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Pain is one for the most feared symptoms 
of cancer. Physicians specialising in pain 
management may be involved in the 

multidisciplinary approach to the care of patients 
with cancer.  The British Journal of Pain dedicated 
a recent issue to papers on cancer pain, which 
are summarised in this article.

Cancer pain for the 21st century: 
Stepping off the ladder, stepping up 
to new challenges 
Sam Ahmedzai [1]

This editorial reminds reader that the British 
Pain Society published a document in 2010 
entitled “Cancer Pain Management” [2]. 
The WHO analgesic ladder is discussed, in 
particular that there is criticism of its evidence 
base for recommending oral morphine as 
the 1st line opioid. The WHO ladder is also 
not an appropriate approach to cancer pain 
management in an increasing population of 
survivors. These patients may require a non-
cancer pain approach to their analgesia, which 
relies less heavily on opioids. This is covered in 
the BPS “Cancer Pain Management” document. 

Splice variation of the mu-opioid 
receptor and its effect on the action 
of opioids  
Sophie K Gretton and Joanne Droney [3]

This excellent article discusses the genetic, 
molecular and phenotypic factors that can 
influence a patient’s response to opioids. Genetic 
factors include splice variation. Other factors 
include pharmacokinetic and pharmacodynamics, 
concomitant medication, disease status, pain 
phenotype, as well as epigenetic factors. 
Mu-opioids act by binding to the mu-opioid 
receptor (MOR). MOR is a G-protein coupled 
receptor with 7 transmembrane domains. Several 
subtypes of MOR exist, despite all of them being 
coded by the OPRM1 gene due to alternative 
splicing [4]. This involves the inclusion of 
different combinations of exons within mRNA 
to produce different protein products. MOR1 is 
the primary MOR transcript. Exon 1 codes for the 
extracellular terminus and 1st transmembrane 
domain and is required for morphine analgesia. 
Most human MOR splice variants that have 
been characterised are associated either with 
exon 1 or 11. Splice variants involving changes 
in these exons give rise to variations in affinity 

and efficacy of different mu-opioids. Exon 
11-associated splice variants express proteins that, 
despite being structurally similar to MOR1, differ 
in the distribution and expression within specific 
regions of the central nervous system (CNS). This 
exon mediates diamorphine, M6G and fentanyl, 
but not morphine or methadone [5].

Clinically the expression of MOR variants is 
regulated by HIV1 within different CNS cell types. 
Another study [6] looking at single nucleotide 
polymorphisms in the OPRM1 gene reported 
differences in post-operative nausea and 
vomiting. Another MOR variant, MOR1D, can be 
responsible for morphine-induced scratching [7].

Pain in cancer survivors 
Matthew RD Brown, Juan D Ramirez and Paul 
Farquhar-Smith [8]

Presented by a team from University of Oxford, 
The Royal Marsden Hospital and the Institute of 
Cancer Research London, this article discusses 
the growing problem of pain in cancer survivors. 
Pain can be due to the underlying disease 
or the treatment to which the patient has 
been subjected, including chemotherapy and 
radiotherapy. Pain in cancer survivors is common 
and affects their quality of life, work prospects 
and mental health [9].

The prevalence of chemotherapy-induced 
peripheral neuropathy (CIPN) varies with 
chemotherapeutic agent, cumulative dose and 
co-morbidities. If severe enough, CIPN can 
potentially result in suboptimal therapy. The 
underlying pathophysiology involves microtubule 
disruption, mitotoxicity, neuro-immune 
mechanisms and neuronal sensitisation. CIPN 
presents as a predominantly sensory neuropathy 
in a glove-and-stocking distribution. Guidelines 
from the American Society of Clinical Oncology 
[10] recommend trialing the anti-neuropathic 
agents, amitriptyline and gabapentin. Potential 
treatments currently being investigated include 
topical menthol and cannabinoid receptor 
agonists.

Radiotherapy may give painful side effects, 
particularly pain in the abdominal viscera 
and neuronal injury, such as brachial plexus 
neuropathy [11]. 

