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ABSTRACT  This review of pain management in lung cancer is based on the presentation of four cases of
thoracic oncology patients with pain at various stages of their disease. The approach will be multidisciplinary,
involving a thoracic oncologist, radiologist, thoracic and orthopaedic spine surgeon, radiation therapist, pain
medicine specialist, and palliative care specialist. This multispecialty approach to the management of
different painful presentations in thoracic oncology will demonstrate the complexity of each case and the
improved patient outcomes which result from the involvement of different disciplines working in concert.

In the USA, Europe and other countries, palliative care specialists often become rapidly involved in the
management of these patients, coordinating social care and providing psychological support.

Thoracic and orthopaedic spine subspecialists provide surgical methods to control tumour invasion, and
improve quality of life and preservation of function in settings of even diffuse metastatic disease. Similarly,
thoracic oncology and radiation therapists utilise both therapeutic and palliative chemotherapeutic and
radiation therapy regimens to prolong and improve quality of life.

The pain medicine specialist can, in addition to medication management, offer a variety of
interventional approaches including unique drug delivery systems such as epidural analgesia, regional
anaesthesia techniques, and intrathecal pumps, as well as neuromodulation techniques and neurolytic or
neuroablative procedures.

In the USA, these specialists complete an additional fellowship year in pain medicine following the
completion of an anaesthesiology, physical medicine and rehabilitation, neurology or psychiatry residency.
These programmes are accredited by the Accreditation Council for Graduate Medical Education, or
ACGME (www.acgme.org).
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Introduction

Pain continues to be a very prevalent symptom too often undertreated in cancer patients at all stages of
their disease. Pain is present in 59% of all patients undergoing cancer treatment, in 64% with advanced
disease, and in 33% of patients after curative treatment [1].

A pan-European Survey of 12 countries designed to explore the burden of cancer pain and current pain
practices across Europe shows that many patients, up to 25 to 30%, with moderate to severe pain receive
no analgesics [2].

Various guidelines for managing pain have been introduced over the past 30 years, starting with the World
Health Organization (WHO) “stepladder approach”, which was introduced in 1986, updated in 1996, and
is now almost universally accepted [3].

This three-tiered approach, based on non-opioid medications such as acetaminophen and nonsteroidal
anti-inflammatory drugs (NSAIDS) at the first level and opioids with non-opioid adjuvants at the second
and third levels, may be effective for a majority of patients, up to 80%, if used properly. Episodic or
breakthrough pain remains problematic for many patients, though a recent study demonstrated an overall
improvement in the quality of cancer pain management over the past 20 years [4].

Other methods such as regional anaesthesia, neuromodulation, neuroablative techniques, and alternative
drug delivery systems should be considered in cases of recalcitrant pain.

Additional guidelines, including those from the National Comprehensive Cancer Network (NCCN
guidelines version 2.2016), as well as recommendations from the European Association for Palliative Care
(EAPC) [5] and the European Society for Medical Oncology (ESMO) [6, 7], are available and widely used.
These are more detailed than the WHO guidelines, which are easily applicable even in areas with few
healthcare resources.

The two primary mechanisms of pain in cancer patients are nociceptive and neuropathic [8].

Somatic nociceptive pain is usually well localised, often described as throbbing or sharp, and can occur
after surgery or with bony metastasis. Visceral nociceptive pain is more diffuse, may be referred (i.e. pain
in the shoulder from diaphragmatic irritation) and is described as aching or cramping. Pleural effusion is
one of the most common causes of visceral nociceptive pain in the context of thoracic malignancy.

Neuropathic pain may be described as burning, prickling or shooting, and can often be associated with
numbness. It is the result of injuries to the peripheral or central nervous system. In cancer patients, it may
be due to tumour infiltration, may occur after radiation therapy, or be the result of chemotherapy-related
toxicity. In thoracic oncology, neuropathic pain can be the result of nerve injuries during thoracoscopy or
thoracotomy. These can have long-term implications for the patients.

Distinguishing the nature and mechanism of the pain has implications for its treatment (table 1).

Integrating supportive care early after the diagnosis of cancer and involving a multidisciplinary team may
be of great benefit to the patients. In France, the Société Fran¢aise d’Accompagnement et de soins Palliatifs
(www.sfap.org) offers supportive care, social help and psychological services at the time of diagnosis. This
approach may also be advantageous to patients reaching survivorship and to those who develop chronic
pain issues [9].

Four common scenarios

1) Post-thoracotomy pain

A 55-year-old man with no significant past medical history presented initially with a lower respiratory
tract infection. Chest radiography revealed a lung nodule measuring 26x13 mm. He had a sedentary job
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TABLE 1 Classification of pain in lung cancer

Type Characteristics Causes
Nociceptive (via activation of
peripheral nociceptors)
Somatic Sharp well localised, arising from bones, Tumour infiltration of muscle, fascia, bones, chest wall
muscles, skin pain from rib lesion
May be associated with inflammation and/or
infection
Visceral More diffuse, may result from hollow viscus Tumour infiltration of pleura
distention Pleural effusion

Neuropathic (by a lesion of the
somato-sensory nervous
system)

Treatment-related pain

Breakthrough pain

May be referred, i.e. shoulder pain from
diaphragmatic irritation or tumour
infiltration, pleuritic pain causing sharp
chest pain

Burning, tingling, prickling Tumour infiltration of plexus and peripheral nerves due to
chest wall mass, radiculopathy from vertebral lesions
and post-surgical chronic pain syndrome following
thoracoscopy, VATS or thoracotomy

Painful diagnostic procedures and surgery

Post-radiation plexopathies and/or osteonecrosis

Long-term consequences of treatment: post thoracotomy,
pain, chemotherapy-induced neuropathy

Osteonecrosis from corticosteroids (femoral head) and
bisphosphonates [mandible, femur)

Episodic, lancinating, unpredictable Spontaneous or in response to known or unknown
Time to peak severity median 3 min triggers
Duration 30 min Associated with patient care (mobilisation, physical
Average 4-7 episodes per day therapy, incentive spirometry, procedures, dressing
changes, positioning for radiation therapy) 55-60%
End-of-dose pain

VATS: video-assisted thoracoscopic surgery.

without risk of occupational exposure to carcinogens. He started smoking one pack of cigarettes per day at
age 20 years (35 pack-year history of tobacco exposure).

