TURKISH JOURNAL of ONCOLOGY

Turk J Oncol 2021;36(Supp 1):73-78 E E
doi: 10.5505/tj0.2021.51019

REVIEW [=]3

Treatment Methods for Bone Metastasis-induced Pain

Savas COMLEK

Department of Anesthesiology and Reanimation, Gayrettepe Florence Nightingale Hospital, Istanbul-Turkey

Introduction

Bone metastasis-induced cancer pain is chronic pain
with complex pathogenesis that affects daily activities
and social life due to its physical, psychological, and
emotional effects.[1] The most important cause of treat-
ment limitations is the lack of information regarding the
pain’s mechanisms. According to our current knowledge
metastatic bone pain is originating from inflammatory
and neuropathic pathways, which could be focal, mul-
tifocal, or generalized. Among the neurochemical sub-
stances responsible for pain behavior in different forms,
the most well known are substance P, c-Fos and dynor-
phin. Numerous studies have shown that tumor and in-
flammatory cells that secrete substances that cause sus-
tained activation of osteoclasts cause bone cancer pain.
Painful syndromes that also occur in nerve compression
and injuries caused by tumor invasion and growth are
well-known types in patients with bone metastasis.[2]

When bone metabolism changes in patients with
bone metastases were examined, it was shown that
pain was associated with bone destruction. The in-
crease in osteclastic activity responsible for bone de-
struction is under the control of tumor necrosis fac-
tor-alpha (TNF-alpha) and other cytokines produced
by cancer cells. The acidic environment in which bone
destruction occurs is thought to cause pain by stimu-
lating nociceptors. The severity and character of pain
perception is also associated with changes in the dorsal
root ganglia located in the spinal cord by stimulation of
the nociceptors. 3]

One of the pain types impairing patients quality of
life with bone metastasis-induced pain is breakthrough
pain. Breakthrough pain is the transitory flare of pain
in patients, which is continuous at a certain level and
seen in about 75% of the patients.[4] Hyperalgesia,

another important concept of pain, occurs due to cen-
tral and peripheral sensitization induced by cancer.
[5] Changes in the spinal cord caused by continuous
peripheral stimulation, resulting in decreased pain
threshold, which is known as the mechanism of central
sensitization.[6] Reviewing the bone metastasis-in-
duced pain management would be helpful by dividing
it into three basic approaches, including pharmacolog-
ical, interventional, and surgical.

Pharmacological Approach

Widely known for treating painful bone metastases,
the pharmacological approach is based on the WHO
analgesic ladder. Treatment usually starts with a non-
steroidal anti-inflammatory agent or paracetamol.
The second step consists of a combination of weak
opioids (codeine and tramadol) and non-opioid anal-
gesics, while the third step consists of strong opioids.
Consistent with the three-step analgesic guideline of
the World Health Organization, while themainstay of
managing cancer pain remains to be opioid use, this ap-
proach does not provide enough pain control in about
a quarter of patients. As a consequence for this reason,
interventional pain treatment is an valuable fourth step
in controlling cancer related pain.[7,8] Thus, the gen-
erally accepted view is that an adjuvant agent may be
added if the clinician deems appropriate at any step, or
an interventional procedure may be performed.

Non-steroidal Anti-inflammatory Drugs

Non-steroidal anti-inflammatory drugs (NSAID) fall
into the first step of the WHO analgesic ladder. While
NSAIDs substantially reduce cancer-induced pain in a
meta-analysis of twenty five randomized controlled tri-
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als on the use of NSAIDs to manage cancer pain, their
use in the treatment of metastasis-induced bone pain
remains controversial. The most critical concern is
the negative and serious side effects of NSAIDs on the
stomach and kidneys. In a Cochrane review of 42 clin-
ical trials on the use of NSAIDs for the management of
cancer pain, no conclusions could be drawn whether
NSAID is superior or safer.[9] This agent’s main mech-
anism is to inhibit the cyclooxygenase (COX) enzymes,
which play a role in the synthesis of prostaglandins reg-
ulating various cellular functions, including pain per-
ception. In tumor cells, COX-2 has increased activity.
Therefore, reducing the COX activity would prevent
pain perception.[10]

Opioids

Opioids are categorized as weak and strong and fall
in the second and third steps of the WHO analgesic
ladder. They are the useful and cost effective thera-
peutic group for the management of cancer pain. The
analgesic effects of the opioids largely depend on p-re-
ceptor saturation. Nevertheless, the type and severity
of the pain, previous opiate use and the personal dif-
ferences in the receptor distribution are the other fac-
tors determining its efficacy. The main adverse effects
of opioids include respiratory depression, addiction,
physical dependence, tolerance, sedation, constipation,
nausea, and vomiting.

