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ABSTRACT Pain treatment due to cancer is a large fraction of the care in a radiotherapy department.

While radiation treatment is very effective in reducing pain, the pathophysiology of bone me-

tastases remains very complex. Reducing the number of tumour cells by radiation will reduce the

pressure in bone marrow, but the very rapid response to radiation treatment seen in some patients

is probably related to the presence of highly radiosensitive inflammatory cells. In this review we give

an overview of the pathophysiological mechanisms which lead to pain associated with bone

metastasis and the impact of radiation treatment and other treatments on this mechanism.
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Introduction

Pain due to cancer is feared by every patient who is diagnosed
with cancer because pain is associated with advanced disease,
especially end-stage disease. About three quarters of patients with
end-stage disease will eventually need pain management (Cleeland,
2000).

Palliative treatment is a significant part of cancer care in a
radiotherapy department. A substantial proportion of that care is
spent on palliative radiation treatment of painful osseous me-
tastases. Radiation is very effective in providing pain relief. Almost
two thirds of patients will experience improvement in their pain, with
complete and long-lasting pain relief in about half of the patients
(Bates, 1992 and Maher 1992). Although the skeleton receives
only 10% of the cardiac output, metastases in the skeleton are very
common as compared to metastases to other tissues receiving a
far greater amount of the cardiac output. The pattern of distribution
of bone metastasis in patients above 25 years follows the distribu-
tion of the red marrow with a particular high frequency of me-
tastases in the spine, ribs, pelvis, skull and proximal femur (Debois,
2002). This highlights the dominant role of the bone marow in the
pattern of spread of bone metastases. More rarely bone metastasis
may develop in the first bone marrow a tumour cell encounters,
according to the anatomic-mechanical theory (Aaron, 1997). This
mechanism explains the bony metastatic spread of prostate cancer
through the paravertebral venous plexus emanating from the
pelvis. Chemotactic factors may play a role in directing tumour cells
to the bone. Metastasis to the bone is a particular clinicopathologic
entity that is clinically different from other types of metastatic
spread. Breast cancer e.g. that has only metastasized to the bone
has a better prognosis than when the breast cancer has spread to
visceral organs.

The large majority of bone metastases originates from 8 primary
tumours listed in Table 1. In recent years our knowledge about the
mechanisms involved in the development of pain due to bone
destruction has evolved considerably. Some of these molecular
mechanisms provide new targets for drug development.

The physiology of normal bone

Normal bone is the result of a homeostatic process that pre-
serves the structure and function of the skeleton. Bone is continu-
ally being deposited by osteoblasts and absorbed by osteoclasts.
Osteoclasts are large multinucleated cells that are normally under
the physiologic control of activating parathyroid hormone (PTH) on
one hand and inhibiting calcitonin on the other (Guyton, 1986). The
osteoclasts send out villus-like projections toward the bone and
from these villi they secrete (1) osteolytic enzymes released from
their lysosomes and (2) acids including citric and lactic acid.
Fragments of the bone are then phagocytosed by the villi and
further digested within the osteoclast. Normally, except in growing
bones, the rates of bone deposition and absorption are equal so
that the total mass of bone remains constant. PTH not only
activates existing osteoclasts but also induces the formation of new
osteoclasts from progenitor cells.

Pathophysiology of bone metastasis

A metastasis to the bone is a consequence of a cascade of
events including (1) progressive growth at the primary site, (2)
tumor neo-vascularization, (3) detachment of tumor cells from the
primary tumour, (4) invasion in the neighbouring tissues (5)
intravasation into the blood stream, (6) survival in the circulation,
(7) homing and arrest at the level of the bone marrow, (8)
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extravasation, (9) evasion of the host defence, (10) growth and
stimulation of the osteoclast mediated bone resorption (Mareel et
al., 1991 and Choong, 2003). A list of possible mechanisms of
tumor-induced bone pain is given in Table 2.

Metastasis to the bone (Fig. 1) leads to a complex cellular and
molecular ecosystem with the involvement of a multitude of cells.

