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Abstract

Pain is the most feared symptom of cancer. New oncological cancer treatments are improving survival,
but advanced cancer presents challenges that have not been seen before, often with pain that is very
difficult to manage because of a recurrent tumour that is invading the central nervous system. In some
of the older interventional techniques of destroying nerve pathways, expertise has diminished or has
been deemed unnecessary with the development of specialist palliative care. Not all pain is managed
adequately with the analgesic ladder. Knowledge of pain mechanisms, careful assessment and selection
of the right technique at the right time will enhance cancer pain management. New techniques include
intrathecal drug therapy, vertebroplasty, cordotomy, ultra-sound guided nerve blocks, neuromodula-
tion and advances in drug therapies.

Introduction
Unrelieved pain is the most feared symptom of cancer
and occurs in over 75% of people with advanced disease
[1]. Pain relief in palliative care was founded on the oral
administration of morphine regularly “by the clock”,
initiated by the late Dame Cicely Saunders in the 1950s
in London, and promoted by the WHO in 1986 as the
third step of the analgesic ladder [2] for pain relief in
cancer in developing countries around the world. The
analgesic ladder approach has been outstandingly
successful in alleviating pain and suffering when it is
applied and used correctly, leading to a decline in the use
of other interventions, such as nerve blocks. However, in
the past decade, advances in the use of chemotherapy,
radiotherapy and other cancer treatments have improved
survival, sometimes at the expense of more complex pain
from cancer that may spread to involve nerve plexuses,
the spinal canal and the brain. Studies have shown that
at least 20-40% of cancer pain is not adequately relieved
by application of the analgesic ladder [3,4]. It is time
to move on. Patients rightly want to maintain a good
quality of life without the burdensome effect of sedating
drugs. The long-term adverse effects of opioids on

cognitive function, and on the immune and endocrine
systems [5] have been largely ignored in palliative care
but are significant in cancer survivors [6].

Pain mechanisms are important in the understanding of
cancer pain, as is the interaction of emotions,memory, life
experiences, mood, expectations, and the roller coaster of
the cancer patient‘s journey on the pain experience. Every
experience is a different one. There is alwaysmuch to learn.

Advances in cancer pain management are evolving but
the aim now is to manage complex and difficult pain
while minimising the adverse effects of sedating drugs.

This article discusses several advances in this area:

(a) the mechanisms of cancer pain, and how knowledge of
these mechanisms may lead to the development of novel
analgesic agents;

(b) advances in drug therapy;

(c) intrathecal drug therapy;
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(d) vertebroplasty and kyphoplasty;

(e) useful interventional therapies, suchas cordotomy, coeliac
plexus block, intrathecal neurolysis, and ultrasound
guided techniques;

(f) the pain relieving role of chemotherapy and radio-
therapy;

(g) neuromodulation;

(h) and other techniques.

Mechanisms of cancer pain
Cancer causes pain by many different routes, including
direct tissue invasion, inflammation, obstruction (viscera,
nerves and cerebrospinal fluid [CSF]) and can also
result from cancer treatment (surgery, radiotherapy and
chemotherapy). As a consequence, it has nociceptive,
neuropathic and ischaemic elements. Debate is ongoing
about whether cancer pain is distinct from other forms of
pain or merely a composite of these separate mechanisms.
Animal models have provided a greater understanding of
the distinct central and peripheral mechanisms of cancer
pain.

Peripheral mechanisms
Recent studies have provided more information about
the molecular interactions within the cancer micro-
environment [7]. These are often dependent on the
tumour type. Nociceptive mediators present at high
concentrations include protons [8,9], endothelin-1 [10-
14], bradykinin [15,16], cytokines such as tumor necrosis
factor (TNF)-a [17], nerve growth factor (NGF) and
proteases such as trypsin [18]. These stimulate primary
afferent sensory neuron receptors resulting in nociception,
as well as peripheral and central sensitisation. As such,
they are potential targets for novel selective cancer pain
analgesics.

