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Abstract: Background: Primary and metastatic bone tumor incidence has increased in the previous
years. Pain is a common symptom and is one of the most important related factors to the decrease of
quality of life in patients with bone tumor. Different pain management strategies are not completely
effective and many patients afflicted by cancer pain cannot be controlled properly. In this sense, we
need to elucidate the neurophysiology of cancer-induced pain, contemplating other components
such as inflammation, neuropathies and cognitive components regarding bone tumors, and thus
pave the way for novel therapeutic approaches in this field.

Aim: This study aims to identify the neurophysiology of the mechanisms related to pain manage-
ment in bone tumors.

Methods: Advanced searches were performed in scientific databases: PubMed, ProQuest, EBSCO,
and the Science Citation index to get information about the neurophysiology mechanisms related to
pain management in bone tumors.

Results: The central and peripheral mechanisms that promote bone cancer pain are poorly under-
stood. Studies have shown that bone cancer could be related to neurochemicals produced by tumor
and inflammatory cells, coupled with peripheral sensitization due to nerve compression and injury
caused by tumor growth. The activity of mesolimbic dopaminergic neurons, substance P, cys-
teine/glutamate antiporter, and other neurochemical dynamics brings us putative strategies to sug-
gest better and efficient treatments against pain in cancer patients.

Conclusion: Cancer-induced bone pain could include neuropathic and inflammatory pain, but with
different modifications to the periphery tissue, nerves and neurochemical changes in different neu-
rological levels. In this sense, we explore opportunity areas in pharmacological and non-

pharmacological pain management, according to pain-involved mechanisms in this study.
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1. INTRODUCTION

Pain is a constant condition in humans. Despite this, it
has been challenging to define since it has different contexts.
The most accepted definition is that of Merskey (1979),
modified by the International Association for the Study of
Pain (IASP) taxonomy subcommittee. According to him pain
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is an “Unpleasant sensory or emotional experience associ-
ated with actual or potential tissue damage” [1]. This defini-
tion confers a multidimensional vision of pain. In this way,
pain is not exclusively a sensation due to stimulation by no-
ciceptors and neuropeptides, it also implies the existence of
an emotional factor, which confers variability between indi-
viduals [2]. Therefore, we define pain as a distressing expe-
rience associated with actual or potential tissue damage with
sensory, emotional, cognitive, and social components [3].
Pain includes not only sensory components; emotional expe-
riences are an important part of it [4]. Pain that occurs in
response to injury (e.g. twisted joint, stressful impact) acti-
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vates nociceptors and stimulates the release of neuropeptides
and other molecules. Bones have nociceptors, which allow
transduction of painful stimuli in order to protect and pro-
mote efficient tissue repair. It has been shown that in the
bone a variety of nociceptors exist. These differences lie in
the histological features, the painful type (thermal, chemical,
mechanical), the nervous fiber populations and its processing
and response of the nervous system [5].

Cancer is a worldwide public health problem. This dis-
ease has a high economic, social and psycho-emotional im-
pact on patients. Despite advances in cancer management,
mortality rates remain high [6]. The quality of life of these
patients is also affected, and one of the main reasons is the
difficulty in managing cancer pain. Cancer pain (CP) has not
yet been clearly understood, thus, pain management in can-
cer patients is a clinical challenge [7]. Cancer-associated
pain can be present at any time during the course of the dis-
ease, but the frequency and intensity of cancer pain tend to
increase with advancing stages of the disease. Between 75%
and 90% of patients with metastatic or advanced cancer stage
will experience significant cancer-induced pain [8]. CP can
arise from different processes, either by direct tumor infiltra-
tion/involvement, as a result of diagnostic or therapeutic
surgical procedures (such as biopsies and resection), or as a
side effect of toxicity related to therapies used to treat cancer
(for example, chemotherapy and radiation therapy) [9].

Incidence and prevalence of primary and secondary bone
tumors (BT) have increased worldwide [10]. This has been
attributed to high prevalence of bone metastasis, especially
in developing countries, since the diagnoses of different
types of cancer are made in advanced stages [11]. Recent
studies have shown that the neurophysiological mechanisms
in cancer-induced pain are important in tumor-genesis and
additionally cause the sensitization of components of the
nervous system that trigger nociceptive and neuropathic pain
[12]. The management of pain in bone cancer, should be
directed, not only to alleviate the suffering of the patients
(which is essential), but also the possibility of reducing tu-
mor stimuli should also be considered, therefore, the knowl-
edge of the neurophysiological mechanisms of pain in bone
cancer is fundamental therapeutic targets.

