitor- 1 gene and osteonecrosis in acute 
lymphoblastic leukemia (Bond et al., 2011).

Therefore, we aimed to study the frequency of ON in 
children with ALL and to detect whether polymorphisms  
in VDR and PAI- 1 gene may affect the risk of osteonecrosis 
in childhood ALL.

2 |  PATIENTS AND METHODS

2.1 | Patients

This prospective study was carried on 96 children with acute 
lymphoblastic leukemia who were diagnosed and treated at 
the Pediatric Oncology Unit, Zagazig University Hospitals, 
during the period from September 2018 to June 2020. Their 
age ranges from 3 to 15 years, they were 62 males and 34 
females. The study was approved by the Institutional Review 
Board, Faculty of Medicine, Zagazig University. Informed 
consent and ascent forms were obtained from the study par-
ticipants and/or their guardians.

All patients were subjected to full medical history, thor-
ough clinical examination with specific attention to the 
musculoskeletal system, particularly bone pain and loss of 
function in addition to anthropometric measures such as 
weight, height, and body mass index.

All enrolled patients on the current work were newly 
diagnosed ALL cases who were treated according to ALL 
Protocol adopted from St. Jude total XV protocol. They un-
derwent induction therapy with prednisolone oral tablets 
40 mg/m2 daily dose for 28 days, L- asparaginase 10.000 IU/
m2/dose IM thrice weekly, vincristine 1.5/m2 weekly for four 
doses, doxorubicin 25 mg/m2 for two doses, cyclophospha-
mide 1000/m2, 6- mercaptopurine 60 mg/m2 for last 2 weeks, 
cytarabine 75  mg/m2 for eight doses and triple intrathecal 
therapy. At the end of induction, the patients were stratified 
to low, standard, or high- risk arms according to their risk of 
ALL relapse (Pui et al., 2009). Patients assigned as high/stan-
dard risk received consolidation therapy of high dose metho-
trexate (MTX) 5 gm/m2 every other week for four doses, daily 
6- mercaptopurine 50 mg/m2 in addition to triple intrathecal 

therapy, while low- risk patients received lower dose of MTX 
2.5 gm/m2.

2.2 | Methods

1. Laboratory investigations: 5 ml of venous blood were 
aseptically withdrawn from each patient for estimation 
of serum 25(OH)D levels at diagnosis of acute lym-
phoblastic leukemia and after receiving consolidation 
therapy in addition to the detection of PAI- 1 gene and 
VDR gene polymorphism by polymerase chain reaction 
at diagnosis. 
I. Serum 25(OH)D levels were measured by an ELISA kit 

supplied by DRG International, Inc. USA with Catalog 
Number (EIA- 5396), according to the manufacturer 
protocol. Serum 25(OH)D levels >30 ng/ml are consid-
ered as sufficient; 20– 30 ng/ml are insufficient while 
<20 ng/ml are deficient (Holick, 2011).

II. Testing of PAI- 1and VDR genes polymorphism: 
a. Genomic DNA extraction using a spin column method.
b. Amplification of Plasminogen activator inhibitor- 1 

gene (PAI- 1) and Vitamin D receptor gene (VDR) by 
PCR.

c. Agarose gel electrophoresis using Submarine Gel elec-
trophoresis system and Submarine chamber and photo-
graphed under ultraviolet light.

d. Genotyping of PAI- 1 rs6092 (G>A) using (REFLP- 
PCR). The amplified PCR product was then digested 
with Fokl restriction endonuclease (Fermentas, 
Germany). Digested product was electrophoresed 
on 2% agarose gel. The VDR wild- type CC gives 
265  bp whereas the mutant TT gives 196 and 69  bp. 
Heterogenous CT genotype gives 265, 196, and 69 bp.

2. Imaging: Magnetic resonance imaging (MRI) on hip 
and knee was performed for all patients at diagnosis 
and after the consolidation phase of therapy.