Central mechanisms
Spinal and supra-spinal mechanisms may affect the
perception and perpetuation of cancer pain. In animal
models of bone cancer pain, increases in descending
facilitation from the rostroventral medulla mediated by
serotonin (5HT3) lead to enhanced nociception from
innocuous stimulation [19]. Ondansetron is an
antagonist of 5HT3 though not, as yet, of known clinical
benefit.

N-methyl-D-aspartate (NMDA) receptor activation in the
cord can result in long term potentiation and central
sensitisation. Increase in the ratio of wide dynamic range
to nociceptive only neurones in the dorsal horn can lead
to augmented responses to non-noxious stimuli.

Ketamine and dextromethorphan have been used as
NMDA antagonists and, although evidence for effectiveness
in cancer pain as an adjunct to opioids is weak [20], they
have a role in opioid-induced hyperalgesia, caused by
high dose opioid use, and can “reset” opioid receptors to
regain responsiveness.

Specific combinations of spinal cord changes are seen
in animal models of cancer pain [21]. Increased glial
fibrillary acidic protein (GFAP) is seen in the spinal cord
in bone cancer models. This is associated with astrocyte
activation. Activation of glia, which is also seen in other
pain states, can perpetuate pain by secreting inflam-
matory cytokines such as interleukin (IL)-1 & 6, TNF-a
and prostaglandins, leading to a positive feedback loop.
Glial inhibitors, such as anti-TNF-a drugs, are a potential
target for analgesics. Increased dynorphin levels are also
seen, which at high concentration leads to NMDA
receptor activation and pro-nociception. Again, this
may be reversed by ketamine.

Advances in drug therapy
New preparations of fentanyl
Buccal, sublingual and intranasal preparations of fentanyl
(a highly potent opioid analgesic with a short duration
of action) for breakthrough pain, are used widely in
palliative care. Analgesia is of rapid onset. Within
15minutes, the drug is absorbed through the oralmucosa,
is usually well tolerated and is effective in about 75% of
patients for breakthrough cancer pain. These preparations
can be difficult to withdraw in cancer survivors and should
not be used outside their licensed indication.

Agents for neuropathic pain
Tricyclic antidepressants and gabapentinoids are often
used as adjuncts to opioids for neuropathic pain. In
neuropathic cancer pain they are rarely used alone, prior
to opioids: a recent study showed that all antineuropathic
agents are effective and there is a morphine-sparing effect
of pregabalin [22]. Combinations are more effective than
one drug alone, and only 15-30% of patients attain the
gold standard of 50%pain relief. Preliminary studies show
that duloxetine, a serotonin and noradrenaline re-uptake
inhibitor originally developed as an antidepressant,
reduces chemotherapy-induced peripheral neuropathic
pain in some patients [23].

Tapentadol
Tapentadol is a novel centrally acting analgesic that is
both a noradrenaline uptake inhibitor and a mu agonist
(acts on opioid receptors). A study by Mercadante et al.
concluded that it is effective for cancer pain [24]. This
50 patient 4-week open label prospective study of
opioid naïve patients with moderate to severe cancer
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pain showed significantly improved pain scores and
quality of life.

Capsaicin
Capsaicin, the active ingredient of the hot red chilli
pepper, activates the transient receptor potential vanil-
loid 1 (TRPV) receptor expressed in nociceptive sensory
nerves and defunctionalizes nociceptor activity. A recent
Cochrane review suggests that low dose topical capsaicin
is no better than placebo cream for peripheral neuro-
pathic pain but high concentrations can be effective [25].
It is available as an 8% skin patch (Qutenza), which is
applied to a hypersensitive area after local anaesthetic
as a “one off” treatment. If effective it can be repeated
after 3 months. Qutenza is not licensed for cancer- or
chemotherapy-related neuropathic pain and its role in
cancer treatment has not yet been evaluated.

