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Osteoprotegerin (OPG) is a robust antiresorptive molecule that acts as a decoy receptor for the receptor acti-
vator of nuclear factor kB ligand (RANKL), the mediator of osteoclastogenesis. This study was designed to 
explore the possible role of serum OPG and RANKL in detecting bone metastasis in breast cancer and its inter-
action with clinicopathologic parameters. Serum levels of RANKL and OPG were estimated in 44 metastatic 
and 36 nonmetastatic breast cancer patients using ELISA kits. Serum OPG levels were significantly reduced in 
patients with bone metastasis and correlated negatively with the number of bone lesions and CA 15-3 levels. 
At concentrations £82 pg/ml, OPG showed a high specificity in identifying the presence of bone metastasis 
(92%), albeit with low sensitivity (59%), which improved after the exclusion of diabetics and patients treated 
with aromatase inhibitors (AI). Serum RANKL levels were significantly higher in the presence of bone metas-
tasis and hypercalcemia. At concentrations >12.5 pg/ml, RANKL had an associated sensitivity of 86%, albeit 
with low specificity (53%), in detecting bone metastasis. The RANKL/OPG ratio significantly increased in the 
presence of bone metastasis with appropriate sensitivity and specificity (73% and 72%, respectively) at a cutoff 
of ³0.14 for the detection of bone metastasis. Serum OPG and RANKL/OPG ratios are promising biomarkers 
for detecting bone metastasis in breast cancer patients.
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INTRODUCTION

Breast cancer is the most common cancer in females 
worldwide, and it accounts for 29% of all new cancers1. 
Because of the high affinity of breast cancer cell growth 
in bones (soil, seed concept), the skeletal system becomes 
the most common breeding ground for distant metastasis 
from breast cancer. Approximately 65%–75% of advanced 
breast cancer patients develop bone metastasis, which 
leads to pain, fracture, spinal compression, and other 
skeletal-related events that affect patients’ prognosis and 
quality of life2. Skeletal homeostasis is maintained by bal-
anced processes of osteolysis and osteogenesis. However, 
bone metastasis makes an imbalance in these processes 
by disturbing the RANK/RANKL/OPG pathways with 
downregulation of osteoprotegerin (OPG) or upregu-
lation of receptor activator of nuclear factor kB ligand 
(RANKL)3. This results in more osteoclast formation 
and bone degradation. When osteoblast differentiation is 

suppressed, new osteoid production is no longer able to 
keep pace with bone resorption4.

Oncologists have depended on bone scans or bone sur-
veys for the detection of bone metastasis. Unfortunately, 
these methods are relatively insensitive for the early 
detection of bone metastasis and lack enough specificity. 
In addition, they carry the hazards of radiation exposure5. 
Although improvement of specificity and sensitivity has 
been reported when merging PET/CT imaging in the diag-
nosis and confirmation of bone metastasis, these methods 
are less widely available and more costly6. The recent 
development of biochemical markers of bone turnover 
has generated interest for its potential use in the detection 
of bone metastases7. Therefore, the aim of this study was 
to explore the possible role of serum OPG and RANKL 
for the detection of bone metastasis in female breast can-
cer patients, its relation to the burden of bone metastasis, 
and other clinicopathologic parameters.
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MATERIALS AND METHODS

Patients

From July 2014 to February 2015, 80 female patients 
with breast cancer, including 44 patients with bone metas-
tasis (as cases) and 36 patients with no clinical evidence 
of bone metastasis (as control), were recruited from the 
outpatient clinic of the Oncology Center of Mansoura 
University, Mansoura, Egypt. Patients with other types 
of malignancy, advanced medical comorbidity, advanced 
organ failure, and overt metabolic bone disease, including 
Paget’s disease and rheumatoid arthritis, were excluded 
from the study. Diagnosis of metastasis was dependent 
on clinical examination, plain X-ray, and bone scan. 
Confirmation of the presence of bone metastasis was 
accomplished by CT scan, MRI, PET/CT, or biopsy, as 
appropriate. Informed consent was obtained from all par-
ticipants. The study has been approved by the local ethi-
cal committee.

