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Boney metastasis may lead to terrible suffering from debilitating pain. The most likely malignancies that 
spread to bone are prostate, breast, and lung. Painful osseous metastases are typically associated with multiple 
episodes of breakthrough pain which may occur with activities of daily living, weight bearing, lifting, coughing, 
and sneezing. Almost half of these breakthrough pain episodes are rapid in onset and short in duration and 
44% of episodes are unpredictable. Treatment strategies include: analgesic approaches with “triple opioid 
therapy”, bisphosphonates, chemotherapeutic agents, hormonal therapy, interventional and surgical approaches, 
steroids, radiation (external beam radiation, radiopharmaceuticals), ablative techniques (radiofrequency 
ablation, cryoablation), and intrathecal analgesics. (Korean J Pain 2013; 26: 223-241)
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INTRODUCTION

In 2008 there were over 12 million new cases of cancer 

diagnosed and 7.6 million deaths from cancer with up to 

75-90% of patients with metastatic or advanced stage 

cancer experiencing significant cancer-induced pain [1-5].

Approximately half or more of patients diagnosed with 

cancer may experience bone pain. Bone is the third most 

common site of metastatic disease. Breast, lung, and 

prostate cancers are collectively responsible for about 80 

percent of secondary metastatic bone disease. Other com-

mon types of cancer, such as thyroid, lung, and renal cell 

carcinomas, also display significant osteotropism. Cacri-

nomas are more likely to metastasize to bone than 

sarcomas. The axial skeleton is seeded more than the ap-

pendicular skeleton, particularly due to the persistence of 

red bone marrow in the former. The ribs, pelvis and spine 

are generally involved early with distal bone involvement 

being infrequent. Batson’s vertebral venous plexus permits 

malignant cells to enter the vertebral circulation without 

first passing through the lungs. Malignant cell survival 

with the development of spinal metastases may occur is 

common due to the sluggish blood flow in this plexus. In 

general, when a tumor grows in bone it may become more 

of a challenge to achieve a “cure” status, and it may cause 

devastating clinical complications, such as intractable se-

vere pain, pathological fractures, spinal cord and nerve 

compression, hypercalcemia, and bone marrow aplasia, 

collectively referred as “skeletal-related events”. Not all 

patients with bone metastases have pain, but about 83% 
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Fig. 1. The spectrum of metastatic bone disease.

of patients with osseous metastases complain of pain at 

some point with wide variation in pattern and severity [6] 

(Fig. 1). 

Cancer Induced Bone Pain (CIBP) often results in hos-

pice or hospital admission and is associated with reduced 

quality of life, increased psychological distress and de-

creased physical and social functioning. With higher levels 

of disability, advanced illness and pain, comes an in-

creased incidence of depression and anxiety [7]. 

CIBP does not exist as a single entity, but instead may 

be considered as a combination of background pain and 

breakthrough pain. Breakthrough pain (BTP) has been de-

fined as ‘a transitory exacerbation of pain experienced by 

the patient who has relatively stable and adequately con-

trolled baseline pain’. Breakthrough pain can be divided 

into spontaneous pain at rest and incident pain (either vo-

litional or non-volitional). Breakthrough pain was present 

in 75% of cases of CIBP [6]. Patients with breakthrough 

pain had greater interference on aspects of life (mood, re-

lationships, sleep, activity, walking ability, work, enjoy-

ment of life) than those with no breakthrough pain (P  ＜ 

0.01). Almost half of breakthrough p ain episodes were 

rapid in onset ( ＜ 5 min) and short in duration ( ＜ 15 

min). Forty-four per cent of patients with breakthrough 

pain had pain that was unpredictable [6]. These clinical 

characteristics make the successful treatment of CIBP 

challenging. This has been supported by other studies that 

have shown that up to 45% of patients with CIBP report 

poor pain control [8].

Treatment strategies have employed various therapies 

for the treatment of painful osseous metastases including: 

bisphosphonates, chemotherapeutic agents---mitoxan-

trone (a chemotherapeutic agent that inhibits DNA syn-

thesis), hormonal therapy, interventional, and surgical 

approaches. Additional agents may include systemic an-

algesics, steroids, radiation, (external beam radiation, ra-

diopharmaceuticals), and ablation (radiofrequency ablation 

(RFA) and cryoablation), and intrathecal analgesics.

PATHOPHYSIOLOGY OF BONE 
METASTASES/RESOPRTION

In order for cancer cells to metastasize to bone and 

cause pain at least six things generally need to occur, 

including.

1. Communication

There needs to be interaction between the tumor cells 

and the bone marrow hematopoietic stem cells and the 

most important factor facilitating this interaction is CXCR4 

signaling [stromal-d factor 1 (SDF-1; also referred to as 

CXCL12) binding to CXCR4].

2. Adherence

The attachment/of osteoclasts to bone/collagen is 

largely due to the integrin αvβ3-facilitated by cathespin K 

exposing the RGD (Arg-Gly-Asp) sequence from collagen 

to αvβ3 (also known as the vitronectin receptors).

3. Osteoclast activation

Osteoclast activation appears to contribute to painful 

osteolytic lytic/erosions. The interaction of RANKL and 

RANK as well as promotes osteoclast activation and inter-

ference with these interactions will lead to inhibition of os-

teoclast activation and pain. C-Src kinase activity is in-

creased in response to integrin binding as well as 

RANKL/RANK interaction, and increased c-Src is involved 

in promoting osteoclast function/activation. 

4. Bone resorption

The resorption of bone may be considered as essen-

tially two events; resorption of the organic matrix and re-

sorption of the inorganic matrix. 

5. Resorption of organic matrix

Cleavage of the type I collagen fibers is mainly medi-

ated by the cysteine proteinase cathepsin K, which is ac-

tive at low pH [9], and performs almost complete removal 

of the type I collagen fibers [10]. The MMPs are also in-

volved in the degradation of the organic matrix of the 

bones; however, their precise role is remains uncertain 

(Fig. 2).
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Fig. 2. Osteoclastic bone resorption.

Fig. 3. Schematic of c-Src 
and other nociceptive sig-
naling pathways in painful 
osseous metastases.

6. Resportion of inorganic matrix

The resorption of the inorganic matrix of bone requires 

two major factors: energy (ATP) and acid (HCI). The osteo-

clasts generate H+ and Cl- utilizing carbonic anhydrase II 

that catalyzes conversion of carbon dioxide and water into 

carbonic acid, which in turn dissociates into hydrogen ion 

(H+) and bicarbonate (HCO3
-) [11]. The HCO3

- ions are then 

exchanged for Cl- through the basolaterally located Anion 

Exchanger 2 (AE2) [12], providing the Cl- ions required for 

acidification [HCl] occurring in the resorption lacuna (Fig. 2).

Inside the sealing zone, bone resorption is induced by 

active secretion of protons to the bone surface through a 

specialized vacuolar type ATPase (V-ATPase) requiring 

ATP, containing the a3 subunit [13] and passive transport 

of chloride through the chloride channel [ClC-7], also to 

the bone surface [14] (Fig. 2). Hydrochloric acid lowers the 

pH to approximately 4.5, leading to dissolution of the in-

organic matrix of bone [15].

