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A B S T R A C T 

 

Introduction: Metastasis commonly occurs in the bone, termed metastatic bone 

disease (MBD). Early diagnosis and intervention are important to prolong and 

increase the quality of life. Although conventional radiology is less sensitive for 

diagnosing this disease, it remains the most cost and time-efficient screening 

method. This study aimed to describe the radiological profile of patients diagnosed 

with MBD based on its histopathological result. 

Methods: This was a descriptive retrospective study using medical records and 

digital radiological data of patients diagnosed with MBD from 2019-2021 in Dr. 

Soetomo General Academic Hospital, Surabaya. Variables in this study include 

gender, age, histopathological result, location of metastases, number of lesions, 

lesion density, and pathological fracture. 

Results: 51 patients were diagnosed with MBD during the period of the study and 

sorted into 121 cases based on metastases location. MBD is more frequent in older 

female patients, where lesion mostly originates from the breast, thyroid, and lungs, 

with adenocarcinoma as the most common histology. Vertebrae were the most 

common location of metastases. Most lesion tends to be multiple and osteolytic. 

However, certain lesions from different primary tumor had different predilections. 

Pathological fracture was present in 55.37% of cases. 

Conclusion: MBD needs to be suspected in patients with cancer from the breast, 

thyroid, and lungs as its incidence is higher. More studies about MBD profiles on a 

larger scale should be conducted to better represent this disease in the general 

population. 

 

Highlights: 

1. The incidence of MBD tends to be more frequent in older ages and in female 

patients. 

2. The radiological appearance of a lesion tends to differ depending on its primary 

tumor. 

3. Pathological fracture was present in 55.37% of the cases.  
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Introduction 

 

Metastatic bone disease (MBD) happens when a 

cancerous tumor metastasizes to the bone. The bone is the 

third most common place where metastases occur after the 

lung and liver.1 The presence of these diseases signifies 

poor prognosis and survival rate. Early diagnosis and 

treatment of MBD aim to promote quality of life, prevent 

complications and slow cancer progression, and prolong 

the patient’s life expectancy. Several complications and 

morbidity of this disease include bone pain, pathological 

fracture, vertebral nerve compression, and hypercalcaemic 

syndrome.2  

Epidemiological data in America shows that during 

2010-2015, around 5.1% of cancer patients had MBD with 

lung, prostate, and breast, respectively, as the most 

common primary cancer.3 In general, it is estimated that 

around 400,000 new cases of MBD are diagnosed in 

America annually.4 Meanwhile, epidemiological data about 

the prevalence of MBD in Indonesia are still lacking. 