Cancer cells
The presence of large quantities of growth factors inside the

actively proliferating bone marrow stimulates growth of metastatic
tumour cells leading to a vicious cascade of events. Cancer cells
- like inflammatory cells - release osteoclast activating factors,
such as PTH and PTH releasing protein (PTHrP), Interleukin-
1(IL-1), IL-6, IL-11, Tumor Necrosis Factor (TNF), Transforming
Growth Factor Beta (TGF-β), Epidermal Growth Factor (EGF),
Platelet Derived Growth Factor (PDGF) and prostaglandins. All
these molecules can trigger osteoblasts and stromal cells to

stimulate the differentiation and fusion of osteoclast progenitor
cells.

Osteoclasts
Activated osteoclasts eventually cause the breakdown of the

bone matrix (reviewed in Mareel et al., 1991 and Mareel and Leroy,
2003). Osteoclasts are specialised cells that originate from mono-
cyte precursor cells under the influence of RANKL, the ligand of the
Receptor Activator of NF-κB (RANK) on the osteoclast precursor.
The naturally occurring decoy receptor osteoprotegerin (OPG), a
member of the TNF receptor family, inhibits the effect of RANKL on
osteoclast differentiation. RANKL is produced by osteoblasts and
stromal cells as a regulator of bone formation and destruction
(Kong et al., 1999). Free floating soluble RANKL is also able to
stimulate the osteoclast progenitors. OPG is now being proposed
in clinical trials for the treatment of bone metastasis through the
capturing of the free floating RANKL molecules.

Fig. 1. The vicious circle of bone metastases. The vicious circle of a developing bone metastasis is represented by the thick blue arrows. Cancer cells
inside the bone marrow produce a cascade of enzymes which – through stimulation of stromal cells, osteoblasts, lymphocytes and osteoclast progenitor
cells – eventually stimulates osteoclasts to destroy the bone. At the right side of the figure, the physiological pain pathway is represented. Pain receptors
capture different pain signals, which are transported via sensory neurons (in green) and the spinal chord to the thalamus and finally to cortical neurons.
Radiation induces apoptotic death, not only of tumour cells (thereby reducing pressure) but also of all other cells in the cascade. Inhibitory effects of
radiation are shown in red lines. The name of tissue is in bold capital print. The contributing cell types are in italic capital print. Cellular functions are in
italic. Abbreviations of the molecules are explained in the text. (Not drawn to scale. Adapted from Mundy, 2002 and Mareel and Leroy, 2003).
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Amongst other functions RANKL will also induce lymphocyte
development and can thus be involved in the inflammatory reac-
tion in the immediate vicinity of metastatic tumor cells. Recently
it was shown (Ogasawara et al., 2004) that RANKL was produced
by the osteoclasts thus suggesting an autocrine stimulating loop
inside the osteoclast in both physiological and pathological con-
ditions.

Stromal cells
Other mechanisms that are involved in this tumour-host

microevironment involve the TGF-β and TNF produced by stromal
cells. This particular pathway was recently documented to be
essential in the development of bone lesions in rheumatoid
arthritis (Redlich et al., 2004). TGF-β promotes the production of
PTHrP produced by bone cells and tumour cells that, in its turn,
stimulates bone turnover by enhancing the osteolytic action of the
osteoclasts (Guise, 1997). TGF-β can, on the other side, also
promote apoptosis of osteoclasts thereby reducing osteolysis.
Recently it was shown that stromal cells - derived from normal
bone marrow - produce monocyte chemotactic proteins (MCPs)
that are involved in the bone marrow homing of multiple myeloma
cell lines (Vande Broek et al., 2003).

Inflammatory cells
Prostaglandins - produced by the attracted inflammatory cells

- are present in the bone metastasis micro-environment and
induce further inflammation. Inflammation is a critical element in
tumour progression. The tumour microenvironment is largely
orchestrated by inflammatory cells (Coussens and Werb, 2002).
Those inflammatory cells are responsible for the acute effects of
inflammation, frequently resulting in pain. Synthesis and release
of inflammatory cytokines mediate the effects. Cytokines can be
defined as proteins produced by a cell in response to a variety of
stimuli (Clemens, 1991). They are secreted by producer cells and
then influence the behaviour of target cells. Many classes of
cytokines are known: growth factors, lymphokines, colony stimu-
lating factors, transforming growth factors, TNFs, interferons. It is
important to realize that cytokines can be directly produced by the
tumour cells, but are often produced in larger amounts by the
inflammatory cells that are attracted by the tumour cells. The
cytokines produced by the tumour cells usually aim at survival and
proliferation of the tumour, while the cytokines produced by the
inflammatory cells may help the organism to fight against the