2. CANCER PAIN OVERVIEW

CP has characteristics related to the tumor type, like be-
havior and location. On the other hand, the psycho-emotional
condition of the patients is usually linked to the final percep-
tion of the type and intensity of pain. Therefore, it is difficult
to classify the type of cancer pain. According to the World
Health Organization (WHO), there are different classifica-
tions of pain: related to the anatomical region (somatic, vis-
ceral and neuropathic), related to duration (acute and
chronic), related to intensity (mild, moderate and severe) and
related to the pathophysiology (nociceptive and neuropathic)
[2, 13, 14].

2.1. Anatomic

Anatomic refers to the specific region or area of the body
where pain is perceived or experienced [15].
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a. Somatic pain: is the pain that occurs as a consequence
of the activation of the nociceptors in the skin or the
deep tissues. Is a well localized pain (e.g. bone metas-
tases) [2].

b. Visceral pain: it arises after activation of the nocicep-
tors by infiltration and/or compression of the thoracic,
abdominal or pelvic viscera [2, 16]. Visceral pain is
clinically characterized by the following factors: (1) it
is not evoked from all viscera (organs such as liver,
kidney, most solid viscera, and lung parenchyma are
not sensitive to pain); (2) it is not always linked to
visceral injury (cutting the intestine causes no pain
and is an example of visceral injury with no attendant
pain, whereas stretching the bladder is painful and is
an example of pain with no injury); (3) it is diffused
and poorly localized; (4) it is referred to other loca-
tions; and (5) it is accompanied with motor and auto-
nomic reflexes, such as nausea, vomiting, and lower-
back muscle tension.

¢. Neuropathic pain: it was defined by the IASP as:
“‘pain initiated or caused by a primary lesion or dys-
function in the nervous system’’. In 2008, a group of
experts proposed a new definition: ‘‘pain arising as a
direct consequence of a lesion or disease affecting the
somatosensory system’’ which was endorsed by the
IASP in 2011 [17]. It is caused by a primary injury or
dysfunction in the central or peripheral nervous sys-
tem, with destruction and/or nerve involvement. This
type of pain is generally described as paroxysmal dis-
charges with a burning sensation or as pricks or
numbness and tingling [2].

2.2. Duration

Term that refers to the time of perception of pain by the
patient, and it is classified as acute and chronic.

a. Acute: it is defined as “the normal, predicted physiol-
ogic response to an adverse chemical, thermal, or me-
chanical stimulus associated with surgery, trauma, or
acute illness” [18, 19]. Acute pain is caused by the ac-
tivation of nociceptors due to tissue damage. This
type of pain is usually associated to surgery, trau-
matic injury and inflammatory processes. Acute pain
is an evolutive mechanism that allows us to protect
damaged tissue. Acute pain is typically self-limited
and resolves within days to weeks, however, in some
cases, it can take up to 3 to 6 months [13].

b. Chronic. The IASP has defined chronic pain as that
which lasts for longer than 3 months [20, 21]. It is
commonly triggered by an injury or disease but may
be perpetuated by other factors. The original injury
may damage the nervous system in such a way as to
be unable to restore itself to a normal state. All types
of chronic pain lead people to seek health care, but
they are often treated ineffectively. In this sense,
chronic pain is unrelenting, and it is likely that stress,
environmental, and affective factors superimpose on
the original damaged tissue and contribute to the in-
tensity and persistence of the pain [21]. Chronic pain
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differs substantially from acute pain in terms of the
persistence of pain and adaptive changes such as neu-
roplasticity that has been described at various levels
of the nervous system [22]. In this sense, pain be-
comes chronic if it persists long after it can serve any
useful function, becoming not just a symptom of in-
jury or disease but a pathology in itself. Chronic pain
covers persistent physical pain, disability, emotional
disturbance, and social withdrawal symptoms, exist-
ing together and influencing each other. In contrast,
physical pain could be from known or unknown
sources; regardless, a chronic pain patient will un-
dergo a number of biological, psychological, and so-
cial upheavals over the course of their illness [20].
The IASP recognizes common conditions associated
with chronic pain and most importantly chronic pain
can significantly affect quality of life [13].

2.3. Intensity

Classification system employs measures through visual,
numerical, rating, and/or descriptor scales, typically self-
assessed and is used for adolescent and adult patients (Pain
assessment scales of The National Initiative on Pain Control™)
[14]. Regarding children, the classification systems include
adjective, numerical, visual analogue faces or color scales
according to children's ages [23].

In Tables 1 and 2, we show these scales.

2.4. Physiologic pathways

There are two types of cancer pains: nociceptive and neu-
ropathic.

a.

