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Abstract: Pain is the main symptom of pancreatic cancer (pancreatic ductal adenocarcinoma, PDAC).
Pain in pancreatic cancer may be visceral, somatic or neuropathic in origin. Pain is produced by
tissue damage, inflammation, ductal obstruction and infiltration. Visceral nociceptive signals caused
by damage to the upper abdominal viscera are carried along sympathetic fibers, which travel to the
celiac plexus nerves and ganglia, which are found at the T12-L2 vertebral levels, anterolateral to the
aorta near the celiac trunk. From here, the signals are transmitted through the splanchnic nerves
to the T5-T12 dorsal root ganglia and then on to the higher centers of the central nervous system.
Somatic and neuropathic pain may arise from tumor extension into the surrounding peritoneum,
retroperitoneum and bones and, in the latter case, into the nerves, such as the lumbosacral plexus.
It should also be noted that other types of pain might arise because of therapeutic interventions,
such as post-chemoradiation syndromes, which cause mucositis and enteritis. Management with
non-steroidal anti-inflammatory agents and narcotics was the mainstay of therapy. In recent years,
celiac plexus blocks and neurolysis, as well as intrathecal therapies have been used to control severe
pain, at times resulting in a decreased need for drugs, avoiding their unwanted side effects. Pain may
impair the patient’s quality of life, negatively affecting patient outcome and resulting in increased
psychological stress. Even after recognizing the negative effect of cancer pain on patient overall
health, studies have shown that cancer pain is still undertreated. This review focuses on neuropathic
pain, which is difficult to handle; thus, the most recent literature was reviewed in order to diagnose
neuropathic pain and its management.
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1. Introduction
Pain is the main symptom of pancreatic cancer (pancreatic ductal adenocarcinoma,
PDAC), affecting 75% of patients at the time of diagnosis and over 90% of those in advanced stages [1]. This review focuses on neuropathic pain, which is difficult to handle;
thus, the most recent literature was reviewed in order to diagnose neuropathic pain and
its management.
2. Pancreatic Pain Diagnosis and Treatment: What We Know
Pain in pancreatic cancer may be visceral, somatic or neuropathic in origin. Pain is
produced by tissue damage, inflammation, ductal obstruction and infiltration. Visceral
nociceptive signals caused by damage to the upper abdominal viscera are carried along
sympathetic fibers that travel to the celiac plexus nerves and ganglia, which are found at the
T12-L2 vertebral levels [2,3], anterolateral to the aorta near the celiac trunk. From here, the
signals are transmitted through the splanchnic nerves to the T5-T12 dorsal root ganglia and
then on to the higher centers of the central nervous system. Somatic and neuropathic pain
may arise from tumor extension into the surrounding peritoneum, retroperitoneum and
bones and, in the latter case, into the nerves, such as the lumbosacral plexus. It should also
be noted that other types of pain may arise as a consequence of therapeutic interventions,
such as post-chemoradiation syndromes, which cause mucositis and enteritis [4].
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From a functional point of view, Han et al. tested the potential influence of the sonic
hedgehog (sHH) signaling pathway on pancreatic cancer pain [9]. The authors reported
that after orthotopically transplanting tumor cells into nude mice, the sHH signaling
pathway increased the expression of substance P (SP) and the calcitonin gene-related
peptide (CGRP) in dorsal root ganglia in a concentration- and time-dependent manner. In
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addition, they also reported that sHH secretion from pancreatic cancer cells could activate
the sHH signaling pathway and, in turn, increase the expression of the nerve growth factor
(NGF), P75 and tropomyosin receptor kinase A (TrkA) in dorsal root ganglia. Furthermore,
the sHH signaling pathway and the NGF/NGF receptor contributed to pain sensitivity in
a nude mouse model. In conclusion, pancreatic cancer pain may originate from the sHH
signaling pathway, and the NGF may mediate the pain mechanism by means of regulating
SP and the CGRP.
A team of researchers has postulated that differentially expressed genes (DEGs) associated with perineural invasion (PNI) could identify molecular alterations and potential
therapeutic targets for PDAC [10]. In an in vivo model of PNI, they used five pancreatic cancer cell lines (PANC-1, CFPAC-1, CAPAN-2, SW1990 and ASPC-1) divided into two groups:
