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Introduction

Bones represent the third most common location of 
metastatic tumors in patients with generalized malignancy, 
after the liver and the lung. Bone metastasis rates, vary 
depending on the primary tumor site. Specifically, the 
percentage of bone metastases in generalized breast 
or prostate cancer, ranges between 65 and 75%, 30-
40% in lung cancer, 14-45% in melanoma, 20-25% in 
kidney cancer, 60% in thyroid cancer and 40% in bladder 
cancer1.

Bone metastases are divided into osteolytic, 
osteoblastic and mixed depending on how they interact 
with the bone remodeling system. Osteolytic metastasis 
causes the destruction (or lysis) of the affected bone and 
this is principally due to increased osteoclastic activity. 
This type of bone metastasis is mainly encountered 
in breast, lung, kidney, thyroid and gastrointestinal 
malignancies, and is also very characteristic of multiple 
myeloma, melanoma, non-Hodgkin lymphoma and of 
Langerhans-cell histiocytosis. Also, in more advanced 
stages of malignancies, bone ischemia as a result of 
vascular compression can result in osteolytic bone 

metastasis. Osteoblastic or sclerotic bone metastases 
is typically found in prostate cancer and is defined by 
the production of new bone. The main representative of 
mixed bone metastasis is breast cancer2. In this case, 
the patients may have bone metastasis that have both 
osteolytic and osteoblastic parts in a single lesion or they 
could have multiple osteolytic and osteoblastic lesions on 
their bones. It is estimated that 15 to 20% of the women 
with breast cancer and bone metastasis belong in this 
latter category. 
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Pain as a severe complication in metastatic 
bone disease

The main complications of bone metastases are 
hypercalcemia, pathological fractures, spinal cord 
compression and pain. These complications are directly 
correlated with increased morbidity, reduced mobility and 
decrease of life quality, which is a great concern for these 
patients, as they slowly get incapable of participating in their 
daily activities and they become dependent on other people. 

Pain is the most frequent symptom of the metastatic 
bone disease. A percentage of 83% of the patients with bone 
metastases will experience pain due to them. The severity, 
the frequency and the place of the pain will differ3,4, while 
23 to 45% of these patients will not receive an adequate 
treatment to manage the pain5. These numbers should be 
considered as very dissatisfying if we take into account the 
availability of the many different types of treatment that we 
can provide to patients to manage their pain. 

The physiology of metastatic disease includes four main 
stages. First, angiogenesis consists an essential prerequisite 
for tumor growth and at the same time the main pathway that 
tumor cells use to migrate in distant organs, such as bones. 
Secondly, cancer cells filtrate the cell membrane locally and 
then adhere to the endothelium of the tissue that are going 
to filtrate, resulting in organ invasion and metastatic hearth 
creation6. It is important to mention that bones consist a very 
fertile environment for the filtration and the development of 
metastatic disease. This is due to the high concentration 
of cytokines that are released during bone remodeling, 
while osteoclastic activity during bone resorption creates a 
suitable microenvironment for the adhesion and growth of 
cancer cells. Furthermore, the rich bone vascularization aids 
the transportation of the tumor cells7. 

The pathophysiology of the pain that is occurred due to 
bone metastases is complex and involves both neuropathic 
and inflammatory pathways. Tumors beyond cancer cells, 
are also composed of inflammatory cells which secrete 
transmitters and cytokines. These chemical factors activate 
the nerve endings of pain in the bones and lead to increased 
osteoclast activity, which results in the destruction of 
nerve endings. Also, inflammation causes the decrease of 
microenvironmental pΗ, which results in the activation of 
pain nerve endings, sensitive in a lower ph. A third mechanism 
is the direct filtration of bone nerves by tumor cells, while 
the enlargement of the periosteum, due to metastatic mass, 
can cause pain in the area. Finally, complications of bone 
metastases, such as abnormal fractures and spinal cord 
compression are a cause of pain in patients who suffer from 
metastatic skeletal neoplasia8. 

There are drugs that target the osteoclastic activity which 
gets upregulated by the cancer cells and their spreading 
to the bone. In this category, the prime example are 
bisphosphonates that have been used for more than fifteen 
years in the treatment of tumor induced hypercalcemia 
and has been proven to diminish the incidence of cancer 

events of the skeleton. Bisphosphonate inhibit specifically 
the osteoclasts by preventing tumor cells to bind to the 
bone matrix, by stopping the activation of the adenosine 
triphosphate-dependent proton pump which disrupts the 
dissolvement of the bone mineral matrix by not letting protons 
to secret, by the destruction of the osteoclast cytoskeleton 
and by promoting the apoptosis of the osteoclasts9,10. 
Also, bisphosphonates inhibit the recruitment and the 
differentiation of the cells that will evolve into osteoclasts11 
and promote the inhibition of matrix metalloproteinases12 
and finally, they have a direct role in the destruction of the 
cancer cells by activating proapoptotic roads13,14. 

