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Bone metastases are associated with considerable
skeletal morbidity, including:
Severe bone pain
Spinal cord or nerve root compression
Pathological fractures
Hypercalcaemia

* In bold the clinical scenarios in which the role of Radiotherapy is well-known
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1. Firstly, tumor cells alter the 
physiological equilibrium between 

osteoclasts and osteoblasts, 
determining structural degradation 

of the bone 
(blue arrows)

Adapted from Mundy, 2002 and Mareel and Leroy, 2003

2. Secondly 
tumor cells may 
directly invade 
nerve root or 
may increase 
expression of 

chemical 
mediators which 
stimulate nerve 

fibers
(in green)

3. 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
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Radiation Effects on bone metastases: Physiopathology



1. EBRT produces ossification in 65-85% of lytic metastases in unfractured bone

2. The shrinkage of tumor bulk and osteobastic repair will restore the integrity of bone

3. 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

4. Osteoclastic activity is decreased following high doses of RT
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The control of bone pain usually begins
with analgesics used in a 3-step approach:

1. NON-OPIOID ANALGESICS (the first
step - for mild to moderate pain)
2. WEAK OPIOIDES (the second step -
persistence or increase in pain when
using non-opioid analgesics )
3. CHANGING TO HIGHER DOSES OR
MORE POTENT OPIOIDS (the third step -
if the pain persists or becomes more
severe)
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 To control pain in opioids poor-responsive
 To limit the dose of opioids and their side effects (constipation, nausea…)
 To prevent SRE in high-risk bone metastases
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Severe bone pain
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Impact of Radiotherapy on pain relief

• “.. In up to 70% to 80% of patients, significant pain relief can 
be achieved. This pain relief results in both an improved 
quality of life and a significant reduction of pain
medication..”

• Complete Response in 30-50% of cases (oppioids interruption)

Seminars in Oncology, Vol 38, No 3, pp 443-449, June 2011
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Seminars in Oncology, Vol 38, No 3, pp 443-449, June 2011

 “Pain flare” can occur after Radiotherapy, in 2–40% of patients 

 It is defined as a temporary increase of bone pain at the treated site during
radiation therapy or early after its cessation

 Biochemical mediators of inflammation, which are released upon the radiation
therapy or transient oedema compressing nerves at the site of treatment, are suggested to 

contribute to this toxicity



Two 4 mg dexamethasone
tablets or two placebo 
tablets taken orally at least 
1 h before the start of 
radiation treatment (a 
single 8 Gy dose to bone 
metastases; day 0) and 
then every day for 4 days 
after radiotherapy (days 1–
4)
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Severe bone pain



RT-SCHEDULING: Single Versus Multiple fractions?
Severe bone pain



1. OVERALL RESPONSE RATE: similar in patients for single fraction treatments (61%) and those
for multiple fraction treatments (62%)

2. COMPLETE RESPONSE RATE: nearly identical in both groups (23% vs 24%, respectively)
3. RE-TREATMENT: significantly more frequent in the single fraction treatment arm, with 20%

receiving additional treatment to the same site versus 8% in the multiple fraction treatment
arm (p < 0.01)

4. No significant difference was seen in the risk of pathological fracture at the treatment site, rate
of spinal cord compression at the index site, or in the rate of acute toxicity
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Severe bone pain
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Seminars in Oncology, Vol 38, No 3, pp 443-449, June 2011

 “Pain relief” within 2-4 weeks after Radiotherapy

Mean duration of remission is approximately 19 weeks

 Patients with breast cancer or prostate cancer have higher response rates, 
as well as duration of remission, than patients with lung cancer or other 

primary tumors 

 Beyond 6 weeks: Poor-Responsive patients

Symptomatic RT: 
Clinical Predictive factor of pain relief



Ruolo della radioterapia nel paziente oncologico con dolore. Negrar di Valpolicella, 10 Aprile 2019

Cancers (Basel). 2019 Mar 19;11(3)

Symptomatic RT in multiple painful bone metastases.
Hemibody Irradiation (HBI)

 The upper, middle or, lower half of the skeleton may be irradiated

 Delivering 6–8 Gy in single fraction results in pain response in 70% of patients after 
24–48 h 

 The intensity of pain is reduced significantly, from 8 to 1, according to the visual-
analogue scale, and there is a decrease in morphine consumption 

 It is a very convenient treatment type for advanced cancer patients since it involves 
a short hospital stay and acceptable side effects

Severe bone pain
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Symptomatic RT in oligometastatic painful bone metastases
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•Spinal radiosurgery has been proven to be an 
option in the treatment of spinal metastases in 
properly selected patients, even though only 
retrospective and phase I–II studies are available.

