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ABSTRACT

BACKGROUND

Metastasis to the skeletal system is commonly associated with lung, prostate and breast cancers. The pattern of metastatic spread
varies depending on the type of the primary tumour and its site. This study aimed to assess the pattern and anatomical distribution
of skeletal metastases in histologically proven malignancies.

MATERIALS & METHODS
128 consecutive cancer patients with evidence of skeletal metastasis were evaluated for the anatomical distribution of bone
metastases. The clinical presentation of the metastatic bone disease was documented and the pattern of skeletal metastasis in
various cancers evaluated.

RESULTS

The 128 patients (76 males and 52 females) consisted of 45 patients (35.2%) with lung cancer, 41 patients (32%) with prostate
cancer, 19 patients (14.8%) with breast cancer, 9 patients (7%) with gastrointestinal cancer, 7 patients (5.5%) with renal cell
carcinoma and other miscellaneous tumours in the remaining 7. Spine was found to be the most common site of skeletal metastasis
(57.8%), followed by pelvic bones (22.6%) and ribs (14.8%). Lung cancers metastasized to spine, pelvis, ribs, scapula, humerus
and sternum. Prostate and breast cancers had metastatic lesions in the spine, pelvis, ribs, scapula, femur, sternum, clavicle, and
tibia. The clinical presentation varied from no specific symptoms to bone pain, neurological deficit and pathological fracture.

CONCLUSION
Bone metastasis has been found to occur in a predictable pattern. Thus, the knowledge of the usual pattern of metastasis in the
commonly seen malignancies will enable the clinician to formulate a thorough work-up for the diagnosis and management of

metastatic bone disease.
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BACKGROUND

Metastasis to the skeletal system is commonly seen
associated with lung, prostate and breast cancers. The
pattern of metastatic spread varies depending on the type of
the primary tumour and its site and so does the clinical
presentation. Awareness of the usual pattern of metastasis in
the commonly seen malignancies will help in early
identification. In order to evaluate the pattern of skeletal
metastases and their anatomical distribution in various
malignancies, a study was conducted among patients
admitted in the Oncology wing of a tertiary care hospital.

MATERIALS & METHODS
This cross-sectional, observational study was carried out to
evaluate the pattern and distribution of skeletal metastases in
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128 patients (76 males and 52 females) with histologically
proven malignancy and radiologically proven metastatic bone
disease. The clinical presentation of metastasis was
documented. Computed tomography, magnetic resonance
imaging and nuclear imaging by bone scintigraphy were the
investigation tools used for evaluation of skeletal metastases,
as a part of the diagnostic work-up for disease staging. The
anatomical distribution of metastases was studied, and the
results tabulated. Correlation of the site of the metastatic
bone lesions to that of the primary tumour was evaluated.

RESULTS

Of the 128 patients, 45 patients (35.2%) were diagnosed with
lung cancer, 41 patients (32%) had prostate cancer, 19
patients (14.8%) had breast cancer, 9 patients (7%) had
gastrointestinal cancer and 7 patients (5.5%) had renal cell
carcinoma. (Table 1) In the remaining 7 patients (5.5%), the
diagnosis varied and was hence classified into a
miscellaneous group consisting of ovarian cancer,
hepatocellular cancer, cancer of the oropharynx, metastatic
leiomyosarcoma, hepatocellular cancer, thyroid cancer and
one patient with an unknown primary. The patients belonged
to the age range of 28 to 84 years (mean of 59.41 + 12.51).
The sites of bony metastases were divided into spine, pelvic
bones including sacroiliac joints and sacrum, ribs, skull,
sternum, scapula, clavicle, humerus, femur, and tibia. Spine
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was found to be the most common site of skeletal metastasis
(57.8%), followed by pelvic bones including sacroiliac joints
and sacrum (22.6%) and the ribs (14.8%). (Table 2) Out of
128 patients, 113 patients with skeletal metastasis were
symptomatic, of which, 105 patients had bone pain and 8
patients complained of lower limb weakness associated with
spinal metastasis. In thirteen patients with bone pain,
metastatic bone lesion was associated with pathological
fracture. (Table 3). In lung and prostate cancer patients, spine
was found to be the most common site of metastasis followed
by pelvis and ribs. In breast cancer patients, femur was noted
as the third most common site of bone metastases. (Table 4).