Thus, involvement of vacuolar H+-ATPase and car-

bonic anhydrase are crucial to “digesting” bone with sub-

sequent creation of osteolytic lesions. c-Src may contrib-

ute to bone resorption, in part by: 1) preventing the in-

hibitory effects of calcitonin on osteoclast function and fa-

cilitating osteoclast activation, 2) enhancing the normal 

organization of the osteoclast actin cytoskeleton and con-

tributing to the formation of the “ruffled border” [after 

c-Src is recruited to the plasma membrane, 3) facilitating 

podosome activities by promoting a shift from stable focal 

adhesions with actin stress fibers to more dynamic podo-

some assemblies, 4) by phosphorylating cytochrome c oxi-

dase within the mitochondria, thereby increasing cyto-

chrome c oxidase activity, and subsequently contributing 

to the generation of high levels of ATP required for bone 

resorbing actions of osteoclasts [16] (Fig. 3). The ATP pro-

duced by c-Src-induced cytochrome c oxidase activity 
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Table 1. Major Processes That May be Therapeutic Targets for Palliation of Painful Osseous Metastases

Target Process Potential therapy 

CXCR4 Communication (between tumor and 
hematopoetic stem cell)

CXCR4 antagonists

αvβ3 Attachment (between osteoclast [αvβ3] and 
bone/collagen [RGD]

αvβ3 antagonists

Cathepsin K (exposes RGD) Cathepsin K inhibitors

RANKL-RANK interaction Osteoclast activation Denosumab

Prenylation of Src Bisphosphonates

Src Src inhibitors

Src  Src ATP binding to:
          P2Y1R,
         P2X3R,
        P2X2/3R
       Energy     ⇓ 
           Nociception

Src inhibitors

Vacuolar H+-ATPase Bone resorption - acidic microenvironment
 (proton secretion) - dissolution of
 Inorganic matrix

Inhibitor of vacuolar H+-ATPase [V-ATPase] 
(e.g. bafilomycin A1) – subunit 3

Carbonic anhydrase Carbonic anhydrase inhibitors

CIC-7 (Chloride channel) Inhibitors of CIC-7 (chloride channel)

Ae2 (Anion exchanger) Inhibitors of Ae2 (anion exchanger)

Cathepsin K  Bone resorption 
Proteolysis – removal of collagen fibers

Inhibitors of Cathepsin K
MMP-9 Inhibitors of MMP-9

may be utilized by V-ATPase to provide energy for the 

proton pump to secrete hydrogen ions by the bone surface. 

Furthermore, the ATP generated may also contribute to 

nociception via binding to purinergic receptors (P2X2/3 and 

P2X3). Targeting major processes involved in painful oss-

eous metastases may lead to novel potential future ther-

apeutic agents (Table 1).

NONPHARMACOLOGIC APPROACHES 
TO THE MANAGEMENT OF PAINFUL 

OSSEOUS METASTASES (POM)

Treatment strategies for painful osseous metastases 

include multiple nonpharmacologic approaches. These may 

include: physical medicine approaches, tai chi, yoga, 

stretching modalities, heat, cold, galvanic ultrasound, be-

havioral medicine approaches, cognitive behavioral ther-

apy, mediation, hypnosis, relaxation techniques, guided 

imagery, and acupuncture. Bradt and colleagues performed 

a systematic review indicating that music interventions 

may have beneficial effects on anxiety, pain, mood, and 

quality of life, in people with cancer [17]. Jane and col-

leagues conducted a randomized clinical trial was to com-

pare the efficacy of message therapy (MT) to a social at-

tention control condition on pain intensity, mood status, 

muscle relaxation, and sleep quality in a sample (n = 72) 

of Taiwanese cancer patients with bone metastases [18]. 

MT was shown to have beneficial within- or between-sub-

jects effects on pain, mood, muscle relaxation, and sleep 

quality. 

PHARMACOLOGIC APPROACHES 
TO THE MANAGEMENT OF POM

The “standard” or “traditional” pharmacologic ap-

proach to the treatment or palliation of painful osseous 

metastases follows the World Health Organization (WHO) 

analgesic stepladder guidelines approach to pain relief. An 

international WHO Expert Committee on cancer pain, 

chaired by Dr. Kathleen Foley of Memorial Sloan-Kettering 

Cancer Center, was convened in 1982, and in 1986 the 

WHO monograph Cancer Pain Relief was published [19]. By 
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1993 it has been translated into 22 languages [19]. The 

WHO guidelines have been prospectively and cross-cultur-

ally validated and shown to work well clinically [19]. Zech 

et al. published the largest prospective trial of WHO guide-

lines to date and achieved favorable pain control in 76% 

of 2118 cancer patients who were treated over a 10-year 

interval [20]. Analgesic agents which may play a role in 

the WHO guidelines approach include: non-opioid an-

algesics (acetaminophen, traditional or nonselective non-

steroidal anti-inflammatory drugs [NSAIDs], cyclooxy-

genase-2 inhibitors), adjuvants (antidepressants, anticon-

vulsants, muscle relaxants, alpha-2 adrenergic agonists, 

n-methyl-d-aspartate [NMDA] receptor antagonists), and 

opioids/opioid-like analgesic agents.

Although the World Health Organization has recom-

mended a three-step analgesic ladder for the treatment 

of cancer pain, it has been reported that 45% of patients 

with bone cancer pain (BCP) have inadequate and under-

managed pain control because of the relative ineffective-

ness and adverse side effects of current pharmacotherapy 

[21]. 

ANTI-INFLAMMATORY AGENTS

NSAIDs appear to be particularly useful in patients 

with bone pain or pain related to inflammatory conditions 

and less useful in patients with neuropathic pain [22]. 

However, although clinicians regard anti-inflammatory 

agents as important drugs for the treatment of CIBP, this 

has largely been based on experience rather than a strong 

evidence base; and the use of traditional [nonselective 

(NS)] NSAIDs in CIBP has been questioned due to the lack 

of robust, clinical evidence [23]. 

Eisenberg and colleagues performed a meta-analysis 

of the published randomized controlled trials to assess the 

efficacy and safety of nonsteroidal antiinflammatory drugs 

(NSAIDs) in the treatment of cancer pain by meta-analy-

ses of the published randomized control trials (RCTs) [24]. 

Twenty-five studies met inclusion criteria for analysis. Of 

these, 13 tested a single-dose effect, nine multiple-dose 

effects, and three both single- and multiple-dose effects 

of 16 different NSAIDs in a total of 1,545 patients [24]. 

Better pain relief was obtained from NSAIDs than placebo 

in three scores summed pain intensity difference [SPID], 

peak pain relief, and total pain relief based on five or six 

studies, and in another score peak pain intensity difference 

[PPID] based on eight studies. Single doses of placebo pro-

duced a 15% to 36% rate of analgesia, whereas NSAIDs re-

sulted roughly twice as much analgesia (31% to 60%). All 

differences between NSAIDs and placebo comparisons were 

statistically significant [24]. Pain was related to bone 

metastases in seven studies. Four studies enrolled patients 

with either malignant bone pain, non-bone malignant pain, 

or both, but results were not reported separately for 

bone-related and non-bone-related pain in any study. 