Although this disease might originate from almost any 

cancerous tumor, certain cancer has a predilection to 

metastasize to the bone. Around 90% of patients with 

prostate cancer and 60-70% of patients with breast cancer 

also experience MBD.5 Other common sources of 

metastases include the lung, thyroid, and kidney. Based on 

its histological appearance, the incidence of 

adenocarcinoma metastasizing to the bone is also a 

common finding.6 

The proposed basic mechanism of MBD is based on 

Paget’s seed and soil hypothesis, which states that 

metastasis is caused by interactions between cancer cells 

and the target organ’s cell. As the theory progresses, it is 

found that the process of metastasis is staged into 

intravasation, extravasation, cancer latency, and 

development of micro and macro-metastasis in which the 

premetastatic niche of the target organ plays an important 

role.7  

In general, MBD is classified according to its lesion 

density into osteolytic, osteoblastic, and mixed type, each 

with its own mechanism of metastases. The osteolytic 

lesion is formed through receptor activator of nuclear factor 

kappa-Β ligand (RANK/RANKL) vicious cycle, along with 

cytokines such as interleukin-6 (IL-6), IL-8, and parathyroid 

hormone-related protein (PTHrP) which upregulates 

osteoclast activity.8 Osteoclast hyperactivity causes 

destruction of the bone, hence giving a hypodense 

appearance on radiology results. This activity also causes 

hypercalcaemia and pathological fracture. The osteoblastic 

lesion is formed through the overproduction of endothelin-

1 (ET-1), insulin growth factors-1 (IGF-1), WNTs, tumor 

growth factor-beta (TGF-beta), urokinase-type 

plasminogen activator (uPA), fibroblast growth factors 

(FGFs), and bone morphogenic proteins (BMPs) which 

promotes osteoblast production and activity.9 Osteoblast 

hyperactivity causes excessive formation of the bone, 

showing hyperdense appearance on radiology results. A 

mixed lesion happens when there is both osteolytic and 

osteoblastic activity, showing both hypodense and 

hyperdense lesion on the bone.8,9   

Conventional radiology is commonly used to assess 

fracture risk and as a preliminary screening of patients with 

bone pain. The main advantages of conventional radiology 

compared to other modalities, such as computed 

tomography (CT)-scan and magnetic resonance imaging 

(MRI) in cases of MBD, lies in its cost and time 

effectiveness, making it the best screening method. 

However, in patients with asymptomatic bone metastasis, 

lesion only appears in conventional radiology when around 

50-70% of bone structure is destroyed, in which other 

additional radiological modalities are needed in order to 

help confirm the diagnosis of MBD.10 This study aimed to 

describe the radiological profile of patients with MBD based 

on its histopathological result. 

 

Methods 

 

This was a retrospective descriptive study using 

medical records and digital radiological data (conventional 

radiology/X-ray). Variables included in this study were age, 

gender, primary cancer, number of lesions, lesion density, 

lesion morphology, and presence of a pathological fracture. 

Each variable obtained from radiological results or medical 

records was sorted based on its histopathological result 

(primary cancer and histology) and then compared with 

each other. The radiological and histopathological results 

of the patients were reviewed once more by specialists in 

their respective fields in order to be more accurate. This 

study had received ethical clearance approval from the 

Ethics Committee of the Faculty of Medicine, Universitas 

Airlangga, and Dr. Soetomo General Academic Hospital, 

Surabaya. 

Samples were obtained using a total sampling method 

according to its inclusion criteria in which the patient had 

never performed any operation or internal implant fixation 

procedure or at least the patient had pre-operation 

radiology results documented during 2019-2021. Biopsy or 

post-operation histopathological tests were also performed 

to fulfil these sampling criteria. Medical records and digital 

radiological results of the sample were obtained from the 

Department of Radiology, the Department of Orthopaedics 

and Traumatology, and the Department of Anatomical 

Pathology. Data analysis using Excel was performed on the 

sample, as shown in this study. 

 

Results 

 

There were 51 patients fulfilling inclusion criteria during 

this study period, of which 17 were males (33.33%), and 34 

were females (66.67%). The youngest patient found in this 

study was 5 years old (nephroblastoma/Wilms tumor), and 

the oldest was 72 years old (unknown origin primary 

cancer). The incidence of MBD tends to rise with age and 

peaks at 56-60 years old (29.41%) (Figure 1). The most 

common origin of metastasis was breast (21.57%), thyroid 

(21.57%), and lungs (15.69%). There were also cases of 

MBD from other origins such as prostate (7.84%), 

nasopharynx (3.92%), gastrointestinal tract (GIT) (3.92%), 

liver (1.96%), cervix (1.96%), skin (1.96%), kidney (1.96%), 

pancreas (1.96%), and adrenal (1.96%). Extensive 
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radiology, biochemical, and histologic examination had 

been performed on all patients, but in 7 patients (13.73%), 

the primary cancer was not found, termed as an unknown 

origin. 

 

Figure 1. Age distribution of patients with MBD in Dr. 
Soetomo General Academic Hospital, Surabaya 
 

Source: Research data, processed 
 

In Table 1, it can be seen that in female patients, breast 

(32.35%) was the most common source of metastasis, 

followed by thyroid (26.47%) and lungs (17.65%). There 

were also cases of metastases from skin (2.94%), kidney 

(2.94%), cervix (2.94%), and metastasis of unknown origin 

(14.71). Meanwhile, in male patients, prostate (23.52%) 

was the most common source of metastasis. There were 

also cases of metastasis from thyroid (11.76%), lung 

(11.76%), nasopharynx (11.76%), GIT (11.76%), liver 

(5.88%), pancreas (5.88%), adrenal (5.88%), and 

metastasis of unknown origin (11.76%).   