Nociceptive pain: is a normal bodily response to in-
jury and can result from damaged tissues, such as in-
ternal organs, muscles, and/or bone. Pain is often as-
sociated with an inflammatory response because it
aids in the healing process. Nevertheless, persistent
inflammation needs to be addressed and managed ac-
cordingly to reduce the risk of developing pathologic
somatic responses. Secondary diseases and conditions
associated with persistent inflammation include
rheumatoid arthritis, certain cancers, and atheroscle-
rosis [14]. Generally, nociceptive pain is transient and
could be either somatic or visceral. The peripheral
nociceptors are activated usually by trauma, arthritic

b.
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process, or cancer by a myriad of molecules such as
prostaglandins, histamine, substance P or bradykinin
that are released to the surrounding tissue and cause
inflammation [12]. In this sense, nociceptive pain is a
result of neuronal depolarization, allowing the trans-
duction to the spinal cord via slow, non-myelinated C
fibers and fast, myelinated Ad fibers. In the spinal
cord, the resulting incoming signals are then modu-
lated and transmitted to second order neurons and
then to the brain stem via ascending pathways by neu-
rotransmitters. After that, the brain stem, as a media-
tor, transmits the signal to certain brain areas for the
pain signals to be interpreted. Pain perception is regu-
lated by descending pathways [12, 23]. Information
about noxious stimuli is transmitted from the limbic
system and midbrain structures down through the
periaqueductal grey to the brainstem in the rostroven-
tral medulla. Here the signals are filtered and subse-
quently passed to the dorsal horn of the spinal cord.
The implicated neurotransmitters in the descending
pathways are noradrenaline, which reduces pain, and
serotonin (or 5-hydroxytryptamine), a bivalent neuro-
transmitter acting as facilitatory and inhibitory [33].

Neuropathic pain, according to the Neuropathic Pain
Special Interest Group of the International Associa-
tion for the Study of Pain (NeuPSIG), is defined as
“‘pain arising as a direct consequence of a lesion or
disease affecting the somatosensory system”. Some
common conditions associated with neuropathic pain
are diabetes, human immunodeficiency virus infec-
tion, amputation [14], trauma, surgery, herpes zoster
virus infection, alcohol consumption, immune re-
sponse, inherited, cancer and drug-induced factors
(such as platinum derivatives, taxanes, vinca alka-
loids, and others) [34]. As a result, there is a switch in
the phenotype of the sensory neurons and their noci-
ceptive signaling mechanisms. Alterations in the
function of sodium channels (which generate pain
signals), potassium channels (which inhibit pain sig-
nals) and calcium channels (which facilitate transmit-
ter release) have been reported [33]. The pain pro-
duced is typically perceived as burning, tingling or
‘electric’ in character and can be combined with allo-
dynia - in which non-painful stimuli evoke pain - and
hyperalgesia. Neuropathic pain is more severe than
nociceptive pain and harder to treat, nevertheless,

Table 1. Pain scales according with patient ages [24-30].
Recommended Age Range (Years) Scale

3 Pieces of hurt (Poker Chip Tool)
4 Color scales

4-12 Faces scale

5-7 Visual analogue scales (VAS)

8-Adult Numerical rating scales

9 Adjective scales




Neurophysiological Mechanisms Related to Pain Management in Bone Tumors

Current Neuropharmacology, 2021, Vol. 19, No. 3 311

Table2. Classification system intensity Pain [31, 32].
Types Scale Caracteristics Interpretation
Visual Scale The Visual Analogue Scale (VAS) consists of a straight line with the endpoints defining No Pain

extreme limits such as ‘no pain at all’ and ‘pain as bad as it could be’.

Pain as bad as it could be

Numerical Scale

If descriptive terms like ‘mild’, ‘moderate’, ‘severe’ or a numerical scale is added to the VAS,
one speaks of a Graphic Rating Scale (GRS).

0= No Pain
10= Pain as bad as it could be

Verbal Rating In a Verbal Rating Scale (VRS) adjectives are used to describe different levels of pain. The No pain at all
Scale respondent is asked to mark the adjective which fits best to the pain intensity. As in the VAS, Extremely intense pain
two endpoints such as ‘no pain at all’ and ‘extremely intense pain’ should be defined. Be-
tween these extremes, different adjectives which describe different pain-intensity levels are
placed in the order of pain severity.
Test Mc Gill Pain Questionnaire. It is one of the most used. More complex and large. It is useful to Questions about location of pain,
discriminate between patient kinds of pain. modifying factors pain, temporary
pattern, the intensity of pain.
Test Brief Pain Inventory. Originally developed for cancer pain, it is widely used in the clinic and Measure the intensity, location and

research to assess the intensity and impact of pain and the effects of analgesic treatment.

quality of pain.

both neuropathic and nociceptive pain can coexist and
become chronic in several conditions such as back
pain and cancer pain [33, 34].

Neuropathic pain associated with lesions that affect the cen-
tral or peripheral nervous system can be divided into 3 sub-
groups: sympathetically mediated, peripheral, or central.