High (PANC-1, CFPAC-1 and CAPAN-2) and low (comprising SW1990 and ASPC-1) PNI.
The DEGs in the two groups were identified using the GSE26088 dataset and were regarded
as PNI-associated genes. A total of 445 DEGs associated with PNI (fold change >1.5 or
<0.66; p < 0.05) were identified including 176 upregulated and 269 downregulated genes.
Of these DEGs, fibroblast growth factor 2 (FGF2) and catenin α 2 were associated with
PNI, and clinical tissue microarray analysis also demonstrated that FGF2 was associated
with PNI and a poor prognosis. The results of this study provided a potential method for
identifying PNI-associated genes in order to identify potential therapeutic targets.
Hirth et al. [11] identified CCL21 and CXCL10 as proteins that promote the migration
of pancreatic cancer cells toward the sensory neurons. The inhibition of these chemokines
or their receptors reduces hypersensitivity in mice with orthotopic tumors; patients with
pancreatic cancer having high levels of the chemokine receptors of CXCR3 and CCR7 had
an increased frequency of cancer-associated pain.
MicroRNAs play a major role in chronic pain by suppressing the key molecules involved
in nociception. Zhu et al. reported that microRNA (miR) 330 is highly expressed in the spinal
dorsal horn of nude mice with pancreatic cancer pain [12]. Mimicking pancreatic carcinomainduced spinal dorsal horn miR-330 upregulation by the microinjection of miR-330 mimic
into the spinal dorsal horn significantly induced abdominal mechanical allodynia in normal
nude mice. They also found that the expression of gamma-aminobutyric acid (GABA) was
significantly decreased in the spinal dorsal horn of nude mice with pancreatic cancer pain and
was regulated directly by miR-330 both in vitro and in vivo. Furthermore, inhibition of miR330 reduced the expression of GABA and alleviated pancreatic carcinoma-induced abdominal
pain hypersensitivity in nude mice with pancreatic carcinoma. These results showed that
miR-330 participated in the genesis of pancreatic carcinoma-induced pain hypersensitivity by
inhibiting GABA expression in the spinal dorsal horn and might be of potential therapeutic
value for pancreatic cancer pain.
These studies showed that nociceptive pain is related to the localization of the pain
and that several substances are involved in the origin of nociceptive pain, which should be
investigated in humans.
5. Human Studies
Fujisawa et al. [13] identified the overexpression of interleukin-13 receptor alpha2
regarding PNI in 236 pancreatic cancer samples and evaluated its expression at the protein
levels using immunohistochemistry (IHC) and at the RNA level using in situ hybridization
(ISH). The authors observed that more than 75% samples overexpressed interleukin-13
receptor alpha2 by IHC and ISH in grade 2 and 3 tumors while more than 64% of the
stage II and III tumors overexpressed interleukin-13 receptor alpha2. More than 36% of the
peripancreatic neural plexus and more than 70% of the nerve endings having PNI in the
PDAC samples showed higher levels of interleukin-13 receptor alpha2. The interleukin-13
receptor alpha2 positive peripancreatic neural plexus and nerve ending subjects survived
for a significantly shorter period of time than interleukin-13 receptor alpha2 positive
subjects, suggesting that interleukin-13 receptor alpha2 may have an important role as a
biomarker of PNI aggressiveness and may be a therapeutic target for intervention in order
to prolong patient survival and alleviate pain due to perineural invasion.
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6. How to Assess Well-Being in Patients with Neuropathic Pain
Even if the three main types of pain in pancreatic cancer are well known, studies
regarding quality of life have not specifically evaluated neuropathic pain. Many studies,
and also systematic reviews with or without a metanalysis, have not evaluated neuropathic
pain, only the presence of the pain and its effects on the well-being of patients [14–21].
Thus, we need specific studies on this topic in order to obtain more knowledge regarding
the diagnosis and treatment of neuropathic pain and also to guide the development of
tailored emotional management programs for cancer survivors that meet the public’s needs
more effectively. Finally, the QoL scores of patients with pancreatic neuropathic pain could
be used for shared decision-making regarding disease management and treatment choice.
7. Treatment of Neuropathic Pain
7.1. Pharmacological Therapy
It has been reported that duloxetine, a serotonin-noradrenaline reuptake inhibitor,
improved the quality of life in a mouse model of PDAC [22]. Duloxetine mainly improves