Three studies [25-27] examined the analgesic efficacy of 

NSAIDs specifically for malignant bone pain, but not for 

other types of malignant pain. Analgesic efficacy data 

were extractable from only two of these studies, but were 

not combinable because one was a single-dose trial [27] 

and the other a multiple-dose trial [25]. The single-dose 

with ketoprofen study crossover reported a mean 

NSAID-induced PPID of 40% to 55% and SPID of 34% to 

45%. The NSAID PPID in the multiple-dose study with 

naproxen 275 mg versus 550 mg was 23% to 33% [24].

McNicol and colleagues performed a Cochrane review 

and evaluated forty-two trials involving 3084 patients were 

included. Clinical heterogeneity of study methods and out-

comes precluded meta-analyses and only supported a 

qualitative systematic review [28]. Sixteen studies lasted 1 

week or longer and 11 evaluated a single dose [28]. They 

concluded that based upon limited data, NSAIDs appear to 

be more effective than placebo for cancer pain (7 out of 

8 papers); clear evidence to support superior safety or ef-

ficacy of one NSAID over another is lacking; and trials of 

combinations of an NSAID with an opioid have disclosed 

either no difference (4 out of 14 papers), a statistically in-

significant trend towards superiority (1 out of 14 papers), 

or at most a slight but statistically significant advantage 

(9 out of 14 papers), compared with either single entity. 

The short duration of studies undermines generalization of 

their findings on efficacy and safety of NSAIDs for cancer 

pain [28].

Cyclooxygenase (COX)-2 inhibitors may in theory be 

of greater therapeutic potential in well selected patients 

due to their anti-tumor/antiangiogenic properties [29]; es-

pecially in patients at high risk of gastrointestinal compli-

cations and those at risk of bleeding. Studies have shown 

in the sarcoma model of bone cancer pain that chronic in-

hibition of COX-2 activity with selective COX-2 inhibitors 

resulted in significant attenuation of bone cancer pain be-

haviors [both spontaneous and movement-evoked pain] as 
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well as many of the neurochemical changes suggestive of 

both peripheral and central sensitization [30]. Microsomal 

prostaglandin E synthase-1 (mPGES-1) acts on COX-2 

derived endoperoxide PGH2 to catalyze its isomerization 

PGE2. Thus, mPGES-1 inhibition may represent a ther-

apeutic target to treating painful osseous metastases [31]. 

Lumiracoxib (Cyclooxygenase- 189; PrexigeⓇ), is a highly 

selective COX-2 inhibitor which is not approved in the 

United States, Canada, Australia, England, and in some 

other countries due to hepatic related adverse events. 

Compared with diclofenac, lumiracoxib has substantially 

reduced affinity for COX-1, being 300-fold less potent. 

The pKa of lumiracoxib is 4.3 and thus, lumiracoxib is pre-

dicted to be more effective in a low pH environment; which 

may potentially be beneficial for pain relief in sites of 

metastatic bone lesions, where the local environment is 

acidic in nature. 

STEROIDS

Corticosteroids are commonly used for bone-related 

pain management which includes dexamethasone, methyl-

prednisolone, and prednisone. Dexamethasone is often 

preferred orally because of its relatively high anti-in-

flammatory potency and low mineralocorticoid potency; 

therefore, dexamethasone has a lower risk of causing salt 

and water retention compared to equipotent doses of other 

corticosteroids. The mechanism of action of cortico-

steroid-induced analgesia is uncertain but may be related 

to decreasing tumor-related edema or inhibition of pros-

taglandin and leukotriene synthesis.

To date, only one study specifically addressed cortico-

steroid use for cancer-related bone pain. This study was 

a 14-day, randomized, double-blind, placebo-controlled, 

crossover study comparing 32 mg of oral methylpre-

dnisolone (MP) (16 mg twice daily) with placebo for symp-

toms in terminally ill cancer patients. After the initial 14 

days, patients were continued on MP for a treatment peri-

od of 20 days. Pain intensity was significantly lower after 

MP compared with baseline or placebo in the crossover 

phase; 68% of patients responded that their pain control 

was better with MP compared to placebo by the end of the 

treatment phase. Furthermore, the findings of this study 

suggest that MP exerts its action rapidly, and the chances 

of obtaining better responses after 5 days of treatment are 

poor [32].

ANTIEPILEPTIC DRUGS

Animal models of cancer pain have demonstrated that 

peripheral nerve destruction can take place in both skin 

[33] and bone [34]. Additionally, sensitization of un-

myelinated primary afferent fibers and damage to small 

and medium sized sensory neurons may occur. Metastatic 

tumor cells and/or tumor stromal cells in bone appear to 

lead to sensory nerve injury as evidenced by changes that 

include: sprouting of sensory fibers into bone [35], in-

creased expression of activating transcription factor-3 

(ATF-3) in the nucleus of sensory neurons that innervate 

bone, as well as up-regulation of galanin and glial fibrillary 

acidic protein with hypertrophy of satellite cells surround-

ing ipsilateral dorsal roof ganglion (DRG) sensory neuron 

cell bodies and ipsilateral DRG macrophage infiltration [36].

Gabapentin and pregabalin are voltage-gated calcium 

channel blockers believed to exert their effects at the al-

pha-2-delta-1 subunit. It has been demonstrated in ani-

mal studies, that gabapentin reverses dorsal horn changes 

associated with POM resulting in relief of spontaneous and 

movement-related pain [37]. In a sarcoma model chronic 

treatment with gabapentin did not affect tumor growth, 

tumor-induced bone destruction or tumor-induced neuro-

chemical reorganization in sensory neurons or spinal cord, 

but did attenuate both ongoing and movement-evoked 

bone cancer-related pain behaviors [34]. These changes 

suggest that there is likely a neuropathic component which 

exists in conjunction with nociceptive and inflammatory 

components in painful osseous metastases. Stimulated by 

favorable effects of gabapentin in animal models demon-

strated modulation of continuous and stimulus-related 

bone pain [37] and by the observation that gabapentin is 

reported to be useful for the treatment of neuropathic 

cancer pain [38], and as a synergistic adjuvant to opioid 

analgesics; Caraceni and colleagues published an anecdotal 

report describing their treatment of six consecutive pa-

tients with incident pain caused by bone metastases with 

gabapentin not completely controlled by opioid medication 

[39]. The addition of gabapentin was associated with sig-

nificant clinical improvement of pain at rest and incident 

pain exacerbated by movement, which was sustained for up 

to 3 months [39]. As far as therapeutic agents in the class 

of “anticonvulsants”, it is conceivable that topiramate may 

be an antiepileptic drug which is particularly well-suited for 

the treatment of painful osseous metastases, since in addi-
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Fig. 4. Two different types of breakthrough pain (BTPs) and
their “matching” opioid treatment. CRO: controlled release 
opioid, GOBTP: gradual onset breakthrough pain, IRO: 
immediate release opioid, ROBTP: rapid onset breakthrough
pain, ROO: rapid onset opioid.

tion to its multiple mechanisms of action, it also possesses 

actions as a carbonic anhydrase inhibitor. Topiramate is 

a calcium channel blocker, sodium channel blocker, gluta-

mic acid inhibitor; GABA facilitator and may affect the 

NMDA receptor complex. Adequate hydration is recom-

mended due to the potential formulation of calcium phos-

phate renal stones.

OPIOIDS

One of the major classes of agents for the pharmaco-

logic management of POM is that of opioid analgesics. 