3. BONE TUMORS PAIN AND NEUROPHYSIOLOGI-
CAL ACTIVITY

The incidence of cancer pain-derived is approximately
75% to 90% of patients, many of whom have multiple pain
sources [33, 35]. About 80% of individuals with an advanced
disease experience pain of moderate-severe intensity and
50% of patients report inadequate pain control [9]. As men-
tioned before, cancer-induced pain is a multidimensional
experience and its perception is influenced by many individual
factors [36] and can be defined as a complex pain state with
nociceptive, inflammatory, and neuropathic components. In
this sense, cancer-associated bone pain is a consequence of a
large number of sensory and sympathetic innervations of the
bone periosteum, bone marrow and bone matrix.

It is important to mention that tumor cells cannot destroy
bone by themselves, but rather, through the expression of
inflammatory molecules such as nuclear factor kappa-B and
the subsequent activation of its receptor (RANK / RANKL).
These cells stimulate the activation and proliferation of os-
teoclasts, promoting an increase in bone resorption "bays",
and then an acidic microenvironment that aides in the activa-
tion of sensory neurons in bone through ionic channels, such
as the transient potential receptor vanilloid receptor 1
(TRPV1) and acid-sensitive ion channels. (ASIC) [12],
transmitting the bone pain signal. Additionally, several
mechanosensitive channels can also be activated due to an
increase in tumoral volume and therefore, cause compression
in the sensory nerve fibers. In addition, cancer cells produce
a variety of chemical mediators (prostaglandins, nerve
growth factor, bradykinin, and endothelin) that can activate

or sensitize bone nociceptors. Nerve growth factor (NGF)
binds to tyrosine kinase receptors on bone nociceptors and
can modulate the sensitivity and expression of several other
receptors and ion channels [37-39]. Increased levels of NGF
have been associated with the sprouting of nerves and the
formation of neuromas within the bone. Blocking NGF
(NGF-sequestering antibodies) has been investigated as a
potential therapy for pain in bone tumors and has shown
promising results [36]. It has been demonstrated that bone
tumors could promote neurogenesis and in this sense, they
could establish reciprocal interaction with peripheral nerves.
Bone tumor like other tumors, releases neuropeptides like
neurotropic factors (NGF), axon guidance molecules (sema-
phorins) neurotransmitters (epinephrine, norepinephrine,
dopamine, serotonin, histamine, gamma-aminobutyric acid,
acetylcholine) and neuropeptides (neuropeptide Y, substance
P, badykinin, CGRP, dynorphin) [12, 37, 38]. This feedback
is possibly established as a pro-tumoral mechanism but ends
up causing the activation and sensitization of bone nocicep-
tors and different areas of the nervous system, which culmi-
nates in the generation of pain and its chronicity. Regarding
glutamate, the transporter VGLUT1 [39] is involved in noci-
ceptive (thermal or mechanical) transductions that release
glutamate from peripheral primary afferent terminals. The
glutamate released, presumably from the peripheral nerve
endings, may contribute to sensitized nociception or pain
pathology [40]. Yoneda ef al. propose that the acidic envi-
ronment, due to elevated aerobic glycolysis known as the
“Warburg effect”, generates a large amount of H+, and can
activate nociceptors resulting in hyperalgesia at both the cen-
tral and peripheral nervous levels [12, 41].