Chronic post surgery pain (CPSP) is seen after 
many surgical interventions, not just those for 
cancer. It is defined as postoperative pain lasting 
>3 months during which other pre-existing and 
surgical causes have been excluded. Clinically 
CPSP will present with spontaneous pain, 
hyperalgesia and hypersensitivity at the surgical 
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site. Prevalence ranges from 10-30%, but 
some types of surgery are associated 
with a higher risk of developing CPSP, 
including breast surgery, thoracotomy, 
cardiac surgery, limb amputation and 
hernia repair. CPSP is a mixed pain 
containing nociceptive and neuropathic 
elements. Neuro-inflammatory processes 
in the periphery lead to sensitisation 
of local neurons, and in turn to central 
sensitisation. The risk factors for 
developing CPSP, including pre-existing 
pain [12] and uncontrolled acute post-
operative pain [13], are also discussed by 
the authors.

Cancer pain physiology
Sarah Falk, Kirsty Bannister and Anthony 
H Dickenson [14]

This presentation comes from Prof 
Dickenson’s group, one of the world 
leaders in research into pain mechanisms. 
He is also an excellent speaker, making it 
worthwhile to attend one of his lectures. 
The authors open the article with a brief 
commentary on the increasing incidence 
of patients with cancer and hence 
patients with cancer pain. They quote 
an incidence of 75-90% of patients with 
metastatic or advanced-stage cancer 
developing severe pain that significantly 
compromises their quality of life [15]. 
There are multiple underlying mechanisms 
involved in cancer pain, including pain 
from the cancer itself (e.g. metastatic 
bone pain) and pain from treatments (e.g. 
surgery and chemotherapy). The authors 
explain that, as such, cancer pain is 
regarded as a mixed mechanism pain state 
involving inflammatory, neuropathic and 
cancer-specific pain mechanisms.

Peripheral pain mechanisms
Cancer-induced bone pain arises from 
progressive bone destruction and 
increased osteoclast activity, with 
tissue damage of the surrounding tissue 
resulting in inflammatory changes. The 
cancer cells themselves also release 
cytokines, and inflammatory and pain 
mediators. The tumour cells can also 
directly damage the sensory nerves by 
infiltration or compression, but also 
by inducing remodeling in the local 
microenvironment, which can lead to 
hyperinnervation or denervation of 
the bone, or stretching of the densely 
innervated periosteum. Bone has a dense 
network of sensory and sympathetic 

neurons involved in nociceptive 
processing to the spinal cord. Changes 
in bone homeostasis sensitises the 
peripheral terminals of these sensory and 
sympathetic neurons, thereby altering 
the signals to the spinal cord. In cancer, 
changes in bone metabolism can increase 
osteoblastic and osteoclastic activity, 
usually resulting in overall net resorption. 
This disrupts the microarchitecture of 
the bone and leads to a decrease in the 
strength and resistance to bending of the 
bone, eventually with an increased risk 
of fractures and sometimes a systemic 
state of hypercalcemia. Tumour-induced 
increased RANKL (receptor activator of 
nuclear factor kappa B ligand) activity 
causes local acidosis that sensitises 
sensory neurons. Osteoprotegerin and 
Denosamab affect RANK-RANKL binding, 
decreasing osteoclast activation that 
reduces bone resorption and bone pain 
in animal models. Bisphosphonates cause 
apoptosis of osteoclasts that reduce bone 
resorption and pain [16].

Cancer-induced bone pain is associated 
with an increase in inflammatory 
mediators that act on peripheral pain 
nerves, for which non-steroidal anti-
inflammatory drugs are often used.

Both sensory and sympathetic fibres 
innervate healthy bone, but these are not 
normally in close proximity to each other. 
Tumours can induce reorganisation and 
sprouting of both fibres and formation 
of neuroma-like structures, bringing the 
two fibres types into close proximity. 
Sympathetic neurons can excite sensory 
neurons by releasing nociceptive mediators. 
This neuronal reorganisation is associated 
with increased release of nerve growth 
factor (NGF), which can both increase the 
expression and sensitivity of the transient 
receptor potential cation channel 1(TRPV1). 
NGF also acts on the dorsal root ganglion 
and the expression of voltage-gated sodium 
channel (NaV) 1.8. Monoclonal antibodies 
against NGF, such as Tanezumab, reduce 
pain by disrupting this pathway.

Cancer-induced bone pain probably 
acts through different mechanisms to 
non-cancer pain, which may explain why 
traditional analgesic therapies do not 
tend to be effective in treating metastatic 
bone pain [17].

