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» The problem  of cancer -induced  bone  pain  

» What  is known  about  biology  of cancer  pain  

» Preclinical  models  for the  study  of mechanisms  of cancer  pain  

» Current  Therapies  

» Side-effects and limitations  

» Potential contributions of opioids to cancer pain and bone remodeling  

» Descending  pain  modulation  

» Motivational  aspects  of c ancer -induced  pain  

» Future directions  

Lecture Outline  
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Prevalence of Cancer in US  

Source: American Cancer Society, 2007  

2007 Estimated US Cancer Cases  

26%     Breast 

15%     Lung and bronchus  

11%     Colon and rectum  

  6%     Uterine corpus  

  4%     Non -Hodgkin  lymphoma  

  4%     Melanoma of skin  

  4%     Thyroid  

  3%     Ovary  

  3%     Kidney  

  3%     Leukemia  

 21%    All Other Sites  

Men  

766,860 

Women  

678,060 
Prostate  29% 

Lung and bronchus  15% 

Colon and rectum  10% 

Urinary bladder  7% 

Non -Hodgkin lymphoma  4%  

Melanoma of skin              4%  

Kidney  4% 

Leukemia  3% 

Oral cavity  3% 

Pancreas  2% 

All other sites           19% 

Cancer is the second leading c ause of death in US following heart disease  

Tumor type  
Worldwide Incidence of 

bone metastases (%)  

Breast  65ð75  

Prostate  75ð90 

Lung 30ð40 

Thyroid  60  

Renal  20ð25  

Source:  Coleman RE. (1997) Cancer   



Tumors Metastasize to Multiple Sites  

Scintagraphy 



Metastasis of Cancer to Bone  

http://www.meddean.luc.edu/  

Skeletal Metastases  
(Breast Cancer)  

 Prostate Cancer 

(osteoblastic )  

Breast Cancer 

(osteolytic)  
Type of Cancer  

Prevalence of  

Moderate to Severe Pain  

Bone  80-90% 

Oral  80-90% 

Genitourinary -male  70-80% 

Genitourinary -female  65-75% 

Breast 50-55% 

Bronchus  40-50% 

Lymphoma  20-25% 

Leukemia  5-10% 

Source: Toth, US Pharm (2009) Oncology supplement  



Tumor Metastasis to the Skeleton Contributes to Morbidity and Mortality  

ÅSpread  of cancer  to  bone  is associated  with :  

» pain,  hypercalcemia , anemia,   

» increased  risk of infection,   

» compression  of the  spinal  cord  and/or  nerve  roots,   

» decreased  mobility  and  skeletal  fracture  (catastrophic) ; 

 

ÅMetastasis  to bone  compromise  patient  survival  and  

quality  of life ; 

 

ÅAdvances  in cancer  therapy  are  extending  the  survival  

times  of cancer  patients . 

Given the increasing life span of cancer patients, new 

mechanism based therapies need to be developed to 

reduce cancer -induced pain.  



41% 

Å Pain is the  first sign of cancer  for many  patients  

ÅPain described  as dull,  constant  and  gradually  increasing  in intensity  with  time  

Effect of Cancer Pain on Quality of Life  

94% 

% of patients where pain limits activity  
Coyle et al , 1990 in Journal of Pain and Symptom Management , 5:83-93. 

ÅBone cancer  pain  is the  most  common  pain  in patients  with  advanced  cancer  

ÅPreclinical  models  of bone  cancer  pain  have  allowed  assessment  of mechanisms  

driving  bone  cancer  pain . 