A chest computed tomography (CT) scan revealed a non-calcified spiculated nodule with pleural tags
(figure 1).

A brain magnetic resonance image (MRI) was negative for metastases. Pulmonary function tests,
haematological work-up, and liver function tests were all within normal range.

The lung nodule was positive on positron emission tomography (PET)/CT with a maximum standardized
uptake value (SUVmax) of 5.4 at the level of the paratracheal nodes. The mediastinoscopy did not show
any additional nodal involvement. The patient was offered a lobectomy via a traditional thoracotomy.

The patient requested a consultation to discuss what steps could be taken to minimise the risks of
perioperative pain and the incidence of post-thoracotomy pain.

A thoracic surgeon’s perspective (G. Massard]

The best that a surgeon can offer in order to reduce postoperative pain is to decrease operative trauma [10]. For
this patient with presumably a cT1bNO lung cancer, according to the American College of Chest Physicians
(ACCP) guidelines for treatment of lung cancer, there is an obvious advantage to offering a video-assisted
thoracoscopic surgery (VATS) approach with a grade II evidence [11]. The latter allows for an adequate cancer
operation combining an anatomical resection (ie. lobectomy) with a formal hilar and mediastinal node
dissection, while incisions are reduced to stab wounds and use of a rib retractor is not required.

Several large data studies, including two systematic reviews [12, 13], two database studies from the USA
and Europe [14, 15] and two meta-analyses [16, 17], concluded that VATS offers an advantage over
thoracotomy in terms of significantly reducing complication rates, shortening hospital stay and enhancing
recovery. The authors assume that reduced operative trauma and consequently reduced pain are the
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FIGURE 1 Chest computed tomography scan, coronal reconstruction: non-calcified spiculated nodule with
pleural tags.

determining factors. A recently published randomised controlled trial by Benpixen et al [18] which
enrolled 206 patients confirms this assumption. Pain and self-reported quality of life during the first
postoperative year were compared between the two groups, defined either by a four-port VATS approach
or an anterolateral thoracotomy. The study demonstrated a statistically significant decrease in pain and an
improved self-reported quality of life at different time points for up to 1 year in patients undergoing VATS
versus anterolateral thoracotomy. The lower complication rate is confirmed in patients with disabled
pulmonary function [19].

All these publications converge to the statement that VATS is a better surgical procedure for early-stage
disease, and hence it appears unethical to proceed with an open thoracotomy. However, many colleagues
remain reluctant to apply minimally invasive techniques; we may estimate from the French database
Epithor that only 30% of eligible patients are operated by VATS (unpublished data).

A first series of questions concerns the oncologic value of minimally invasive procedures. These seem to be
unfounded, because both anatomical resection and lymph node dissection can be safely and accurately
performed [20, 21]. These assumptions have been swept away by two meta-analyses concluding similar
overall long-term survival and disease-free survival [22]. In addition, a non-randomised study demonstrated
that compliance to adjuvant chemotherapy is significantly improved with a VATS approach [23].

The second reason might be reluctance on the part of experienced consultant surgeons to change working
habits and to learn a new technique, which still has the reputation of being complicated and subject to risk
of intra-operative complications. However, there is evidence for a relatively short learning curve for
experienced surgeons. The author’s experience demonstrates that competence (i.e. confirmed oncologic
quality) is acquired after 30 procedures, and efficacy (i.e. decreased operating time, conversion rate and air
leak) after 90 procedures [24]. Simulation training may shorten the learning curve [25]. Surgical trainees
may be directly oriented towards minimally invasive technique without extensive experience in open
surgery [26], and VATS should be taught in any accredited training programme.

Which are the options for future development? There is currently a strong interest, supported by industry,
in developing single-incision VATS; however, it remains controversial whether reducing the number of
incisions will improve the immediate outcome, or might be deleterious for long-term survival [27]. The
effects of market pressure can also be seen as medical centres strive to begin to offer robotically assisted
VATS. For the moment, it appears that robot assistance does not improve outcomes, but increases
operation time and cost [28]. However, the market is open to competition and the financial conditions
may change. With improving technology, perhaps the future might be single-incision robotic surgery?

A pain specialist’s perspective [C. Peeters-Asdourian]

Both thoracotomy and video-assisted minimally invasive anatomical resections may be associated with
post-thoracotomy pain syndrome, though VATS is associated with less morbidity and a decreased
incidence of persistent post-surgical pain syndrome. Overall, when following major surgical procedures,
the incidence of persistent pain ranges from 20% to 50% 2 months after surgery [29].
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Predictive factors for post-thoracotomy pain include moderate-to-severe perioperative pain, younger age
(adults), preoperative anxiety and depression, female sex, radiation therapy to the area, neurotoxic
chemotherapy and psychological vulnerability. Genetic predisposition as a result of functional
polymorphism of catechol-O-methyltransferase (COMT) may also contribute to chronic pain [30].

The severity of acute postoperative pain may be the most relevant factor contributing to a persistent pain
syndrome following surgery [31, 32].

Adequate pain control following thoracotomy and/or VATS includes a multimodal analgesic approach
combining thoracic epidural analgesia usually between T4 and T8, provided that there are no pre-existing
contraindications such as coagulopathy or sepsis, or paravertebral blocks with NSAIDs and other
medications. Regional anaesthesia techniques have been shown to decrease the incidence and severity of
post-thoracotomy pain. Paravertebral blocks with or without catheter placement and serratus blocks are an
alternative to epidural analgesia and can be performed using ultrasound guidance.

Minimally invasive surgical techniques have also contributed to reducing long-term morbidity, as
described above.