Lidocaine
Topical lidocaine 5% medicated plasters are licensed for
post herpetic neuralgia but are recommended in a recent
review as first-line treatment for localized neuropathic
pain from a variety of causes [26]. The plasters are
cooling, liked by patients, and are remarkably safe. There
are no studies of their use in cancer pain.

Intrathecal drug therapy
Neuraxial (epidural and intrathecal) infusions of local
anaesthetic with or without opioid make a most
important contribution to the management of severe
cancer pain. Indeed, it has been suggested that intrathe-
cal morphine should be the top rung of the analgesic
ladder and that intraspinal therapy should be used when
the usual pharmacological therapies have failed [27].
Sadly, the provision of intrathecal drug therapy is all too
rare in the UK, although the expertise is available [28].

Epidural infusions of local anaesthetic with opioid,
targeting the appropriate nerve roots, are effective but
require large infusion volumes (2-10 mls/hour) delivered
by an external pump. This can be achieved in a hospice or
hospital setting but is not practicable for use at home.
Intrathecal infusions (into cerebrospinal fluid) are of
low volume and can be delivered via a fully implanted
pump, which allows the patient complete independence
in between pump reservoir refills, at intervals between
3 weeks and 3 months.

The main indications for use of intrathecal drug
delivery are:

(a) uncontrolled pain despite high doses of opioids
and adjunct drugs;

(b) unacceptable side effects from analgesics;

(c) cancer involving a nerve plexus, most commonly
the lumbosacral plexus;

(d) and widespread bony metastases.

Battery powered fully programmable pumps (e.g. those
made by Medtronic Ltd; Fig 1) contain a drug reservoir
of 20 or 40 ml. The intrathecal catheter and pump are
inserted under general anaesthesia by a surgeon and
are programmed via a computer and telemetric head held
over the abdominal skin where the pump is sited. Drugs
that can be used are: preservative-free morphine, hydro-
morphone, clonidine, baclofen, bupivacaine and zicono-
tide. Doses can be altered as often as necessary and the
patient can deliver pre-set boluses via a hand held device
called a PTM (Personal Therapy Manager; Fig 2).

A randomised controlled trial showed improved quality
of life, sustained pain control and significantly less
drug-related toxicity with intrathecal drug delivery
(ITDD) compared to comprehensive medical manage-
ment [29]. Survival was significantly longer in the
ITDD arm of the trial. There have been other case series
and a recent review article supportive of the technique
[30-32].

Figure 1. Intrathecal pump (Medtronic Ltd.)
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Personal experience consisting of a case series of 24
patients with pain from advanced cancer (where other
therapies have failed to provide pain relief) supports the
findings of sustained pain control, lack of sedation, no
serious complications and improved quality of life.

Here is a recent quote from the widow of a patient:
“…without the benefit of the pump I cannot imagine
howmuch additional medication he would have needed
and what effect that would have had on the quality of
his life”.

Vertebroplasty and kyphoplasty
Metastatic spread of cancer to the vertebral bodies in the
spine occurs in one third of patients with carcinoma and
half of thosewith distantmetastases [33],most commonly
in the thoracic spine. Pain is a common symptom,
presenting as back pain if the metastasis is isolated to
the body of the vertebra, or with radiating pain in the
distribution of compressed nerve roots if the tumour starts
to invade the spinal canal. Vertebroplasty is a technique of
injecting acrylic cement percutaneously into the affected
vertebral body or bodies under fluoroscopic imaging.
Kyphoplasty is a newer modification of vertebroplasty
where a specialised balloon is inflated in the vertebral
body prior to injection of cement. This minimises leakage
of cement and reduces kyphotic deformity. A systematic
review of safety and efficacy of percutaneous

vertebroplasty in malignancy in 987 cases indicated pain
reduction ranging between 47 and 87%, but a 2% risk of
serious complications including 5 deaths, 4 cement
pulmonary emboli, and frequent cement leaks, 12 of
which caused neuropathy requiring emergency decom-
pression [34]. The authors comment on a lack of robust
data. The same authors published a more optimistic
prospective study of percutaneous vertebroplasy in 125
patients with myeloma and spinal metastases and
reported reduction in pain and improvement in mobility
without serious complications [35].