The Puzzle of Cancer Pain  

Inflammation Pain  

Neuropathic Pain  

Cancer -Induced  
Chemotherapy -Induced  

Breakthrough Pain  
(Medication Resistant)  

Spontaneous  

Persistent 

Metastatic Bone Pain  

Fracture  
Limited  

Mobility  

Increased  

Survival  

(4-10 yrs) 

Ongoing, Spontaneous,  

Dull, Throbbing  

Prolonged medication  

Medication Issues  

Multiple  

Mets  

Dose 

Escalation  

Multiple Side Effects  

Mental  

Confusion  

Drug 

Accumulation  

Toxicity  
Renal, Liver  

Heart  

Tolerance  

Chronic  

Pain 



The Pain Matrix 

Periosteum  is 

richly innervated 

with sensory fibers  

Bone marrow is 

richly innervated 

with sensory fibers  

Sensory 

Fibers: 

C-fibers  

The Puzzle of Cancer Pain  



Neuropathic pain  

» Nerve damage caused by 

compression of sensory 

fibers by growing tumor  

» Destruction of nerve endings 

due to osteolysis  

Inflammatory pain  

» Pronociceptive factors 

such as: growth factors, 

prostaglandins, 

endothelins , cytokines  

» Acidosis  

Mechanical pain  

» Mechanical stress on the 

bone by tumor growth  

» Fracture  

IL1b 

TNFa 

CGRP 

TRPV1 
ASIC 



Sealing the cancer cells into the bone allows for well controlled progression 

of disease, bone loss and development of pain behaviors.  

Bone Cancer Pain Model  

 

Primary cancer cells are injected into the 

intramedullary space of the femur of the mouse .  

» Cell lines must be histocompatible  with mouse (i.e. 

NCTC 2472 and C3H mice)  

» Human cell lines require immunodeficient  mice 

(Human PC3 cell line)  

Dental  

Amalgam  



 Bone cancer -induced evoked and spontaneous pain  
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Murine Breast  
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Cancer -induced Bone Remodeling  
Control  Murine  

Osteosarcoma  

Cortical  
Bone 

Cortical  
Bone  

Cortical  
Bone  

Bone  

Loss 

Fracture  

Proximal  

(Hip)  

Distal 

(Knee)  

Normal Bone  Osteolytic  

Bone 
Loss 

Murine  

Breast Cancer  

Osteoblastic 

Growth  

Mixed  

Human  

Prostate  

Bone 

Loss 

Osteolytic  

Bone  
destruction 

Prostate Multiple Myeloma 

Osteoblastic 

Bone  
formation Sarcoma Lung Renal Breast 

Osteolytic 

Adapted from Havorlson et al, Clinical J. Pain, 2006 

               
               

               

Pain behaviors  

Pain behaviors  
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 Murine Sarcoma  

 Cancer -induced bone remodeling and fracture  

Fracture  



Tumor growth within the bone  

Control  Mouse Breast Cancer (D7)  Mouse Breast Cancer  (D13) 

4X 

Muscle  
Muscle  

4X 

Tumor 

Epiphyseal Plate  

10X 

Epiphyseal Plate  

4X 

Tumor with osteoblastic bone remodeling  

Courtesy Patrick Mantyh 

Hematoxylin & Eosin (H&E) 

Cells stably transfected with 

green fluorescent protein (GFP) 



Advantages of the Murine Bone Cancer Pain Model  

» Controlled localization and progression of cancer cells  

» Within each each animal, we can evaluate:  

» Pain behaviors that arise directly from the tumor  

» Bone remodeling  

» Cancer growth  

» Can detect drug effects on pain, tumor and bone 

remodeling  

This gives a tool to gain insight into the molecular mechanisms of 

cancer induced bone pain that will lead to improved therapeutics for 

patients.  



Current Treatment  

Pain-Mild  
Non -opioid (NSAIDs, Acetominophen ) 

Adjunct (TCA, antiepileptics ) 

1 

Pain-Mild to Moderate  
Opioid ( Codeine, Tramadol)  

± Non -opioid (NSAIDs, Acetominophen ) 

± Adjunct (TCA, antiepileptics ) 

2 

Pain Persisting or Increasing  

Pain Persisting or Increasing  

Pain-Moderate to Severe  
Opioid ( Morphine, Fentanyl)  

± Non -opioid (NSAIDs, Acetominophen ) 

± Adjunct (TCA, antiepileptics ) 

3 

WHO 3 Step Analgesic Ladder for Pain Management  

Drug Class  Effect  Complications  

NSAIDs  

(Non -Steroidal Anti -

Inflammatory 

Drugs) 

Analgesia  

Anti - inflammatory  

Bleeding, 

gastrointestinal 

ulceration, renal 

toxicity  

Opiates  Analgesia  

Constipation, 

nausea, vomiting, 

sedation, 

respiratory 

depression.  