MRI imaging of knees and hips was performed using 
Siemens 1.5 Tesla magnet (Siemens, Erlanen, Germany). In 
this study, ON was defined as a geographic lesion with a dis-
tinct rim of low signal intensity in the normally high- intensity 
marrow on T1- weighted images (the band sign) and high sig-
nal intensity in the normally low- intensity marrow on short 
tau inversion recovery (STIR) images (double- line sign) (Ojala 
et al., 1999). Osteonecrosis at the time of each MRI was graded 
using the National Cancer Institute Common Terminology 
Criteria for Adverse Events, Version 3.0, and osteonecrosis 
was categorized as absent (grade 0), asymptomatic (grade 1), 
or moderate (grade 2), severe (grade 3), or disabling (grade 4).

MRI studies were reviewed by a single pediatric radiol-
ogist experienced in pediatric oncologic and orthopedic 
imaging
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3 |  STATISTICAL ANALYSIS

The data were analyzed using SPSS version 20 (IBM Corp.). 
Continuous Quantitative variables were expressed as the 
mean ± SD & median (range). Comparison of several groups’ 
median was performed by Kruskal– Wallis and comparison 
between two groups was performed by Mann– Whitney U 
test. Categorical qualitative variables were expressed as ab-
solute frequencies & relative (number & percentage) and the 
comparison of several groups frequencies was performed by 
chi- square test (X2). The results were considered statistically 
significant when p value is ≤0.05.

4 |  RESULTS

Nighty- six ALL patients were recruited in the current study, 
their mean age was 8.08  ±  3.79  years, ranged from 3 to 
15 years, 65% of them were males, and 35% were females. 
The mean body mass index (BMI) was 16.01 ± 0.96 kg/m2, 
with a range from 14.5 to 18.3 kg/m2.

Forty- seven patients were low risk, 37 patients were stan-
dard risk and 10 patients were high risk according to Pui 
et al., (2009) risk classification. Genotyping was performed 
for PAI- 1 and VDR for ALL patients at diagnosis. PAI- 1 
GG genotype was found in 52% and PAI- 1 GA genotype 
was found in 48% of patients, while VDR CT genotype was 
found in 52%, CC genotype was found in 40% and only 8% 
expressed TT genotype (Table 1).

The distribution of 25(OH)D levels is presented in 
(Figure 1). Twenty- two patients (22.9%) were vitamin D de-
ficient (<20 ng/dl) and 48 (50%) were vitamin D insufficient 
(20– 30 ng/ml) at diagnosis, while 10 (10.4%) patients were 
deficient and 58 (60.4%) patients were insufficient after con-
solidation. At diagnosis, only 26 (27%) patients were suffi-
cient (>30 ng/dl), while 58 (60.4%) patients were sufficients 
after consolidation.

MRI evaluations of both hip and Knee joints were per-
formed at diagnosis and after consolidation for all patients. 
Ten patients developed ON (overall incidence 10.4%). Two 
patients developed grade III ON of both knee joints, while the 
other eight patients had grade 2– 4 ON of both hip joints after 
consolidation. All of the 10 patients with ON were among the 
standard and high risk groups.

The clinical and laboratory characteristics of patients with 
and without ON are listed in Table 2. Ten (10.4%) out of 96 
patients developed osteonecrosis, six females and four males. 
Their age was above 10 years old. All patients who developed 
osteonecrosis had insufficient vitamin D level at diagnosis 
and after consolidation therapy. Eight patients (80%) who 
developed osteonecrosis had VDR CC genotype, while six 
patients had PAI- 1 GA genotype.

The mean serum 25(OH)D level at diagnosis was 
27.46 ± 7.89 ng/ml in patients with PAI- 1GG genotype ver-
sus 22.7 ± 4.81 ng/ml in patients with PAI- 1 GA genotype 
with statistically significant difference (p < .005). While, at 
the end of consolidation therapy, the mean serum vitamin D 
level was 39.5 ± 5.85 ng/ml in patients with PAI- 1 GG gen-
otype versus 27.85 ± 10.44 ng/ml in patients with PAI- 1 GA 
genotype with statistically significant difference (p < 0.05) 
(Table 3).