 

Table 1. Distribution of MBD patients’ gender based on the 
primary cancer in Dr. Soetomo General Academic Hospital, 
Surabaya 
 

Primary 
Cancer 

Male  
Primary 
Cancer 

Female 

Prostate 4  Breast 11 
Thyroid 2  Thyroid 9 
Lungs 2  Lungs 6 
Others 7  Others 3 

Unknown 2  Unknown 5 

Total 17  Total 34 
Source: Research data, processed 

 

As shown in Table 2, the histopathological test was 

performed in these patients and adenocarcinoma (52.94%) 

showed up as the most common histology result, followed 

by thyroid carcinoma (19.61%) and squamous cell 

carcinoma (5.88%). MBD from breast cancer showed 

adenocarcinoma (ductal and non-ductal) in 9 out of 11 

histology results (81.81%), thyroid cancer showed thyroid 

carcinoma (follicular and papillary) in 10 out of 11 histology 

results (90.91%), lung cancer showed adenocarcinoma in 

6 out of 8 histology results (75.00%), and prostate cancer 

showed adenocarcinoma in 4 out of 4 histology results 

(100%). Neuroendocrine tumor (NET) was found in 12.50% 

of lung cancer and 100% of pancreatic cancer, while 

squamous cell carcinoma (SCC) was found in 100% of 

nasopharynx cancer and 100% of cervical cancer. Four 

results were showing non-specific histological appearance 

from breast (18.18%), thyroid (9.09%), and lung cancer 

(12.50%), hence termed poorly differentiated carcinoma. 

Other histology results include hepatocellular carcinoma 

(HCC) (1.96%), melanoma (1.96%), nephroblastoma 

(1.96%), and sarcoma (3.92%). 

 

Table 2. Histology results of patients diagnosed with MBD 
in Dr. Soetomo General Academic Hospital, Surabaya 
 

Histology N Percentage 

Adenocarcinoma 27 52.94% 
Thyroid carcinoma 10 19.61% 

NET 2 3.92% 
SCC 3 5.88% 

Poorly differentiated carcinoma 4 7.84% 
Others 5 9.80% 

Total 51 100% 
Source: Research data, processed 

 

A total of 121 locations of metastasis on the bone were 

found in 51 patients (Table 3). Note that a single patient 

might have more than one location of metastasis in the 

bone. The most metastasis found in a single patient in this 

study was in 9 different locations. Vertebra (21.49%) was 

the most common place of metastasis, especially the 

thoracolumbar segment, followed by femur (19.01%), and 

iliac (14.88%). Breast cancer tends to metastasize in the 

femur (22.58%), thyroid cancer to the humerus (29.41%), 

lung cancer to the femur (31.25%) and prostate cancer to 

the iliac bone (23.53%). Meanwhile, based on its histology, 

adenocarcinoma tends to metastasize to the femur 

(25.00%), thyroid carcinoma to the humerus (25.00%), 

neuroendocrine tumor to the femur (25.00%), and 

squamous cell carcinoma to the tibia (37.50%). Other 

locations of metastasis found in this study include calvaria 

(2.48%), clavicula (1.65%), scapula (0.83%), sternum 

(0.83%), costae (1.65%), ischium (4.96%), acetabulum 

(2.48%), fibula (2.48%), talus (1.65%), tarsal (0.83%), and 

calcaneus (0.83%). 