Denosumab is a human monoclonal antibody that 
specifically binds and inactivates RANKL, the receptor 
activator of NF-kB ligand, which has an especially important 
role in the stimulation of osteoclastic differentiation15. Many 
studies have compared the efficiency between denosumab 
and bisphosphonates in the treatment of patients with 
metastatic bone disease16. The results were very positive for 
denosumab as a first-line treatment in cancer patients with 
solid tumors, as well as a second-line treatment for patients 
with solid tumors and hematological malignancies that had 
previously used bisphosphonates as a therapy and had not 
seen a decrease in bone markers, so their risk for skeletal-
related events was still high17,18. 

Furthermore, chemotherapeutic agents, aiming to reduce 
the total cancer burden and hormone therapy, for sensitive 
to hormones malignancies, are used to treat systemic bone 
metastatic disease. In addition, the analgetic treatment of 
patients with both opioid and non-opioid drugs, does not cure 
but relieves the pain and improves the quality of life in such 
patients. Steroids are also being used because of their anti-
inflammatory ability and their efficiency in decreasing the 
swelling that is associated with bone metastases. Alternative 
non-pharmaceutical methods should also be mentioned, with 
radiotherapy being the main representative, while in some 
cases surgical treatment or intravenous radiation, which is a 
form of radiation that uses radiopharmaceuticals, molecules 
of radioactive material that are given intravenously and have 
a strong attraction to bones, are indicated19,20.

The RANK, RANK-L and osteoprotegerin 
system

The system that is composed by the receptor activator 
of nuclear factor (NF)-kΒ-ligand (RANK-L), the receptor 
activator of nuclear factor kB (RANK) and the receptor 
osteoprotegerin (OPG), was identified in the late 1990s, while 
trying to isolate factors that regulate osteoclastogenesis21. 
Since then, it has been discovered that this system does 
not just have a role in the regulation of bone resorption 
but holds a critical spot in bone modeling and remodeling. 
Furthermore, the main components of the RANK/RANK-L/
OPG system have been found in multiple organs through 
the body and research has proved its contribution to the 
development of mammary glands and lactation, as well as, 
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to cancer cell proliferation and metastasis in breast, prostate 
and primary bone cancer. It should also be mentioned that 
the RANK/RANKL system is one of the signaling pathways, 
that through the dendritic cells, lead to the development and 
adaptability of the immune system22.

Osteoclastogenesis and thus bone resorption is 
promoted by a paracrine signaling through the interaction 
of the osteoclast receptor RANK and its ligand RANK-L, 
which is part of the tumor necrosis factor family and is 
detected either as a transmembrane protein on the surface 
of osteoblasts and stromal cells, or in its soluble form 
after the action of proteinases on the transmembrane 
protein. It should be noted that the production of RANK-L 
by B and T lymphocytes is also considerable, especially, 
in case of inflammatory conditions23,24. Osteoprotegerin, 
a soluble glycoprotein of the TNFR family, binds to RANK, 
thereby preventing RANK activation and practically inhibits 
osteoclastogenesis and bone resorption. Osteoprotegerin is 
produced by osteoblastic cells in the bones, but also by the 
gastrointestinal, lung, breast and skin epithelial cells, as well 
as by vascular endothelial cells, B lymphocytes and dendritic 
cells25,26.

RANK/RANK-L/OPG and its role in 
carcinogenesis

RANK and RANK-L factors play a key role in the migration 
and growth of neoplastic cells27. Neoplastic cells produce 
the parathyroid hormone peptide (PTHrP), which augments 
osteoclastogenesis by increasing the RANK-L expression on 
the osteoblasts surface. Particularly, RANK-L binds to its 
receptor (RANK), which is located on the surface of precursor 
osteoclasts, resulting in their maturation and activation. 
Increased osteoclastogenesis can lead to osteolysis and 
consequently to the release of minerals and growth factors 
which consist a factor that favors the proliferation of cancer 
cells, along with the increased PTHrP production28.

In breast cancer, growth factors released by the lysis of 
the bone, such as IGF-1 and TGF-β, reinforce in their own 
way the development of neoplastic disease. Specifically, 
IGF-1 activates sequential signaling pathways that lead to 
cancer cell proliferation and chemotaxis, by directing them 
to the bones for filtration, thereby increasing the metastatic 
load. As regards TGF-β reinforces bone resorption 
by inducing the expression of PTHrP and Il-11, which 
suppresses osteoblastogenesis. Integrins release favors 
the adhesion of tumor cells to bone, whereas Prostaglandin 
E2 increases RANK-L expression. Factors that stimulate 
osteoclastogenesis with concomitant osteoblastogenesis 
suppression are interleukins 6 and 11 (IL-6, IL-11), 
macrophage colony stimulating factor (M-CSF) and tumor 
necrosis factor-1(TNF-a)29. 

