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Abstract
Beside its poor prognosis and its late diagnosis, pancreatic cancer remains one of the most painful malignancies. Optimal management of pain in this cancer represents a real challenge for the oncologist whose objective is to ensure a better quality of life to his patients. We aimed in this paper to review all the treatment modalities incriminated in the management of pain in pancreatic cancer going from painkillers, chemotherapy, radiation therapy and interventional techniques to agents under investigation and alternative medicine. Although specific guidelines and recommendations for pain management in pancreatic cancer are still absent, we present all the possible pain treatments, with a progression from medical multimodal treatment to radiotherapy and chemotherapy then interventional techniques in case of resistance. In addition, alternative methods such as acupuncture and hypnosis can be added at any stage and seems to contribute to pain relief.
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Core tip: This paper presents a road map for the pain management of pancreatic cancer. All treatment moda​lities incriminated in the management of pain in pancreatic cancer going from painkillers, chemotherapy, radiation therapy and interventional techniques to agents under investigation and alternative medicine are reviewed and their indications are discussed.

INTRODUCTION 

Pancreatic cancer (PC) is one of the most aggressive tumors with less than 5% survival at 5 years[1]. More than 80% of these tumors are detected at an advanced stage because of the difficulty of diagnosis[2]. At early stages, PC remains an asymptomatic disease. Many signs and symptoms appear gradually with advancing disease as jaundice, abdominal and back pain, weight loss and poor appetite, digestive problems, diabetes and blood clots. Abdominal and back pain has always been one of the major symptoms in patients with PC with more than 50% of patients with PC suffering from pain[3]. There is no pathognomonic pain description, but often, over time, the pain of PC may radiate more through the abdomen to the back area. Due to the preponderance and the relevance of this symptom, in some clinical trials[4,5], pain control was considered as one of the criteria of response to the treatment. 

Many physiopathology mechanisms are incriminated in generating pain in this disease. Understanding the mechanism of pain will help the oncologists adapt the treatment panel to ensure a good quality of life for their patients. 

We aimed in this review to describe first the different hypotheses of pain physiopathology in pancreatic cancer, to discuss medical and interventional options and finally to present a road map for oncologists leading to the optimum pain management in pancreatic cancer. 

RESEARCH 

Search strategy for the identification of studies 

Electronic searches of the literature, published till Sep​tember 2015, were conducted using PubMed database to identify articles reporting the pain management of pancreatic cancer. 

Only trials describing pancreatic cancer pain ma​nagement modalities were included. The year of publication of the article was not among the exclusion criteria. Search strategies employed included key words and Boolean operators described as follows: “Pancreatic cancer” and “pain management”. This search was augmented by a hand search of the reference lists of relevant articles included in the literature review. Two different investigators performed the search ML and HK and the abstracts were independently reviewed for possible inclusion.

Types of studies: Review articles, peer review arti​cles and some ongoing trials evaluating pancreatic cancer pain management modalities were included in the review. The language of publication of eligible studies was restricted to English. 

Selection criteria 

The articles to be included were first selected individually on the basis of their titles by 2 of the authors. Then, the abstracts of the available articles were examined. Our searches yielded 24 study reports from the PubMed database. These selected articles were then evaluated by 2 authors (ML and HK). Finally, 18 reports published till September 2015 were considered eligible by both authors and were retrieved for data extraction. Some of the remaining studies were used in the introduction and the discussion sections. 

PHYSIOPATHOLOGY OF PAIN IN PC

Pain in PC may be the result of three components: Vis​ceral, somatic, and neuropathic pain. Visceral nociceptive influxes are produced by ductal obstruction, damage and inflammation in the upper abdominal viscera. Somatic pain is caused by cancer extension into the peritoneum and bones. The signals reach the celiac plexus nerves, at T12-L1 vertebral levels, via the sympathetic system. Primary sensory neurons involved in pain sensation release predominantly substance P and glutamate in the dorsal horn of the spinal cord. From there, they synapse through the splanchnic nerves with T5-T12 dorsal root ganglia, then to the central nervous system[6]. The most characteristic aspect of pancreatic neoplasia is an extrapancreatic nerve plexus invasion, which consists of the first route of metastasis. This may explain the neuropathic pain sensation. Pour et al[7] highlighted the histogenetic similarity between neuronal cells and the pancreatic cancer cells. The two types of cells may share identical growth factor receptors and surface adhesion molecules and have an affinity to neural tissues. Although PC cells damage nerves[8], several studies showed a harmony with cell-to-cell adhesion and migration of pancreatic cancer cells along the dorsal root ganglia neuritis inducing a mutual trophic nerve-cancer cell interaction[9-11]. Nerve cells neurotrophic factors and chemokines are capable of boosting PC cell invasiveness, multiplication, and locomotion. On the other hand, PC cells secrete neuromodulatory agents, which cause neuroplasticity and neuropathic pain. An increase of density of calcitonin gene-related peptide (CGRP) and tyrosine hydroxylase was noted, connoting a proliferation of nerve growth factors[12]. Studies have shown that growing sensory fibers are associated with necrotic damage of the nerve fiber endings and increased pain sensation[13]. 