Preclinical research suggests that there may be varying 

efficacy for different opioids [40], however, clinically there 

does not appear to be any opioid that is better than any 

other opioid for the treatment of painful osseous meta-

stases. Although some opioids may provide more analgesia 

than other opioids for a specific individual patient, cur-

rently, “trial and error” is the only way to determine this. 

Opioids are considered an effective therapy for background 

pain in CIBP. However, their usefulness in breakthrough 

pain is less clear. It appears to be vitally important to 

match the characteristics of the opioid utilized to treat 

BTP; to the type of BTP experienced. Immediate release 

oral morphine has, at best, an onset of action of about 

30 min [41]. This means that in patients with rapid-onset, 

short duration breakthrough pain, immediate release mor-

phine will probably be ineffective. Furthermore, titration of 

opioids to doses that control episodes of breakthrough pain 

may result in unacceptable opioid side-effects [42]. Newer, 

rapid-onset opioids have been developed with the aim of 

mirroring the temporal features of breakthrough pain. 

The author suggests a “triple opioid therapy approach” 

to using opioid analgesics to treat painful osseous meta-

stases. A triple opioid therapy approach utilizes three dif-

ferent opioid formulations (a controlled release opioid, an 

immediate release opioid, and a rapid onset opioid). Enteral 

or transdermal extended release or controlled release 

opioids are employed for “maintenance” therapy to control 

the baseline or background constant pain. The patient re-

ceiving TOT then evaluates BTP episodes; 1) if a BTP epi-

sode seems relatively predictable and gradually intensifies 

over a half-hour or more Gradual Onset Breakthrough Pain 

then it may be treated early with an immediate release 

opioid formulation, however, 2) if a BTP episode is un-

predictable and/or the intensity suddenly increases rapidly 

Rapid Onset BTP, then it should be treated with a rapid- 

onset opioid (Fig. 4).

Rapid-onset opioids FDA approved in the United States 

include: oral transmucosal fentanyl citrate [AtiqⓇ], fentanyl 

buccal tablet [FentoraⓇ], fentanyl buccal soluble film 

[OnsolisⓇ], sublingual fentanyl [AbstralⓇ], and fentanyl 

pectin nasal spray [LazandaⓇ]. Potential future rapid-onset 

opioids may include: intranasal fentanyl spray [InstanylⓇ] 

and fentanyl dry powder intrapulmonary inhaler [TAIFUNⓇ].

BISPHOSPHONATES

Early-generation bisphosphonates (i.e., clodronate 

and etidronate) lack nitrogen and adhere to bone, where 

they are metabolized by osteoclasts. Metabolic products 

include cytotoxic ATP analogs that interfere with mi-

tochondrial membrane potential and lead to osteoclast 

apoptosis [43]. Later generation, nitrogen-containing bi-

sphosphonates (i.e., pamidronate, ibandronate and zoledr-

onate) inhibit osteoclasts by a different mechanism. They 

are internalized - but not metabolized - by osteoclasts, 

where they subsequently inhibit an enzyme called farnesyl 

pyrophosphate (FPP) synthase. FPP synthase is required 

for producing intermediates (e.g. isoprenoid lipids) neces-

sary for post-translational modification (prenylation) of 

several small GTPases, including Ras, Rho and Rac. These 

small GTPases are required for proper cellular vesicle 

transport, without which osteoclasts cannot form the tight 

sealing zones or ruffled borders at the bone surface that 
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are required for resorption [43]. Additionally, nitrogen- 

contain bisphosphonates may lead to the accumulation of 

ispentyl pyrophosphate (IPP) which may be conjugated with 

adenosine monophosphate (AMP) to form an endogenous 

ATP analog triphosphoric acid 1-adenosin-5’-ylster 3- 

(3-methylbut 3-enyl) ester [ApppI] which may inhibit mi-

tochondrial adenine nucleotide translocase (ANT) and 

cause osteoclast apoptosis [44]. In the United States bi-

sphosphonates used for osteoporosis include zoledronic 

acid (indicated for a range of solid tumors, with osseous 

metastases--- breast, prostate, non-small cell lung, re-

nal, and others), pamidronate (included for breast cancer 

and multiple myeloma), ibandronate (indicated for breast 

cancer), and clodronate (not approved in U.S.).

Multiple studies have demonstrated the efficacy of bi-

sphosphonates in reducing skeletal complications and pain 

from bone metastases [45,46]. Intravenous zoledronic acid 

has demonstrated the broadest clinical activity [47]. 

Zoledronate (zoledronic acid) is the most potent of the ni-

trogen containing bisphosphonates, displaying superior ef-

ficacy in inhibiting FPP synthase activity, reducing bone 

resorption and relieving pain when compared with other 

bisphosphonates, such as clodronate and pamidronate 

[48,49]. Zoledronic acid is the only bisphosphonate that 

has statistically shown significant reductions in skeletal 

morbidity, including bone pain, in patients with metastatic 

prostate cancer [50]. Fulfaro and colleagues demonstrated 

a relationship between a decrease in bone pain in 75% of 

patients and modification of C-telopeptide levels was iden-

tified in bone metastases from prostate cancer treated 

with zoledronic acid [51].

Zoledronate, in particular, has been reported to have 

direct antitumor properties in preclinical studies. It is ca-

pable of inducing tumor cell apoptosis [52], inhibiting can-

cer cell invasion [53] and limiting metastatic outgrowth in 

visceral tissues at extremely high doses [49]. Zoledronate 

treatment has been associated with a decline in circulating 

levels of the potent pro-angiogenic molecule, VEGF, in 

cancer patients [54]. Zoledronate -mediated reductions in 

VEGF levels were associated with increased time to a skel-

etal-related event, increased time to the progression of 

bone disease and longer time to the worsening of per-

formance status [55]. Zoledronic acid distributes and bonds 

to osseous tissues and has a triphasic post-infusion de-

cline process with a terminal half-life of 146 hours. Prior 

to therapy initiation of zoledronate, a dental evaluation and 

subsequent follow-up are needed in efforts to monitor for 

the occurrence and risk of osteonecrosis of the jaw.

Zoledronic acid can cause flu-like symptoms that are 

manageable with standard treatment. Renal monitoring is 

recommended due to association with iatrogenic renal 

function deterioration. Use of zoledronic acid should be 

avoided in patients with a Clcr of ≤ 30 ml/min and caution 

should be utilized when using coledronate in patients with 

other nephrotoxic agents. Dose reductions should be fol-

lowed according to the package information sheet for pa-

tients with renal dysfunction. 

HORMONAL APPROACHES 
TO THE MANAGEMENT OF POM

Only certain types of cancers (e.g. breast cancer, 

prostate cancer) may respond in some fashion to hormonal 

therapy. Intuitively, it would seem that any hormonal ther-

apy which achieves antineoplastic results may also possess 

antinociceptive qualities under certain circumstances. An 

example of a cancer type which may respond to hormonal 

therapy is prostate cancer. Androgen deprivation therapy 

is achievable with surgical castration (bilateral orchi-

ectomy), or medical castration which may include agents 

such as: synthetic gonadotropin releasing hormone (GrRH) 

agonists (e.g. leuprolide, buserelin, goserelin, histrelin, 

[triptorelin-in phase II trials is a 60 month formulation trip-

torelin embonate that is under development]), cytochrome 

P450 enzyme 17A1 (CYP17A1) inhibitors [inhibition of an-

drogen synthesis] (e.g. nonselective CYP17A1 inhibitors) ke-

toconazole, [aromatase inhibitors] aminoglutethimide], se-

lective CYP17A1 inhibitors [abiraterone acetate - in phase 

III clinical trials, TOK-001 and TAK-700 in phase I/II trials], 

androgen receptor antagonists (e.g. bicalutamide, niluta-

mide, flutamide, and [MDV 31000 - in phase III clinical tri-

als, BMS-641988 in phase I clinical trials]), inhibitors of 

5α-reduction [which converts testosterone to the more po-

tent dihydrotestosterone] (e.g. finasteride, dustasterude).