cancer-associated pain by enhancement of the noradrenergic pathway rather than the
serotonergic pathway; in addition, duloxetine modulates antitumor effects in pancreatic
cancer without involvement of the noradrenergic pathway.
In a phase II, randomized, placebo-controlled trial of patients diagnosed with advanced pancreatic cancer who were scheduled for standard chemotherapy, the patients
received 100 mg of minocycline or a placebo given twice a day [23]. Forty-four patients
were recruited, but 31 were analyzed; 18 received minocycline and 13 a placebo. There was
no observed symptom reduction with minocycline as compared with the placebo; therefore,
this drug should not be suggested as pain treatment in patients with advanced pancreatic
cancer. On the other hand, methadone, especially in the form of a low-dose add-on to
other opioids, is widely advocated in Swedish specialized palliative care as a practical
and safe method with rapid onset in complex pain situations at the end of life [24]. It is
important to consider regarding the dosage of this class of drugs that in a study comprising
240 patients with cancer (118 in the low-dose morphine and 122 in the weak-opioid group),
the percentage of responder patients was significantly higher in the low-dose morphine
group as early as at 1 week (88.2% of the low-dose morphine vs. 57.7%, in the weak opioid
group) [25].
It should be also underlined that in patients with metastatic pancreatic adenocarcinoma,
high opioid use is associated with decreased survival, but the severity of baseline pain and
MOP-R expression score in tumor tissue does not correlate with clinical outcomes [26].
The safety and efficacy of intrathecal drug delivery systems (IDDSs) for the treatment
of cancer-related pain have been demonstrated in randomized controlled clinical trials,
but despite positive evidence for this therapy [27] IDDSs remain underutilized in treating
cancer pain. Real-world registry data support the use of intrathecal drug delivery system
as a treatment option for cancer-related pain based on 1403 patients prospectively enrolled.
Overall device performance and safety along with positive outcomes in pain management
and quality of life for the subset of patients available for analysis were demonstrated. Infection requiring surgical intervention (IDDS explant, replacement, pocket revision, irrigation
and debridement) was reported in 3.2% of patients. In addition, after open pancreatic
tumor resection, continuous wound infusion is safe and associated with decreased opioid
requirements and improved functional outcomes without a negative impact on pain scores,
supporting its potential for preferred use over patient-controlled analgesia or epidural
analgesia alone [28].
It has also been reported [29] that following pancreaticoduodenectomy, preoperative
opioid users had worse pain scores, received more opioids at discharge, refilled prescriptions more frequently and were more likely to have a prolonged length of hospital stay.
As most opioid utilization research has been focused on low-complexity surgery, more
information is needed in order to optimize opioid use in complex oncologic surgery, such
as pancreatic resection.
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It has also been reported that tapentadol may be useful in the treatment of neuropathic
pain; however, the results of a systematic review conclude that this drug requires more
robust studies including randomized controlled trials to evaluate the efficacy and safety [30].
There are also no studies of tapentadol in human pancreatic cancer.
7.2. Radiological Therapy
The short-term curative effect of computed tomography-guided radioactive 125I
(125-Iodine) seed implantation (CTRISI) therapy for advanced pancreatic cancer patient
pain has been explored [31]. In 37 patients with advanced pancreatic cancer pain, cancer
pain levels and daily hydroxycodone dose were compared before and after CTRISI. After
one week, one month and two months of implantation, the numerical rating scale scores
were significantly lower than the preoperative scores, and the daily dose of hydroxycodone
at one week and one month after surgery were significantly lower than the presurgical dose.
After 2 months of implantation, the beneficial effect was lost, and the daily hydroxycodone
dose was not different from the preoperative dose (p = 0.198). Thus, this procedure should
be used only for short-term therapy.
7.3. Celiac Plexus Block
The studies comparing celiac block neurolysis and mixed control groups are reported
in Table 1. No randomized studies showed any efficacy of celiac block neurolysis.
Table 1. Studies regarding celiac plexus neurolysis.
Study
Reference