Another described mechanism of pain is the neo​vascularization and increased density of sensory and sympathetic nerve fibers within these newly formed vessels[12]. Molecules secreted by tumor cells such as vascular endothelial growth factor, artemin, interleukin-1 and prostaglandins play a role in the interaction between the vascular system and the sensory neurons[14,15].

In addition to the local nerve invasion, a high density of macrophages is noted within the tumor, which in​duces excessive expression and secretion of nerve growth factors[16]. The pancreas is innervated by sensory neurons that express CGRP and tyrosine kinase receptor A, which are the receptors of nerve growth factors. The high density of macrophage-secreted nerve growth factors activates the sensory nerves and generates pain afferents. Thus inflammation via macrophages and other inflammatory cells contributes to the pain sensation. 

The NGF also activates the transient receptor po​tential vanilloid receptor subtype 1 (TRPV1)[17]. The TRPV1 is a nonselective cation channel, which increases the permeability for sodium and calcium ions when activated and causes neuronal depolarization with burning sensation and release of substance P. In fact, an upregulation of substance P receptors, neurokinin receptors-1 (NK1-R), was described in pancreatic cancer. NK-R1 antagonist MEN 11467 inhibited pancreatic cancer cell growth[18].

Of interest, the presence of pain is a predictor of survival in pancreatic adenocarcinoma[5,15,19]. This is not the case in other pancreatic malignancies where tumoral invasion mechanisms are different and do not imply neural invasion. In addition, the localization of the tumor plays a role in the pain pattern, pancreatic body presenting the highest incidence cancer localization in pancreas[20]. This is probably due to its proximity to the celiac plexus. 

In conclusion, pain in pancreatic cancer has a com​plex physiopathology. It eminently implies a neur​onal invasion and a neurogenic inflammation. 

PAIN MANAGEMENT MODALITIES IN PC 

Medical approach

Opiods and derviates: Most cancer related pain is controlled by pharmacological oral treatments. The optimal management is based on the World Health Organization (WHO)’s analgesic ladder, with a progr​essive administration of nonopioids (aspirin and par​acetamol); then, as necessary, mild opioids (codeine); then strong opioids, until reaching pain relief. Morphine, the standard “step 3” opioid, has been widely used for the control of chronic cancer pain, especially in moderate to severe pain[21], and is the first-line medical therapy for pancreatic cancer[22]. Oral route is the gold standard with two types of molecules: Normal release with rapid onset for breakthrough pain and modified release marked by a long acting effect, used for maintenance treatment[21]. The second route of administration, if patient is unable of oral intake is subcutaneous. The oral, sublingual and nebulized routes of administration of morphine are not common because there is no evident superiority over the oral route[21].

Fentanyl is an alternative to morphine for cancer pain management in its different administration rou​tes. Transdermal patches are suitable for patients whose opioids requirements are stable[23,24]. Sublingual fentanyl tablets and nasal spray may be an option for breakthrough pain[25,26]. 

Oxycodon showed a superior analgesic effect on visceral pain in a tissue-differentiated experimental pain model[27]. This hypothesis was not clinically confirmed. Similar analgesia is provided with oral morphine and oxycodon[28] and particularly in PC[29]. 

Buprenorphine is another strong opioid available as a prescription choice. A systemic review by Schmidt-Hansen et al[30] ranked Buprenorphine as a “fourth-line option” after morphine, oxycodone and fentanyl in cancer pain management.

At the end-of-life stage in advanced PC, thoracic epidural opioid in combination with local anesthetics could be considered[31].

