
Cancer-induced bone pain 
 Common 

 Prevalent in particular cancers: breast (73%), prostate (68%), 
thyroid (42%), lung (36%), renal (35%), colon (5%) 

 Correlates with an increased morbidity 

 Reduced performance status 

 Increased anxiety and depression 

 Reduced quality of life 

 Mechanisms similar across tumor types 

 

 

Prevention of metastatic disease remains the primary aim BUT spread 
to bone can mean survival of years: lots of patients living with 
bone metastases 

 

 
 

 

 



How do bone metastases develop? 
• Complex mechanisms 

• Possibly related to the underlying genetic “make-up” of the primary 
tumour (studies in  breast cancer) 

• Coding for cell surface proteins or soluble factors that modify the micro-
environment of the bone – microenvironment is  key to the development 
of metastases and to pain 

• Expression of specific molecules by tumour cells – with high affinity to 
bind to cells in bone 

CXCR4 

Chemokine receptor in bone 
– expressed by tumour cells 

CXCL12 – attracts 

haemopoetic stem cells 

Binding 
Prostate ca –IV- Ab to CXCR4 – 
reduced bone mets 

Breast ca – IV - ↑ CXCR4 - ↑mets 



Development of pain…… 



Acute Pain 

Short term 

Temporary changes within 
peripheral and central 
processes  

Resolves when tissue heals 

Chronic Pain 

Long lasting 

Ongoing activity within the 
PNS due to external stimulus 

Plasticity of the CNS results in 
changes which lead to central 
sensitisation 

Cancer induced bone pain 



Pain – mechanistic classification 

Inflammatory/Nociceptive 

Pain arising from chemical or 
natural stimuli in damaged 
tissues.  

Chemical 

Neuropathic 

Lesion - sensory nerves. 

Pain invoked by changes in ion 
channels (AP) 

Electrical 



Tissue damage and release of 
pro-inflammatory mediators 

Chemical 

Tumour growing within nerve 
(bone densely innervated) 

Electrical 



The pathophysiology of CIBP 
comprises inflammatory and 

neuropathic mechanisms resulting in a 
UNIQUE and COMPLEX PAIN STATE 

 
so how can we make sense of this? 



At  At key stages there are specific 
mechanisms responsible for 
the process of CIBP – as such 
there are options for 
enhancement or modulation of 
pain processing 

Pain Pathway - Simple 



Animal models of CIBP 
• First described 1999…developed since 
• Our model 
• Male rats 
• MRMT-1 cells injected 
• Hole plugged 
• Inert placebo 
• Localised tumor 
• Systemically well with isolated disease 
• Allowed examination of peripheral, central and superspinal 

mechanisms 



1. Peripheral mechanisms 



Periosteum 

Mineralised 

Marrow* 

Heavily innervated by nerve fibres (sympathetic and 
sensory) – distinct in normal bone 

Cancer cells in bone 
invade, divide, grow and trap NF 
sprouting and reorganisation of sensory and sympathetic nerve fibers. 
sympathetic/sensory NF mixed 
sympathetic trigger proximal sensory NF 
 
 
  
 

Inflammatory sequelae – recruited                           macrophages, neutrophils & T cells 



Cancer cells sprouting and reorganisation of sensory/symp NF 
 
 
Increased NF density of symp/sensory fibres      neuroma formation 



Breakthrough Pain Questionnaire 



Characteristics of BTP (Caraceni et al 2012) 



Nerve Growth Factor’s (NGF) 
• Neurotrophic factor/neuropeptide involved in growth, 

maintenance and proliferation of neurons 

• Neuroma formation – release of NGFs from tumour cells.  

• NGF “master switch” in acute and chronic pain states – 
associated with the transmission of pain signals in 
neuropathic and noxious pain 

• Effective in OA  conditions (caution re accelerated joint 
problems) 

• TANGO – placebo controlled trial of Tanezumab in CIBP 

 

 



Architecture……. 
RANKL-ligand binds to RANK receptor 
Binding regulated by Osteoprotegrin (OPG) 
– produced by blasts and binds to RANK 
(decoy) – inhibits RANKL binding and thus 
osteoclast activation. 
 
Cancer state- increased production of 
RANKL (T cells and tumour cells) disrupt 
this balance…..osteoclast over-expression 
 
Potential role for Denosumab – binds to 
RANK-L and suppresses bone resorption 
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RANKL Ligands 

• Patients with breast cancer and bone metastases 
• Monthly denosumab/zolendronic acid 

 

delay in pain progression of 4 months 
p=0.002 



2. Central mechanisms 



Central Mechanisms 



Spinal Cord Mechanisms 
• Changes in the periphery drive 

changes in DH and DRG 
• Usually ↑Substance P & ↑CGRP (not 

in CIBP) 
• Increased expression of c-FOS & 

dynorphin (laminae 3-5) – astrocyte 
hypertropy/upregulation of ATF3  

• More mets ≠more pain – CNS can 
modulate via c-FOS & dynorphin.  
 



Placebo - Post-op day 15-17 MRMT-1-post-op day 15-17 

   WDR 

  
  

          

Peripheral changes drive central hypersensitivity in CIBP 
Reorganisation of dorsal horn lamina neurones is unique to CIBP 
 

Altered ratio of WDR/NS key feature of central 
sensitisation 
Increased response to low threshold peripheral 
stimuli (WDR – easier to trigger ~ allodynia/BTP) 
Thermal stimuli perception upgraded in deeper 
lamina 



Patients with reduced sensation to cool at baseline were almost 7 times more likely to 
respond to XRT (odds ratio 6.67, 95% CI 0.99-45). Abnormal cool sensation was 
independently predictive of response (p=0.03).  

 





 Effect of gabapentin 

 acute and chronic reduction of hyperexcitable state in DH 

 Reduced mechanical and electrical responses 

 Chronic admin restored normal profile of WDR/NS in DH 

 Normalization reversible with cessation of treatment 

 Further evidence for correlation between behavioural hyperalgesia and 

hyperexcitability of WDR superficial DH neurones 

 Suggests role for gabapentin/pregabalin in CIBP 

 

 

 





3. Supraspinal mechanisms 



NMDA involvement 
• NMDA receptor for glutamate – most excitatory neurotransmitter in pain 

• Receptor activation – constant stimulus increased by 4-5x          wind 
up/central sensitisation 

 Excitable spinal neurones - ↓thresholds for firing 
                                              - ↑ receptive field sizes 
                                              - spontaneous firing 
                                              - ↑response when activated    

Allodynia, hyperalgesia & spontaneous pain 



SUMMARY 

Inflammatory and neuropathic processes in CIBP 
Normal processes conscripted into development of 
CIBP 
Driven by peripheral mechanisms 
Resulting in altered DH architecture 
Increased responsiveness to peripheral stimuli 
 
Correlates with clinical features of allodynia, 
hyperalgesia, thermal and spontaneous pain 
 
Open to the fact  that the multiple mechanisms that 
exist in CIBP – may mean that to treat optimally, 
multiple modalities are needed – targeting, peripheral 
& central mechanisms.  
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Further reading 

Journal of Bone Oncology 5(2016): special 
edition on bone metastases 

Mechanisms of cancer induced bone pain.  

Falk& Dickenson – JCO 16(1) 2014. 

 