Non-opioid analgesics can also play an adjuvant role. These can include NSAIDS, N-methyl-D-aspartate
(NMDA)-receptor antagonists, ie. ketamine, alpha-2 agonists such as dexmedetomidine, and the
alpha-2-delta subunit ligands of the voltage-gated calcium channels gabapentin and pregabalin. Use of
these medications is limited by both patient tolerance and the presence of medical or surgical
contraindication [33].

2] Lung apex tumour [Pancoast’s syndrome)
A 49-year-old man presented with right shoulder pain.

The patient was initially treated for possible arthritis of the shoulder with physical therapy and NSAIDs. A
cervical spine MRI revealed an apical lung tumour associated with a lytic lesion of the first rib. The patient
is a smoker: 30 cigarettes per day over 30 years. On physical examination, the patient was found to have
right Horner’s syndrome with ptosis and myosis.

The chest CT scan revealed a right apical mass invading the pulmonary apex, pleura and surrounding soft
tissues, as well as eroding the posterior first and second ribs and the right lateral aspect of the second
dorsal vertebra (figure 2).

The PET/CT was intensively positive at the level of the right lung apex mass extending into the T2
vertebra and first rib.

Right bronchial and mediastinal (2R and 4R) nodes were moderately hypermetabolic. The patient
underwent an ultrasound-guided endoscopy and biopsy of the 11R nodes, which yielded a diagnosis of
squamous cell lung cancer. The tumour was staged as T4NI. The patient was complaining of severe
pain largely localised to the posterior aspect of the shoulder and the anterior chest wall in a T1
distribution. He requested consultation to explore medication and interventional options for pain

FIGURE 2 Chest computed tomography scan, coronal reconstruction (bone window contrast): right mass invading
apex and eroding the posterior first and second ribs and the right lateral part of the second dorsal vertebra.
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management, as well as opinions regarding the effectiveness of specific palliative cancer treatments in
improving pain control.

A pain specialist’s perspective (M. Almalki]

A Pancoast tumour is defined by the ACCP [34] as: “a lung cancer arising in the apex of the lung that
involves structures of the apical chest wall. Invasion of apical chest wall structures is required at the level
of the first rib or above, but it is not necessary to have Horner syndrome or pain radiating down the arm.
These lesions frequently invade the brachial plexus, subclavian vessels, or spine” [35].

Shoulder pain is usually the first and most common presentation owing to extension of the tumour to the
extra-thoracic structures. As the tumour proliferates, patients can often develop paraesthesia and weakness
along the ulnar nerve distribution. This occurs secondary to tumour invasion of the inferior aspect of the
brachial plexus C8-T1 and can, in some cases, extend into the T2 territory (the axilla and medial aspect of
the upper arm) as well. These musculoskeletal symptoms may delay the work-up and diagnosis [36]. As
the tumour invades the sympathetic chain, a Horner’s syndrome may develop in 15-50% of patients [37,
38]. In approximately 5% of patients, spinal cord compression can occur as the tumour spreads into the
intervertebral foramina early in the course of disease [39].

The tumour can be seen on chest radiographs as a mass in the apex of the lung or as a pleural thickening.
It is important to remember that it can be easily missed on the chest radiograph. A CT scan can confirm
the location and the extension of the tumour.

An MRI should be obtained, as well, to better evaluate the extension of the tumour to the surrounding
structures, including the brachial plexus, cervical plexus, neural foramen, vertebral body and adjacent
vasculature.

Malignant, inflammatory, autoimmune and neuropathic processes of the tumour in the lung, pleura and
brachial and cervical plexus can lead to different types of pain. Neuropathic pain is likely the primary
aetiology of the pain associated with a Pancoast tumour due to its close proximity to both the cervical and
brachial plexus. Neuropathic pain is usually described as burning”, “shock-like” or as an “electrical sensation”.
It may be associated with allodynia (i.e. pain induced by non-painful stimuli), hyperalgesia (i.e. increased
perception of painful stimuli) and other concomitant neurological findings, such as weakness or changes in
reflexes, and autonomic dysfunction [40]. The prevalence of neuropathic pain is about 20% to 40% of all

cancer pain [41]. Its higher incidence in Pancoast tumour pain is likely due to the reasons detailed above.

Pain control is an important factor in the management of every patient with a Pancoast tumour: through a
multidisciplinary approach including radiotherapy, chemotherapy, surgical resection if feasible, pain
medications and interventional pain procedures as indicated. The pain is often resistant to opioids alone
and will require adjuvant neuropathic pain agents such as antidepressants and gabapentinoids.

Tricyclic antidepressants (amitriptyline, nortriptyline), serotonin-norepinephrine reuptake inhibitors
(duloxetine, venlafaxine), and calcium-channel modulators (gabapentin and pregabalin) are the most
frequently utilised neuropathic pain medications in the management of neuropathic cancer pain [42].
Topical therapies such as lidocaine patch, diclofenac patch, or compound creams containing a variety of
medications ranging from local anaesthetics, neuropathic agents, muscle relaxants, and agents from
clonidine to amantadine can also be trialled. Application of a capsaicin patch or ointment which is
available in a range of concentrations, typically between 0.025% and 0.075%, can be trialled as well,
though it should not be applied to any open skin or wounds [42].

If the pain is resistant to oral medications, an alternative drug delivery route or neuroablative procedure
may be necessary. An intrathecal drug delivery system may be considered depending on the patient’s life
expectancy and prognosis; typically, patients are required to have a 3- to 6-month life expectancy prior to
considering implant. A programmable intrathecal pump delivering morphine or hydromorphone as single
agents, or in combination with clonidine, bupivacaine and/or ziconotide for their analgesic properties in
the management of neuropathic pain, can be used [43].