Androgen-deprivation therapy has become a vital 

component of treatment for certain types of cancer (e.g. 

advanced prostate cancer). Gonadotropin-releasing hor-

mone (GnRH) agonists override the normal pulsatile control 

of the pituitary by providing continuous stimulation with 

resultant down regulation of pituitary GnRH receptors with 

consequent reduction of luteninizing hotrmone (LH) and 

follicle-stimulation hormone (FSH) production and testos-
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terone suppression. However, before this occurs, there 

tends to be a transient increase in LH, FSH and test-

osterone. GnRH antagonists (e.g. degarelix and abarelic) 

bind directly to pituitary GnRH receptors blocking the ef-

fects of GnRH on the pituitary with immediate suppression 

of LH, FSH, and testosterone.

RADIOTHERAPY

External beam RT for osseous metastases may lead to 

improved analgesia, elimination or reduction of analgesic 

usage, functional improvement, such as increased ambula-

tion, and reduction in the risk of fracture in weight-bear-

ing bones. Large multiinstitutional randomized trials con-

ducted by the Radiation Therapy Oncology Group have 

demonstrated that 80% of patients receiving RT for oss-

eous metastases will experience complete to partial pain 

relief, typically within 10-14 days of the initiation therapy 

[56]. A correlation was also found between the incidence 

of pain relief and the site of bone metastases, in that a 

lower response was shown in limb localizations [57]. Dennis 

and colleagues found that patients suffering from painful 

bone metastases with an estimated survival of 3 months 

should still be considered for palliative radiotherapy [58].

Approximately 80% of patients may be successfully 

treated with sequential whole-skeleton radiation, in which 

6-8 Gy is administered as a single fraction to either the 

upper and lower part of the body, followed by a second 

dose of 6-8 Gy, given 4-6 weeks later, to the remainder 

of the body [59]. Most prospective randomized trials evalu-

ating differences in the outcomes have shown that single 

fraction regimens (mostly 8 Gy) are at least equal in an-

algesic efficacy to the various fractionated regimens [60]. 

These results have been confirmed in three meta- analy-

ses [61-63]. Wu et al. [61] included eight randomized trials 

(3,260 patients) in a meta-analysis, comparing 1 × 8 Gy 

single fraction radiotherapy with various multi-fraction 

regimens and found that all multi-fraction regimens were 

essentially equal to single fraction therapy. 

Similar results have been observed in the meta-analy-

sis of Sze et al. [62], which included 3,621 patients from 

12 randomized trials. The complete response rates were 34% 

(508/1,476) after single-fraction radiotherapy and 32% 

(475/1,473) after multi-fraction radiotherapy (0dds ratio 

[OR] 1.10; 95% CI 0.94-1.30, P ＞ 0.05). Overall response 

rates were 60% (1,080/1,814) and 59% (1,060/1,807), re-

spectively (OR 1.03; 95% CI 0.90-1.19; P ＜ 0.05) [62,64]. 

Chow and colleagues included 5,000 patients from 16 

randomized trials in their meta-analysis [63]. The overall 

response rates (intention-to-treat analysis) were 58% 

(1,468/2,513) after single-fraction radiotherapy (mostly 1 

× 8 Gy) and 59% (1,466/2,487) after multi-fraction radio-

therapy (mostly 5 × 4 Gy or 10 × 3 Gy) (OR 0.99; 95% 

CI 0.95-1,03; P = 0.60) [63,64].

Nomiya and colleagues analyzed the time course of 

pain relief by radiotherapy for cancer pain [65]. Complete 

pain relief was obtained in 45/91 (49%) cases, and partial 

(＞ or = 50%) pain relief was obtained in 83/91 (91%) cases. 

The mean time to obtain 50% pain relief was 13 days. The 

mean time to obtain complete pain relief (n = 45) was 24 

days [65].

Huisman and colleagues performed a systematic re-

view in which 10 of 707 articles were selected for inclusion 

and seven entered a meta-analysis [66]. Overall, the study 

quality was mediocre. Of the 2,694 patients initially treated 

for metastatic bone pain, 527 (20%) patients underwent 

reirradiation. Overall, a pain response after reirradiation 

was achieved in 58% of patients (pooled overall response 

rate 0.58, 95% confidence interval = 0.49-0.67) [66]. 

Reirradiation of painful bone metastases was found to be 

effective in terms of pain relief for a small majority of pa-

tients; approximately 40% of patients do not benefit from 

reirradiation [66].

RADIOPHARMACEUTICALS

Radiopharmaceuticals provide several advantages over 

conventional external beam radiotherapy: 1) they can be 

administered intravenously, 2) they can treat multiple, dif-

fuse sites with mild bone marrow depression, and 3) they 

cause fewer adverse side-effects such as nausea, vomit-

ing, diarrhea, and tissue damage [67]. Radiopharmaceut-

icals are relatively easy to administer but should be per-

formed by clinicians appropriately trained in nuclear 

medicine. Although the preparation and steps for each pa-

tient surrounding radiopharmaceutical administration is 

different and should be individualized; certain common 

treatment guidelines exist (Table 2). Absolute contra-

indications for using radiopharmaceuticals include preg-

nancy and patient refusal. Relative contraindications re-

quire careful consideration of risks versus potential bene-

fits within the context of the patients’ wishes (Table 3) [67]. 
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Table 2. Treatment Guidelines

Complete history and physical (with thorough neurological 
exam)

Review bone scan; check for increased uptake (hot spots) at 
painful areas

Complete blood counts
Perform renal studies (minimal BUN/creatinine)
Acquire informed consent
Hydrate patient
Double-check that patient is suitable candidate for therapy
Complete blood counts every other week after injection for 

three months or recovery to baseline counts (generally, the 
usual hematological response is a 20−30 percentdecrease in  
platelet count with a nadir in about five to six weeks and 
recovery by 12 weeks)

Maintain a close patient follow-up post injection
Change an aspirin products (including traditional NSAIDs) to  

COX-two selective inhibitors (e.g., celecoxib, refecoxib)
Have the patient keep a diary post injection with daily entries 

including evening temperature, 0−10 pain score (NRS-11), 
and side effects nausea, etc.)