•Local control based on imaging and/or pain 
control is achieved in 80% of presentations.

•SBRT can also be safely applied in the pre-
operative setting, with the intent of reducing the 
extent of surgery (which can be limited to 
epidural decompression and fixation). 

Sahgal et al J of Neursurg Spine, 2011.
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Severe bone pain



Bone metastases are associated with considerable
skeletal morbidity, including:
Severe bone pain
Spinal cord or nerve root compression
Pathological fractures
Hypercalcaemia

* In bold the clinical scenarios in which the role of Radiotherapy is well-known
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Spinal cord or nerve root compression



ROLE of Radiotherapy 

Indication for surgery of MSCC is usually limited to:
 Patients with a good performance status
 Survival prognosis of more than 3 months
 Involvement of only one spinal segment

These clinical scenarios are represented for only about 10% of all MSCC 
patients

Radiotherapy alone remains still an important treatment option for MSCC
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Spinal cord or nerve root compression



Percutaneous vertebroplasty (PVP) can also be performed as
a complement to RT to provide immediate vertebral
stabilization
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Spinal cord or nerve root compression



Radiotherapy alone remains still an important treatment option for MSCC…
…Association with High doses of Steroids

Agarawal et al Clin Oncol 2006

Moderate-dose dexamethasone (16-32 mg/day) is proven to be effective and safe
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Spinal cord or nerve root compression



 Short- (1 x 8Gy) and long-course radiotherapy (5 x 4Gy) resulted in comparable functional 
outcome in breast cancer, prostate cancer, lung cancer and renal cell carcinoma patients 

 In Myeloma Patients, long-course radiotherapy seems to be associated with a better 
functional outcome than short-course radiotherapy at 6 months (67% vs 43% improvement of 

motor function, P 0.043) and at 12 months (76% vs 40%, P 0.003)
Rades et al J Urol 2006

Rades et al Eur Urol 2006
Rades et al IJROBP 2006

Short-course vs Long-course RT: 
Metastatic Spinal Cord Compression (MSCC) 



Bone metastases are associated with considerable
skeletal morbidity, including:
Severe bone pain
Spinal cord or nerve root compression
Pathological fractures
Hypercalcaemia

* In bold the clinical scenarios in which the role of Radiotherapy is well-known
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Pathological fractures 



 An axial cortical involvement of 30 mm or more will give a 25% chance of fracturing

 Radiotherapy is usually given afterwards to induce remineralisation of the fractured bone 
and to stabilise the osteosynthetic prosthesis (e.g. 24 Gy/6 fractions or 30 Gy/10 fractions)

 If the patient is inoperable because of co-morbidity, deteriorating condition, or because the 
fracture is too complicated, palliative radiotherapy may reduce pain and enable healing in a 

considerable percentage of patients (e.g. 1-2 x 8 Gy or 5 x 4 Gy)

Short-course vs Long-course RT: 
Pathological Fractures

Agarawal et al Clin Oncol 2006
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Micke O. Combination of Ibandronate and radiotherapy in metastatic bone disease-
result of a randomized study. J Clin Oncol 2003, 22 (Suppl) 759. 

METASTASI OSSEE Litiche:
Combinazione con farmaci?
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METASTASI OSSEE: 
RAZIONALE DELLA COMBINAZIONE
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METASTASI OSSEE: 
RAZIONALE DELLA COMBINAZIONE
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TAKE HOME MESSAGES

 Radiotherapy allowed to obtain high-rate of pain relief

 To control Pain Flare administer Two 4 mg dexamethasone tablets

 Overall response rates are similar in patients for single fraction treatments
and those for multiple fraction treatments

 Short- (1 x 8Gy) and long-course radiotherapy (5 x 4Gy) resulted in comparable
functional outcome in MSCC

 Combining RT – Bifosfonates in lytic bone mts seems to prolong the SRE-free survival