Opioids must be employed with regards to their considerable potential for side effects including sedation and respiratory depression, pruritus, nausea and co​nstipation. The prescription of a stool softener and laxatives for constipation, diphenhydramine for pruritus, and antiemetics for nausea are recommended. 

Apart from the classically known opioids side effects, several experimental studies performed on mouse models showed that morphine can interfere with reg​ulation of cancer cell growth by inhibiting apoptosis and by stimulating angiogenesis and metastasis[32,33]. So far, the results of both in vitro and in vivo studies are contradictory and not conclusive. The effect appears to vary depending on the cancer cell type. Prospective randomized controlled trials are currently conducted to find an answer to this dilemma[34]. In the meanwhile, opioids are still a central cornerstone in the management of pancreatic cancer pain.

Antiepileptics: Considering the multidimensional PC pain mechanisms, adjuvant medications and multimodal approach are recommended. Gabapentin and Pregabalin are anti-epileptic agents used as first line treatment in neuropathic pain, including diabetic neuropathy[35], post herpetic pain[36], and neuropathic pain of central origin[37]. Their effectiveness is also demon​strated in cancer-related neuropathic pain[38]. Their target is voltage dependent calcium channel. They block calcium influx into presynaptic nerve terminals, thus reducing the release of excitatory neurotransmitters on spinal neurons. Upstream transmission of neuropathic pain in the central nervous system and neuronal excitability are consecutively inhibited[39]. These molecules may have beneficial effects as adjuvants and opioids - sparing for coeliac plexus pain[40,41].

Corticosteroids: Steroids have been proved particularly useful as adjuvant therapy for visceral pain[42]. Gluco​corticoids inhibit prostaglandin synthesis, a precursor of inflammation cascade, and reduce vascular permeability decreasing tissue edema. Steroid receptors are also localized in the central and peripheral nervous systems and are responsible for neuron plasticity, decreasing discharge in an injured nerve and in neuropathic pain[43]. Moreover, perioperative dexamethasone administration has been associated with improved survival after pancreatic adenocarcinoma resection[44].

Approaches under investigation

As mentioned before, neurokinin receptors-1 receptor and its ligand substance P are activated in PC, which contribute to cancer cell growth and neuronal invasion[18]. A promising treatment approach is to target this pathway by NK-1R antagonists MEN 11467, inhibiting nerves alteration and neuropathic pain. Table 1 summarizes the molecules under investigation[17,18,45-47].

Chemotherapy and radiation therapy 

Pain control is largely implemented as secondary end point in the trials evaluating chemotherapeutical regimen in PC. In 1997, the approval of gemcitabine as the standard of care in the treatment of advanced PC was not only based on the small benefit in survival (less than 2 mo) but also on the better pain control. Twenty-three point eight percent of patients receiving Gemcitabine in advanced PC were classified as positive in pain category (pain intensity or/and analgesic use was reduced), while only 4.8% of patients receiving 5-FU were considered in the same category. FOLFIRINOX also showed a better quality of life and pain control in the management of metastatic PC[4,5]. 

Radiation therapy is frequently used in PC for many purposes going from local control of the disease when associated to chemotherapy in adjuvant or locally advanced setting, to pain management and control in palliative and metastatic disease. Radiotherapy is parti​cularly effective in controlling and relieving pain caused by large tumors compressing other organs or structures, such as nerves or the spine. The effect of radiation therapy is usually late, and it occurring many weeks after the initiation of treatment. The radiation therapy can shrink the tumor, which may help in relieving the pain. The radiation therapy can also be effective in targeting some metastatic lesions. 

Interventional therapies 

Celiac plexus block and neurolysis: Despite all the available analgesics and the possibility of combination of different molecules, treatment is often suboptimal, and many side effects are observed[48,49]. Thus, more efficient forms of pain management are essential for such patients. An alternative approach is the use of celiac plexus block (CPB) or neurolysis (CPN). 