The mean serum vitamin D level at diagnosis in patients 
with VDR gene polymorphism was 24.12 ± 7.8, 23.5 ± 3.1, 
and 26.82 ± 5.7 ng/ml in VDR CT, VDR TT, and VDR CC 
genotypes respectively with no statistically significant differ-
ence (p > 0.05) (Table 4).

The mean serum vitamin D level at the end of consolida-
tion was 34.56 ± 10.47, 34.28 ± 2.8, and 21.7 ± 3.3 ng/ml 
in VDR CT, VDR CC, and VDR TT genotypes, respectively, 

T A B L E  1  Clinical data and gene polymorphism among studied 
acute lymphoblastic leukemia patients

Studied patients (N = 96)

No. %

Demographic data

Sex

Male 62 65.0

Female 34 35.0

Age (years)

Mean ± SD 8.08 ± 3.79

Median (range) 9(3– 15)

Anthropometric parameters

Weight (kg)

Mean ± SD 24.2 ± 8.98

Median (range) 27(13– 40)

Height (m)

Mean ± SD 120.8 ± 22.24

Median (Range) 130(90– 152)

BMI (kg/m2)

Mean ± SD 16.01 ± 0.96

Median (range) 16(14.5– 18.3)

Gene polymorphism

PAI- 1

GA 46 48.0

GG 50 52.0

VDR

CT 50 52.0

TT 8 8.0

CC 38 40.0
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with no statistically significant difference p> 0.05. No sig-
nificant relationship was found between vitamin D status and 
any VDR polymorphism genotypes at diagnosis and after 
consolidation therapy (p > 0.05) (Table 4).

5 |  DISCUSSION

Cure rates for childhood acute lymphoblastic leukemia 
(ALL) have approached 90% with therapeutic advances over 
the last several decades (Schrappe et al., 2013).

However, one of the most common therapy- related and 
dose- limiting toxicities of therapy in children with ALL is 
glucocorticoid- induced osteonecrosis, particularly in those 
older than 10 years of age (Hunger et al., 2012).

In the present work, ON was reported in 10 patients 
(10.4%). The reported incidence of ON in literature is vari-
able. Padhye et al., (2016) and Sakamoto et al., (2018) re-
ported that the incidence of ON is 7% among their study 
population. Moreover, Mattano et al., (2000), Plesa et al., 
(2019), and Pui et al., (2009), reported that the prevalence of 
ON among their patients was 9.3%, 10.5%, and 12%, respec-
tively. The published prevalence of ON in children with ALL 
varies widely depending on the definition of ON, treatment 
protocol, and selection of patients. The true prevalence could 
be underestimated as most published studies are retrospective 
(Barr & Sala, 2008; Elmantaser et al., 2010).

In the current study, we found a significant association 
between the age of patients and development of osteonecrosis 
as all children who developed osteonecrosis were older than 
10  years, which may suggest older age as a risk factor for 
osteonecrosis.

Several studies also reported the age of the patients as an 
independent risk factor for ON (Karol et al., 2015; Kawedia 

et al., 2011; Mattano et al., ,2000, 2012; Rhodes et al., 2017; 
Te Winkel et al., 2011).

In fact, the increase of ON with older children has been 
suggested to result from higher circulating sex hormones lev-
els and closure of the growth plates resulting in less buffering 
capacity of increased intraosseous pressure (Mattano et al., 
2000).

Another risk factor for ON is sex. Many studies reported 
higher risk of ON in girls than boys (Aricò et al., 2003; 
French et al., 2008; Högler et al., 2007; Plesa et al., 2019; 
Strauss et al., 2001; Te Winkel et al., 2011), which was found 
in our study although other studies have not confirmed this 
(Barr & Sala, 2008; Mory et al., 2009).

High BMI theoretically may increase the risk of ON by 
reduced blood flow in bone marrow resulting from hyper-
trophic fat cells, by fat embolism, or by an increase of me-
chanical force in joints. Two small studies have described 
conflicting results regarding the role of BMI in developing 
AVN (Mory et al., 2009; Niinimaki et al., 2007). In our work, 
we found a significant association between BMI and develop-
ment of osteonecrosis.