4. CURRENT PHARMACOLOGICAL TREATMENTS
OF BONE TUMORS PAIN

The proper management of pain in bone tumors requires
the identification of the pathophysiological origin of the type
of pain, which can be mainly nociceptive, neuropathic or a
mixture of both types of pain [42]. The adult skeleton is in-
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nervated by finely myelinated tropomyosin kinase A (TrkA+)
sensitive sensory nerve fibers (Ad), while it does not receive
innervation from larger touch-sensitive A-beta fibers and
does not present C fibers without myelin (TrkA-) [43]. Bone
sensory fibers are likely silent nociceptors, which are acti-
vated only in the event of trauma or injury. During the de-
velopment of bone tumor, pain is initially an intrinsic proc-
ess with the acid environment formation during bone resorp-
tion that is mainly of nociceptive origin [44, 45], but with
pharmacological management to control cancer, its conse-
quences appear and the pain begins to be neuropathic (che-
motherapy-induced peripheral neuropathy), until finally, it
predominates in the final stages [42]. Postherpetic neuralgia
is a potential complication after acute reactivation of herpes
zoster when patients have been treated with bortezomib, a
proteasome inhibitor that makes reactivation of herpes zoster
vulnerable [46]. Postherpetic neuralgia is a typical example
of localized neuropathic pain, which is generally limited to a
superficial, circumscribed, and easily identifiable area [47].
Thus, pain initially presents as central sensitization, then it is
neuroplasticity, and finally, the pain becomes chronic. For
this reason, pain treatment was initially managed primarily
with antiresorptive therapy directed specifically at bone, pro-
tons released during bone resorption create an acidic bone
microenvironment that excites bone sensory neurons via
activation of ASIC3 [4, 45]. Bisphosphonates inhibit bone
resorption, with a direct effect on apoptosis in osteoclasts
[48], among the most used being Clodronate, Pamidronate
intravenous [49] and Zoledronic Acid [50, 51]. Another
route to reduce bone resorption is Denosumab (anti-
RANKL-2) [52, 53], Tanezumab (anti NGF) [54, 55], and
Pregabalin [56]. Corticosteroids such as Prednisone and
Dexamethasone relieve pain between 30 to 70% [57], their
use is particularly useful in patients during radiation therapy.
Higher doses treat patients in emergencies such as fractures
and spinal cord compression [58]. Analgesics are used when
pain is becoming chronic; Acetaminophen is one of the non-
opioid and non-steroidal anti-inflammatory drugs used in
low doses, since these can generally affect the kidneys when
used for a long time [59]. Opioids are still the most popular
drug-treatment of severe cancer pain [60]. By modulating the
ascending and descending pain pathways in the CNS [61],
binding to mu opioid receptors (MOR), regulating calcium
ion channels [60], opioids could modulate intracellular
events such as adenylyl cyclase inhibition or receptor desen-
sitization by internalization and/or degradation of these
receptors through endocytosis [62]. Basically, opioids regulate
several pain components, however, they can be supple-
mented with neuropathic pain modulators [63]. Some opioids
such as codeine and morphine can accumulate in patients
with kidney failure and have toxic effects; Oxycodone and
hydromorphone require dose adaptation, whereas buprenor-
phine and fentanyl are considered first-line opioid drugs in
patients with renal failure [64, 65]. Therapies for multiple
types of cancer include immunosuppression with borte-
zomib, thalidomide and lenalidomide, which increases the
risk of infections, and reactivation of the varicella zoster
virus, which presents some comorbidity with, for example,
multiple myeloma [66]. Thus, postherpetic neuralgia is a
complication closely related to nerve pain, which is highly
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localized. Some topical pain treatments such as lidocaine and
capsaicin [67, 68] inhibit nociceptive stimuli by blocking the
potential action propagation; lidocaine, for example, inacti-
vates the fast voltage-gated Na+ channels in the neuronal
cell membrane and, capsaicin increases the intracellular cal-
cium levels and disrupts mitochondrial electron chain in no-
ciceptive fibers [69].

5. NOVEL STRATEGIES FOR NEUROPHARMA-
COLOGICAL MANAGEMENT OF BONE TUMOR
PAIN

Loratadine, an antihistamine, is currently the most inves-
tigated drug for the treatment of cancer-induced bone pain.
In patients with bone metastases, treatment with pegfilgras-
tim, a complementary drug that stimulates the production of
neutrophils, causes severe pain [70-72]. Several clinical trials
have analyzed the effect of loratadine for the prevention of
pain in patients previously treated with pegfilgrastim. For
example, in a clinical trial (NCT01712009), the difference in
bone pain between breast cancer patients receiving chemo-
therapy and pegfilgrastim and prophylactic treatment with
loratadine was estimated [73]. Participants received adjuvant
or neoadjuvant chemotherapy and pegfilgrastim plus 10 mg
prophylactic loratadine once daily for 5 days in each of the 4
cycles, at the beginning of pegfilgrastim administration. Pa-
tients with bone pain of all grades in cycle 1 had 42.5% un-
der treatment with loratadine. Additionally, in a pilot study
of 12 patients with various types of cancer (breast, genitouri-
nary and colorectal) receiving chemotherapy and pegfilgras-
tim, they were treated with loratadine for 5 cycles of chemo-
therapy [74]. This treatment produced effective pain man-
agement in patients who developed pain from the first dose
of pegfilgrastim. Likewise, combination therapy with famo-
tidine and loratadine significantly reduced bone pain caused
by filgrastim or pegfilgrastim in patients who received four-
cycle myelosuppressive therapy [75].

Currently, two  clinical trials (NCT04211259,
NCT02305979), still in the patient recruitment phase, aim
first, to analyze the effects of loratadine in reducing granulo-
cyte-colony stimulating factor in patients with bone-pain
multiple myeloma-related; and second, to evaluate the
loratadine effects in bone-pain incidence and severity of pa-
tients with hematologic malignancies, patients undergoing
mobilization of hematopoietic progenitor cells, and patients
who have undergone an autologous hematopoietic cell trans-
plant [76, 77].

