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INTRODUCTION
Leukemia is the most common childhood cancer. A 
significant survival advantage has been achieved in 
recent decades with advances in leukemia treatment 
and supportive care. Therefore, long-term toxicities and 
providing these patients with a life without morbidity have 
gained importance. Bone metabolism is one of the most 
important systems to be protected. In childhood, while 
the target bone mass has not been reached, multiagent 
chemotherapy and the disease itself cause serious bone 
loss. Of course, providing this protection can only be 
possible with a better understanding of bone metabolism 
and determination of metabolic points to be intervened.

Normal physiological bone remodeling has become 
more understandable with recent studies on this era. 
The most significant identified pathway involved in 
bone remodeling consists of osteoprotegerin (OPG) - 
receptor activator nuclear kappa B (RANK) and receptor 
activator nuclear kappa B ligand (RANKL). Bone mass 
homeostasis is achieved with the balance between these 

three molecules.1-3 In the present study, the levels of OPG 
and soluble (s) RANKL are evaluated both on admission 
and at the end of induction, to determine any significant 
association between the levels and the prognosis of the 
disease. 

METHODS
The study was carried out with the permission of Erciyes 
University Faculty of Medicine Ethics Committee (Date: 
08.10.2010, Decision No: 2010/120). All procedures were 
carried out in accordance with the ethical rules and the 
principles of the Declaration of Helsinki.

The current research has been planned as a cross-
sectional prospective study evaluating the patients 
who had been admitted to Erciyes University Faculty 
of Medicine Department of Pediatric Hematology and 
Oncology between 2008-2010 with the diagnosis of acute 
lymphoblastic leukemia (ALL). Enrolled patients have 
been evaluated in terms of; the demographical data (sex, 
age, risk group), immunophenotype, laboratory values 
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ABSTRACT
Aims: The aim is to investigate the association of the osteoprotegerin (OPG)/ soluble(s) receptor activator nuclear kappa B 
ligand (RANKL) with the prognosis of children with acute lymphoblastic leukemia (ALL).
Methods: Patients with the diagnosis of ALL between the years 2008-2010, were enrolled in the study. Demographic 
characteristics and complete blood count findings, treatment responses, as well as OPG and sRANKL levels were evaluated on 
admission and at the end of induction treatment. 
Results: Mean serum levels of OPG and sRANKL on admission were 38,6 ±19,03 ng/ml and 0,22±0,24 ng/ml, respectively. 
Whereas, at the end of induction, serum levels were measured as 35,5±40,8 ng/ml for OPG and 0,033±0,056 ng/ml for sRANKL. 
A statistically significant decrease was determined for sRANKL at the end of induction therapy, compared to admission 
(p:0,000).
Conclusion: In the current research, OPG and sRANKL are increased at diagnosis of childhood B-ALL. Whereas, no significant 
relationship between the OPG and sRANKL levels and the disease prognosis was determined.
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both on admission and end of induction, involvement 
of central nervous system, bone mineral density on 
admission, and treatment response, relapse, and 
outcome. Continuous data were compared by the Student 
t test if normally distributed, if not were compared 
by the Mann-Whitney U test. Also proportions were 
compared with x2 test and Fisher exact test. A p value 
<0.05 was considered as statistically significant. Results 
were analyzed using SPSS version 22.0 software.

RESULTS 
Of the 45 patients enrolled in study 20 of them were 
female and 25 were male. The median and mean 
age on admission was 6 years (range between 1.8-18 
years) and 7,5 years (±4,5 years), respectively. The 
laboratory evaluation of the patients on admission is 
available in Table 1. Turkish National ALL (TRALL) 
protocol was initiated for the patients. According 
to this protocol, 14 patients (31.1%) were assigned 
to the standard risk group, 20 patients (44.4%) were 
to the medium-risk group, and 11 patients (24.4%) 
high-risk group. On admission, 6 patients (13.3%) 
had central nervous system involvement. Five patients 
(11.1%) had poor steroid response on day 8. Also, on 
day 15th, 3 patients (6.6%) had a positive minimal 
residual disease in bone marrow evaluation on flow 
cytometry. All patients achieved remission on day 
33rd. Six patients (13.3%) relapsed, 6 patients died 
owing to progressive disease and 2 patients died due to 
infectious complications. Mean serum levels of OPG 
and sRANKL on admission were 38,6 ±19,03 ng/ml 
and 0.22±0.24 ng/ml, respectively. Whereas, at the end 
of induction, serum levels were measured as 35,5±40,8 
ng/ml for OPG and 0.033±0.056 ng/ml for sRANKL. 
A statistically significant decrease was determined for 
sRANKL at the end of induction therapy, compared 
to admission (p:0.001). However, the decline in OPG 
was not significant (p:0.69). There was no difference 
in OPG and sRANKL levels in terms of risk groups. 
The mean OPG level on admission was 37.6±20.9 
ng/ml for the patients admitted with an LDH level 
of <1000 U/L, whilst the level was 68.1±50.1 ng/ml 
for patients whose LDH levels were >1000 U/L. The 
difference between the two groups in terms of OPG 
levels was statistically significant (p:0.09). Besides the 
sRANKL level on the day, 33rd was significantly lower 
in patients with an LDH level below 1000 U/L, which 
refers to a low tumor burden (p:0.04). The mean OPG 
and sRANKL levels for these groups and p levels are 
available in Table 2. The mean OPG and sRANKL 
levels on admission and at the end of induction had 
no significant difference between the patients who 
relapsed and not relapsed. 