cancer cells, resulting in an inflammatory reaction which fre-
quently causes pain. This inflammatory reaction is a very complex
system, with many synergistic and counteracting cytokines being
present at the same moment. Moreover, many cytokines have
overlapping biological effects. The synthesis and presence of
cytokines will result in the production of other cytokines, with
again different functions and effects, creating a complex network.
The final result of this balance is often difficult to foresee and may
explain why biological therapies targeted at one of those path-
ways, though in vitro theoretically perfect, sometimes fail to work
and may even have opposite effects in vivo. Blocking one path-
way can force a cell to use another one as a kind of escape route,
to eventually obtain the same effect, but via a previously unused
and seemingly “redundant” mechanism (Haddad, 2002). TGF-β is
produced by cancer cells and can act as a growth factor for certain
cells, but can also block the mitogenic effects of EGF, PDGF,
fibroblast growth factor (FGF) and insulin (Clemens, 1991). Can-
cer cells losing the TGF-β receptor will lose at least one survival-
limiting factor. But, while inhibiting growth, TGF-β at the same
time stimulates osteoclasts and thereby helps the cancer cells to
invade into the bone. Moreover, e.g. in colon cancer cells, TGF-
β may transform fibroblasts into myofibroblasts which will secrete
other factors that promote invasiveness of the cancer cells (De
Wever and Mareel, 2003).

Although cancer cells are “self” and should not evoke an
immune response, they are often surrounded by large amounts of
inflammatory cells. In some cases these inflammatory cells may
even make up more than 50 % of the tumour cellular volume. This
also explains the clinical experience that anti-inflammatory drugs,
like steroids or non-steroidal anti-inflammatory compounds can
give a (temporary) decrease in tumour volume. Even routine
antibiotics may reduce tumour volume, of course only in cases of
infected tumours that are heavily loaded by inflammatory cells.
Tumour-associated antigens on cancer cells can be detected by
immune cells and may hence elicit an immune response by e.g.
macrophages, natural killer cells or cytotoxic T-cells. Those
tumour antigens can be of viral origin (e.g. human T leukaemia
virus I (HTLV-I), Epstein-Barr virus (EBV) or human papilloma
viruses (HPV)) or specific tumour antigens can originate from
mutated genes (Roitt, 1998). Necrotic tissue, the result of insuf-
ficient neovascularization and nutrient supply to a tumour, will
also recruit inflammatory cells. The cytokine network produced by
inflammatory cells is extremely complex. Monocytes are a major
source of IL-1, but almost every cell type in the body can produce
IL-1 under appropriate conditions. IL-1 will stimulate the immune
response by recruiting other inflammatory cells like T-cells and by
induction of the synthesis of other lymphokines. It will also

Primary tumour

Myeloma

Breast

Prostate

Thyroid

Bladder

Lung

Hypernefroma

Melanoma

Incidence of bone metasta-
sis in advanced disease

70-95%

65-75%

65-75%

60%

40%

30-40%

20-25%

14-45%

Median time of survival (in months)
after diagnosis of bone metastases

24

36

36

48

6-9

7

12

6

INCIDENCE OF BONE METASTASES AT AUTOPSY
(ADAPTED FROM COLEMAN, 2001)