Radiation  Analgesia  
Mucositis , fatigue, 

nausea, vomiting  

Bisphosphonates  

Analgesia  

Tumor shrinkage  

Suppression of 

bone loss  

GI toxicity, fever.  

osteonecrosis of the 

jaw  



Breakthrough pain  

Bone Cancer Pain  

Extended drug delivery:  

» Morphine control -release tablets  

» Fentanyl patches  

» Infusion pumps  

Breakthrough  Pain: 

ÅA transitory  exacerbation,  or flare  of moderate -to severe  pain  that  occurs  in 

patients  on  chronic  opioid  therapy  with  otherwise  stable  persistent  pain  
(Portenoy  and  Hagan,  1990). 

ÅPatients  report  as many  as 4-6 episodes  in a single  day . 

Breakthrough  

Pain Medication  

Around the clock 

medication  

ÅAPS recommends  a prescription  order  for as needed  dosing  of a rapid  acting  

drugs  such  as transmucosal  fentanyl  or intravenous  morphine  (APS, 2008). 



Severe (non -cancer) pain  

Å30 mg morphine PO q4h  

 

Cancer pain  

ÅEarly: 30 mg morphine PO p4h  

ÅAdvanced cancer pain (mean daily dose)  

» 1200-1600 mg morphine PO  

» 10% patients require >2000 mg morphine PO  

» cases as high as >3000 mg morphine PO  

Coyle et al., J. Pain and Symptom Management 5: 83 -93, 1990 

 Mean Daily  
Opioid Requirement  

Opioid Requirements for Advanced Disease  

Side Effects of Opioids:  

Overall Reduced Quality of Life  

Mental  effects  

 dizziness, somnolence , confusion,  
impairment  of mental  alertness . 

GI effects  

 nausea,  vomiting,  constipation . 

Analgesic  tolerance   

 doses  of morphine  may  escalate  from  
30 mg/day  up  to 3 g/day . 

Cellular  and/or  Systems Adaptations  

Opioid  Induced  Hyperalgesia  

 



Opioid -induced Hyperalgesia  

Sustained exposure to opioids  can not only induce analgesia but also 

enhancement in pain sensitivity.  

» Can occur particularly during rapid opioid dose escalation;  

» Clinically characterized by the presence of abnormally heightened 

pain sensation in patients receiving continuous opioid treatment;  

» This pain is distinct from the original pain complaint - either in terms of 

location, distribution or quality;  

» Can occur with opioids from multiple structural classes (i.e., not due to 

metabolites);  

» Requirement for receptor occupation in preclinical models ; 

Is opioid induced hyperalgesia  observed in bone cancer pain?  



Opioid induced hyperalgesia (OIH): Preclinical Characterization 
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Effects of Morphine in A Model of Bone Cancer Pain 

Osteolytic  fibrosarcoma  cells are injected into 
the intramedullary  space of femur (C3H mice)  

What  is the  effect  of a background  infusion  
of morphine  on  cancer  pain?    

Baseline  
 radiographs and  

behavioral testing  

Day 0  
Surgery and  

Cancer cells  

Day 6  
radiographs and  

behavioral testing  

Day 7  
Pump  

implantation  

Day 10  
radiographs and  

behavioral testing  

Day 12  
radiographs and  

behavioral testing  

 

Morphine infusion:  

Rate - 0.5 µL/h for 7 days  

Concentration ð 50 mg/ml  

Dose ð 25 µg/hr  
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Percent Mice with Fracture  

BL D6 D10 D14 
0 

20 

40 

60 

80 

100 

Control  Sarcoma  



normal  

pain  

Tactile Allodynia  
Control -Saline  
Control Morphine  
Cancer Saline  
Cancer -Morphine  

Control  
0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

T
h

re
s
h

o
ld

  
(g

)
 

* 

* 
*# 

Day 12 after 

sarcoma  

Sustained morphine enhances sarcoma -induced pain behaviors and bone loss  

Bone Cancer Pain and Bone Loss  
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