Table 3. Contraindication for Treatment of Painful Ssseous Metastases
with Radiopharmaceuticals

White blood cell count ＜ 2.500
Platelet count ＜ 60,000 (stable)
Recent rapid fall in platelet count (even if over 60,000)
Disseminated intravascular coagulopathy
Myelosupression chemotherapy within one month
Hemibody radiotherapy within two months
Extensive soft-tissue metastases
Pregnancy
Patient refusal
Inability of patient to follow radiation safety precautions
Impending spinal cord compression or pathological fracture
Estimated survival time ＜ 2 months
Karnofsky performance ＜ 50
Significant renal insufficiancy

Table 4. Characteristics of Radiopharmaceutical for the Treatment of POM

Radiopharmaceutical Half-life (days) Beta energy MeV (Max) Gamma energy KeV Usual dose

Phosphorous – 32 phosphate 
Strontium – 89 chloride 
Samarium – 153 lexidroam  
Rhenium – 186
Hydroxyethylidene diphosphate* 

14.3
50.5
 1.9
 3.8

1.7
1.5
0.8
101

0
Essentially none

103
137

5−10 mCi
4 mCi
1 mCi/kg
35 mCi

*Not approved in U.S. 

Multiple radiopharmaceuticals exist which may provide an-

algesia from painful osseous metastases, some agents 

have appropriate energies to be imaged as well (Table 4).

Figuls and colleagues updated a Cochrane Review to 

determine efficacy and safety of radioisotopes in patients 

with painful bone metastases. Their update includes 15 

studies (1,146 analyzed participants): four (325 participants) 

already included and 11 new (821 participants). They found 

a small benefit of radioisotopes for complete relief (risk ra-

tio (RR) 2.10, 95% CI 1.32 to 3.35; Number needed to treat 

to benefit (NNT) = 5) and complete/partial relief (RR 1.72, 

95% CI 1.13 to 2.63; NNT = 4) in the short and medium 

term (eight studies, 499 participants). Leucocytopenia and 

thrombocytopenia are secondary effects significantly as-

sociated with the administration of radioisotopes (RR 5.03; 

95% CI 1.35 to 18.70; Number needed to treat to harm 

(NNH) = 13). Pain flares were not higher in the radio-

isotopes group (RR 0.74; 95% CI 0.27 to 2.06) [68].

1. Strontium-89 chloride

Strontium is a divalent cation, like calcium, and is in-

corporated into hydroxyapatite in the bone after intra-

venous injection and is a bone specific radiosotope. 

Sr-89-chloride (Metastron; GE Healthcare Global, Bucks, 

UK) was the first FDA-approved radiopharmaceutical for 

bone pain palliation [69].

Pain relief usually begins within two weeks of treat-

ment, with maximum benefit by six weeks, and lasts be-

tween four and 15 months [70]. Mild thrombocytopenia or 

leukopenia may occur in up to 80 percent of patients [70]. 

Platelets decline about 15-30 percent below pretreatment 

levels and usually completely recover in two to three 

months, enabling repeat treatment at that time [70]. 

Occasionally, recovery of platelet count to baseline may 

take about six month [70]. In addition, 15- 20 percent re-

ductions in WBCs have also been recorded following 89Sr 
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administration [70]. A transient flushing sensation imme-

diately after rapid 89Sr injection has been noted and is self 

limited. Bone pain may transiently increase in some pa-

tients (≤ 20% reported).

A recent systematic review of the available literature 

published by Finlay et al. showed a percentage of complete 

responders to Sr-89 ranging from 8% to 77%, with a mean 

value of 32%, and no responders ranging from 14% to 52% 

(mean, 25%). In general, 44% of patients had some degree 

of response to Sr-89 treatment, giving a mean overall re-

sponse of 76%) [71].

2. Samarium-153 lexidronam

Samarium-153 lexidronam (153Sm- EDTMP) was orig-

inally described by William Goeckler PhD in 1984, and it 

was approved by the Federal Drug Administration (FDA) on 

March 28, 1987 for relief of pain in patients with osteo-

blastic bone metastases [72]. 153Sm-EDTMP is a stable 

complex of radioactive samarium-153 and ethylene diamine 

tetramethylene phosphonic acid [73]. Sartor and colleagues 

reported the safety and efficacy of repeated doses of 

Sm-153 in patients with metastatic bone pain [74]. 

Significant decreases in pain scores (P ＜ 0.002) were ob-

served at week 4 after each of the first 3 doses and main-

tained at week 8 after the first 2 doses (P ＜ 0.003) but 

not after the third dose. Decreases in pain scores were 

observed in 70%, 63%, and 80% of patients, respectively, 

at week 4 after the first 3 administrations. 

INTERVENTIONAL APPROACHES TO THE 
MANAGEMENT OF POM ABLATION

1. Patients selection for ablation

Patients may be offered focal ablative therapy (radio-

frequency ablation [RFA] [75] or cryoablation) for painful 

metastases when 3 factors are present. First, a patient re-

ports moderate or severe pain, typically ≥ 4 of 10 for 

worst pain in a 24-hour period. Second, a patient’s local 

pain is limited to 1 or 2 sites and the patient’s pain is as-

sociated with a corresponding abnormality evident with 

cross-sectional imaging. Third, treatment of the patient’s 

painful metastatic lesion must be amenable to the use of 

ablative devices. Lesions that amenable to ablative therapy 

are typically osteolytic or mixed osteolytic/osteoblastic in 

nature or otherwise composed of soft tissue [76]. Exclusion 

of patients from focal ablative therapy usually occurs when 

one or more of the following situations are present. First, 

if a successful treatment requires the treatment of a por-

tion of the lesion located within 1 cm of the spinal cord, 

major motor nerve, brain, artery of Adamkiewicz, bowel, 

or bladder [76]. Di Staso et al. suggest that radiofrequency 

ablation (RFA) followed by radiotherapy (RT) (RFA-RT) is 

safe and more effective than RT alone [77].

While cryoblation may effectively treat intact or scle-

rotic bone, RFA energy is poorly delivered into sclerotic or 

otherwise intact bone [78]. Cryoablation may have several 

other unique advantages over RFA for treatment of pain 

due to metastatic disease. Importantly, the zone of abla-

tion is readily monitored with intermittent CT or MR 

imaging. The ice ball that is generated appears as a low 

attenuation region with a well-defined margin with CT and 

with various pulse sequences with MR imaging [76]. 

Cryoablation also allows the simultaneous use of multiple 

cryoprobes, which allows complete ablation of large lesions 

(up to approximately 8-cm diameter) in a single session. 

This approach avoids leaving residual neoplasm between 

the separate cryoprobes that is possible between sequen-

tial single overlapping ablations [76]. Furthermore, cryo-

blation may treat larger lesions than RFA, since the site 

of the ice ball generated is generally larger than the tip 

of the radiofrequency probe.

VERTEBRAL AUGMENTATION 
PROCEDURES

The incidence of spinal metastases and vertebral com-

pression fractures continues to rise, with associated axial 

pain, progressive radiculopathy/myelopathy, and mechan-

ical instability. Vertebral augmentation procedures such as 

percutaneous vertebroplasty and percutaneous kypho-

plasty can provide relief in patients with pathologic verte-

bral body compression fractures that do not cause neuro-

logical deficits but severely compromise quality of life 

largely because of intractable pain, but also due to loss 

of independence, mobility, and function often with result-

ing isolation/loneliness [79].

1. Vertebroplasty

Percutaneous vertebroplasty, first described in 1987, is 

a radiologically guided procedure in which percutaneous 

injection of polymethylmethacrylate, a surgical bone ce-

ment, is injected into a vertebra under imaging guidance 
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Fig. 5. Intrathecal analgesic therapies.