Clinicians recommend two approaches to manage
the analgesic effects of opioids. First, the best possible
analgesic effect combined with the way to reduce side
effects is individualized therapy based on the pharma-
cogenomics of the cancer type. Second, titration of the
medication based on the pharmacodynamic and phar-
macokinetic studies obtains the best performance from
opioids using minimum dosages. As with the combina-
tion of sublingual fentanyl with other long-acting nar-
cotics for rapid onset of effect on breakthrough pain, nar-
cotic agents with different properties may be combined
based on the pain character. Various medications are
used to reduce the adverse effects, such as ondansetron
and metoclopramide, laxatives, and methylphenidate.
Opioid sensitization is an important issue causing re-
duced eflicacy of the agent when used for a prolonged
period. Therefore, treating the pain using increased
doses of the same opioid may ineffective.[11]

Bone-targeted Agents (Bisphosphonates and Deno-
sumab)

Bisphosphonates are used commonly for the treat-
ment and prevention of bone metastasis induced
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pain and other complications. These medications ef-
fectively control cancer pain by improving the acidic
microenvironment of the local tumor bone tissue and
reducing bone resorption.[12] Due to both their ef-
fects in preventing metastasis-induced complications
and analgesic effects, bisphosphonates are recom-
mended as a part of the treatment regimen in patients
followed for bone metastasis (evidence IIb).[13] Zole-
dronic acid is the drug from the first bisphosphonate
group with proven effectiveness in preventing and
delaying bone metastases in prostate cancer and renal
cell cancer.[14]

Denosumab is a human monoclonal (IgG2) anti-
body developed against RANKL. Although studies are
currently ongoing, its role in bone pain is promising,
and it is used as an alternative to bisphosphonates.[12]

Tricyclic Antidepressants

Tricyclic antidepressants can be used for chronic pain
in cancer patients due to their beneficial effects on
their psychological status and sleep. Clinical stud-
ies have reported that they affect depressive symp-
toms and modulate the patient’s perception of pain.
Selective norepinephrine and serotonin reuptake in-
hibitors, including venlafaxine, paroxetine, duloxe-
tine, and citalopram, have been proven to effectively
treat neuropathic pain.[15]

Corticosteroids

Corticosteroids are often used as adjuvants, treatment
of cancer-related pain syndromes. These include bone
and neuropathic pain caused by the infiltration of
neural structures or metastatic entrapment, headache
caused by intracranial pressure increase, arthralgia,
pain caused by persistent inflammation and com-
pression on the surrounding tissues, and capsule pain
caused by organ strain.[16] Nevertheless, when corti-
costeroids are used for a long time, they can cause side
effects such as immunosuppression, hypertension, hy-
perglycemia, stomach ulcers and psychosis. The bene-
fit-risk analysis in cancer patients indicated that steroid
use benefits, especially central nervous system involve-
ment, outweigh the risks.

Radiotherapy

Radiotherapy (RTx) is widely used in the treatment of
cancer patients and is one of the most effective meth-
ods in terms of pain relief. The Radiation Therapy On-
cology Group reported that 80-90% of patients experi-
enced partial or complete pain relief 10-14 days after
radiotherapy applied to bone metastases.[17]
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Radiotherapy, when combined with opioids, pro-
vides potent analgesic effects in localized metastatic
bone pain. Evidence showed that low-dose, short-
-term radiotherapy cycles are as effective as the
longer-term cycles.[18] Transient aggravation of pain
may occur after palliative radiotherapy, and the use
of prophylactic dexamethasone helps alleviate this
aggravation.[13] Recently, studies recommended the
combination of radiotherapy with radiofrequency
and cementoplasty procedures, especially in vertebra
metastases.[19-22]