Less invasive therapies, including stellate ganglion block or neurolysis, intercostal nerve block or
neurolysis, and paravertebral blocks, can be considered and tailored to the individual patient depending on
the location of pain and extension of the tumour. In cases of brachial plexus involvement, a single-shot
ultrasound-guided brachial plexus injection using a combination of local anaesthetic and steroid can serve
both a diagnostic and a therapeutic role. Placement of indwelling catheter or neurolysis may provide
longer term pain relief [44].

Neuroablative procedures at the level of the dorsal route ganglion may constitute a very effective,
well-tolerated and minimally invasive therapy. Such procedures are usually performed under
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Side-effects

Caution

Tricyclic antidepressants:
amitriptyline, imipramine,
clomipramine

Serotonin-norepinephrine
reuptake inhibitor
antidepressants:
venlafaxine, duloxetine

Anticonvulsant calcium
channel a-2-8 subunit
agonists or gapentinoids:
gabapentin, pregabalin

Topiramate

Topical preparations: lidocaine
patches/ointments, capsaicin
patches/ointments

Inhibition of monoamine
reuptake, blocking of Na
channels, action on B2
receptors

Serotonin-norepinephrine
reuptake inhibition

Widely approved, available
and utilised for the
treatment of neuropathic
pain

Inhibition of y-aminobutyric
acid (GABAJ-mediated

neurotransmission
NMDA antagonist

Anticholinergic effects, urinary
retention especially with BPH,
xerostomia, cardiac conduction
anomalies, confusion and
sedation

Nausea and vomiting, xerostomia
and weight gain

Sleepiness, negative impact on
cognitive function, weight gain,
peripheral oedema, especially in
the lower extremities

Also acts on carbonic anhydrase
inhibitor with potential risk of
nephrolithiasis and acute angle
glaucoma

Consider presence of underlying
cardiac pathology, QT prolongation
Glaucoma

If used with tramadol or tapentadol,
risk of serotoninergic syndrome
Caution when used with liver disease

and with hypertension

Decrease dose with renal dysfunction

Decrease dose with renal dysfunction

Anorexia and possible weight loss
Negative effect on cognition

Na channel blocker

Substance P depletion from
nociceptors

TRPV1 (transient receptor
potential channel vanilloid
agonist)

Do not apply on open sores

High strength 8% formulation used in
the management of post-herpetic
neuralgia; very painful to apply and
rarely needed in cancer pain

Erythema, pruritus

BPH: benign prostate hypertrophy;

NMDA: n-methyl-D-aspartate.

fluoroscopic, CT or MRI guidance using radiofrequency ablative techniques. Cryotherapy can also be
helpful (table 2) [45].

A radiation therapist’s perspective [P. Van Houtte)

This is an interesting clinical case of superior sulcus tumour with a Pancoast tumour, which is probably
not a candidate for a radical trimodality (surgery, radiotherapy, chemotherapy) approach owing to the
tumour extent, especially the nodal involvement. N1 involvement would still allow for a reasonable
postoperative outcome in a trimodality setting, especially in a low comorbidity context. Extension to the
vertebral body or subclavian artery is not an absolute contraindication to a radical RO resection per se.

One key question is how to define the best treatment approach for palliation but also aim for long-term
loco-regional control of the disease. Radiation is a very effective treatment regarding pain management
owing to bone involvement by tumour, with an early response rate above 60% including pain reduction
and even a complete clearance of symptoms. In a series from our service dating back to more than
20 years, pain relief was achieved in 21 out of 28 treated patients [46].

This can be achieved with a short course of radiation (less than 2 weeks) with minimal side effect. It is a
purely palliative approach without any aims at controlling the disease and with the risk of recurrence of
pain later on, probably within the first year.

To sustain the pain control, which can only be achieved through loco-regional control of the disease, a
higher radiation dose is needed to control the tumour while trying to avoid radiation injuries to the
brachial plexus and the spinal cord. Currently, for locally advanced lung cancer, including such a superior
sulcus tumour, the best approach is certainly to combine chemotherapy and radiotherapy by adding a
cisplatin-based chemotherapy with a definitively high radiation dose above 60 Gy. The data clearly show
an improved survival, due mainly to a better loco-regional control. This range of dose requires a high and
precise radiation technology to cover the tumour, including the vertebral involvement and the positive nodes,
without damaging the spinal cord. This may be achieved using an intensity-modulated radiotherapy
combined with precise imaging at the linear accelerator to verify the correct positioning of the patient and
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delivery of the radiation. Such a treatment is more aggressive and takes 6-7 weeks. It may induce
oesophagitis, the main acute side effect. Currently, different reports have demonstrated the feasibility of such
an approach for superior sulcus tumour, leading to pain control and even long-term survival [47, 48].

3] Bone pain and epidural metastases

A 55-year-old woman with no prior history of smoking was referred for treatment of lung
adenocarcinoma at the level of the left inferior lobe, with brain and bone metastases including
involvement of the L1 and L2 vertebrae. There was no active genetic alteration. Cerebral and lumbar spine
radiotherapy was performed and chemotherapy with cisplatin and vinorelbine was delivered with some
improvement. 1 year later, a relapse occurred and docetaxel was administered for six cycles, in addition to
cerebral stereotaxic irradiation. 1 year later again, the patient complained of low back pain. Paracetamol
was not effective. A chest CT scan showed progression of disease in the lung.

A spine MRI demonstrated, on a T1 and STIR (short tau inversion recovery) sequence without
intravenous contrast injection, two metastatic lesions at L1 and L4 levels with vertebral compression of the
L1 vertebral body and discrete anterior epidural tumour infiltration (figure 3a and b).

The pain management plan for this patient was to initiate opioid therapy and consider invasive
management of the vertebral lesions after consultation with the pain and orthopaedic spine services,
respectively.

A pain specialist’s perspective [C. Peeters-Asdourian]

Bony metastases occur frequently in lung cancer, accounting for a large number of vertebral lesions. These
vertebral metastases are associated with pain and morbidity. They have a significant impact on the
patient’s quality of life and can cause severe breakthrough pain with physical activity. Additionally,
pathologic fractures can result in spinal cord compression.