Spinal events
Why should one look at the spinal cord? 
As the authors explain, the spinal cord:
• Is the 1st relay for incoming pain 

messages

• Is where central hyperexcitability is 
first established

• Is where descending controls from 
the brain act to change the level of 
excitability at these 1st relays

• Is a key site for opioid modulation of pain
• Sends ascending projections to both 

sensory and affective areas of the 
brain, which are key to establishing the 
individual pain experience.

These authors reported clear changes 
in the responses of spinal cord neurons 
indicative of a hyper-excitability, being 
different from those seen in models 
of neuropathy or inflammation, and 
suggesting a unique state of pain in 
cancer. They also reported that recording 
in the superficial dorsal horn, compared 
to controls, cancer-induced bone pain 
leads to a greater proportion of wide 
dynamic range (WDR) neurons, which give 
hyperexcitable responses to mechanical, 
thermal and electrical stimuli.

Gabapentin and pregabalin modulate 
the central consequences of peripheral 
pain events by preventing calcium channels 
being transported to their active site on 
spinal neurons[18]. Chronic treatment 
with gabapentin reduces pain behavior 
and attenuates hyperexcitable dorsal horn 
responses [19]. The N-methyl-D-aspartate 
(NMDA) receptor is also involved in 
neuronal excitability and wind-up. Ketamine, 
an NMDA antagonist, inhibits responses of 
spinal WDR neurons in models of cancer-
induced bone pain. Spinal excitability may 
be enhanced after cancer, which could form 
a mechanistic basis for the use of ketamine 
in patients with cancer pain.

Opioid induced hyperalgesia 
(OIH)
Chronic consumption of opioids can be 
associated with worsening paradoxical 
pain, a mechanism thought to involve 
the NMDA receptor. Clinically, OIH can 
be prevented and reversed by adding 
ketamine [20] or switching opioid to 
methadone, which also acts on the 
NMDA receptor. Other drugs that 
reduce neuronal hyperexcitability (e.g. 
pregabalin), and descending seretonergic 
spinal circuits or alpha-2 receptors (e.g. 
dexmetomidine), also attenuate OIH. A 
new drug, Tapentadol, has a dual action, 
stimulating the mu-opioid receptor 
and activating spinal inhibitory alpha-2 
adrenoceptor by inhibiting noradrenaline 
reuptake; it is currently being trialed in 
patients with cancer pain.
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Pain services and palliative medicine – an 
integrated approach to pain management in the 
cancer patient 
Tony O’Brien and Christopher M Kane (21)

This article describes the role of pain specialists within palliative medicine. 
It starts by reminding us that 80-90% of patients with advanced cancer 
experience pain. Fortunately 90% of them will have their symptoms 
controlled according to the WHO pain ladder. This leaves an estimated 
48,000 patients per year in the UK with uncontrolled cancer pain. Good 
symptom control (including pain) is essential to improve the quality of life 
for the individual. It makes us aware that we are treating the “person in 
pain”, not just the pain in isolation.

The standard approach to cancer pain – regular administration 
of oral opioids – will remain the basis of cancer pain management; 
however, for those patients with refractory pain (defined as that 
which is not responsive to simple management strategies), a pain 
specialist needs to be involved as interventional therapies can be 
very effective in otherwise intractable pain.

The culture within palliative medicine has shifted from the historic 
“care of the dying” to a more active medical approach, managing 
patients earlier in the disease process. There is considerable 
geographical variation in access to pain services by palliative 
medicine. The “best case scenario” is to have a pain specialist with 
regular dedicated palliative care sessions to allow consistent and 
timely access to services. This also encourages discussion between 
palliative medicine and pain specialists to facilitate joint assessment 
and management of patients with complex pain early rather than 
waiting until the situation has become desperate. Unfortunately a 
joint report by the British Pain Society, the Royal College of General 
Practitioners and the Association for Palliative Medicine of Great 
Britain and Ireland notes that the partnership between pain and 
palliative medicine specialists is inconsistent (22). Several reasons for 
this were identified, including funding and availability of expertise. 

There is good evidence for several pain interventions, in particular 
coeliac plexus block (for pancreatic cancer pain), intrathecal drug 
delivery systems (for most types of cancer pain), and cordotomy (for 
mesothelioma); unfortunately there is wide geographical variation in 
access to these treatments. 

The authors conclude that dedicated and integrated access to pain 
specialists is an absolute necessity for palliative care services; the era 
of “ad hoc” arrangements is over.
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