TABLE 1

Release of chemical mediators

Increased pressure within the bone

Microfractures

Stretching of the periosteum

Reactive muscle spasm

Nerve root infiltration

Compression of the nerves due to collapse of the bone

POSSIBLE LOCAL MECHANISMS OF INDUCING BONE PAIN

TABLE 2
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produce inflammatory responses via IL-1-induced production of
prostaglandins. IL-1, but also TNF, activates the conversion of
arachidonic acid into eicosanoids. Eicosanoids derived from
arachidonic acid include the prostaglandins and thromboxanes
(synthesized by cyclo-oxygenases) and leukotrienes (generated
by lipoxygenases). Those inflammatory mediators also play a role
in the development of pain. When T-lymphocytes are stimulated,
e.g. by activated macrophages, a cascade of cytokine production
will start. T-cells will not only produce IL-2, but will also increase
the number of IL-2 receptors on their cell membrane, thus creating
an autocrine loop resulting in a highly active immune response
(Bucher et al., 1997). The so-called TH1 cells will secrete IFN-
gamma and TNF-alpha, which will activate even more macroph-
ages, kill cancer cells and further activate the inflammatory
response. Other T-cells (TH2 cells) will secrete IL-4, IL-5, IL-10
and IL-13 to activate other pathways of the inflammatory re-
sponse. IL-12, produced by B-cells, macrophages and dendritic
cells, plays a key role by inducing TH2 development and inhibiting
TH1 development. Since inflammatory cells produce those
cytokines, which are often involved in pain response, are highly
radiosensitive, radiotherapy may have a quick analgesic effect by
simply killing the inflammatory cells and thus breaking the cytokine
cascade.

Pain due to bone metastasis

Pain from bone metastasis is frequently the first symptom for
which the patients will seek advice (Mercadante, 1997). The origin
of the pain from bone metastases is listed in Table 2. Pain is a
complex experience that is based on the transduction of a noxious
environmental stimulus in the periphery of the body and that is
modulated by cognitive and emotional processing by the cortical
neurons of the brain. The subjective nature of pain has hampered
the development of randomised trials considerably and has re-
cently lead to initiatives to promote a universal language when
reporting the palliative antalgic effects of any form of therapy for
bone metastases (Chow et al., 2002). In general there are two
types of pain in patients with bone metastases. The first type is a
continuous pain and is usually described as a dull aching pain that
increases in severity over time. A second type of bone cancer pain

is movement-evoked, breakthrough or episodic and is more acute
in nature (Portenoy et al., 1999).

The pain from bone metastasis can be explained by direct
stimulation of afferent pain nerve fibres that are stimulated by
mechanical injury or by a multitude of factors present in the
complex microenvironment of bone metastases. Local tissue aci-
dosis is a hallmark physiologic response to injury and inflammation
and the degree of pain is correlated with the magnitude of acidifi-
cation. A number of acid-sensing ion channels (ASIC3/VR1) are
found on sensory neurons (Julius and Basbaum, 2001). Other
channels involved in pain sensation are listed in Table 3.

Effects of irradiation on bone metastasis

The main goal of palliative radiation treatment is the relief of pain
or dysfunction caused by the bone metastasis. For most patients
who achieve pain relief after irradiation this lasts for two-thirds of
their remaining life (Perez et al., 2004). Adequate management of
this group of patients is important for a number of reasons: (1) Bone
pain secondary to metastasis is the most common pain syndrome
requiring palliative treatment in cancer patients; (2) Patients with
predominant bone metastasis have longer duration of survival than
patients with predominantly visceral metastasis; (3) Complications
of bone metastasis are common and produce high morbidity.

It is a common misconception that ionizing radiation will result
in a decrease in normal ossification. External beam irradiation
produces ossification in 65% to 85% of lytic metastases in
unfractured bone. Some of the ossification may occur by hetero-
topic ossification within the lesion, however, in most cases, there
is formation of mature organized bone in the healed lesion,
seemingly by direct osteogenesis (Perez et al., 2004).

What is the target in external beam irradiation of bone
metastasis?

Although treatment by external irradiation is successful in most
patients the exact mechanism of action is unknown (Hoskin, 2003).
The doses used - though less than a radical course of radiotherapy
- will cause high levels of tumour cell kill. There will therefore be a
substantial reduction in the number of viable tumour cells within the
radiation field and in due course this will result in shrinkage of the
tumour bulk. Once the tumour cells are removed from the bone,
osteoblastic repair will partially restore the integrity of the bone.
Whilst this process undoubtedly occurs, the question arises as to
whether this is the only explanation for the analgesic effect of
radiation treatment. Certain features of the response - like pain
diminishing after a few sessions - suggest that tumour shrinkage
itself is unlikely to account for the early period of pain relief seen.
The absence of a dose response relationship suggests that tumour
shrinkage may not be that important since tumour shrinkage would
not be expected with some of the very low single doses - down to
4 Gy - which have been shown to cause pain relief. Furthermore
there appears to be no obvious relationship between the radiosen-
sitivity of the primary tumour and the response on pain.