Useful interventional techniques
Since the palliative care movement gathered pace in the
1970s and 1980s, requests for “permanent” nerve blocks
have become fewer, partly because of perceived lack of
effectiveness or harm from the blocks and partly because
anaesthetists (who perform the blocks) became more
remote and less experienced. There are a few inter-
ventional techniques that still have an important
role in complex cancer pain management.

Percutaneous cervical cordotomy
This is a radiofrequency lesion to the spinothalamic tract
at C1-2 level in the cervical spinal cord for pain on the
opposite side of the body, usually from mesothelioma
or breast carcinoma causing severe unilateral pain. It is
performed at four centres only in the UK. Case series
show effectiveness in 85-90% cases, and a reduction in
drug-related toxicity, with minimal adverse effects [36].

Figure 3. Vertebroplasty to a thoracic vertebral osteolytic lesion

Credit, Dr Arun Bhaskar, with permission.

Figure 2. Personal Therapy Manager (PTM)

Wal is pictured in his garden with his PTM remote control (with permission).
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Coeliac plexus block
This is a neurolytic block of the coeliac ganglia, situated
anterior to the body of L1 vertebra, which innervate the
organs of the upper abdomen through the sympathetic
nervous system. It is a technique that was widely perfor-
med via a posterior approach until the mid 1990s when
a retrospective postal survey showed an incidence of
paraplegia following the block of 0.15% [37]. However,
evidence points to effective pain relief and reduction in
opioid use following a successful block [38-40]. There
are many approaches to the coeliac ganglia described
in the literature: none is better than another, but use of
CT scanning, ultrasonography-guided blocks via the
anterior route, or the video-thorascopic approach adopted
in recent years may improve safety [41].

Intrathecal neurolysis
This is the injection of phenol or alcohol onto the dorsal
roots of selected nerves via a spinal needle sited within
the dural sac. Safety depends on correct positioning of
the patient and skill of the operator. The technique is
performed in a few centres only in the UK but selective
dorsal thoracic root blocks are helpful for chest wall pain
and saddle blocks for pelvi-sacral pain [42].

Ultrasound guided nerve blocks
Improvements in ultrasound technology have greatly
improved accuracy of placement of needles and cathe-
ters adjacent to nerves, and there is increasing use by
anaesthetists for regional anaesthesia. A literature review
by Tran et al. concluded that for axillary blocks the use of
ultrasound increases the likelihood of the block being
successful [43]. Portable machines make bedside use
in hospices and other settings a realistic goal. Brachial
plexus, lumbar plexus, femoral, intercostal, sciatic and
other nerve blocks are now readily achievable and may
become more commonplace again.

The pain-relieving role of radiotherapy and
chemotherapy
Palliative radiotherapy is used to relieve pain from
brain and bony metastases. A Cochrane review shows
a complete response in 25% at one month, with a
further 40% of patients with painful bony metastases
getting 50% pain relief [44-46]. The radionuclides
strontium-89 and radium-223 have been used success-
fully to treat pain from prostate cancer bone second-
aries [47].

Palliative chemotherapy is most successful in lymphoma,
germ cell tumours, small cell lung tumours and breast
carcinoma. Chemotherapy can also induce pain, especially
neuropathic pain.

Bisphosphonates reduce cancer bone pain in 50% of
recipients regardless of the primary tumour [48] and
should be considered where analgesics and/or radio-
therapy are inadequate for the management of painful
bony metastases [49]. Serious adverse effects include
osteonecrosis of the jaw.

