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Disclosures

….. I am a clinical oncologist
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Outline

• Background

• Radiotherapy & Radionuclide Therapy:

oMechanism of action

o Clinical efficacy & outcomes

o Toxicities

o Treatment considerations e.g. retreatment
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Bone metastases

• Common metastatic site for many solid tumours

• Most common in axial skeleton (spine, pelvis, 
ribs, long bones)

• Heterogenous group of patients, prognosis 
largely depends on primary tumour type
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Bone metastases – primary tumour sitesN
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Table 1

Incidence of Bone Metastasis in Advanced Cancer, by Cancer Type

Cancer Type Incidence of Bone Metastasis Among Patients with Metastatic Disease

Multiple myeloma 90%–100%

Breast cancer 65%–75%

Prostate cancer 65%–75%

Lung cancer 30%–40%

Bladder cancer 40%

Kidney cancer 20%–25%

Thyroid cancer 60%

Melanoma 14%–45%

J Natl Compr Canc Netw . Author manuscript; available in PMC 2011 March 2.

Lipton et al  J Natl Compr Canc Netw 2009
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Molecular biology of bone metastases

Kingsley et al Mol Cancer Ther 2007 
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Diagnosis of bone metastases

• Plain radiograph

• Nuclear medicine – Bone scan, SPECT CT

• CT

• MRI

• PET – FDG, Sodium Fluoride, Fluorocholine

• Bone biopsy

• Bloods – Ca, ALP
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Consequences of bone metastases

• PAIN

• Pathological fractures

• Neural compression (e.g. 
MSCC)

• Malignant hypercalcaemia
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How do bone metastases cause pain?

• Altering physiological equilibrium between 
osteoclasts and osteoblasts → structural degradation 
of bone

• Direct invasion of nerves or increased expression of 
chemical mediators which stimulate nerve fibres

• Spasm of surrounding muscle (to maintain skeleton 
stability)

13



Aims of radiotherapy/radionuclide 
therapy in bone metastases

• Relieve pain

• Local control

• Reduce risk of pathological fractures

• Relieve neural compression

• Improve QoL

• Maintain function
14



EXTERNAL BEAM 
RADIOTHERAPY
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Mechanism of action

• Exact mechanism of action on bone metastases 
unknown

• Reduction of tumour bulk (high levels of tumour cell 
kill) followed by osteoblastic repair → ossification 
and restoration of bone integrity 

• Elimination or reduction of osteoclast precursors

• Reduction of inflammatory cells and inhibiting 
release of chemical pain mediators
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Clinical efficacy

• Pain relief typically within 4 weeks of treatment

• Median duration of response ~19-20 weeks

17



Overall response rates around 75-80%

Chow et al Clin Oncol 2012
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Single vs multiple fractions?

No significant difference in response rates between 
single and multiple fractions

Chow et al 
Clin Oncol
2012 19



Single vs multiple fractions?

Higher re-treatment rates with single fraction 
treatment

Chow et al Clin Oncol 2012
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When to use multiple fractions?

• Post surgical fixation

• Prevention of pathological fractures

• Re-irradiation

• Metastatic spinal or nerve root compression….
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• N = 688, phase III RCT
• 20Gy/5#   vs single 8Gy#
• Primary endpoint – ambulatory status at week 8
• 44% prostate, 18% lung, 11% breast, 11% gastrointestinal
• Non inferiority not reached (although lower limit of 90% CI overlapped 

with non inferiority margin)
• Maintenance of ambulatory status 69.5% vs 73.3%
• No diff in overall survival

ASCO 2017
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Treatment technique

• Positioning – comfortable, reproducible

• Immobilisation

• CT localisation

• Target volumes

• Virtual simulation

• Beam arrangement

• Treatment verification
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Treatment technique – general 
principles

• Good margins

• Avoid irradiation through vertebra

• Avoid irradiating entire limb circumference

• Include nearby lesions (re-irradiation)

• Reduce irradiated volume of bowel/bladder (e.g. using 
shielding)
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Toxicities

• Dependent on dose to normal tissues e.g. GI disturbance 
(N&V, diarrhoea), itching/skin reaction, fatigue

• Generally predictable and self-limiting; manageable with 
conservative measures