Measurement of Serum OPG and RANKL

Collection of fasting blood samples from patients in 
a monovette with no additives was performed. At room 
temperature, these specimens were allowed to clot for 
25 min and then centrifuged at 1,500 rpm for 10 min. The 
serum was shifted to a polypropylene tube. The samples 
were frozen and maintained at −80°C until analysis could 
be performed. Serum OPG and RANKL were measured 
by the ELISA technique (Human sRANKL ELISA Kit; 
Boster Bio, Pleasanton, CA, USA), following the recom-
mended protocols of the manufacturer. Serum levels of 
OPG and RANKL were determined from standard curves 
by interpolation of sample absorbance. For the RANKL 
assay, the minimum quantifiable limit was <10 pg/ml. 
The coefficient of variation in the overall intra-assay was 
4.3%, and the coefficient of variation of the overall inter-
assay was 5.4%. The upper limit of normal was defined 
as 5,000 pg/ml for the OPG assay; the minimum quantifi-
able limit was <5 pg/ml. The coefficient of variation of 
the overall intra-assay was 5.26%, and the coefficient of 
variation of the overall interassay was 7.033%. The upper 
limit of normal was defined as 6,000 pg/ml.

Statistical Analysis

Data were analyzed with SPSS version 21 (Chicago, 
IL, USA). The normality of the data was first tested with 
the one-sample Kolmogorov–Smirnov test. Qualitative 
data were described using number and percentage. The  
association between categorical variables was tested 
using the chi-square test. Continuous variables were 
presented as means ± standard deviation (SD) for para-
metric data and the median for nonparametric data. 
The two groups were compared with Student’s t-test  

(parametric data) and Mann–Whitney test (nonpara-
metric data). Correlations between variables were 
determined by Kendall’s tau nonparametric correlation 
coefficient. A two-tailed value of p £ 0.05 was consid-
ered statistically significant.

RESULTS

The study was carried out on 44 female patients with 
breast cancer with bone metastasis (aged 31–74 years, 
median: 52 years) as cases. In addition, 36 female patients 
with breast cancer with no bone metastasis (aged 27– 
91 years, median: 50 years) were included as control. The 
baseline characteristics of the studied cases show that 
there was no difference between cases and control except 
significantly higher serum calcium levels in cases with 
bone metastasis (Table 1).

Serum-free OPG levels were significantly reduced in 
the presence of bone metastases (median 72 vs. 155 pg/ 
ml; p = 0.001) (Fig. 1). Meanwhile, serum RANKL levels 
were significantly elevated in the presence of bone 
metastases (median 16.5 vs. 12.5 pg/ml; p = 0.008) 
(Fig. 2). The ratio (RANKL/OPG) significantly increased 
in the presence of bone metastasis (median 0.091 vs. 
0.236 pg/ml; p = 0.003) (Fig. 3). Serum alkaline phos-
phatase was not significantly affected by the presence of 
bone metastases.

The OPG concentration (pg/ml) correlated nega-
tively with the number of bone metastases (r = −0.65; 
p = 0.001) (Fig. 4) and with serum levels of CA 15-3 
(Fig. 5) (r = −0.35; p = 0.006). Meanwhile, RANKL con-
centration has neither significant correlation to the num-
ber of bone metastases (r = 0.11; p = 0.14) nor with CA 
15-3 (r = −0.19; p = 0.157).

ROC curve analyses of the value of study markers 
in detecting bone metastasis showed that both markers 
were associated with a highly significant area under the 
curve of 0.77 and 0.72 for OPG and RANKL, respec-
tively (p < 0.001) (Fig. 6). At a concentration of £82 pg/
ml, OPG showed a high specificity in identifying the 
presence of bone metastasis (92%); however, the sen-
sitivity was low (59%). The positive predictive value 
was 90%, and the negative predictive value was 65%. 
At a concentration of >12.5 pg/ml, RANKL showed a 
high sensitivity (86%) at the expense of low specificity 
(53%) in identifying the presence of bone metastasis; the 
positive predictive value was 67%, and the negative pre-
dictive value was 83%. Combining both (RANKL/OPG 
ratio), a cutoff ³0.14 yielded a good balance between 
sensitivity and specificity of 73% and 72%, respectively, 
with a significant AUC of 0.7 (p = 0.001); the positive 
predictive value was 76.2% and the negative predictive 
value was 68.4%.
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The univariate relation between OPG, RANKL, and 
RANKL/OPG ratios with clinicopathologic parameters 
of metastatic breast cancer patients is shown in Table 2. 
Serum OPG levels were significantly increased in diabetics 
who were previously treated with aromatase inhibitors 
and in progesterone receptor-negative cases, but neither 
were significantly affected by the different subtypes of 
breast cancer, nor by other parameters. Serum RANKL 
levels were significantly increased in hypercalcemic 
patients. The RANKL/OPG ratio significantly decreased 
in diabetic patients but was not significantly affected by 