Ibandronate, a nitrogen-containing bisphosphonate, has
been tested for the treatment of bone pain in cancer [78].
Radiation therapy vs. ibandronate for pain reduction was
compared in 470 patients with prostate cancer and bone pain.
The pain response between the two treatments was not sig-
nificantly different, so ibandronate could be considered when
radiotherapy is not available [79]. Ibandronate and zole-
dronic acid combination therapy has been assayed in the
treatment of bone pain in rats with lung cancer and bone
metastases. The group of rats was treated subcutaneously
with the combination of ibandronate plus zoledronic acid; it
was significantly more effective compared to ibandronate or
zoledronic acid monotherapy [80].
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Clinical trials are currently underway to analyze the effi-
cacy of ibandronate in treating pain in bone cancer. A phase
IIT clinical trial (NCT00082927) is studying ibandronate to
show how well it works compared to single-dose local radia-
tion therapy in treating patients with localized metastatic
bone pain; however, the results have not yet been published
[81]. In addition, another clinical trial is testing the short-
term efficacy for moderate to severe pain in ibandronate in
13 patients with breast cancer and bone metastases; wherein
bone pain decreased in women with breast cancer and bone
metastases following loading dose i.v. ibandronate which
was well-tolerated with no renal safety concerns [82]. Simi-
larly, another study is testing the short-term efficacy of iban-
dronate in patients, with moderate to severe pain, of breast
cancer and bone metastasis; however, its results have not yet
been published [83-85].

Zoledronic acid, another nitrogen-containing bisphos-
phonate, has also been used to reduce bone pain in cancer. In
a phase III trial, men with castration-resistant prostate can-
cer, received zoledronic acid (4 mg) during 24 months,
which reduced bone pain by 39% [86]. Another phase II
clinical study determined the efficacy of the therapeutic
combination of zoledronic acid with radiotherapy in patients
with hepatocellular and colorectal carcinoma. This treatment
caused the mean pain score to drop to 2.8 at 1 month and 2.1
at 3 months [87].

A clinical trial NCT00172029 assessed the efficacy and
tolerability of zoledronic acid 4 mg infused over 15 minutes
every 4 weeks for a total of 6 infusions, in combination with
standard or reduced dose radiotherapy in patients with breast
cancer and metastatic bone disease associated with pain [88].
A clinical trial NCT00375648 evaluated the efficacy and
safety of 4 mg zoledronic acid administered intravenously
every 3-4 weeks in the treatment of bone metastases-related
pain in patients with prostate cancer [89]. Other two clinical
trials (NCT00099177 and NCT00099203) will compare the
efficacy of a regimen of intravenous and oral Bondronat with
that of zoledronic acid in patients with malignant bone dis-
ease experiencing moderate to severe pain [90, 91].

Other drugs have been developed to try to relieve bone
pain in cancer patients. Among them is resiniferatoxin, a
phorbol-related diterpene, which was tested in a model of
dogs with bone cancer pain, who, upon receiving 1.2 mg/kg
of resiniferatoxin had a decrease in pain and no evidence of
the development of deafferentation pain syndrome [92].

Saracatinib, a Src-kinase inhibitor, has been assayed as
an analgesic for cancer-induced bone pain in a clinical trial
with twelve patients with bone metastases; however, the data
is insufficient to demonstrate that saracatinib has efficacy as
analgesic [93]. Finally, pregabalin has been assayed in com-
bination with palliative radiotherapy for cancer-induced bone
pain; however, the results do not support the role of pre-
gabalin in patients with cancer-induced bone pain receiving
radiotherapy [94]. NGF sequestration, inhibition or other
therapies that block NGF signaling are studied in animal
models with encouraging results. NGF through its receptors
(NGF / TrkA) and molecules that participate in its signaling
(TRPV1) promotes changes in the activity and sensitivity of
bone nociceptors [38]. A recombinant humanized mono-
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clonal antibody to NGF, tanezumab, is found to be effective
at reducing pain in patients with osteoarthritis, low back
pain, and diabetic peripheral neuropathy with few side ef-
fects [37].

6. NON PHARMACOLOGICAL TREATMENTS OF
BONE TUMOR PAIN

Non-pharmacologic approaches can be classified as In-
terventional (injection therapies, neural blockade and implant
therapy), Rehabilitative (modalities, therapeutic exercise,
occupational therapy, hydrotherapy, treatment for specific
disorders), Psychological (psychoeducational interventions,
cognitive behavioral therapy, relaxation therapy, hypnosis,
guided imagery), Neurostimulation (transcutaneous, tran-
scranial, implanted), and Integrative (acupuncture, massage,
physical or movement) [95-97]. Some approaches are con-
sidered specifically for refractory pain. Among these are
many interventional approaches, which consist of a large and
varied group of injections, neural blockade approaches, and
implant therapies. Other strategies (psychological, integra-
tive and rehabilitative) are used by experienced clinicians
when available, feasible, and desired by the patient, and con-
sistent with the goals of care. Each of these strategies in-
cludes an array of specific interventions that vary in com-
plexity and supporting research. Among the most useful are
the so-called mind-body approaches, which are classified as
both psychological and integrative interventions [98].