• Pain flare 

o occurs during or shortly after treatment

o Pathophysiology unknown - ?release of biochemical mediators 
of inflammation, ?oedema compressing nerves in area of 
treatment

o Anti inflammatory medications (inc steroids) could be 
considered

• Bone marrow suppression (pelvis, hemibody irradiation)
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Re-irradiation

• Indications:
o Pain relapse – 50% of patients within 1 year of 

treatment

o No/limited response to initial irradiation

• Consider:
o Site for re-irradiation, proximity of organs at risk (e.g. 

spinal cord) 

o Duration of time interval between treatment – tissue 
recovery?

o Initial response to treatment

30
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Stereotactic ablative radiotherapy
Principles:

• Accurate targeting (immobilisation, motion accounting)

• Steep dose gradient outside target (usually delivered with 
many dose fields)

• Large dose per treatment with ablative intent

32



rap
id

co
m

m
u
n
icatio

n
s
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ab
stract

PURPOSE The oligometastatic paradigm hypothesizes that patients with a limited number of metastases may

achieve long-term disease control, or even cure, if all sites of disease can be ablated. However, long-term

randomized data that test this paradigm are lacking.

METHODS We enrolled patients with a controlled primary malignancy and 1-5 metastatic lesions, with all

metastases amenable to stereotactic ablative radiotherapy (SABR). We stratified by the number of metastases

(1-3 v 4-5) and randomized in a 1:2 ratio between palliative standard-of-care (SOC) treatments (arm 1) and SOC

plus SABR (arm 2). We used a randomized phase II screening design with a primary end point of overall survival

(OS), using an a of .20 (wherein P , .20 indicates a positive trial). Secondary end points included progression-

free survival (PFS), toxicity, and quality of life (QOL). Herein, we present long-term outcomes from the trial.

RESULTSBetween 2012 and 2016, 99 patients were randomly assigned at 10 centers internationally. The most

common primary tumor types were breast (n 5 18), lung (n 5 18), colorectal (n 5 18), and prostate (n 5 16).

Median follow-up was51 months. The 5-year OSrate was17.7% in arm 1 (95% CI, 6% to 34%) versus 42.3% in

arm 2 (95% CI, 28% to 56%; stratified log-rank P 5 .006). The 5-year PFSrate was not reached in arm 1 (3.2%;

95% CI, 0% to 14% at 4 years with last patient censored) and 17.3% in arm 2 (95% CI, 8% to 30%; P 5 .001).

There were no new grade 2-5 adverse events and no differences in QOL between arms.

CONCLUSION With extended follow-up, the impact of SABR on OS was larger in magnitude than in the initial

analysis and durable over time. There were no new safety signals, and SABR had no detrimental impact on QOL.

J Clin Oncol 38:2830-2838. © 2020 by American Society of Clinical Oncology

Creative Commons Attribution Non-Commercial No Derivatives 4.0 License

INTRODUCTION

It has been hypothesized for nearly a century that

patients with a small burden of metastatic disease can

benefit from ablation of all metastases,1 with some

achieving long-term disease control or even cure. Al-

though surgery was historically the primary modality

used to ablate metastases,2 newer and less-invasive

modalities are now available, including stereotactic

ablative radiotherapy (SABR).3Although theclinical use

of surgery and SABR has increased rapidly in recent

decades,3,4 randomized data that prove the existenceof

the oligometastatic state have been lacking.5

Preclinical and translational studies provide evidence in

support of the oligometastatic hypothesis.6 The devel-

opment of metastases requires a series of key steps

known as the invasion-metastasis cascade.7 The cas-

cade includes steps that lead to tumor cell intravasation

into the circulatory system, with subsequent hema-

togeneous dissemination and extravasation, followed by

survival and colonization in a distant organ. The large

majority of cells that reach a distant organ either die

or enter dormancy, whereas only a small percentage

proliferate to develop into metastases.6,7 Phylogenetic

analyses of primary tumors and metastases using next-

generation sequencing have allowed for the creation of

timelines of metastasis development.8-10 In some pa-

tients, a solitary metastasis can be present for years as

a single site of disease but then subsequently seed

further widespread metastases thereafter.8-10 Metasta-

ses can also reseed the primary tumor.11

The biologic evidence issupported bynumeroussingle-

arm studies that tested ablative therapies in patients

with oligometastases.5 Such studies have often dem-

onstrated better-than-expected long-term survivals for
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• Controlled primary malignancy, 1-5 metastatic lesion amenable to 
SABR