The major component of pancreatic carcinoma pain is mediated by sympathetic fibers from the pancreas and is relayed through the celiac plexus to the splanchnic nerves. A local anesthetic, mainly bupivacaine, can be used in combination with steroids to temporary inhibit the celiac plexus[50]. Celiac plexus neurolysis (CPN) represents the prolonged interruption of the plexus by the injection of alcohol or phenol[51]. Formerly, it was managed by anesthesiologists and radiologists via a posterior approach. However, complications occurred in 1% of cases, secondary to displacement of the needle, causing paraplegia or pneumothorax when entering the spinal artery or diaphragm respectively[52-54]. An​terior approach evolved lately via the guidance of trans​cutaneous ultrasound, X-ray fluoroscopy, computed tomography, or recently endoscopic ultrasonography[55-57]. Endoscopic ultrasonography which permits direct access to the celiac plexus, is an attractive technique compared to percutaneous CPN, because complications can be avoided. Furthermore, it allows ultrasound guided fine needle aspiration sampling and tumor staging[58-60].

Sympathetic inhibition can be as well done at the level of the splanchnic nerves. Splanchnicectomy consists in sectioning the roots of the splanchnic nerves from T5 to T10. The approach by thoracotomy was first described in 1942 by Mallet-Guy[61]. Thoracoscopic splanchnicectomy, less invasive, was introduced in 1993[62]. Good res​ults were noted with thoracoscopic unilateral left splanchnicectomy[63,64]. It can be repeated for right side in case of pain recurrence or done bilaterally from the beginning[63]. With splanchnicectomy, analgesic effects last for approximately 2 mo, even for 3 mo of partial to complete relief[52]. 

Intrathecal therapy

Intrathecal therapy can be proposed for end-of-life stages or in refractory pain[30]. The implantable intrathecal drug delivery systems are an alternative with reduced drug toxicities and improvement of pain scores[65]. Various molecules can be used including morphine, fentanyl, local anesthetics, baclofen and/or clonidine[66,67]. 

Alternative medicine

Acupuncture: The developments of effective and safe therapeutic strategies that complement pharmaceutical treatment are interesting in the management of PC pain. Acupuncture analgesia has been widely used to treat cancer pain[68]. A systemic review published in 2012 including a total of 15 randomized controlled trials, showed that acupuncture is an effective adjunctive method in cancer pain management and pain relief was superior compared to drug therapy alone[69]. Chen et al[70] showed the effect of acupuncture on PC pain. Acupuncture’s effects can be explained as viscero-cutaneous, cutaneo-visceral, cutaneo-muscular, and viscero-muscular reflexes[71]. Jiaji points, which correlate to segmental dispersion of the sympathetic and para​sympathetic systems, were chosen on the nerve seg​ments of the pancreas.

Hypnosis

Hypnosis is an increasingly used approach to pain control in patients with cancer. There is significant evidence that hypnosis is useful at reducing cancer-related pain[72,73]. Hypnosis modulates the pain sensation by a functional disconnection between the prefrontal cortex, center of decision-making and the anterior cingulate, zone playing a role in attention and motivation. This will make therapeutic suggestions easily integrated[74]. 

DISCUSSION 

With the presence of a large panel of strategies and modalities in the pain management of PC and the absence of clear recommendations and guidelines, every oncologist is treating pain in PC according to their own experience. The choice of pain management modality depends of the pain characteristics and physiopathology, the stage and the prognosis of the disease, the per​formance status of the patient, his comorbidities, his past medical history and his future therapeutic options (Figure 1). 

Owing to the fact that PC pain involves visceral, somatic and neuropathic components, the main therapeutic approach is a multimodal analgesia. A combination of drugs and/or techniques with distinct mechanisms of action leads to a synergistic effect and allows a better analgesia with decreased consumption of opioids, and hence lesser opioid-related adverse events. A standardized multimodal analgesia protocol based on available evidence is hard to be proposed in PC patients. The essential points remain the addition of antiepileptics for neuropathic pain, the frequent use of corticosteroids and the referral to an interventional procedure after a pluridisciplinary case study. The patients with metastatic disease will benefit more from systemic therapies if the pain is multi-localized and generalized. However, local treatments such as radiation therapy can play a role in controlling pain by targeting some well-defined metastasis generating pain. Patient with a poor prognosis (survival less than three months) will not benefit from an interventional therapeutic approach as patients with better prognosis, because of the risk of the intervention, especially in patients with bad performance status, compared to the time of benefice. 