 

Table 3. Common metastasis location of patients 
diagnosed with MBD in Dr. Soetomo General Academic 
Hospital, Surabaya 
 

Location N Percentage 

Vertebra 26 21.49% 
Femur 23 19.01% 
Iliac 18 14.88% 

Humerus 12 9.92% 
Pubic 11 9.09% 
Tibia 8 6.61% 

Others 37 30.58% 

Total 121 100% 
Source: Research data, processed 
 

Lesions from each location on conventional radiology 

were sorted based on primary cancer (Table 4) and 

histology results (Table 5). In general, 66.12% of lesion in 

the bone tends to be multiple, and 33.88% were single.
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Table 4. Radiological profile (number of lesions, density of lesion, pathological fracture) of MBD based on its primary cancer 
in Dr. Soetomo General Academic Hospital, Surabaya
 

Primary Cancer Number of Lesions Density of Lesion Pathological Fracture 

Breast (n = 31) 
Single  
Multiple  

8 (25.81%) 
23 (74.19%) 

Osteolytic 
Osteoblastic 
Mixed 

14 (45.16%) 
1 (3.23%) 
16 (51.61%) 

19 (61.29%) 

Thyroid (n = 17) 
Single 
Multiple 

11 (64.71%) 
6 (35.29%) 

Osteolytic 
Osteoblastic 
Mixed 

17 (100%) 
0 (0%) 
0 (0%) 

13 (76.47%) 

Lung (n = 16) 
Single  
Multiple  

7 (43.75%) 
9 (56.25%) 

Osteolytic 
Osteoblastic 
Mixed 

11 (68.75%) 
0 (0%) 
5 (31.25%) 

7 (43.75%) 

Prostate (n = 17) 
Single  
Multiple  

5 (29.41%) 
12 (70.59%) 

Osteolytic 
Osteoblastic 
Mixed 

4 (23.53%) 
10 (58.82%) 
3 (17.65%) 

8 (22.22%) 

Unknown origin (n = 11) 
Single 
Multiple 

8 (72.73%) 
3 (27.27%) 

Osteolytic 
Osteoblastic 
Mixed 

5 (45.45%) 
5 (45.45%) 
1 (9.09%) 

5 (45.45%) 

Others (n = 29) 
Single  
Multiple  

2 (6.90%) 
27 (93.10%) 

Osteolytic 
Osteoblastic 
Mixed 

13 (44.83%) 
0 (0%) 
16 (55.17%) 

15 (51.72%) 

Source: Research data, processed 

 
Table 5. Radiological profile (number of Lesions, density of lesion, pathological fracture) of MBD based on its histology in Dr. 
Soetomo General Academic Hospital, Surabaya  
 

Histology Number of Lesions Density of Lesion Pathological Fracture 

Adenocarcinoma (n = 64) 
Single  
Multiple  

24 (37.50%) 
40 (62.50%) 

Osteolytic 
Osteoblastic 
Mixed 

28 (43.75%) 
16 (25.00%) 
20 (31.25%) 

38 (59.38%) 

Thyroid carcinoma (n = 16) 
Single 
Multiple 

10 (62.50%) 
6 (37.50%) 

Osteolytic 
Osteoblastic 
Mixed 

16 (100%) 
0 (0%) 
0 (0%) 

11 (68.75%) 

NET (n = 16) 
Single  
Multiple  

2 (12.50%) 
14 (87.50%) 

Osteolytic 
Osteoblastic 
Mixed 

2 (12.50%) 
0 (0%) 
14 (87.50%) 

2 (12.50%) 

SCC (n = 8) 
Single  
Multiple  

0 (0%) 
8 (100%) 

Osteolytic 
Osteoblastic 
Mixed 

3 (37.50%) 
0 (0%) 
5 (62.50%) 

8 (100%) 

Poorly differentiated carcinoma (n = 6) 
Single  
Multiple  

3 (50.00%) 
3 (50.00%) 

Osteolytic 
Osteoblastic 
Mixed 

6 (100%) 
0 (0%) 
0 (0%) 

3 (50.00%) 

Others (n = 11) 
Single  
Multiple 

2 (18.18%) 
9 (81.82%) 

Osteolytic 
Osteoblastic 
Mixed 

9 (81.82%) 
0 (0%) 
2 (18.18%) 