Osteoblastic metastases are characteristic in prostate 
cancer. Endothelin-1 (ET-1) consists a cancer cell derivative 
that leads to osteoblast proliferation, that induces however 
osteoclastogenesis through its interaction with multiple 

cytokines (RANK-L, CTFG, PTHrP). In fact, increased 
expression of PTHrP, in combination with the inactivation 
of the osteolytic action of the peptide by Prostate-Specific 
Antigen (PSA) is according to studies, the main pathway 
for the generation of osteoblastic metastases30. In addition, 
platelet-derived growth factor (PDGF) stimulates osteoblast 
proliferation and leads to bone formation, whereas insulin-
like growth factor type 1 (IGF-1) acts chemotactically 
on cancer cells by directing them to the bones and by 
stimulating their migration and development of bone 
metastases, and subsequently induces the proliferation 
of tumor cells in the bones. Finally, we should mention the 
proteases, adrenomedullin, bone morphogenetic proteins 
(BMP’s) and TGF-beta factors that are involved in the 
creation and development of osteoblastic metastases of 
prostate cancer31. 

As interaction of RANK/RANK-L does not only affect bone 
homeostasis but also plays an important role in multiple 
processes of human body, a considerable number of studies 
have been carried out, aiming to determine the possible 
association of RANK-L blockade with antitumor activity. 
Studies are focusing specifically on the blockade of RANK/
RANK-L axis with denosumab, in patients with an increased 
risk of developing primary breast carcinoma. Particularly, a 
decrease has been observed in the proliferation of breast cells, 
in women treated with denosumab, which is the monoclonal 
antibody associated with RANK/RANK-L, inhibiting RANK/
RANK-L interaction and consequently inhibiting osteoclast 
formation, function and survival32. 

RANK/RANK-L/OPG system as biomarkers

According to the National Cancer Institute (NCI) a 
biomarker is “a biological molecule found in blood, other 
body fluids, or tissues that is a sign of a normal or abnormal 
process, or of a condition or disease and may, also, be used 
to see how well the body responds to a treatment for a 
disease or condition”. 

The role of RANK/RANK-L/OPG as biomarkers has 
been under investigation for nearly two decades now. In 
the beginning, the researchers were focused solely on 
bone associated processes and diseases and especially 
in bone absorption and bone remodeling33. Nowadays, the 
significance of the system in multiple organs and systemic 
body functions has expanded the research for its suitability as 
a biomarker in many diseases of the cardiovascular system 
such as atherosclerosis, coronary artery calcification34,35, 
acute coronary syndrome36, ischemic stroke37, abdominal 
aortic aneurysm progression38, as well as, in more systemic 
procedures an example of which is thermal regulation39.

The importance of the system on metabolic bone diseases 
led to wider investigation on the use of RANK/RANK-L 
and OPG as biomarkers on illnesses of the joint, such as 
osteoarthritis40, rheumatoid arthritis41, diabetic Charcot 
arthropathy42 and periprosthetic joint infection and aseptic 
prosthesis loosening43. Naturally, research on its significance 
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on dental diseases followed and by now the system has 
been proved as an accurate biomarker for the occurrence 
of periodontitis44, for the bone loss that is associated with 
peri-implantitis45 and for the bisphosphonate-related 
osteonecrosis of the jaw46.

In malignant diseases with bone involvement the role 
of the RANK/RANK-L/OPG system has been thoroughly 
established. Its value has not been completely measured 
as more and more research is being conducted for its use 
as a disease related, prognostic and treatment efficiency 
biomarker. In the matter of the later reference, studies have 
been already conducted both on the utility of these indictors 
in monitoring the response of metastatic bone disease to 
zoledronic acid treatment47, by measuring them in the blood 
of patients, and in women with breast cancer who have been 
treated with anthracycline-based chemotherapy for their 
predictive value for metastatic bone disease48.

The ability to measure RANK, RANK-L and osteoprotegerin 
was made possible by immunohistochemistry, the 
polymerase chain reaction and the Western blot method. 
The calculation of RANK, RANK-L and osteoprotegerin 
can be performed after cell collection and tissue biopsy, 
while the measurement of RANK-L and osteoprotegerin 
is now possible in the blood by ELISA (Enzyme-Linked 
Immunosorbent Assay). However, all the above methods are 
not widely available and, so far, there have not been large 
clinical trials to determine the actual value of the soluble 
RANK-L and OPG as biomarkers49. 

Conclusion and future directions

In conclusion, the RANK/RANK-L/OPG system appears 
to be involved in many intracellular pathways that are 
associated with survival, proliferation and bone metastasis. 
Nevertheless, there is still insufficient bibliography, 
whereby one of these factors can be used safely as a 
biomarker, for the diagnosis, prognosis and evaluation of 
metastatic bone disease.

Considering that most of the patients with metastatic 
bone disease will experience pain that decrease their life 
quality and that many of them will not receive adequate 
treatment for this symptom, we suggest further investigation 
into the prospect that the levels of the serum RANK, RANK-L 
and OPG molecules could be associated with the severity of 
the pain these patients suffer from. 
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