Radiopharmaceuticals

The clinical development of bone selective radiophar-
maceuticals is based on providing more effective anti-
tumor activity while protecting the healthy tissues from
the detrimental effects of the radiation by targeting the
tumor-related skeletal regions and directing the moder-
ate-to high particle radiation to the relevant site. Samar-
ium-153-ethylene-diamine-tetra methylene phospho-
nic acid and strontium-89-chloride are radionuclides
that can be used clinically, and their half-lives and
radiation energies are different. For this reason, these
products, which can be used in different indications
considering their side effect potentials, are approved in
the USA and Europe.[14]

Interventional Methods

The improvements in the survival rates of the patients
due to the advancements in cancer therapy substantially
increased the need for interventional methods of pain
treatment. In bone metastases, the rate of patients with
uncontrollable pain was reported to be 40%. The most
effective way to reduce this rate is through the availabil-
ity of interventional pain treatment methods.[23]

Different opinions have been suggested to redefine
the WHO analgesic ladder. One of them is related to
the timing of the interventional procedures. There is
increasing evidence showing that early blocking proce-
dures without waiting for the pain to become severe or
resistant are beneficial. Studies have shown improved
outcomes, a substantial reduction in opioid consump-
tion, improved quality of life in the patients undergo-
ing early blocking procedures than later.[24-26]

The benefits of the early interventional methods
should be considered in light of this information.
When the conventional opioids based approaches are
insufficient and ineffective, interventional techniques,
including nerve blocks, neuroablative/neurodestruc-
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tive methods, intrathecal or epidural drug administra-
tion, should be evaluated and performed with a multi-
disciplinary approach.

Neurodestruction

It is based on preventing transmission of the pain
pathways of pain signalization from the spinal cord
to the brain using chemical, mechanical and thermal
instruments. Neurodestruction can be administered
on nerve fibers belonging to the localization of bone
metastasis-induced pain, sparing the motor functions.
Currently, many procedures performed using open
surgical interventions in the past are performed percu-
taneously guided by imaging. Pain transmission can be
blocked at all levels including nerve, nerve root, nerve
root ganglion, spinal cord, thalamus or brainstem.

One of the techniques used for neurodestruction
is the CT-guided percutaneous cordotomy procedure
based on cutting the spinothalamic pathway, mostly at
the cervical level. This technique causes loss of pain on
the other side of the body, leading to pain relief. Other
neurodestructive methods, thalamotomy, and cingulo-
tomy, are irreversible invasive procedures rarely used
due to their potential side effects, although they are
known to be effective and beneficial.[15]

Injection of neurolytic agents to ganglia is an ef-
fective treatment method for chronic cancer pain
complicated by bone metastases. Pancreatic cancer-in-
duced chronic abdominal pain can be treated by celiac/
splanchnic plexus block, which is effective and safe in
controlling the pain by providing pain-free status in
70-90% of abdominal cancer patients.[27] Most com-
mon side effects due to celiac plexus block consists of
orthostatic hypotension, local pain and diarrhea that
can be managed with early diagnosis and adequate
conservative treatment. Superior Hypogastric plexus,
ganglion impar block and neurolysis can be used in
cancers causing pelvic pain.[28] However, superior
hypogastric plexus block is a relatively less researched
technique in the treatment of cancer-related pelvic
pain, and it is mostly indicated late, which reduces its
effectiveness. Therefore, 1t is thought to be less effective
than the celiac plexus block. Nonetheless, the hypogas-
tric block can be used in medically persistent pelvic
pain cases, and to date, it has no known complication.
As in the intercostal nerves, block and neurolysis ap-
plied to the affected peripheral nerves are effective pain
treatment methods in appropriate cases in applications
performed with alcohol and phenol. Vertebroplasty
and kyphoplasty are other effective techniques that can
be used as an adjuvant with radiotherapy for the treat-
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ment of pain caused by painful vertebral compression
fractures in metastatic patients.[29,30]

The most well-known and effective application of
radiofrequency ablation is the use of imaging-guided
tumor ablation. Several publications showed the favor-
able results of bone cement injection and augmenta-
tion in the vertebral corpus and long bones and non-
spinal structures.[19-21]