Bone-targeted agents (BTAs) are an important part of the management of bony metastases. These include
inhibitors of osteoclastogenesis and osteoclast activation and receptor activator factor kappa-B ligand
(RANKL) inhibitors such as bisphosphonates and denosumab respectively. ESMO, NCCN and the
American Society of Clinical Oncology support the use of BTAs in patients with breast cancer, prostate
cancer and multiple myeloma to prevent and delay skeletal complications and pain. In lung cancer
patients, the data shows some benefit in reducing skeletal-related events and bone pain, but further studies
are needed to explore the impact of these agents on survival. Both bisphosphonates and denosumab are
associated with complications including jaw osteonecrosis, hypocalcaemia and infections, which are more
frequent with denosumab [49].

In addition to offering opioids and adjuvant medications such as NSAIDS, and gabapentin or pregabalin
as tolerated, the pain specialist may offer less invasive treatment options than spine surgery.

Radiofrequency spinal tumour ablation (RFA) can be considered as it is safe and effective for well-selected
patients. RFA can be performed with and without cement [50].

FIGURE 3 a) Sagittal STIR (short tau inversion recovery) sequence, and b) sagittal spin-echo T1 sequence: two
metastatic lesions at L1 and L4 levels with vertebral compression of the vertebral body of L1 and discrete
anterior epidural tumoural infiltration.
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Cryoablation techniques have been used as well and may be safer in terms of risks for spinal complications.

Vertebral augmentation procedures, vertebroplasty and kyphoplasty, can certainly be considered. All of
these techniques require imaging guidance, fluoroscopy or computed tomography (CT scans). These
procedures are minimally invasive and are performed under conscious sedation or monitored anaesthesia
care, but in some cases, may require a general anaesthethic.

Exclusion for these approaches includes posterior extension of the tumour into the spinal canal, bone
fragment extension into the spinal canal or retropulsion, and spinal instability [51]. Various specialists can
perform these procedures: interventional radiologists, spine surgeons or interventional pain specialists,
depending on the country.

Pulsed radiofrequency of the dorsal root ganglion (DRG) can be used successfully for intractable vertebral
metastatic pain. Radiofrequency has been effective in the management of neuropathic pain syndromes and
will help in cases where a radiculopathy is a part of the pain presentation.

Contraindications are the same as for all the minimally invasive techniques and include coagulopathy and
sepsis [45].

A spine surgeon’s perspective [A.P. White)

This 55-year-old woman with lung adenocarcinoma had previously undergone chemo- and radiotherapies
to address (in part) L1 and L2 vertebral lesions. 1 year later, back pain prompted imaging re-evaluation.
Marrow-replacing lesions were found within the vertebral bodies of L1 and L4. The L1 lesion encroached
upon the epidural space.

Patients with metastatic epidural spine lesions can benefit from surgical management when certain aspects
of the spine anatomy become compromised [52]. When there is significant axial pain related to spine
instability, and when the integrity of the neurological elements has been compromised (or may become
compromised), surgery can be considered. Surgical decompression and stabilisation has been shown to
reduce pain, to prolong the ability to walk, and to preserve bowel and bladder continence for patients with
epidural metastasis.

The benefit of surgery is not applicable to all patients. One of the most relevant considerations is the overall
prognosis of the patient [53]. If the patient were expected to survive for less than 6 months, many surgeons
would not consider the short-term morbidity of the surgery (including short-term postoperative pain) to be
worth the proposed benefit of longer-term pain relief and neurological preservation. For this reason, patients
with longer-term survival expectations should be considered to be better candidates for surgery.

In this particular case, if the patient were expected to survive for 6 months or more, surgery would be
considered to be helpful. The images indicate that there is significant compromise of the integrity of the
L1 vertebrae. There is epidural involvement with stenosis. The risk of vertebral collapse will increase over
time. The consequence of that may be significant, including lower extremity paraplegia with bowel and
bladder incontinence. Surgery can effectively reduce that risk, and can also reduce pain associated with the
instability, particularly in the long term.

Surgical decompression and stabilisation can be accomplished by a variety of approaches, each with its
own risks and benefits [54, 55]. In patients with metastatic disease, the spinal reconstruction should be
immediately robust. Overall, this patient population has a high risk of non-union following spinal fusion;
the implanted hardware comprising the spinal reconstruction should be expected to remain intact and
robust for the duration of the patient’s life. One cannot rely on bone fusion or healing to provide
additional stability. For these reasons, in part, spinal reconstructions for many patients (including this
one) may involve combined anterior and posterior surgery.

Independent of the benefits of pain reduction, preservation of mobility, and preservation of continence,
spine surgery should not be expected to prolong the life of the patient with metastatic disease. It can,
however, be expected to improve comfort, maintain independence and preserve dignity for patients while
they navigate the other aspects of this difficult disease.

4) Painful terminal situation

A 68-year-old man presents with primary complaint of right shoulder pain. A chest CT scan revealed
multiple pleural nodules in the right lobe which were found to be hypermetabolic on PET/CT scans. A
pleuroscopy followed by pleurodesis with talc yielded the diagnosis of malignant mesothelioma.
Chemotherapy with cisplatin and pemetrexed was started with a good response and resolution of the pain.
Eighteen months later, the disease relapsed. The patient experienced a transient regression of symptoms and
disease burden with administration of the same chemotherapy regimen. After several months, metastases
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FIGURE 4 Contrast-enhanced chest computed tomography scan: supracentimetric mediastinal and right hilar
lymphadenopathies, right parahilar lung mass and right pleural nodular thickening.

developed in the bone, liver and muscles in addition to a massive progression of the thoracic tumour
burden. The patient had severe thoracic pain in addition to cough and anorexia. A CT scan showed
supracentimetric mediastinal and right hilar lymphadenopathies, right perihilar lung mass and right pleural
nodular thickening (figure 4). The palliative care service was consulted for symptom management.