6.1. Interventional

Interventions can be considered at any point in the course
of the disease; however, they can be especially useful in pa-
tients with less-than-adequate control of systemic analgesics
and with serious side effects, or in patients with contraindi-
cations in opioids use. Interventional therapies include—but
are not limited to— injections, neurolytic or non-neurolytic
nerve blocks, and neuromodulation, such as targeted drug
delivery and spinal cord stimulation [99]. Neural blockade
therapy is a classic method of pain management, the role of
it for chronic pain syndromes are still unknown. There is
some evidence that neural blockade is a valid method for
chronic pain [95]. They are achieved through the destruction
of nerves that transmit pain. Most commonly, these proce-
dures are performed using alcohol or phenol, but may also be
performed by surgery or radiofrequency ablation of these
nerves. Though neural blocks provide longer pain relief, se-
rious side effects such as differentiation pain or motor weak-
ness limit the use of this therapy [100].

a. Radiofrequency. Treatment is a minimally invasive
technique with multiple therapeutic applications.
Pulsed radiofrequency (PRF) has been proved to re-
duce neuropathic pain after nerve injury, even though
the underlying mechanism remains unclear [95].

b. Nerve blocks. There are recent studies that state that
interventions are more effective when started in the
early stages of the disease, as shown by a randomized
controlled trial of neurolytic sympathectomy to treat
pain in abdominal or pelvic cancer; this study had two
cohorts, one cohort with patients who received the in-
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tervention early, and second cohort with patients who
received it late, and it was observed the former that
they employed less oral analgesics and reported a bet-
ter quality of life. Therefore, nerve blocks can be con-
sidered earlier in treatment, if appropriate [99].

c. Implantation of drug delivery (IDD) system replaced
the administered routes such as oral, intravenous,
subcutaneous, transdermal, and transmucosal. The
system consists of an implantable pump that stores
and delivers medication through a catheter. Pro-
grammability is achieved by positioning an external
device over the implanted pump to change the mode
of drug delivery [95].

6.2. Rehabilitative

Occupational therapy can provide a very valuable role in
both cancer patients as well as cancer survivors. Manipula-
tion, soft tissue manipulation, heat, and massage have been
reported to reduce discomfort in these patients [100].

6.3. Psychological

a. Cognitive behavioral therapy (CBT) refers to a broad
range of treatments that aim to address maladaptive
thinking, resulting in improved mood and behavior.
This technique was first described for depression; its
application has now expanded to other disorders such
as anxiety, schizophrenia, eating disorders, and
chronic pain [100].

b. Relaxation therapy trains the patient to engage a so-
called relaxation response by repetitive focus on a
word, sound, phrase, or body sensation, accompanied
by mental focus, and guided imagery trains the pa-
tient to recall specific sights, smells, sounds, tastes, or
somatic sensations to engender a positive cognitive
and emotional state. There is evidence that these
strategies can ameliorate pain and they hold promise
of positive effects on other symptoms and broader
quality of life domains. Their efficacy emphasizes the
importance of cognition and emotions as mediators of
symptom distress and quality of life, and draws atten-
tion to the continuing need for empathic communica-
tion and compassionate care by all professional staff
[98]. Guided imagery and meditation training has also
been used for the management of cancer pain. In this
training, the patient is taught to focus on letting go of
muscle tension through the use of imagery and sug-
gestions for shift in pain perception. Taken together,
psychosocial interventions may be helpful, when they
are used in conjunction with conventional pharma-
cotherapy [100].

c. Hypnosis. This therapy involves inviting the patient to
focus on his awareness and use his imagination to ex-
perience beneficial changes in symptoms and emo-
tional responses. Hypnotherapy has been demon-
strated to reduce anxiety and pain during diagnostic
procedures, cancer treatment such as percutaneous
treatment of tumors as well as in reducing pain in pa-
tients with advanced breast cancer [100].
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6.4. Neurostimulation

Neural stimulation has been widely used in Europe for
many years. It involves spinal cord stimulation (SCS),
transcutaneous electrical nerve stimulation (TENS), periph-
eral nerve stimulation (PNS), and Transcranial magnetic
stimulation (TMS). Spinal cord stimulation consists of im-
plantation of peri-epidural electrode in the posterior columns
of the spinal cord at the spinal level of the dermatomes on
which we want to produce the analgesic effect. The mecha-
nism of function of SCS is that the stimulation is applied
directly to the posterior horns of the spinal cord, but it does
not allow us to conclude on the specific neurophysiological
mechanisms of this analgesia. The stimulation may recruit
afferents from the periphery, afferents from the spinal cord
to the higher centers, local neuron circuits, and even fibers of
the anterior horns of the spinal cord [95].