Neuromodulation

Electrical neuromodulation is based on the electrical
stimulation of the peripheral nerve, or the dorsal col-
umn of the spinal cord and brain. Spinal cord stimula-
tion (SCS) effectively controls mainly neuropathic pain
in patients with arachnoiditis. However, its efficacy and
use in the control of nociceptive pain is controversial.
Several studies using spinal cord stimulation showed
efficacy. According to one of them, it was shown that
there was a 60% improvement in pain intensity and
quality of life for as long as 3 years. However, it is not to
be accepted as one of the first-choice treatment options
for persistent chronic pain.[29]

Intrathecal Port/Pump Placement

An important tool in controlling severe cancer pain is
the use of intrathecal drugs, which have been shown to
be effective in many chronic pain syndromes. For this,
For this, primarily opiates, local anesthetics, ziconiti-
dine and some alpha agonists are widely used. These
drugs can be administered alone or in combination
for controlling persistent pain. These medications are
administered mostly through automated pumps deliv-
ering the medication into the intrathecal space at a de-
termined infusion rate based on the patient’s need and
the intensty of the pain. Intrathecal administration of
the aforementioned analgesics causes less systemic side
effects of these drugs. Compared to the other routes of
administration (oral, IV, transdermal), intrathecal or
epidural administrations provide substantially lower
doses and higher efficacy rates. The secret to qualified
and high efficacy is related to combining narcotics
with local anesthetics, which cannot be used effec-
tively through other routes. Intrathecal drug delivery
systems are an effective method of treatment, which
allows comprehensive management of the cancer pain
affecting the whole body, proven in a multi-center,
randomized clinical trial.[31] According to this trial,
systemic adverse effects were reduced by 50% using in-
fusion through an intrathecal pump. Thus, it showed a
substantial reduction in the rates of fatigue and loss of
consciousness and improved survival rates in patients
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with implantable intrathecal drug delivery systems.[32]
This pump can be implanted into the abdominal sub-
cutaneous area to provide continuous infusion. Today,
pumps sold in the market are programmable devices
and can be remotely managed via digital connections.
The reservoirs of these pumps should be refilled at reg-
ular intervals. In addition to opioids, clonidine, bupi-
vacaine, baclofen, and ziconotide can be administered
intrathecally. Ziconotide, a novel agent, approved by
FDA in 2004, acts through calcium channels in nerve
tissue. It provides pain control through neurochemi-
cals such as substance P, glutamate, and calcitonin
gene-related peptide, which modulate nociceptive pain
stimulation in the spinal cord.[33] Simple management
of the intrathecal pumps and used medications and the
reversibility of the possible adverse effects make the
intrathecal pumps a commonly accepted treatment
method for long-term severe cancer pain in patients
due to bone metastases.[34] In cases where pump use
is not possible for pain management, bolus adminis-
tration using subcutaneous ports and external infusion
systems can also be used.

Epidural Port/Catheter Placement

Epidural administrations are as effective as intrathecal
ports and catheters in treating cancer pain. However,
there is no randomized trial comparing the efficacy of
drug infusions using both methods. The decision to
use intrathecal or epidural drug delivery is based on
the localization of the pain, catheterization technique,
and patient&#39;s life expectancy. For example, in in-
trathecal space compression, epidural catheterization
may be preferred over intrathecal administration for
optimal neuraxial spread. In patients without long
life expectancy, the catheter might be tunneled sub-
cutaneously and/or connected to an external subcu-
taneous port accessed per-cutaneously. In some cases,
intrathecal administration is preferred due to catheter
durability and the need for lower doses. However, some
patients prefer epidural tunneled intermittent catheters
as they are less invasive and inexpensive.

Surgery

The treatment goals in patients with pathological frac-
tures due to bone metastases include pain relief, mor-
bidity reduction, and increasing the functions and
skeletal integrity of the patients to an optimal level for
the remaining part of their lives. These patients may
undergo surgical therapies using internal fixation and
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instrumentation to provide palliative care in better
conditions. In patients with epidural/spinal cord com-
pression or mechanic instability caused by vertebral
metastasis, surgical options should be considered.
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