other parameters. The multivariate relation between OPG 
and the clinicopathologic parameters of metastatic breast 
cancer patients that were significant at the univariate level 
is shown in Table 3. Only diabetes mellitus and previous 
therapy with aromatase inhibitors significantly impacted 
the OPG levels.

After excluding diabetic patients and those previ-
ously treated with aromatase inhibitors, reanalysis of the 
parameters of serum OPG level test validity found that 
the sensitivity for identifying bone metastasis increased 
to 75% and 77.8%, and the specificity was 89% and 

Table 1. Characteristics of Breast Cancer Patients With and Without Bone Metastasis

Items

Nonmetastatic 
Breast Cancer 

(n = 36)

Breast Cancer With 
Bone Metastasis 

(n = 44)
Test of Sig.  
(p Value)

Age t = 0.534 (p = 0.595)
Median 50 52
Min–Max 27–91 31–74

Menopause c2 = 0.235 (p = 0.628)
Premenopausal 15 (41.7%) 16 (36.4%)
Postmenopausal 21 (58.3%) 28 (63.6%)

DM c2 = 2.2 (p = 0.16)
Absent 30 (83.3%) 29 (65.9%)
Present 6 (16.7%) 15 (34.1%)

Grading c2 = 0.31 (p = 0.85)
G1 11 (30.6%) 11 (25%)
G2 17 (47.2 %) 22 (50%)
G3 8 (22.2%) 11 (25%)

ER c2 = 0.832 (p = 0.362)
Positive 26 (72.2%) 31 (70.5%)
Negative 10 (27.8%) 13 (29.5%)

PR c2 = 2.069 (p = 0.150)
Positive 22 (61.1%) 29 (65.9%)
Negative 14 (38.9%) 15 (34.1%)

HER2 (2 cases unknown) c2 = 0.11 (p = 0.74)
Positive 16 (44.4%) 16 (38.1%)
Negative 20 (55.6%) 26 (61.9%)

Serum calcium c2 = 4.1 (p = 0.04)
Hypercalcemia 2 (5.6%) 11 (25.0%)
Normocalcemia 34 (94.4%) 33 (75.0%)

Subtype (2 cases unknown) c2 = 0.22 (p = 0.97)
Luminal A 5 (13.9%) 5 (11.9%)
Luminal B 16 (44.4%) 19 (45.2%)
Her2 type 9 (25%) 12 (28.6%)
TNBC* 6 (16.7%) 6 (14.3%)

Previous therapy with aromatase inhibitors c2 = 0.15 (p = 0.69)
Absent 30 (83.3%) 34 (77.3%)
Present 6 (16.7%) 10 (22.7%)

Previous therapy with tamoxifen c2 = 1.1 (p = 0.29)
Absent 24 (66.7%) 35 (79.5%)
Present 12 (33.3%) 9 (20.5%)

Previous chemotherapy c2 = 3.3 (p = 0.07)
Absent 20 (44.4%) 34 (77.3%)
Present 16 (55.6%) 10 (22.7%)
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Figure 1. Serum levels of OPG (pg/ml) in breast cancer with bone metastasis versus nonmetastatic cases.

Figure 2. Serum levels of RANKL (pg/ml) in breast cancer with bone metastasis versus nonmetastatic cases.
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Figure 3. RANKL/OPG ratio in breast cancer with bone metastasis versus nonmetastatic cases.

Figure 4. Correlation between the serum levels of OPG and the extent of bone metastases.
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Figure 5. Correlation of serum levels of OPG with serum levels of CA 15-3.