• Randomised in 1:2 ratio between palliative standard-of-care (SOC) 
vs SOC plus SABR

• N=99

Palma et al 2020 33



Median OS: 28m vs 50m Median PFS: 5.4m vs 11.6m

Palma et al 2020 34



…treatment option for patients with controlled primary cancer 
presenting with up to 3 extracranial oligometastases after a 
disease free interval of 6 months following primary 
treatment…..

o Max size 5cm
o Life expectancy at least 6 months
o WHO PS 0,1 or 2
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RADIONUCLIDE 
THERAPY

36



Principles of radionuclide therapy

• A form of radiotherapy where radiation dose is 
delivered internally to the patient

• Types of administration: oral, iv, injection into 
body cavity, direct injection into tumour

• Important considerations:
o Radiation characteristics allow high enough level of 

radiation dose deposition in target
o Pharmaceutical or biological vector to allow 

radionuclide to be preferentially accumulated in target
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Beta emitters Alpha particles

• Variable spectrum of 
energies and range

• Usual range 1-10mm

• High radiation 
deposition but very 
limited range (<1mm)
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Examples of radionuclides for bone 
metastases

Radiation Half life Range

Phosphorus β 14.3 days 8mm

Strontium (89Sr) β 50.5 days 6.7mm

Samarium (153Sm) β+γ 47 hours 3.4mm

Rhenium (186Re, 
189Re)

β+γ 40 hours; 16.5 
hours

10mm; 4.7mm

Tin (117Sn) β+γ 13.6 days <1mm

Radium (223Ra) α 11.4 days 100μm

39



Deshayes et al 2017 40



Clinical indications

• Painful (widespread) bony metastases

• Refractory to other treatments

• Main area of use in prostate cancer

• May be of more benefit in patients with longer 
life expectancy
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Clinical efficacy

• Response rates (pain relief) up to 70-80%

• Strontium – onset of pain relief 10-14 days, response 
duration up to 15 months; Samarium – ?faster onset 

• Improvement in survival – Radium (223Ra)
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• Phase 3, randomised, double blind, placebo-controlled

• N= 921; not eligible or declined Docetaxel chemo

• 6 iv injections of 223Ra, once every 4 weeks

NICE guidance (2016):
Radium-223 dichloride is recommended as an option for treating 
hormone-relapsed prostate cancer, symptomatic bone metastases 
and no known visceral metastases if:
- They have already had Docetaxel or
- Docetaxel is contraindicated or not suitable

Parker et al 201343



Toxicities

• Pain flare 
o 12-20% (some studies report up to 50%

o occurs within first week

o lasts approx 4-5 days

• Bone marrow toxicity 
o nadir 4 weeks, recovery by 8 weeks 

o up to 80% of patients 

o usual fall to approx 50% of pre treatment values
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Treatment considerations

• Contraindications
o Pregnancy, breastfeeding

o Metastatic spinal cord compression

o Impaired renal function

o Compromised bone marrow function

• Repeat treatment
o Once bone marrow recovered (strontium) e.g. 90 days

o Radium – 6 injections administered once every 4 weeks

• Radioprotection
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Future directions

• Combinations with other therapies e.g. Docetaxel
chemotherapy, Zoledronic acid, Denosumab

• Targeted radionuclide therapy e.g. Lutetium-177 
(177Lu) labelled prostate-specific membrane antigen 
(PSMA) 
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Other treatment options for bone 
metastases

• Bisphosphonates/Denosumab

• Surgery

• Systemic therapy – chemotherapy, targeted 
therapy, hormone therapy

• Analgesia, steroids, supportive & palliative 
care….
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Conclusions

• Bone is a common metastatic site for many tumour
types

• Can cause significant morbidity for patients

• External beam radiotherapy and radionuclide 
therapy (in selected tumour types) are effective in 
relieving pain and generally well tolerated

• Should be considered and used in conjunction with 
other treatment options and patient preference
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THANK YOU

ANY QUESTIONS?
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