Site of Primary Tumour Number of Patients
Lung 45
Prostate 41
Breast 19
Gastrointestinal tract 9
Kidney 7
Miscellaneous 7

Total 128
Table 1. Frequency distribution of primary tumour
according to site
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Site of Metastasis Frequency
Spine 74
Pelvis 30
Ribs 19
Skull 16
Femur 12
Scapula 9
Humerus 8
Sternum 7
Clavicle 5
Others 5
Table 2. Frequency distribution of site of skeletal
metastasis
Clinical Presentation Number of Patients
Bone pain 105
Bone pain with Pathological 13
fracture
Neurological deficits 8
No specific symptoms 15
Table 3. Relation of clinical presentation with metastatic
bone involvement

Site of Anatomical Site
Primary Spine Pelvis Ribs Skull Femur Scapula | Humerus | Sternum | Clavicle | Tibia
Lung 27 9 6 2 1 2 2
(45) (60%) | (20%) | (133%) | (4.4%) i (2.2%) (4.4%) (4.4%) i i
Prostate 22 15 7 4 5 6 2 4 2 1
(41 (53.7%) | (36.6%) | (17.1%) | (9.7%) | (12.2%) | (14.6%) (4.9%) (9.7%) (4.9%) | (2.4%)
Breast 14 8 4 4 5 1 3 2 1 1
(19) (73.7%) | (42.1%) (21%) (21%) (26.3%) (5.3%) (15.8%) | (10.5%) | (5.3%) | (5.3%)
Table 4. Distribution of skeletal metastases in lung, breast, and prostate cancers
degrade and penetrate the basement membrane and
DISCUSSION interstitial connective tissue of the extracellular matrix to

The term ‘metastasis’ basically describes a migration of
tumour cells via the blood, or lymph into other primarily
unaffected areas of the body.! This process involves invasion
of the lymphatics, blood vessels and body cavities by the
tumour, followed by transport and growth of secondary
tumour cell masses that are discontinuous with the primary
tumour. Haematogenous spread is the route of metastasis in
sarcomas but also the favoured route for carcinomas. Veins
are more frequently invaded than arteries due to their
thinner walls. Lung and liver are common sites of
haematogenous metastases as they receive the systemic and
venous outflow, respectively. Other major sites of
haematogenous spread include brain and bones.2 Thus the
term ‘bone metastasis’ describes the appearance of secondary
tumours in the skeletal system after groups of tumour cells
enabled to leave the primary tumour have reached the
skeletal system.3

The varying nature and ability of metastases from
different tumours suggests that cells within a primary
tumour are heterogenous with respect to metastatic abilities
and only certain subclones can complete all the steps in the
metastatic cascade to form secondary tumours at distant
sites. This can be exemplified by the propensity of osteogenic
sarcomas to develop metastases early in their course than
salivary gland carcinomas. The tumour cells must attach to,
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enable tumour migration. In the circulation these tumour
cells form emboli by aggregation and by adhering to
leukocytes, particularly platelets. The site where tumour cell
emboli lodge and produce secondary growth is influenced by
the vascular and lymphatic drainage from the site of the
primary tumour, interaction of tumour cells with organ-
specific receptors and microenvironment of the organ or site
of distant metastasis.2

Bone is the third most common site for metastasis after
lung and liver. It is one of the most common sites for
metastasis in patients with solid tumours arising from breast,
prostate, lung, thyroid, kidney and bladder.4 Other tumours
that can metastasize to bone include melanoma,
neuroblastoma, hepatocellular carcinoma, carcinoid tumour,
paraganglioma and few other solid tumours.

The propensity for cancer cells to metastasize to bone and
to induce osteolysis has long been recognized. Characteristics
of both the tumor cells and the bone microenvironment
contribute to this phenomenon. The presence of tumor in
bone is associated with activation of osteoclasts, resulting in
excessive bone resorption and subsequent osteolysis. Breast
cancer cells and other tumor types influence osteoclastic
bone resorption by increasing the number of osteoclasts and
enhancing their resorptive activity. Parathyroid hormone-
related peptide (PTHrP), in addition to its role in humorally
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mediated hypercalcemia, is secreted by metastatic breast
cancer cells in bone in which it acts as a paracrine factor to
stimulate osteoclasts. As bone matrix is broken down by
activated osteoclasts, a rich supply of mitogenic factors is
released, including insulin-like growth factors, bone
morphogenetic proteins, and fibroblast growth factors.
Transforming growth factor (TGF)-beta, one of the most
abundant of the bone-derived factors, promotes increased
production of parathyroid hormone-related peptide by tumor
cells, establishing a "vicious cycle" leading to progressive
tumor growth and bone destruction. Bisphosphonates
interrupt this cycle by inhibiting osteoclasts, in part by
inducing osteoclast apoptosis.5

Approximately 70% of patients with advanced breast or
prostate cancer, and upto 40% of patients with other
advanced solid tumours, develop bone metastases over the
course of their disease. More than 50% of advanced prostate
cancer cases and 20% of advanced breast cancer cases have
metastatic disease clinically confined to the skeleton.6

Development of skeletal metastases from a solid tumour
usually means that the disease has a poor prognosis and the
management is usually palliative. The median survival after
the diagnosis of bone metastasis ranges from 3-6 months in
non-small cell lung cancer to 53 months in prostate cancer.?