[80]. Lee and colleagues reported on 19 percutaneous ver-

tebroplasty procedures performed mainly in breast, pros-

tate, lung and renal cancers [81]. Of these 19 cases, 10 

patients (53%) were treated for solitary lesions, 3 (16%) 

were injected at two levels and the remaining 6 cases (31%) 

underwent cement injection at three levels. The majority 

of individuals (84%) reported short- and long-term symp-

tomatic improvements [81]. Saliou et al. evaluated a total 

of 74 vertebrae in 51 patients, (22 women and 29 men) with 

a mean age of 62.5 years with malignant fractures of the 

spine with epidural involvements [82]. They concluded that 

percutaneous vertebroplasty provided effective analgesia in 

patients experiencing pain related to malignant spinal tu-

mors with epidural extension, and was associated with a 

relatively low complication rate [82].

2. Kyphoplasty

Kyphoplasty has evolved from vertebroplasty and aims 

to offer the benefit of analgesia in vertebral fractures in 

combination with restoration of vertebral body height. A 

balloon-like device is inflated, which restores vertebral 

body height and creates a cavity into which cement is then 

injected [83].

Qian and colleagues performed a retrospective review 

of clinical outcome data for 48 patients with multiple spinal 

metastases treated with kyphoplasty [84]. Outcome data 

(vertebral body height variation, degree of kyphosis, visual 

analog scale score for pain, Oswestry Disability Index 

score, the Short Form-36 [SF-36] questionnaire score for 

function) were collected preoperatively, postoperatively, 

and at 1 month, 6 months, 1 year, and 2 years after 

treatment. The mean visual analog scale score decreased 

significantly from presurgery to postsurgery (7.4 ± 2.1 to 

3.8 ± 1.6; P ＜ 0.001), as did the Oswestry Disability Index 

score (71.5 ± 16.7 to 32.4 ± 9.6; P ＜ 0.001). The SF-36 

scores for bodily pain, physical function, vitality, and social 

functioning all also showed significant improvement (P ＜ 

0.05). Qian et al. concluded that kyphoplasty appears to 

be an effective, minimally invasive procedure for the stabi-

lization of pathological vertebral fractures caused by 

metastatic disease, even in levels with vertebral wall defi-

ciency [84].

INTRATHECAL THERAPIES FOR POM

The use of intrathecal analgesics is an important 

treatment consideration for many patients with chronic 

cancer pain. Intrathecal analgesia has emerged as a key 

therapeutic option for pain relief for patients who have 

failed other treatment avenues as well as patients with ad-

equate analgesia on high dose enteral or parenteral ther-

apy but with unacceptable side effects.

Smith and colleagues performed a multicenter rando-

mized, prospective trial evaluating intrathecal drug delivery 

for 202 cancer patients [85]. Specific outcomes from the 

Smith et al. study were that opioid-induced toxicities such 

as fatigue, sedation, and cognitive slowing were improved 

compared with patients receiving comprehensive medi-

cation management. Pain scores were also improved with 

respect to baseline and compared with the scores in pa-

tients receiving comprehensive medication management, 

with nearly 2/3 Implantable Drug Delivery System (IDDS) 

patients, having scores in the target range of less than 

4/10. The number of intrathecal drug choices are limited 

and should be guided by consensus guidelines [86]. 

First-line intrathecal analgesics include morphine, sulfate, 

hydromorphone and ziconotide [86], however, there are 

other alternative agents as well (Fig. 5) [86]. Appropriate 

selection of patients with intractable cancer pain for 

chronic intrathecal analgesia therapy is paramount [87] 

and clear communication of the rationale for infusion is 

very important, as is regular education about infusion 

management.
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POTENTIAL FUTURE APPROACHES 
TO THE MANAGEMENT OF POM

1. Inhibitors of the RANK-RANKL system

The RANK-RANKL system plays a fundamental role in 

the maturation and function of osteoclasts and thus in the 

development and progression of bone metastasis. 

Therefore, inhibition of this system has been evaluated as 

therapeutic target for the treatment of osteolytic diseases, 

including bone metastasis [88].

It appears that some of the pain from metastatic bone 

lesions may be secondary to the effects of osteoclastic ac-

tivity, so that “shutting down” osteoclastic activity is par-

amount to incorporate in analgesic treatments. Osteoclast 

bone-resorbing activity is dependent on the binding of the 

TNF family molecule osteoprotegerin ligand (OPGL) [89], 

which is expressed on activated T cells and osteoblasts, 

to a receptor termed receptor activator of nuclear factor 

kB (NF-kB), abbreviated RANK [89]. RANK is expressed on 

osteoclast precursors and mature osteoclasts [90]. Any 

treatment that impedes the OPGL-RANK interaction will 

impair RANK activation and therefore impair osteoclastic 

activity and bone resorption. Osteoprotegerin (OPG) is a 

soluble tumor necrosis factor receptor molecule that is se-

creted and binds to the RANK activating site of OPGL, act-

ing as a “dummy” or “decoy” receptor and preventing OPGL 

from binding to and activating the osteoclast RANK re-

ceptor [89] (Fig. 2).

Amgen created a recombinant Fc-OPG (AMGN-0007) 

to treat multiple myeloma and bone metastatic breast 

cancer. Results from the Phase I trial were encouraging, 

in that Fc-OPG was well tolerated and its inhibitory effects 

on bone resorption were similar to the bisphosphonate, 

pamidronate [91]. However, due to the superior efficacy of 

their newer agent, denosumab (AMG-162) - a fully human 

monoclonal antibody that specifically neutralizes RANKL - 

thereby inhibiting bone resorption, and concerns regarding 

deleterious OPG-mediated protection from TRAIL mediated 

apoptosis in cancer cells, Amgen ceased further clinical 

development of AMGN-0007 [92].

PURINERGIC MODULATORS

Purinergic modulators appear to have the capacity to 

affect nociceptive processes.

Kaan et al. utilized a rat model of bone cancer with 

MRMT-1 carcinoma cells and demonstrated that pain-re-

lated behaviors were increased and phosphorylation of ERK 

1/2 (p-ERK 1/2) protein expression levels were increased 

in the spinal dorsal horn and DRG of the CIBP group rela-

tive to the sham group [93]. Using AF-353, an orally ad-

ministered potent and selective P2X3 and P2X2/3 receptor 

antagonist, Kaan and colleagues demonstrated attenuation 

of bone cancer pain-related behaviors, reduced bone can-

cer-induced dorsal horn neuronal hyperexcitability in vivo, 

and reduced carcinoma cells-induced extracellular sig-

nal-regulated kinase activation (p-ERK 1/2) in dorsal root 

ganglion neurons [93].

Additionally, Chen et al. published that P2Y1R mRNA 

and phosphorylated ERK1/2 (p-ERK1/2) protein expression 

levels were increased in the spinal dorsal horn and DRG 

of the CIBP group relative to the sham group [94]. Intra-

thecal injection of the P2Y1R antagonist MRS2179 de-

creased P2Y1R mRNA and p-ERK1/2 protein expression in 

the spinal dorsal horn and DRG (P ＜ 0.01), as well as 

pain-related behavior including tactile allodynia, sponta-

neous pain, and ambulatory-evoked pain [94]. These re-

sults provide supporting evidence that the inhibition of 

P2Y1R-mediated ERK1/2 phosphorylation in the spinal 

dorsal horn and DRG can attenuate nociception trans-

mission [94].