A pain medicine specialist’s perspective (C. Peeters-Asdourian and P.H. Rana)

This case illustrates the need for collaboration with the palliative care team for optimal analgesic
management, with the thoracic oncologist for possible optional palliative chemotherapy and radiation
therapy, and with the pain medicine specialist for consideration of the spinal route of opioid
administration or other advanced interventional therapies. These interventions may be needed in 5%-15%
of cancer patients who are in advanced or terminal stages of their disease [56]. Aetiology of pain in
complex cancer patients is multifactorial, and the presence of pleural nodular thickening may contribute to
the development of pleural effusion and visceral pain, which can be particularly challenging to manage.

The oral route (p.o.) is the preferred route in most cancer patients. However, a recent study shows, as
expected, with our improved knowledge of pharmacokinetics, pharmacodynamics and pharmacogenetics,
that patients may have varying responses to different medications, impacting their effectiveness as a
treatment modality.

The CYP2D6 isoenzyme of the cytochrome P450-system is highly polymorphic.

Because of variations in the alleles of CYP2D6, about 10% of the Caucasian population is categorised as
poor metabolisers and about 4-5% as ultra-rapid responders. These differences may account for the lack of
effect in some patients and adverse drug reactions in others.

Poor metabolisers may not respond to codeine and not fully to tramadol [57].

Hepatic and renal function may have an impact on the drug efficacy, side-effects and toxicity. The addition
of adjuvant drugs may create drug interactions that will modify the response to treatment as well (table 3).

One recent study demonstrated that terminal cancer patients may not be receiving strong opioids in a
timely manner. The intravenous route should be considered, and in many cases preferred, when swift
titration is required. The peak effect occurs more rapidly after approximately 15 min, as compared with a
p-o. or subcutaneous route, which may take up to 30 min and is less reliable. Intravenous administration
needs to be considered when absorption of the medication is suboptima, for example, in a patient with
persistent pain receiving p.o. morphine sulphate immediate-release (MSIR) and with a short gut. Allowing
the patient to self-titrate with a patient-controlled analgesia device can also be very helpful.

Intrathecal administration of opioids, local anaesthetics, clonidine (alpha-2 agonist) and ziconotide
(N-type calcium channel blocker) as needed for neuropathic pain can be realised using an intrathecal
catheter and an internalised pump which is both programmable and refillable. This approach requires a
team with the appropriate expertise and a support team which, after implant, will be able to follow the
patient, to adjust the regimen, refill the pump and programme it [55]. Contraindications include failed
trial of intrathecal administration of analgesic, and systemic infection, while relative contraindications are
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Oral dose

Side-effects and relevant facts

Codeine (step 2 WHO) 15-30 mg

Dihydrocodeine (step 2 WHO)  30-60 mg per day

Tramadol (step 2 WHO) 50 mg (max

200 mg per day)

Tapentadol” (step 2 WHO) Not available

Morphine (step 3 WHO);
most frequently used and
universally available

10 mg doses

Hydromorphone immediate 2.0 mg
release” (step 3 WHO) Can be titrated via
PCA

Hydromorphone extended
release” (step 3 WHO)

Oxycodone (step 3 WHO) Not available

Fentanyl Variable doses i.v.

Fentanyl transmucosal

Fentanyl nasal spray

Fentanyl effervescent
gingival tablets

PCA variable doses

120-240 mg per day

60-120 mg per day
Extended release formulation
available

50-100 mg every 6-8 h as needed;
400 mg per day maximum

Formulation in combination

37.5 mg tramadol and 325 mg
paracetamol

50 mg p.o.

Maximum daily dose 500 mg

Extended-release formulation
available as 50, 100, 150, 200 and
250 mg (preferred)

Conversion ratio with oral morphine
1:3.3

Morphine immediate release
(MSIR] 5, 10 and 30 mg every
3-4h

Morphine extended release (ER) 15,
30, 45, 60, 100 and 200 mg every
12 h

2, 4, 8 and 16 mg every 3-4 hT

8, 12, 16 and 32 mg every 12 hT

5-10-15-20-30 mg every 4 h;
Immediate release

Available as 1 mg-mL™" oral
solution

10, 20, 40, 80 mg Extended release
formulationT

Transdermal formulations 12.5, 25,
50, 75 and 100 pg per h'

200, 400, 600 and 800 pg"
100, 200 and 400 g
100, 200 and 400 pg"

Usually associated with an NSAID or paracetamol
CYP2D6 metabolism
Constipation and drowsiness

Dihydrocodeine analgesia is not dependent on
CYP2Dé activity

Demonstrates affinity for mu, kappa and delta
receptors

Centrally acting mu opioid agonist and inhibition
of serotonin and norepinephrine reuptake

CYP3A4 and CYP2D6 mediated M1 active
metabolite and some N-methyl-D-aspartate
antagonistic properties are therefore useful for
neuropathic pain

Seizures with high doses [maximum 400 mg p.o.
with normal kidney function and 200 mg i.v.},
headache, nausea, less constipating than
codeine

Dual mechanism of action similar to tramadol
with higher selectivity for blocking
norepinephrine reuptake

Metabolised to morphine-3 glucuronide and to
morphine-6 glucuronide, which are active
metabolites

Constipation, drowsiness, respiratory depression
rare in cancer patients, may need to decrease
dose with renal impairment

Titrate to effect or side effect with immediate
release formulation or i.v. with PCA

Very similar to morphine, glucuronidation to
hydromorphone-3-glucuronide and
hydromorphone-6-glucuronide

Accumulation of active metabolites with renal
failure with resulting increased toxicity; thus,
need to decrease dose with renal impairment

Can be associated with paracetamol, NSAIDS or
aspirin

Metabolised by CYP3A4 and CYP2D6

Clearance of the drug affected by liver disease
and renal impairment

High potential for abuse and misuse

Very potent opioid

Do not start therapy with transdermal fentanyl in
opioid-naive patients

Metabolised in the liver to non-toxic, inactive
metabolites by CYP3A4

Fentanyl not easily dialysable

For breakthrough pain
Not indicated for opioid-naive patients
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s.c./i.v. dose Oral dose Side-effects and relevant facts
Buprenorphine (step 3 WHO)  Sublingual Transdermal Long-acting partial u agonist with ceiling effect