The striking clinical observation that some patients experience
symptom relief within 24 hrs after the irradiation leads to the
hypothesis that early reacting and very sensitive cells and the
molecules they produce are involved in this answer. Obvious
candidate cells are the inflammatory cells that are largely present

Stimulus Representative receptor/molecular targets

Nerve Growth Factor (NGF) Transmembrane receptor Kinase A (TrkA)

Bradykinin Bradykinin (G-protein coupled) membrane
receptor

Serotonin 5-Hydroxy Tryptamine receptor (5-HT3)

Adenosine tri phosphate (ATP) ATP gated ion channel (P2X3)

H+ Acid-sensing ion channel (ASIC3)
Vanilloid receptor (VR1)

Lipids Prostaglandin E2 (PGE2)
VR1

Pressure Degenerin family of ion channels (DEG/ENaC)

THE CHANNELS OF THE PRIMARY AFFERENT NOCICEPTOR WHICH RE-
SPOND TO DIFFERENT STIMULI PRESENT IN BONE METASTASES

(ADAPTED FROM JULIUS AND BASBAUM, 2001)

TABLE 3
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in the bone metastasis micro-environment. Reduction by ionizing
radiation of the inflammatory cells inhibits the release of chemical
pain mediators and is probably responsible for the rapid reaction
seen in some patients (Mercadante, 1997).

Other candidate cells are the osteoclasts. Osteoclastic activity
is an early and important response to tumour cell invasion. The
effect of anti-osteoclastic drugs, such as bisphosphonates, on
bone pain hints to the prominent role of the osteoclast in mediating
bone pain. Recently it has been demonstrated that urinary markers
of bone resorption (and thus osteoclastic activity) and pain relief
after radiation treatment were correlated (Hoskin et al., 2000).
Doses of 5 Gy given to metatarsal bones of embryonic mice
resulted in a selective elimination of the precursor cells for osteo-
clast formation (Scheven et al., 1986). A clear dose-response
relationship between the dose of ionizing radiation and the de-
crease in osteoclast number in vitro was observed (Tsay et al.,
1995). The calculated life span of the osteoclast in this study was
9 to 10 days. In a further investigation by the same group (Tsay et
al., 1999) they showed that in the first weeks after exposure to
moderate doses of ionizing radiation the number of osteoclasts did
not diminish.

Other studies have shown that the influx of osteoclast precursor
cells in vivo is effectively suppressed by ionizing radiation (Comas,
1970). The resorbing activity of the osteoclast is less radiosensitive
but can be inhibited, in a dose dependent way, by a dose of at least
5 Gy, as was established by morphometric and biochemical
methods in a mouse embryo model (Scheven et al., 1985). The
authors hypothesize that two mechanisms could explain this
change in resorbing activity: (1) interference with enzymatic pro-
cesses involved in the resorption of cartilage matrix and mineral or
(2) alterations in the mobility of the osteoclasts.

Another indirect hint to the importance of the effect of ionizing
radiation on the inflammatory cell / osteoclasts comes from work
done with cyclooxygenase-2 (COX-2) selective inhibitors. Selec-
tive COX-2 inhibitors have significantly fewer side effects than
mixed non-steroidal anti-inflammatory drugs (NSAID) and can be
used for longer periods than the mixed NSAIDs. In a mouse model
it was shown that the chronic administration of a COX-2 inhibitor
attenuated the pain, reduced the tumour burden, osteoclastogenesis
and bone destruction by more than 50% (Sabino et al., 2002). In the
control mice the increased bone resorption was explained largely
by the sarcoma-induced osteoclast proliferation and hypertrophy.
The COX-2 inhibitor reduced this proliferation and hypertrophy.
Prostaglandins (particularly PGE2) modulate the osteoclast func-
tion and by reducing the production of PGs there is a reduction in
proliferation and hypertrophy of the osteoclasts. Besides the
analgesic effect of ionizing radiation and bisphosphonates a sec-
ondary goal is the re-ossification of the osteolytic lesion. Thanks to
the availability of highly efficient modern bisphopshonates for the
treatment of osteolytic lesion most patients with bone metastasis
will receive bisphosphonates as an additional treatment after
external beam radiation.