While corticosteroids are the main culprit for skeletal tox-
icity on childhood ALL. Other chemotherapeutic agents such 
as methotrexate and asparaginase additionally contribute to 
ON and reduced bone mineralization. These agents impair 
osteoblast function responsiveness and number which sub-
sequently account for the suppression of bone formation and 
contribute to skeletal abnormalities noted during and after 
the treatment (Te Winkel et al., 2014).

Biologically and genetic basis for ON has been frequently 
investigated (Bond et al., 2011; Karol et al., 2015). PAI- 1 in-
hibits fibrinolysis. Increased serum levels have been associ-
ated with increased risk of thrombophilia (Seguí et al., 2000) 
and osteonecrosis, although reports are not consistent (Asano 
et al., 2004; Kim et al., 2011). High levels of PAI- 1, induced 
by corticosteroid treatment, or polymorphisms in PAI- 1, lead 
to the suppression of fibrinolysis and promotion of thrombo-
sis (Zhang et al., 2013), resulting in elevated intraosseous ve-
nous pressure and hence blocking blood flow to the femoral 
head which may end in hypoxic bone death or osteonecrosis 
(Lee et al., 2012; Seguí et al., 2000). A finding which was not 
present in any of our patients.

The frequency of PAI- 1 gene polymorphisms among our 
patients was 52% for GG genotype and 48% for GA geno-
type while none had AA genotype. This is consistent with 
Bond et al., (2011), who found PAI- 1 GG genotype in 77% 
and PAI- 1 GA genotype in 19%. Also, French et al., (2008), 
reported PAI- 1 GG genotype in 73% and PAI- 1 GA genotype 
in 26%.

VDR polymorphism was known to be associated with 
osteopenia in non- cancer settings. Furthermore, VDR  
might play a role in the excretion of glucocorticoids (Whitfield 

F I G U R E  1  The distribution of 25- hydroxyvitamin D levels 
among acute lymphoblastic leukemia patients at diagnosis and after 
consolidation therapy
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et al., 2001). The truncated protein from the C- allele was 
linked to a higher affinity for 1,25- dihydroxyvitamin D 
(Eisman, 2001). VDR gene polymorphisms in our study were 
52% of patients had CT genotype, 40% had CC genotype, 
and 8% had TT genotype. This is in agreement with French 
et al. (2008), who reported that CT/TT was found in 64% and 
CC was found in 35% of their study population. In contrast, 
Relling et al., (2004), reported that the frequency of VDR 
gene polymorphism was as follows; 48%, 39%, and 12% in 
CC, CT, and genotypes, respectively.

In the present study, 10 patients developed osteonecrosis, 
4 with PAI- 1 GG genotype, and 6 with PAI- 1 GA genotype 
with no significant difference, which may be attributed to 
small sample size. French et al., (2008), studied different 
genetic polymorphisms in childhood ALL who developed 

osteonecrosis. They reported that only the PAI- 1 polymor-
phism was associated with osteonecrosis. Among them, 
26.9% had combined GA and AA genotypes and 11.7% had 
GG genotype.

In contrast, we found a significant association of VDR 
gene polymorphism with ON, as 80% of patients who devel-
oped osteonecrosis were CC genotype versus 20% in patients 
with CT genotype. Similarly, Relling et al., (2004), reported 
in their study that The VDR, CC genotype was more common 
in patients who developed osteonecrosis (51%), while the CT 
genotype was found in 33% of patients.