2 and 8 mg 7.5,10, 15 and 20 ug per h patches  Metabolised in the liver to mostly inactive
tablets' can be worn for 7 consecutive norbuprenorphine

Primarily utilised days' Most of the drug is eliminated in the faeces; thus,
for detox 35, 52.5 and 70 pg per h patches not affected by renal impairment
combined with can be worn for 3 consecutive
naloxone days and are indicated for

Methadone (step 3 WHO)

moderate to severe cancer pain'

Long and unpredictable half-life (24-72 h)

Duration of analgesic effect 6-8 h

Respiratory depression with quick dose escalation

Do not use for breakthrough pain

Can cause QT prolongation and Torsade de
pointes

5-10 mg iv. every
6-12 h

100-200 mg maximum per day
recommended
Careful titration

#. not available in some countries; T: different formulations are available in various countries. s.c.: subcutaneous; i.v.: intravenous; WHO: World
Health Organization; NSAID: non-steroidal anti-inflammatory drug; PCA: patient-controlled analgesia.

coagulopathy, immunosuppression, poor support, and life expectancy. The EAPC has published
evidence-based recommendations [7].

Pain due to chest wall invasion or rib metastases can be treated by intercostal neurolysis or DRG
radiofrequency ablation or neurolysis [45]. Once again, specialised providers and support staff will be
needed, as well as equipment, fluoroscopy or a CT scan for needle guidance, and an RFA machine, for the
provision of these therapeutic modalities. In the USA and throughout the world, as restrictions on its use
and decriminalisation take hold, many patients and caregivers enquire about the use of Cannabis sativa,
more commonly known as marijuana, for the management of a multitude of cancer-related symptoms
including pain, particularly at end of life.

Cannabinoid binds as agonists, antagonists or inverse agonists at the classical G protein-coupled CB1 and
CB2 receptors, as well as at a multitude of non-cannabinoid receptors such as transient receptor potential
vanilloid (TRPV). Cannabidiol (CBD), first isolated in 1963, has in animal models been shown to have an
anti-emetic, analgesic and anti-inflammatory effect without displaying overt psychomimetic properties,
making it attractive as a therapeutic agent [58, 59]. WHITING et al. [60] published a large systematic review
involving 79 randomised trials and 6462 patients, a minority of whom were cancer patients; overall, the
average number of patients who reported at least 30% improvement in pain was greater with cannabinoids
than with placebo. Two recent trials involving the use of nabiximol, an oromucosal spray containing
2.7 mg of tetrahydrocannabinol (THC) and 2.5 mg CBD per 100 mL, in cancer patients with poorly
controlled pain had mixed results. Johnson et al. (2010) noted a statistically significant improvement in
NRS (Numerical Rating Scale) pain score in favour of CBD/THC versus placebo (improvement —1.37
versus —0.69) [61]. In a more recent study published in 2012, a continuous responder analysis
demonstrated that the number of patients reporting analgesia was greater in the CBD group than in the
placebo group (p=0.35); however, it failed to reach the primary outcome of 30% reduction in pain severity
[62]. Overall, there is thought to be moderate evidence to support the use of cannabinoids as an adjuvant
agent in the management of opioid refractory active cancer pain, though its use remains contentious and
further investigation is required (table 4).

A chest physician’s perspective (B. Grigoriu]

Pain, fatigue, cough and dyspnoea are the main symptoms experienced by patients with advanced
intrathoracic tumours [63]. Mesothelioma patients are more prone to experiencing difficult-to-manage pain
and dyspnoea owing to the local progression of the disease. In addition, this particular patient had bone
metastases. Progressive tissue invasion generates pain that may be difficult to control with analgesics alone. A
systematic review of chemotherapy trials showed that a minority of trials report symptom control, but in
those that do, it has been shown that pain and dyspnoea may be improved by chemotherapy despite low
response rates and variable effect on survival [64]. Modern treatments involving a new generation of
antifolate and a platinum derivative significantly improve survival over platinum alone, but surprisingly,
published data show no difference in any component of quality of life (which includes pain) [65]. However,
old and less effective regimens such as MVP (methotrexate, vincristine, cisplatin) [66] or vinorelbine
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TABLE 4 Interventional procedures in pain management

Procedure Indication Caution/miscellaneous
Intrathecal delivery system, i.e. Recalcitrant cancer pain A variety of medications can be infused,
implantable pump or external catheter including opioids, bupivacaine, clonidine and
ziconotide

Radiofrequency ablation

Contraindication: coagulopathy, sepsis
100 mg morphine i.v. equivalent to 10 mg
epidural and 1 mg intrathecal

Treatment of vertebral metastasis, painful Usually well tolerated
radicular pain (dorsal root ganglion ablation) Caution in coagulopathic patients
and peripheral nerves

Vertebral augmentation: vertebroplasty Vertebral metastasis Not indicated in cases of spinal instability or if

and balloon kyphoplasty

Neuromodulation

there is spinal canal involvement

Chronic well-localised neuropathic pain Caution in coagulopathic or
syndromes immunosuppressed patients
Consider in cancer survivors with chronic
neuropathic pain

Neurolysis, i.e. intercostal alcohol or Well-localised severe pain in patients with short ~ Caution in coagulopathic patients

phenol block for well-localised

dermatomal pain

life expectancy

monotherapy [67] may improve symptoms in more than half of the patients. A feasibility study of active
symptom control (ASC) alone or associated with chemotherapy (MVP regimen or vinorelbine alone) showed
that this approach may be used for palliation of pain and possibly dyspnoea, leading to a doubling of the
percentage of patients experiencing improvement compared to ASC alone [68]. A retrospective English
cohort showed that two-thirds of patients experienced symptom improvement during chemotherapy [69].
However, a clinical improvement was noted in only one-third of patients receiving cisplatin, doxorubicin and
mitomycin in an older Italian Phase II trial [70]. A three-arm randomised trial comparing ASC either alone
or with MVP or vinorelbine showed no significant difference in symptom control (global physical
functioning, pain, dyspnoea and global quality of life) in patients receiving chemotherapy despite the fact
that in the first 3 months chemotherapy seems to generate a decrease in moderate and severe chest pain [71].