The dose, target volume and fractionation

The target volume for primary irradiation of a bone metastasis
is defined by the anatomical borders of the bone marrow compart-
ments inside the bone. The margins are adjusted for motion
uncertainty depending on the site of the bone metastasis.

Although a number of randomized trials have been carried
out most of them were done on highly selected populations of
patients due to the varying clinical presentation of bone metastases.

Reference

Bone Pain Trial
Working Party
1999

Cole 1989

Foro 1998

Gaze 1997

Hartsell 2003

Hirokawa 1988

Hoskin 1992

Jeremic 1998

Kagei 1990

Kirkbridge 2000

Koswig 1999

Madsen 1983

Nielsen 1998

Niewald 1996

Okawa 1988

Porter 1993

Price 1986

Quilty 1994

Rasmusson 1995

Sarkar 2002

Steenland 1999

Tong 1982

Total:

Comparison1

A: 8 Gy in 1 fraction vs
B: 20 Gy in 5 fractions or

30 Gy in 10 fractions

A: 8 Gy in 1 fraction vs
B: 24 Gy in 6 fractions

A: 6 Gy in 1 fraction vs
B: 8 Gy in 1 fraction

A: 10 Gy in 1 fraction vs
B: 22.5 Gy in 5 fractions

A: 8 Gy in 1 fraction vs
B: 30 Gy in 10 fractions

A: 25 Gy in 5 fractions vs
B: 30 Gy in 10 fractions

A: 4 Gy in 1 fraction vs
B: 8 Gy in 1 fraction

A: 4 Gy in 1 fraction vs
B: 6 Gy in 1 fraction vs
C: 8 Gy in 1 fraction

A: Single fraction vs
B: multiple fractions

A: 8 Gy in 1 fraction vs
B: 20 Gy in 5 fractions

A: 8 Gy in 1 fraction vs
B: 30 Gy in 10 fractions

A: 20 Gy in 2 fractions vs
B: 24 Gy in 6 fractions

A: 8 Gy in 1 fraction vs
B: 20 Gy in 4 fractions

A: 20 Gy in 5 fractions vs
B: 30 Gy in 15 fractions

A: 20 Gy in 10 fractions vs
B: 22.5 Gy in 5 fractions vs
C: 30 Gy in 15 fractions

A: < 10 Gy in 1 fraction vs
B: 20 Gy in 5 fractions vs
C: 30 Gy in 10 fractions

A: 8 Gy in 1 fraction vs
B: 30 Gy in 10 fractions

A: Hemibody irradiation 6 Gy
in 1 fraction vs
B: Local irradiation 20 Gy in 5
fractions vs
C: 89-Sr 200 MBq

A: 15 Gy in 3 fractions vs
B: 30 Gy in 10 fractions

A: 8 Gy in 1 fraction vs
B: 30 Gy in 10 fractions

A: 8 Gy in 1 fraction vs
B: 24 Gy in 6 fractions

A: 20 Gy in 5 fractions vs
B: 40.5 Gy in 15 fractions

Number of patients
Randomized

761

29

50

265

949

128

270

327

27

398

107

57

239

97

80

125

288

284

217

85

1157

266

6206

Primary endpoint
p-value2

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

A < B: p < 0.025
A << C: p < 0.0019

n.s.

A < B p = 0.03

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

RESULTS OF PUBLISHED CONTROLLED CLINICAL TRIALS ON DOSE AND
FRACTIONATION FOR THE PALLIATION OF PAINFUL BONE METASTASES

(UPDATE JAN 2004)