It is possible that other genetic modifiers could obscure 
any putative effect of the PAI- 1 polymorphism. Monogenic 
prediction of the disease is not straightforward, particularly in 
the context of a disorder such as ON, which has multifactorial 

Patients with 
osteonecrosis (10)

Patients without 
osteonecrosis (86)

test of 
significance p

Sex

Male 4 58 1.47a 0.22

Female 6 28

Age (years)

Mean ± SD 12.8 ± 2.05 7.418 ± 3.56 22.500b 0.002*

≤10 years 0 66 12.279a 0.002*

˃10 years 10 20

BMI

Mean ± SD 17.14 ± 0.65 16.027 ± 0.96 32.500b 0.008*

VITAMIN D status after consolidation

Deficiency 
(0– 20)

0 8 12.28a 0.002*

Insufficiency 
(20– 30)

10 20

Sufficiency 
(30– 50)

0 58

VITAMIN D status initial

Deficiency 
(0– 20)

0 24 6.067a 0.048*

Insufficiency 
(20– 30)

10 36

Sufficiency 
(30– 50)

0 26

PAI

GG 4 42 0.708a 0.14

GA 6 44

VDR

CC 8 30 3.8a 0.05

CT– TT 2 56
*Statistically significant.
a Chi- Square test.
b Mann– Whitney to student t test.

T A B L E  2  Clinical, bone mineral 
status, and genotyping in patients with 
osteonecrosis versus patients without 
osteonecrosis
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pathogenesis that remains poorly understood. Further work is 
necessary to characterize the genetic basis of therapy- related 
morbidity in ALL. Better tools of prediction would allow 
prospective identification of patients in whom timely treat-
ment modification might reduce the risk of serious pathology 
(Kawedia et al., 2011).

Last, one important finding in the current study which 
was consistent with previous literature (Jackmann et al., 
2020) was the high prevalence of vitamin D insufficiency 
and deficiency in the included ALL patients. We agree with 
other authors that vitamin D supplementation should be im-
plemented in all patient with ALL all through their disease 

PAI- 1

Test p- value

GA (N=46) GG (N=50)

No. % No. %

At diagnosis

Vitamin D level (ng/ml)

Mean ± SD 22.7±4.81 27.46±7.89 39.500a 0.035*

Vitamin D status

Deficiency 8 17 16 32 1.105b 0.576

Insufficiency 26 57 18 36

Sufficiency 12 26 16 32

After consolidation therapy

Vitamin D level (ng/ml)

Mean ± SD 27.85±10.44 39.5±5.85 30.000a 0.008*

Vitamin D status

Deficiency 8 17.4 0 0.0 9.547b 0.008*

Insufficiency 24 52.2 4 8

Sufficiency 14 30.4 46 92
*Statistically significant.
a Mann– Whitney U test.
b Chi- square test.

T A B L E  3  Relation between PAI- 1 
genotypes and vitamin D in studied ALL 
patients at diagnosis and after consolidation 
therapy

VDR gene polymorphism

TestTest p- value

CT (N=50) TT (N=8) CC (N=38)

No. % No. % No. %

At diagnosis

Vitamin D level (ng/ml)

Mean ± SD 24.12±7.8 23.5 ±3.1 26.82±5.7 0.923b 0.63

Vitamin D status

Deficiency 18 36 0 0.0 4 10.5 3.457a 0.485

Insufficiency 18 36 8 100.0 22 58

Sufficiency 14 28 0 0.0 12 31.5

After consolidation therapy

Vitamin D level (ng/ml)

Mean ± SD 34.56±10.47 21.7 ±3.3 34.28±2.834.28±2.8 1.941b 0.379

Vitamin D status

Deficiency 8 16 2 25 0 0.0 5.663a 0.226

Insufficiency 8 16 4 50 16 42.1

Sufficiency 34 68 2 25 22 57.9
aChi- square test.
bKruskal– Wallis Test.

T A B L E  4  Relation between VDR 
genotypes and vitamin D in studied ALL 
patients at diagnosis and after consolidation 
therapy
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course and to be continued even after remission(Delvin et al., 
2019; Ladas et al., 2016; Reisi et al., 2015).

6 |  CONCLUSION

From the present study, we concluded that osteonecrosis 
can develop early during therapy of ALL. Age older than 
10  years and insufficient Vitamin D were detected as im-
portant risk factors. Inherited variation in PAT- 1 and VDR 
may contribute to the risk of ON. Large- scale studies are still 
needed to support our findings.
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