Figure 6. ROC curve of OPG, RANKL, and RANKL/OPG ratio for the detection of bone metastasis in breast cancer.
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93.3%, with positive predictive values of 85.7% and 
93.3% and negative predictive values of 80% and 77.8%, 
respectively (Fig. 7).

DISCUSSION

RANKL is a homotrimeric transmembrane  protein 
expressed by osteoblasts, osteocytes, bone marrow stro-
mal cells, and various tumor cells (e.g., breast cancer). An 
increase in RANKL/RANK signaling is the leading cause 
of osteoporosis8. The pathogenesis of bone metastases is 
a complex process involving a lot of mediators between 

tumor cells, osteoclasts, and osteoblasts. In bone metasta-
ses, cytokines and growth factors secreted by tumor cells 
[parathyroid hormone-related peptide, interleukin-1 and 
-6, tumor necrosis factor (TNF), and macrophage colony-
stimulating factor] increase the expression of RANKL 
on both osteoblasts and marrow stromal cells. Following 
this, RANKL binds to its receptor, RANK, located on the 
surface of osteoclast precursors and induces its matura-
tion. This excessive RANKL-induced osteoclast activ-
ity results in bone resorption and local bone destruction, 
leading to the release of growth factors from the bone 

Table 2. Relation of OPG, RANKL, and RANKL/OPG Ratio With Clinicopathologic Parameters of Metastatic Female Breast 
Cancer Patients

Clinicopathologic Parameters No.
OPG 

(Median) p
RANKL 
(Median) p

RANKL/OPG 
(Median) p

Menopausal status 0.14 0.21 0.45
Pre 16 (36.4%) 57 15 0.43
Post 28 (63.6%) 62.6 17.22 0.36

Hypertension 0.076 0.63 0.094
Present 19 (43.2%) 101 15.25 0.17
Absent 25 (56.8%) 38.5 19 0.3793

Diabetes mellitus 0.006 0.47 0.005
Present 15 (34.1%) 106 15.25 0.16
Absent 29 (65.9%) 44.75 18.37 0.34

Grading 0.884 0.83 0.94
G1 11 (25%) 70 24 0.43
G2 22 (50%) 73.50 16.5 0.26
G3 11 (25%) 73.50 16.50 0.232

ER 0.124 0.54 0.19
Positive 31 (70.5%) 63.25 16.5 0.27
Negative 13 (29.5%) 101.50 15.87 0.16

PR 0.031 0.81 0.14
Positive 29 (65.9%) 62.75 16.5 0.27
Negative 15 (34.1%) 151 17.75 0.16

HER2 (2 cases missing) 0.890 0.52 0.49
Positive 16 (38.1%) 82 15.25 0.15
Negative 26 (61.9%) 73.50 17.75 0.25

Serum calcium 0.53 0.04 0.17
Increased 11 (25.0%) 69 20.6 0.17
Normal 33 (75.0%) 69 14.6 0.34

Subtypes of breast cancer (2 cases unknown) 0.18 0.25 0.23
Luminal A 5 (11.9%) 57 15.3 0.30
Luminal B 19 (45.2%) 75 22.1 0.25
Her2 12 (28.6%) 183 12.8 0.10
TNBC 6 (14.3%) 191 19 0.09

Previous aromatase inhibitors 0.019 0.11 0.12
Absent 34 (77.3%) 36 14 0.55
Present 10 (22.7%) 91.50 18.37 0.20

Previous tamoxifen 0.24 0.63 0.24
Absent 35 (79.5%) 68.15 18.4 0.22
Present 9 (20.5%) 93.45 14.67 0.20

Previous chemotherapy 0.17 0.91 0.35
Absent 34 (77.3%) 98.15 14.28 0.23
Present 10 (22.7%) 108.24 16.59 0.19
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matrix that promotes tumor progression. This relation-
ship constitutes the vicious cycle of bone metastasis9.  
For all these reasons, our patients with metastatic bone 
involvement show significantly higher levels of RANKL. 
This finding reinforces data obtained from previous 
studies10,11. In addition, serum RANKL levels were sig-
nificantly increased in hypercalcemic patients because 
osteoclast differentiation is regulated by RANKL, and 
osteoclasts have a role in bone resorption leading to ele-
vated serum calcium.