The presence of comorbidities or the past medical history can guide the pain management in PC. Chronic use of corticoids should be careful because of the increased risk of gastric bleeding, especially when combined to non-steroidal anti-inflammatory drugs, which amplify the risk by 15-folds[75]. Gastric protection should be considered. Patients presenting long-term constipation or ileus paralytic should receive morphine associated to laxatives with close surveillance. Patients with PC have a higher risk of developing thrombosis, and are usually under prophylactic or therapeutic anti-coagulants. Special considerations should be taken to discontinue anticoagulant therapy in interventional therapeutic approach (celiac plexus block, intra-thecal treatment), if the patient is under chronic thrombo​prophylactic prevention for primary or secondary risk. The discontinuation of anticoagulation is sometimes a reasonable cause to choose less invasive analgesic strategies in high-risk patients.

In PC patients who have not received chemo​thera​peutical agents, transitory painkillers and not a definitive pain management approach will be a logical option, while waiting for the response to the treatment. 

Finally, the choice of pain management modality can be influenced by the team expertise and abilities. Celiac plexus neurolysis under endoscopic ultrasonography requires specialized equipment and expert specialists, which are not always available. CT scan or X-ray fluoro​scopy guided posterior approach remains an equivalent technique with good results. Thoracotomic bilateral splanchnicectomy is mainly reserved for patients who require abdominal surgery (occlusion, biliary and/or intestinal bypass), making it a two-in-one procedure with no additional surgical risk for the patient[76].

CONCLUSION

Developing pain management recommendations in pan​creatic cancer seems to be an interesting and practical target for oncologists and palliative care phy​sicians, since more than the half of these patients will develop severe pain without any detailed and structured road map. We exposed all the pain treatments that are available and proven efficient and safe, medical multimodal treatment, radiotherapy, chemotherapy and finally interventional techniques as a last resort (Table 2). Team expertise and competence remain the major factors in the treatment choice. 
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Figure 1  Algorithm of pancreatic cancer pain management. CPN: Celiac plexus neurolysis: NSAID: Non-steroidal anti-inflammatory drug.
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Table 1  Potential molecules that were under investigation


Molecule


�
Mechanisms


�
Ref.


�
�
Capsaicin/resiniferatoxin


�
Activation of vanilloid receptors on cancer cells, inducing apoptosis


�
Hartel et al[17]


�
�
MEN 11467


�
NK-1R antagonists, inhibiting cell growth and neuronal invasion


�
Friess et al[18]


�
�
HSV-Enk viral vector


�
Increased met-enkephalin production in the peripheral nerve terminal endings and in dorsal root ganglion, reducing pain


�
Lu et al[45]


Yang et al[46]�
�
Phentolamine


�
Alpha-adrenergic blockade of sympathetic induced pain


�
Yasukawa[47]


�
�
NK-1R: Neurokinin-1 receptors; HSV-enk: Herpes simplex virus carrying the human preproenkephalin.








Table 2  Summarizing all treatment approaches, administration route or techniques and indications


Treatment approaches


�
Medications and modalities


�
Administration route/techniques


�
Indications


�
�
Medical treatment


�
Opioids and derivates


�
Per os


�
Moderate to severe pain


�
�
�
�
S/C


�
Impossible oral intake (occlusion)


�
�
�
�
Patch (fentanyl)


�
Breakthrough pain


�
�
�
�
Nasal


�
Breakthrough pain


�
�
�
Antiepileptics


�
Per os


�
Neuropathic pain


�
�
�
corticosteroids


�
Per os or IV


�
Adjuvant, especially in metastatic bone pain


�
�
Interventional treatment


�
Celiac plexus block (LA) or neuolysis


�
Transcutaneous guidance1 or endoscopic ultrasonography


�
Refractory pain


�
�
�
Splanchnicectomy


�
Thoracotomy, thoracoscopy


�
Intractable pain in non resectable tumor


�
�
�
Intrathecal therapy


�
Implantable intrathecal drug delivery systems


�
End-of-life stage


�
�
Alternative medicine


�
Acupuncture


�
Jiaji points


�
adjuvant to drug therapy and/or interventional techniques


�
�
�
Hypnosis


�
Sessions with an expertise


�
Any stage of pain


�
�
Chemotherapy and radiation therapy


�
FOLFIRINOX


�
Ⅳ


�
Locally advanced tumor


�
�
�
Gemcitabine


�
�
�
�
1Ultrasound, X-ray fluoroscopy or computed tomography. S/C: Subcutaneous; IV: Intravenous; LA: Local anesthetics.
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