Hormone therapy improves pain in breast and prostate
cancer. Dual oncogenic and nociceptive signalling
antagonists are being developed [50].

Neuromodulation
Neuromodulation is the technique of altering nerve
activity by the application of electric currents. The most
common technique is spinal cord stimulation with
wires/paddles adjacent to the dorsal columns, but other
modalities include peripheral stimulation, motor cortex
and deep brain stimulation. Spinal cord stimulation has
been shown to be particularly effective in neuropathic
pain (15-40% of cancer pain), vascular pain and recently
high-frequency stimulation has been shown to be effective
in controlling nociceptive pain [51]. Despite its success in
chronic pain, there has been little research into neuromo-
dulation for cancer pain.

A 2013 Cochrane review on spinal cord stimulation
in cancer-related pain found no randomised controlled
trials, 4 longitudinal case series and 14 case reports [52].
The most significant case series was performed by
Shimoji et al. [53]. This was a retrospective analysis of
454 patients with spinal cord stimulators, of which 52
had cancer pain. A total of 87% of these had significant
pain relief. Notably, this was a much higher percentage
response to spinal cord stimulation than for their overall
response (56%). Other studies have shown efficacy of
spinal cord stimulation in post thoracotomy pain for
lung carcinoma [54], back pain related to carcinoma
[55], leg pain [56,57] and groin/testicular pain [58,59].
Whilst more studies are needed, spinal cord stimulation
appears to be a promising therapy for intractable cancer
pain. Evidence for other forms of neuromodulation in
cancer pain is very limited.

Other techniques used for cancer pain
Complementary therapies
Complementary and alternative therapies are widely
used for the management of cancer pain and associated
distress. Despite this, the evidence base is relatively poor.
A systematic review performed by Bardia et al. found
18 randomised controlled trials on this subject, of which
only 7 were of high quality [60]. Improvements in pain
control were seen with acupuncture, support groups,
hypnosis and relaxation/imaging therapies. Many stu-
dies were of poor quality with small numbers and no
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blinding. Further, higher quality studies are needed to
confirm the efficacy of these treatments.

Educational interventions
Although opioids are effective drugs at reducing cancer
pain, there are significant psychological barriers that
prevent physicians from prescribing them and patients
from accepting them. These are illustrated in the recent
National Institute for Health and Clinical Excellence
(NICE) guidelines on opioids in palliative care [61].
Several interview-based studies have highlighted
patients‘ concerns about opioids [62-64]. They include
concerns over addiction, tolerance, side effects and issues
such as acceptance of palliation rather than treatment,
and the feeling that starting opioids is a landmark for
end-of-life care.

Educational interventions aim to reduce these barriers by
providing information, thus increasing patient satisfac-
tion and adherence to medication, leading to impro-
ved pain control. There have been many studies on the
efficacy of educational interventions. The meta-analysis
performed by Bennett et al. in 2009 demonstrated that
educational interventions, compared to usual care, led to
improvements in patients knowledge and attitudes and
an improvement in average pain score of around 1 point
out of 10 [65]. Interestingly, they did not find any
improvement in the consequence of pain on patient
function or adherence to medication. A systematic review
by Ling et al. in 2012 again found a significant impro-
vement in pain control with educational interventions
but no improvement in quality of life [66].

In summary
Cancer pain is complex andmultifactorial in origin, which
makes management of pain difficult in at least a quarter
of patients. Careful assessment of the types and sources
of pain must be made and then treated holistically,
adapting treatment to the needs of the individual. Recent
advances in drug therapies, interventional techniques and
the multiplicity of approaches that may be necessary are
outlined in this short article; there are few rigorous trials in
cancer patients and there remain many unknowns. The
specialities of oncology, palliative care and pain medicine
must work together to achieve the best possible pain
management for patients.

Abbreviations
ITDD, intrathecal drug delivery; NMDA, N-methyl-D-
aspartate; PTM, personal therapy manager; TNF, tumor
necrosis factor.
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