The variability in metastatic patterns of cancer is
influenced by the molecular and cellular characteristics of
both the tumour cells and the tissues to which they
metastasize. Bone metastases most commonly affect the axial
skeleton owing to the physical properties of the circulation
within the bone marrow, including capillary structure and
sluggish blood flow, which assists in the establishment of
metastases.”

The most common sites of bone metastases are the spine,
femur and skull. Metastases reach the skeleton in different
ways through the vascular system and are thus dependent on
the blood supply of the primary tumour. Early metastases in
the pelvis and the lumbar vertebrae are typical in prostate
cancer. Here, the metastatic disease spreads cranially via a
paravertebral vascular network, called ‘Batson’s plexus’.

The most common sites for metastatic breast cancer to
bone are spine, pelvis, ribs, skull, femur, humerus, and
scapula. Metastases from thyroid cancer are more commonly
located in the ‘flat’ bones, scapula, pelvis, skull, ribs or
sternum. Metastases in the fingers, especially the distal
phalanx-acrometastases are extremely rare, but arise most
commonly from a cancer of the lung, kidneys or breast.3

Skeletal involvement by metastatic disease can be
classified as osteolytic, osteoblastic or mixed, based on the
radiographic findings.6 Metastases from prostate cancer are
usually osteoblastic, but lytic and mixed lesions may also be
seen. Predominantly osteolytic metastases occur typically in
thyroid cancer, lung cancer, renal cell cancer and cancers of
the gastrointestinal tract. Metastatic breast cancer to the
bone can be purely lytic, or mixed lytic and blastic.8

Distant metastasis from oral cancer is associated with
advanced stage. Gingiva has been found to be the most
frequent primary site associated with distant metastasis.
Skeletal metastasis to different bones has been reported with
a higher incidence to vertebral bones.?

Metastasis to the orofacial region is uncommon,
comprising only 1-3% of all malignant oral neoplasms, and
may occur in the jawbones or oral soft tissues. Clinical
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presentation of metastatic lesions can be variable, and can
lead to misdiagnosis or create a diagnostic dilemma. The
common primary tumours metastasizing to the oral cavity
are the breast, lung and kidney. Mandible is the most
common site and the molar region is found to be the most
frequently involved area.10

The pathogenesis of metastatic tumours in the jawbones
is not clear. Within the skeleton, bones with red marrow are
the favoured sites for metastatic deposits. Remnants of
hematopoietic active marrow can be detected in the posterior
areas of the mandible, which attract metastatic tumour cells.
Moreover, the oral soft tissues have a rich network of
capillaries, which can attract malignant cells.10

Malignant tumours metastasize according to predictable
patterns. Several theories have been proposed to explain this
tumour behaviour, including the Paget’s ‘seed and soil
hypothesis’ and Ewing’s hypothesis.!1 An English surgeon,
Stephen Paget in 1889, proposed the seed and soil
hypothesis. He proposed that the processes of metastasis did
not occur by chance; certain tumour cells with metastatic
potential (the ‘seed’) have a special affinity for the growth-
enhancing milieu within specific organs (the fertile ‘soil’). He
suggested that metastases developed only when the seed and
soil were compatible.12 In other words, development of a
metastatic lesion in a particular site depended on the
favourable microenvironment provided by that organ. This
theory is still relevant today, although different factors
involved in the attraction and subsequent growth of tumour
cells have been discovered, such as accumulation of genetic
changes within cancer cells, preferential binding of cancer
cells to bone marrow endothelial cells, and the release of
cancer cell chemoattractants from bone elements.13

Ewing’s theory suggests that metastatic deposits are
primarily a mechanical phenomenon. Cancer cells are
directed to a specific site by the direction of the blood flow
and lymphatics. Ewing’s theory accounts for cancer growth in
the draining lymph nodes and liver, but Paget’s theory
describes distal metastases that are organ-specific.13
However, Ewing’s theory does not explain the observation
that some organs such as brain, bone and adrenals receive a
very small fraction of the circulatory system, yet are often
involved in metastatic deposits of certain cancers. On the
other hand, organs such as heart, muscle, skin, kidney and
spleen, which receive a considerable supply of blood, are
rarely colonized by metastatic cancers.12