6 (54.55%) 

Source: Research data, processed

 

Osteolytic (52.89%) was the most common lesion 

density, followed by mixed (33.88%) and osteoblastic 

(13.22%). There was a presence of pathological fracture in 

55.37% of all cases. Based on its primary cancer, lesion 

from breast cancer tends to appear on conventional 

radiology as multiple (74.19%) and mixed (51.61%), thyroid 

cancer tends to be single (64.71%) and osteolytic (100%), 

lung cancer tends to be multiple (56.25%) and osteolytic 

(68.75%), while prostate tends to be multiple (70.59%) and 

osteoblastic (58.82%). Based on its histology result, 

adenocarcinoma tends to be multiple (62.50%) and 

osteolytic (43.75%), thyroid carcinoma tends to be single 

(62.50%) and osteolytic (100%), NET tends to be multiple 

(87.50%) and mixed (87.50%), SCC tends to be multiple 

(100%) and mixed (62.50%). Based on its primary cancer, 

thyroid cancer had the highest incidence of pathological 

fracture (76.47%), while prostate had the lowest incidence 

(22.22%). Based on its histology, thyroid carcinoma had the 

highest incidence of pathological fracture (68.75%), while 

NET had the lowest incidence (12.50%). 

Discussion 

This study showed that MBD was more frequent in 

females than males (66.67% or 2.00 times). This result was 

in line with the theory that oestrogen facilitates metastasis 

to the bone by creating a favorable microenvironment for 

cancer cells. Studies have shown that estrogen plays an 

important role in MBD, in which women with estrogen 

receptor-alpha (ER+) has an incidence of MBD from breast 

cancer three times more frequent than women with ER-. In 

prostate cancer, a decrease in the androgen and estrogen 

ratio is associated with increased chances of MBD.11 

This study found that MBD tends to rise with age and 

peaks at 56-60 years old. Another study with 11 years 

period of study also showed similar results in which cases 

of MBD rise with age and peak at 61-65 years old.12 There 
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might be a slight difference in the age distribution of 

patients with MBD due to epidemiological differences 

between study places. Still, the results share the similarity 

that MBD tends to increase along with age. Increased 

incidence of MBD is proportionately similar to the incidence 

of cancer in general due to genome instability, telomere 

attrition, altered proteostasis, mitochondrial dysfunction, 

cellular senescence, and stem cell exhaustion, hence 

increasing genetic errors and mutation and subsequently 

increasing chances of cancer and metastasis.13 However, 

there were some cases where MBD occurs in childhood 

and in this study, the youngest MBD patient was 5 years 

old with primary cancer from the kidney (Wilms tumor). 

Breast (21.57%), thyroid (21.57%), and lung (15.69%) 

were the most common source of MBD in this study. 