Additionally, it is conceivable that potential future 

therapeutic agents may include cannabinoid receptor mod-

ulators, nerve growth factor modulators, inhibitors of 

cathepsin K, Src inhibitors, inhibitors of MMP-9 αVβ3 an-

tagonists, CXCR4 antagonists, endothelin-A receptor an-

tagonists (e.g. atrasentan), and tyrosine kinase inhibitors 

(e.g. cabozantinib).

INHIBITORS OF T-CELL 
RELATED PROTEINS

T-cell death-associated gene 8 (TDAG8) is a G-pro-

tein-coupled receptor (GPCR) belonging to the ovarian 

cancer G-protein-coupled receptor 1 subfamily of proton- 

sensing and psychosine-sensitive receptors [95]. Recently, 

expression of TDAG8 has been shown in spinal cord and 

dorsal root ganglion (DRG), supporting the possible in-

volvement of TDAG8 in nociception [96]. Chen et al. (2009) 

have shown that TDAG8 participates in complete Freund’s 

adjuvant-induced chronic inflammatory pain [97]. Tissue 

acidosis is an important feature of cancer [98]. It has been 
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suggested that a relatively high proton concentration, 

known as acidosis, is direct link between disease and pain 

[99]. TDAG8 is a proton sensing receptor but whether it 

is involved in bone cancer pain remains unclear.

In vitro research has demonstrated that TDAG8 can be 

coupled to Gs protein, which stimulates adenylyl cyclase, 

leading to cAMP response element-dependent transcription 

via protein kinase A (PKA) phosphorylation of the cAMP re-

sponse element-binding (CREB) protein [100]. 

Hang et al. demonstrated the relationship between 

TDAG8 expression and the initiation and maintenance of 

CBP. Activation of spinal TDAG8 contributes to CBP 

through the PKA signaling pathway in rats. A bone cancer 

pain model was made by inoculation of Walker 256 cells 

into the intramedullary space of rat tibia. Intrathecal 

TDAG8 siRNA attenuated bone cancer pain behaviors dur-

ing the initiation and maintenance phases; there were also 

concomitant decreases in TDAG8 mRNA and protein levels 

in spinal cord. On days 6, 12 and 18 after inoculation, the 

relative levels of spinal TDAG8 mRNA significantly and time 

dependently increased in BCP rats compared to sham and 

NS rats [101]. The upregulation of TDAG8 protein was also 

demonstrated by Western blot analysis and immuno-

histochemistry. Western blot analysis showed that on days 

6, 12 and 18 after inoculation, a statistically significant in-

crease in TDAG8 protein levels was observed in BCP rats 

compared to sham and NS rats. Moreover, they found spinal 

PKA and phosphorylated cAMP response element-binding 

(pCREB) protein levels were up-regulated in the rat model 

of bone cancer pain. Knockdown of TDAG8 resulted in re-

duced bone cancer pain-induced spinal PKA and pCREB 

protein expression in two procedures. Furthermore, intra-

thecal H-89 (a PKA inhibitor) significantly attenuated bone 

cancer pain behaviors in rats [101].

CANNABINOID 2 RECEPTOR AGONSITS

Lozano-Ondoua and colleagues demonstrated that 

CB(2) agonists reduce breast cancer-induced bone pain, 

bone loss and breast cancer proliferation via cytokine/ 

chemokine suppression [102]. Studies utilized the sponta-

neously-occurring murine mammary cell line (66.1) im-

planted into the femur intramedullary space; measure-

ments of spontaneous pain, bone loss, and cancer pro-

liferation were made. The systemic administration of a 

CB(2) agonist, JWH015, for 7 days significantly attenuated 

bone remodeling, assuaged spontaneous pain, and de-

creased primary tumor burden. CB(2) -mediated effects in 

vivo were reversed by concurrent treatment with a CB(2) 

antagonist/inverse agonist but not with a CB(1) antago-

nist/inverse agonist. In vitro, JWH015 reduced cancer cell 

proliferation and inflammatory mediators that have been 

shown to promote pain, bone loss, and proliferation. Taken 

together, these results suggest CB(2) agonists as a novel 

treatment for breast cancer-induced bone pain, in which 

disease modifications include a reduction in bone loss, 

suppression of cancer growth, attenuation of severe bone 

pain, and increased survival without the major side effects 

of current therapeutic options [102].

LIPOXINS AND 
ASPIRIN-TRIGGERED LIPOXINS

Utilizing a cancer-induced bone pain (CIBP) model, in-

duced by intra-tibia inoculation of Walker 256 mammary 

gland carcinoma cells; Hu and colleagues demonstrated 

that: 1) Intrathecal injection with the same dose (0.3 nmol) 

of lipoxin A4 (LXA4), lipoxin B4 (LXB4) or aspirin- 

triggered-15-epi-lipoxin A4 (ATL) could alleviate the me-

chanical allodynia in CIBP on day 7 after surgery. ATL 

showed a longer effect than the others and the effect last-

ed for 6 hours. ATL administered through i.v. injection 

could also attenuate the allodynia in cancer rats. Additio-

nally, real-time PCR analysis revealed that, compared with 

vehicle, i.t. injection with ATL could significantly attenuate 

the expression of the mRNA of proinflammatory cytokines 

(IL-1β and TNF-α) in the spinal cord in CIBP. These data 

suggested that LXs and analogues exert strong analgesic 

effects on CIBP. These analgesic effects in CIBP are asso-

ciated with suppressing the expression of spinal proin-

flammatory cytokines [103].

CONCLUSION

Metastatic disease to the bone has been a crippling 

devastating complication of various cancers, leaving pa-

tients bedridden or wheelchair-bound and victims of suf-

fering with unbearable pain. Knowledge surrounding the 

pathophysiology of painful osseous metastases is rapidly 

changing. Treatment approaches continue to be introduced 

into practice as they are approved. The advent of intra-

venous bisphosphonates has not only given clinicians an-
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other agent to reduce pain but also to reduce and/or post-

pone the risk of “skeletal-related events”. RANK-L in-

hibition with denosumab represents a new therapeutic ap-

proach to also prevent or delay “skeletal-related events” 

as well as reduce pain. A greater understanding of the 

pathophysiology of painful osseous metastases may lead 

to improved analgesia with minimal adverse effects by uti-

lizing tailor-made selective targeted therapy. It is hoped 

that potential future therapeutic agents for the treatment 

of painful osseous metastases may revolutionize current 

pharmacologic approaches and lead to improved patient 

outcomes with better quality of life.
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EDITOR’S COMMENT

I am deeply indebted to deceased Dr. Smith who have 

been worked as Editor-in-Chief of Pain Physician as well 

as an editorial board member of The Korean Journal of 

Pain. He had an incredible wealth of knowledge and left 

tremendous achievements including books and papers in 

the field of pain medicine. This article shares many sim-

ilarities, including tables and figures, with a review article 

published by Dr. Smith. (Smith HS. Painful osseous 

metastasis. Pain Physician 2011: 14; E373-E405). This re-

view article is published in honor and remembrance of Dr. 

Smith with permission from Pain Physician. - Francis 

Leem, Editor-in-Chief of The Korean Journal of Pain.
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