OPG is a secreted homodimeric glycoprotein from 
the TNF receptor family and lacks a transmembrane 
domain12. OPG neutralizes RANKL, which leads to a 
reduced RANK–RANKL interaction, thus inhibiting osteo-
clastogenesis13,14. In our study, serum levels of OPG are 
significantly more decreased in breast cancer patients 

with bone metastasis than in nonmetastatic breast cancer 
patients. This result is consistent with a previous study by 
Mercatali et al.15. However, Martinetti et al.16 reported no 
significant changes in OPG values in breast cancer with 
bone metastasis, although this may be due to the small 
sample size of this study. OPG levels correlated nega-
tively with CA 15-3 levels. This may be explained by the 
positive correlation between CA 15-3 levels and metas-
tasis in breast cancer17. OPG is not only produced in the 
bone microenvironment by osteoblasts but also produced 
by breast tumor cells themselves. OPG has a potential 
role in breast tumorigenesis via the ability of OPG to 
block the induction of apoptosis by blocking TNF-related 
apoptosis-inducing ligand3. This finding motivated us to 
study the relation of OPG to different molecular subtypes 
and grades of primary breast cancer. In addition, OPG 
is expressed in endothelial cells acting as an antiapototic 
factor by binding to the TNF-related apoptosis-inducing 
ligand to increase endothelial survival18. This finding 
prompted us to study the relation of OPG to conditions 
related to vascular dysfunction such as diabetes, hyper-
tension, aging, and obesity19. The relation of OPG to 
other clinicopathologic parameters revealed that OPG 
was significantly increased in diabetic patients. Therefore, 

Table 3. Multivariate Regression Analysis of the Relation of 
OPG to Study Parameters

Clinicopathologic Parameters OR 95% CI p

Diabetes mellitus 3.75 1.88–5.94 0.01
Progesterone receptor positivity 0.62 0.15–1.37 0.52
Previous aromatase inhibitors 2.21 1.43–3.62 0.03

Figure 7. ROC curves of OPG for the detection of bone metastasis in all cases and after excluding diabetic patients and patients previ-
ously treated with AI.
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OPG elevation in diabetic patients can be attributed to 
the associated endothelial dysfunction20. In addition, 
OPG was significantly increased in patients with previ-
ous therapy with aromatase inhibitors. A similar eleva-
tion of serum OPG levels after therapy with aromatase 
inhibitors was reported in a recent study21. This elevation 
was limited to patients with bone metastasis in a previ-
ous report16. OPG revealed a high specificity (92%) and 
low sensitivity (59%) in detecting bone metastasis. On 
the other hand, RANKL showed low specificity (53%) 
and high sensitivity (86%). The ratio of RANKL/OPG 
presents appropriate specificity and sensitivity (72% and 
73%, respectively), suggesting that the ratio could be a 
biomarker for the detection of bone metastasis. The sen-
sitivity of serum OPG concentration in the detection of 
bone metastases was low, maybe due to interaction with 
other parameters such as diabetes mellitus and previ-
ous therapy with aromatase inhibitors. This result was 
enforced by increased sensitivity of the OPG serum level 
for the detection of bone metastases after the exclusion of 
diabetic patients and patients previously treated by aro-
matase inhibitors (Fig. 7). A negative correlation between 
the serum level of OPG and the extent of bone metastasis 
reflects the blocking action of OPG on osteoclastogenesis 
in a dose-dependent manner (Fig. 4). In addition, OPG 
appears to block the differentiation of osteoclasts22. This 
may depend on metastatic breast cancer cell production 
from a variety of factors that disturb the balance of bone 
formation and bone destruction. The downregulation of 
OPG decreases bone deposition; therefore, the stimula-
tion of OPG action is a potential target for the prevention 
of and treatment for metastatic bone disease.

In conclusion, the present work provides support for 
the emerging concept that bone turnover markers carry 
considerable potential for the detection of bone metasta-
ses in patients diagnosed with breast cancer. Serum OPG 
levels, especially in nondiabetics and in the absence of 
previous AI therapy, and RANKL/OPG ratio are potential 
cost-effective novel biomarkers for the detection of bone 
metastases. Confirmation of such findings in other larger 
studies could open up interesting possibilities for its use 
as an alternative to radiographic exams or as an aid in the 
planning of personalized adjuvant bone-targeted therapy.
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