Isaiah Fidler in 2002 redefined the modern ‘seed and soil’
hypothesis as three principles. First, cancerous cells contain
heterogenous subpopulations of cells with differing
angiogenic, invasive and metastatic properties. Second,
selective cells survive the long journey to a distal organ.
Third, the success of the metastatic cells depends on the
ability of these cells to interact and utilize the ‘soil’ provided
by the new microenvironment. 13

Many of the steps in cancer metastasis involve changes in
cell adhesion to adjacent cells and to the extracellular matrix.
The cell surface receptor integrins have been implicated in
mediating the interactions of prostate cancer cells within
their microenvironment. Changes in integrin expression have
been documented in primary prostate tumours and prostate
cancer cell lines. Prostate cancer cells cross the surrounding
stroma, and enter the microvasculature by intravasation. In
the circulation, the ability of the cancer cells to adhere to and
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aggregate with platelets through the expression of cell
surface receptors may protect them from shear forces of
blood flow. Prostate cancer cells have been shown to
preferentially bind directly to bone marrow endothelial cells
three- to five-fold more than to aortic or dermal vascular
endothelial cells. This ‘locking’ of prostate cancer cells to
endothelial cells is facilitated through the complex
collaboration of integrins.13

It has been pointed out that common regional metastatic
involvements could be attributed to anatomical or
mechanical considerations, such as afferent venous
circulation or lymphatic drainage to regional lymph nodes,
but metastasis to distant organs by metastatic cells from
various cancers had a different pattern of site specificity.14
This has been demonstrated in patients with incurable
abdominal ascitic cancer treated with peritoneal-venous
shunting; despite a large number of tumour cells directly
infused into the circulation, many patients did not develop
evident metastases and among those who did, the metastases
did not form in the organ containing the first capillary bed
encountered, although haematogenous metastases had
formed in other organs.15

In an experimental study on transplanted tumour cells in
mice, it was found that the number of metastases is directly
proportional to the number of viable tumour cell emboli
released and also to the duration of growth of the primary
tumour.16

It has also been observed that the distribution of
metastases is largely dependent on mechanical factors such
as the arrest of emboli in capillaries of secondary organs
where metastases are more commonly seen, compared to
those rare sites of metastases where circulating cells are seen
to be lodged in arterioles. The incidence of the arrest is seen
to vary with the type of tumour.17.18 A larger number of liver
metastases is seen compared to lung, which suggests that
both mechanical and local ‘soil’ factors are likely to determine
the development of a metastatic lesion after the arrest of
tumour emboli.1? Thus, the development of secondary lesions
is influenced by the specific organ cells.

Metastasis favours the survival and growth of a few
subpopulations of cells that pre-exist within the parent
neoplasm. Hence, metastases can have a clonal origin, and
different metastases can originate from the proliferation of
different single cells.20 Cells with different metastatic
properties have been isolated from the same parent tumour,
indicating that not all the cells in a primary tumour have the
same potential to disemminate.1l A new theory explains the
relationship between the primary and metastatic sites as a
bidirectional pathway, rather than unidirectional. According
to this theory, the surviving cancer cells in the secondary
tumour site have the ability to return to the primary site to
accelerate the primary tumour progression. This process is
known as ‘self-seeding’ wherein, the metastatic process is
multidirectional, and the cancer cells can seed distal sites as
well as the primary tumour itself.21

Apart from the ‘organ selection’ theory, ‘adhesion theory’
and ‘chemoattraction theory’, a recently suggested concept is
the formation of a metastatic niche. According to this concept,
prior to colonization, the primary tumour induces the
remodeling of an organ microenvironment by circulating
tumour cells (CTCs). Then, a metastatic niche is produced to
support disseminated tumour cells (DTCs) to localize them. A
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metastatic niche is a microenvironment that supports and
facilitates the invasion and growth of metastasis.22.23

CONCLUSION

Metastasis to bone occurs in a predictable pattern.
Knowledge of the usual pattern of metastasis in the
commonly seen malignancies will enable the clinician to
formulate a thorough work-up for the diagnosis and
management of metastatic bone disease.

Bone metastases is associated with significant morbidity
due to the intractable bone pain, reduced mobility,
pathological bone loss and fractures, spinal compression and
sequelae related to hypercalcemia, which is grouped under
the term ‘skeletal related events’. Owing to the increased
prevalence of malignancy, prevention and management of the
skeletal metastases is a major challenge. Over the years,
several developments in the field of oncology, has
dramatically changed the course of the disease and improved
the survival and quality of life of these patients who were
once considered incurable. The advances in the imaging
modalities and the knowledge of pattern of skeletal
metastases, help in early detection of metastatic disease so
that aggressive therapeutic regimens are instituted even in
Stage IV disease.
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