Dyspnoea is almost invariably present in mesothelioma and may be related to both tumour development
and pleural fluid accumulation. Indwelling pleural catheters (IPCs) offer an option as they allow for
convenient pleural fluid removal [72]. A randomised trial showed that IPCs offer the same level of
improvement as pleurodesis, but the trial is not specific to mesothelioma [73, 74]. The diffuse nature of
mesothelioma infiltration renders lung expansion difficult, so direct pleurodesis is rarely possible in
advanced cases. Thus, the use of IPCs is a convenient option for dyspnoea management.

A palliative care specialist’s perspective [D. Lossignol]

Pain is a major problem in cancer as it occurs in 30-50% patients in earlier stages and in 70-90% of these
patients with advanced disease and is often associated with other symptoms (dyspnoea, gastrointestinal
tract disorders, neurological syndromes, etc.) [75].

The three-step framework for cancer-related pain management was published for the first time in 1986.
Step I recommends non-opioid analgesics (NSAIDs, paracetamol) for mild pain. Step II specifies the use
of weak opioids for moderate pain (codeine, tramadol). Step III comprises the use of strong opioids for
severe pain (morphine, methadone, fentanyl, hydromorphone).

To achieve better pain relief, an appropriate application of adjuvant analgesics (i.e. for neuropathic pain),
supportive drugs (for the prevention and treatment of opioid adverse effects), and non-pharmacological
measures such as radiotherapy and invasive procedures (nerve blockades and neurolytic blocks) should be
considered and applied [76].

There is a growing recognition of the importance of the psychological impact of pain on cancer patients,
regardless of the type of cancer, especially as the number of cancer survivors increases. Psychological
factors can exert an important influence across a range of pain-related behaviour, treatment outcomes, and
social and familial activities [77-80].
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Dyspnoea due to pleural effusion, lymphangitis or bronchial obstruction remains a challenge at the end of
life, especially because the patient will not benefit from intensive care and invasive procedures.

Non-invasive ventilation offers an option but remains unusual in palliative care because it remains difficult to
identify patients who will benefit from this technique, and this option remains controversial in patients who
have elected specific limits to life support [81, 82]. Thoracocentesis, chemical or talc pleurodesis, and
minimally invasive palliative treatment options such as chronic IPCs may all be helpful in cases of pleural
effusion. Steroids are proposed in cases of pulmonary lymphangitis. The effect on dyspnoea is short in
duration because of progressive disease. Intercostal muscle atrophy is of concern, especially in debilitated or
cachectic patients. Nebulised or parenteral morphine may be helpful, but its effectiveness is controversial [83].

Continuous sedation is a therapeutic option that makes it possible to relieve a patient from unbearable
suffering related to refractory symptoms [84-86].

A symptom is considered refractory when the clinician believes that interventions, invasive or not, will no
longer provide adequate relief, that their use will produce intolerable or excessive morbidity, or that it is
not possible to hope for relief in an acceptable period of time. The suffering that occurs is considered to
be intolerable by the patient. These terms obviously have subjective value and must be interpreted within a
closely monitored medical context. The decision to put a patient into a state of irreversible
unconsciousness is not without ethical consequence, and it is essential to have a clearer view of the
practice of sedation [87]. The essential role of the palliative care specialist is to alleviate the burden of
suffering and to do more good than harm in respect of the patient’s expectations.

Conclusions

The WHO stepladder and other guidelines use morphine as the cornerstone of their recommendations,
however, the availability of a multitude of other formulations of opioids which can be given transmucusoally,
transdermally, intravenously and orally, as well as, the availability of analgesic adjuvant medications has
greatly expanded the armamentarium available to clinicians in the management of cancer pain.

Overall, a polypharmacologic approach using the recommendations of the WHO can provide benefit to
approximately 80-85% of patients with cancer pain. As can be seen in the cases presented above a
multi-disciplinary approach will be needed to provide optimal care often involving an oncologist, radiation
therapist, surgeons, pain medicine specialists, and palliative or supportive care practitioners [88].

As advancements are made in the treatment of various cancers the number of cancer survivors will increase.

According to the Centers for Disease Control (CDC), a report by the National Cancer Institute and
EUROCARE-5 data population based study, there has been a steady rise in the 5-year overall survival rate
from cancer both in the USA and in Europe. In the USA, there were about 3 million cancer survivors in
1971. This number is up to 15 million as of January 2016 and is expected to grow to 19 million by 2024 [89].

The data from the Surveillance, Epidemiology, and End Results study showed that approximately 46% of
these survivors will be 70 years of age or older [90].

These patients may have long term pain issues related to their cancer treatment such as chronic pain
syndromes following surgical procedures, as well as, chemotherapy or radiation therapy toxicities. Chronic
pain may be present in 5 to 56% of the survivors. It is one of the most prevalent symptoms together with
fatigue and mood disorders in this patient population [91, 92].

Some cancer survivors may need long term opioid management. Careful patient selection and monitoring
is indicated to avoid drug misuse and/or abuse. These patients may resemble chronic non-cancer pain
patients and may require the application of general opioid prescribing guidelines as detailed by the CDC
including opioid contracts, prescription monitoring and routine urine toxicology. The side effects of long
term opioid therapy need to be taken into consideration and treated symptomatically as indicated
including constipation, hypogonadism, and immunosuppression.

Recurrence of disease needs to be considered with any unexplained increase in pain [93].

These cancer survivors will require access to the same multidisciplinary teams as the patients with active
disease, in addition to multidisciplinary pain clinics for continued complex care.
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