TABLE 4

1 Gy = unit of dose, Gray.
2 n.s. = not significantly different at the 5% level.
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An overview of all external radiation treatment trials concerning
mainly the number of fractions given (McQuay et al., 2003) was
brought up to date in this review through an extensive literature
search (Falkmer et al., 2003 and Sze et al., 2003) and summarized
in Table 4. All of the studies were randomized but blinding was often
impossible. Radiotherapy, in these trials produced complete pain
relief at one month in 25% of the patients. A relief of at least 50% at
one month was achieved in 41% of patients. Analysing the various
fractionation schedules there were no significant overall differences
found. All trials taken together showed that half of the patients who
achieved complete relief took four weeks to achieve it. With 43
different fractionation schedules, it was impossible to obtain the
strength of evidence needed to show if there is a difference in
efficiency between a single fraction and multiple fractions radiation
treatment for pain relieve. Hypofractionated schedules result in
somewhat more acute toxicity. The whole of the available evidence
suggests however that an increase in the number of fractions does
not translate in an increase of the therapeutic benefit. The RTOG trial
97-14 is an example of a large and recently reported trial that had as
objectives (1) to determine whether 8 Gy in a single fraction provides
equivalent pain relief compared to 30 Gy in 10 fractions for patients
with painful bone metastasis, (2) to determine the duration of pain
relief, (3) to determine the effect on quality of life measures; (4) to
determine the incidence of pathologic fracture and (5) to determine
cost-effectiveness of therapies in terms of cost/quality adjusted life
years. Preliminary results (Hartsell et al., 2003) were presented in
abstract form at the ASTRO meeting 2003 and confirm the data from
the other trials: there was no difference in pain relief when comparing
both treatment regimens.

We can conclude that single fraction radiation treatment com-
pared to multiple-fraction radiation treatment provides equal pallia-
tion and quality of life and based on a Dutch study (Van den Hout et
al., 2003) single fraction treatment has a lower medical and societal
cost. Therefore single fraction radiation treatment is the treatment of
choice for cancer patients with painful, uncomplicated bone me-
tastases.

The role of radioisotopes in the treatment of bone pain

Recently a Cochrane review (Roqué et al., 2003) was presented
on the use of radioisotopes for metastatic bone pain. Four trials (325
patients) were selected and they provide weak evidence for a small
effect of radioisotopes on pain control both at short and medium term
(one to six months). There is no available evidence for the effect of
radioisotopes on fractures or quality of life. No evidence was avail-
able to assess long-term effects. Leukocytopenia and thrombocy-
topenia are secondary effects associated with the administration of
radioisotopes. Rigorous parallel, double blind clinical trials including
long-term evaluations and larger smple sizes are needed. The
relative efficacy of the two most widely used isotopes (strontium-89
and samarium-153) should be compared in randomized studies. It is
interesting to note that in some of the placebo controlled trials with
strontium there were significantly fewer new pain sites in the patient
that received strontium compared to the placebo group.

The role of bisphosphonates

 Bisphosphonates are a class of pyrophosphate analogues that
bind with high affinity to mineralized bone surfaces and inhibit

osteoclastic bone resorption (Ashcroft et al., 2003). The mecha-
nism of action of bisphosphonates is complex. They inhibit the
mevalonate pathway, which results in the inhibition of osteoclast
function (due to defects in intracellular vesicle transport and
formation of ruffled borders) and the induction of apoptosis in
osteoclasts and tumour cells alike (Green, 2002). There have been
in vitro studies that have shown tumour-cell apoptosis (Aparicio et
al., 1998, Fromigue et al., 2000, Boissier et al., 2000). There is in
vitro evidence (Boissier et al., 2000) that bisphosphonates inhibit
tumor cell adhesion and invasion of the extracellular matrix.
Bisphosphonates are used extensively to treat patients with dis-
eases associated with bone loss such as osteoporosis and bone
metastases. Bisphosphonates are now the treatment of choice in
breast cancer-induced hypercalcaemia. They reduce bone pain
and skeletal complications (Brown and Coleman, 2002). Recently
the newer and highly-potent bisphosphonates (like zoledronate or
ibandronate) are being evaluated in the adjuvant setting of breast
cancer in order to reduce the risk of bone metastases and to treat
breast cancer therapy-induced osteoporosis.

Conclusions

Efforts have been made in recent years to elucidate the biologic
pathways that lead to painful bone metastases. This has lead to
new ways to treat painful bone metastases and has also lead to a
better insight in how radiation treatment is so successful in reduc-
ing the pain associated with bone metastases. Radiation treatment
remains the most important palliative treatment for localized bone
pain. Treatment duration can generally be reduced to a single
treatment with excellent and long-lasting palliative analgesic re-
sponses. Current research focuses on the prevention of further
bone-related events (bisphosphonates) and the incorporation of
new biologic molecules (e.g. OPG) in the palliative treatment of
bone metastases.
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