Another study showed that breast (18.8%), prostate 

(17.5%), and lung (13.7%)  were the most common source 

of metastasis.14 Different studies show a slight difference in 

the distribution of primary cancer. In general, lung, prostate, 

thyroid, breast, and kidney represent up to 80% origin of 

cancer in cases of MBD.15 Adenocarcinoma was the most 

common histology result in this study. Other studies also 

showed that adenocarcinoma is the most common 

histology in cases of MBD.15,16 Patients with lung 

adenocarcinoma tend to show a higher risk of developing 

MBD than other histology results.17,18 It is also 

hypothesized that exosome miR-214 which is highly 

expressed in lung adenocarcinoma promotes osteoclast 

differentiation, playing an important role in a vicious cycle 

of MBD formation.19 Similarly, another study showed that in 

prostate adenocarcinoma, bone was the most common 

location of metastasis (55.33%).20  

Metastasis in this study tends to occur in the vertebra 

(especially the thoracolumbar region), femur, and iliac 

bone. A two-decade period of study on this disease also 

shows that the vertebra (52.1%), especially the 

thoracolumbar, femur (17.8%), and pelvis (9.5%) were the 

most common places of metastasis.21 Another study 

showed that spine, pelvis, ribs, skull, and proximal femur 

were the most common location of metastasis in the 

bone.22 This pattern of metastasis to the bone is 

proportionate to the content of red bone marrow of the 

bone. Therefore, vertebra, pelvis, and ribs tend to have 

higher chances of experiencing metastasis.23 In this study, 

mixed density tends to occur in lesions originating from 

breast cancer, osteolytic density in cancer from the thyroid 

and lung, while osteoblastic density occurs in prostate 

cancer. This finding was similar to the pathogenesis of 

MBD which resulted in osteoblastic lesion tendency in 

prostate cancer, osteolytic tendency in lung and thyroid 

cancer, while mixed tendency occurs in breast cancer.24  

In cases of prostate cancer, PTHrP which is highly 

expressed stimulates primarily osteolytic activity and some 

osteoblastic activity, induces neovascularization, and 

promotes tumor growth.25 RANK/RANKL/OPG system also 

plays an important role in prostate cancer, in which 

prostate-specific antigen (PSA) from prostate cancer cells 

stimulates osteoprotegerin (OPG) overexpression, 

enhancing osteoblastic activity compared to RANKL 

expression which enhances osteolytic activity.26 BMPs 

which are normally produced by bone cells and promote 

osteoblastic activity are also released by prostate cancer 

cells along with WNT, playing a role in the progression of 

this disease.27 In fact, WNT and RAS signaling are one of 

the most crucial factors in the growth of osteoblastic bone 

metastasis. Other growth factors such as IGF, TGF-beta, 

epidermal growth factor (EGF), (CXCL12), and annexin A2 

(ANXA2) also contribute to a cascade which causes 

proliferation and activation of osteoblast.28 

In osteolytic lesions, RANK/RANKL ligands are 

overexpressed by cancer cells compared to OPG.29 Breast 

cancer is also found to release PTHrP which specifically 

promotes osteolytic lesion formation.30 Inflammatory 

mediators and growth factors such as IL-6, IL-6, tumor 

necrosis factor-alpha (TNF-alpha), and macrophage 

colony-stimulating factor (M-CSF) further promotes 

osteolytic activity and enhance RANK/RANKL ligand 

formation.31 Meanwhile, in a mixed lesion, both osteoblastic 

and osteolytic activation cascade is stimulated, causing a 

mixed lesion appearance.32 Pathological fracture in this 

study was found in 55.37% of all cases. Meanwhile, in 

another study, pathological fracture was found in only 4.4% 

of cases of MBD.33 There were significant differences 

between the incidence of pathological fracture in this study 

compared to others. Because Dr. Soetomo General 

Academic Hospital, Surabaya, is a referral hospital, 

patients who visit this hospital have a bad clinical 

appearance and prognosis. The presence of pathological 

fracture signifies later stages of the disease, increasing the 

mortality rate of this disease.34   

 

Strength and Limitations 

The strength of this study was that it describes the 

radiologic appearance of a metastatic lesion in the bone 

and sorted it based on its primary cancer and histological 

result which can help doctors make faster diagnoses of 

primary cancer in patients with suspected MBD. The 

limitation of this study was that documentation of 

radiological data in Dr. Soetomo General Academic 

Hospital, Surabaya, was still conventional. Some patient 

results could not be retrieved, limiting the study period 

since older data were gone. Therefore, more extensive 

studies should be conducted in order to learn more about 

this disease. 

Conclusion 

Primary cancer from breast, thyroid, or lungs in female 

patients and prostate in male patients had the highest 

incidence of MBD. Osteolytic density appeared in thyroid 

and lung cancer, osteoblastic density in prostate cancer, 

and mixed density in breast cancer. Adenocarcinoma was 

the most common histology in most cases. Through this 

study, clinicians are expected to understand and help 

educate patients that certain cancers such as breast and 

prostate cancer tend to metastasize to the bone. It is also 

expected that clinicians are able to predict primary tumor 

based on the radiological appearance in cases of 

accidental bone metastasis finding. 
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