a. Spinal cord stimulation (SCS), also known as dorsal
column stimulation, is a form of implanted neuro-
stimulation. The ideal candidate has intractable, focal,
isolated neuropathic pain that has failed conservative
medical-pharmacological management. The incidence
of neuropathic pain in cancer is estimated to be up to
40% [101]. It is a minimally invasive, outpatient
technique that involves the placement of electrodes in
the dorsal epidural space. The electrodes are con-
nected to a pulse generator that is implanted under the
skin, typically in the buttock area. Before neuro-
stimulation management, all patients undergo a week-
long trial to evaluate the effectiveness of the treat-
ment. The purported mechanism of action is based on
electrical stimulation of the dorsal horn, which most
likely through several mechanisms suppresses the
transmission of noxious stimuli from the peripheral
nerves [35]. New modifications of the SCS have been
introduced in recent years. One includes the use of
high-frequency (10 kHz) stimulation that provides
pain relief without the typical paresthesia experienced
in the standard low-frequency SCS75 [35].

b. Transcutaneous electrical nerve stimulation (TENS)
is widely employed to manage pain states, mainly be-
cause it is inexpensive, noninvasive, safe, and simple
to use [102], it allows self-administration, and no po-
tential for toxicity or overdose [103]. The neurobi-
ological analgesic mechanisms of TENS are related to
peripheral and central nervous systems modulation
[104]. TENS uses electric fields to activate nerves in
order to reduce neuropathic pain. The TENS unit is a
small portable device, often battery-operated. It util-
izes electrodes placed on the skin to a targeted thera-
peutic goal. This device has demonstrated high degree
of user tolerance with few side effects, reducing
overdose risk. TENS devices are user friendly, allow-
ing control pulse width, intensity, and frequency.
[105].

c. Peripheral nerve stimulation (PNS) is a neuromodu-
lation technique in which an electrical current is ap-
plied to the peripheral nerves to ameliorate chronic
pain through preferential activation of myelinated fi-
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bers, inducing long-term depression of synaptic effi-
cacy [95].

d. Transcranial magnetic stimulation (TMS) is a non-
invasive technique. It involves placement of a wire
coil (connected to a stimulator that discharges a high-
current pulse) over the patient’s cranium. The mag-
netic field produced penetrates the scalp of the patient
and in turn induces the formation of electrical cur-
rents that excite or inhibit the neural tissue within the
cortical and subcortical neural networks. The effect of
TMS depends on the position of the coil, the parame-
ters of the stimulation (for example, high or low fre-
quency), and its duration. TMS delivered in the form
of repetitive stimulations was shown to produce local
changes that last longer than a single stimulation. The
exact mechanism of TMS for pain relief is unknown
but appears to work through affecting the levels of
brain-derived neurotrophic factor (BDNF) [35].

e. Transcranial direct current stimulation (tDCS) is a
non-invasive, easy-to-implement, and portable tech-
nique that involves applying low-intensity (1-2 mA)
current to the patient’s scalp using large sponge elec-
trodes. The current penetrates the brain and modulates
neuronal excitability. There are two types of stimula-
tion: anodal (stimulating) and cathodal (inhibitory).
tDCS works through affecting various neurotransmit-
ter and BDNF levels influencing the maladaptive
plasticity of pain pathways. Repeated sessions of
anodal tDCS applied to the motor cortex contralateral
to the pain side have been shown to be effective for
various neuropathic pain syndromes [35].

6.5. Integrative Therapies

Integrative therapies are not the first line in cancer-
related pain treatment; however, they could prove to be use-
ful as an additional treatment in combination with traditional
therapies. There are several integrative therapies. Neverthe-
less, the options could vary across medical centers, but some
choices are outlined briefly below [99].

6.5.1. Acupuncture

Is part of traditional Chinese medicine and has been used
for many years for the treatment of different health condi-
tions. Electroacupuncture is a relatively recent variant of
acupuncture, which consists of applying pulses of electrical
current through needles inserted in specific places in the
body called acupuncture points [100]. It is estimated that up
to 31% of cancer patients employ acupuncture, however, the
evidence is higly variable, showing in some cases contradic-
tory results, and this could be because different studies ex-
plored multiple types of pain (chronic pain, neuropathic pain,
post-thoracotomy pain, postoperative pain, efc.), supporting
high risk of bias [100].

6.5.2. Mindfulness

Recently, mindfulness has been widely studied in a di-
versity of diseases, included pain control, and there is new
evidence that reduces stress. In this sense, there are some
studies that have explored the efficacy of this therapy in
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chronic cancer-related pain and in non-cancer-related pain;
nevertheless, there is not sufficient evidence to confirm its
usefulness in pain management [99].

CONCLUSION

The management of pain in bone cancer should be di-
rected both to alleviate the suffering of the patients (which is
essential), and to the possibility of reducing tumor stimuli,
therefore, the knowledge of the neurophysiological mecha-
nisms of pain in bone cancer is fundamental therapeutic tar-
get. Evidence has shown the effectiveness of both pharma-
cological and non-pharmacological treatments related to the
neurophysiological mechanisms that cause pain in BT. How-
ever, more research is needed in order to eclucidate the
mechanisms of action of the therapies here reviewed for
them to be applied on a large scale to help cancer patients
efficiently manage chronic disease-inherent pain.
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