Table 1. Laboratory evaluation of patients on admission
Mean (±SD) Median (min-max)

White blood cell 88,387/mm3
(±161,262) 

15,150/mm3 
(870-741,660)

Absolute 
neutrophil count

2,264/mm3
(±3,970)

600/mm3 
(14-20,300)

Hemoglobin 7.9 g/dl 
(±2.9)

8 g/dl 
(2.2-13.9)

Platelet 101,000/mm3 
(±103,000)

53,000/mm3 
(3,000-409,000)

Lactate 
dehydrogenase

955 U/L 
(±1.177)

400 U/L 
(172-5,133)

Erythrocyte 
sedimentation rate

38.9 mm/h 
(±32.6)

26 mm/h 
(3-120)

Table 2. OPG and RANKL levels grouped by tumor burden
Low tumor burden 
(LDH <1000 U/L) 

(n:29)

High tumor burden 
(LDH>1000 U/L) 

(n:16)
p 

value

OPG1 37.6 ng/ml (±20.9) 68.1 ng/ml (±50,7) 0,009
OPG2 37.7 ng/ml (±46.7) 29.2 ng/ml (±9.2) 0,666
RANKL1 0.19 ng/ml (±0.2) 0.4 ng/ml (±0.52) 0,101
RANKL2 0.02 ng/ml (±0.03) 0.07 ng/ml (±0.1) 0,040
OPG1: OPG levels on admission, OPG2: OPG levels on day 33. RANKL1: RANKL 
levels on admission, RANKL2: RANKL levels on day 33.

DISCUSSION
Acute leukemias emerge with a clonal expansion and 
maturation arrest at a specific stage of myeloid or lymphoid 
lineage, accounting the 97% of all childhood leukemias. 
The most common acute leukemia in childhood is ALL, 
of which 85% are B-cell acute lymphoblastic leukemia 
(B-ALL). The peak incidence of ALL is between 2 and 5 
years of age.4 Monitoring minimal residual disease and 
determining the exact risk group of the patient is vital to 
ensure the patients have the required treatment. In order 
to provide this, different methods are being investigated 
for minimal residual disease monitoring.5,6 Owing to 
the multiagent chemotherapy protocols, central nervous 
system-directed regimens, and better management of 
side effects, pediatric ALL patients have achieved a 5-year 
overall survival rate of 90%.7 Despite this excellent survival 
rate, long-term morbidities constitute the most important 
challenge.8 

Skeletal comorbidities are one of the most important 
long-term toxicities of ALL. Therefore, providing a 
healthy bone metabolism to long-term survivors is 
vital. To implement a targeted and beneficial therapy, 
the underlying mechanisms of bone destruction should 
be understood better. Corticosteroids are well-known 
drugs with the effects of osteopenia and reduced bone 
mass. However, the previous studies demonstrated that 
at the time of diagnosis, before the initiation of steroids; 
bone pain, vertebral fractures, and low bone mineral 
density can be detected in patients with B-ALL, both 
in the standard and high-risk groups.9,10 Thus, B-ALL-
mediated bone destruction is accused.11 
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bone destruction even in the absence of chemotherapy. 
Therefore, the inhibition of this altered expression of 
RANKL may be a therapeutic target for protecting the 
bone even in the presence of a high tumor burden.16

CONCLUSION
The data of the present study suggest that OPG and 
sRANKL are increased at diagnosis of childhood B-ALL, 
related to the microenvironment of the initial leukemic 
cell burden. However, no obvious relation with prognosis 
is demonstrated. Further studies with large numbers of 
patients to highlight the clear effect of these molecules 
and their value in targeted therapy in childhood ALL are 
needed.
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