Type of
Study

Type of Intervention

Interventional
Group

Control
Group

Outcomes
Measures

Time
Evaluation

Differences

[32]

Randomized
controlled
trial

EUS celiac plexus
neurolysis vs. nothing

24

22

Pain, QoL,
opiod
consumption

4 weeks

No

[33]

Randomized
controlled
trial

Intraoperative
splanchnicectomy
using alcohol
neurolysis vs. nothing

23

19

Pain

4 months

No

[34]

Randomized
controlled
trial

EUS celiac neurolysis
vs. percutaneous celiac
neurolysis

30

30

Pain and
narcotic
consumption

3 months

No

[35]

Retrospective

Stereotactic body
radiotherapy plus
celiac plexus block vs.
stereotactic body
radiotherapy only

23

12

Daily
narcotic
consumption

4 months

Significant
decrease in
celiac plexus
block

[36]

EUS celiac neurolysis
Retrospective vs. percutaneous celiac
neurolysis

24

14

Pain

4 weeks

No

Regarding the type of drugs used for celiac plexus neurolysis, Saleh et al. [37] evaluated
the additive value, efficacy and safety of adding dexmedetomidine to bupivacaine and alcohol
on pain relief in endoscopic ultrasound-celiac plexus neurolysis (EUS-CPN) for pancreaticcancer-associated pain in 50 patients divided into two groups: Group 1 (25 patients) received
bupivacaine 0.5% alone with alcohol and Group 2 (25 patients) received bupivacaine 0.5% plus
dexmedetomidine. The median pain score decreased from 8.32 ± 0.75 before the procedure to
3.75 ± 3.72 24 weeks after the procedure in Group 1 and from 8.08 ± 0.86 before to 1.67 ± 2.3
24 weeks after the procedure in Group 2. without significant differences between the two
groups in the median pain score during the first 4 weeks.
Alternatively, Filippiadis et al. [38] have reported on a small case series consisting
of five patients with pancreatic cancer and pain refractory to conservative medication
with the purpose of determining whether percutaneous cryoneurolysis of the splanchnic
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nerves could help in controlling the pain. The mean pain score prior to cryoanalgesia of
the splanchnic nerves was 9.4 VAS units. This score was reduced to a mean value of 2.6, 2.6
and 3 VAS units at 1, 3 and 6 months of follow-up, respectively; there was also significantly
reduced analgesic usage.
Finally, regarding the symptoms that may affect celiac plexus neurolysis, Facciorusso
et al. [39] have shown that in 187 patients successfully treated with EUS CPN, the median
duration of pain relief was 8 and 15 weeks in sarcopenic and nonsarcopenic patients,
respectively, and this difference was statistically significant, suggesting that sarcopenia
represents a predictor of poorer response to celiac plexus neurolysis.
In the case of failure to control pain using celiac plexus neurolysis, Comlek retrospectively investigated the outcomes of splanchnic neurolysis [40]. He found that, in 34 patients
in whom there was a failure of pain control with celiac block neurolysis, the majority of
the patients responded to splanchnic neurolysis with a VAS score < 4; the response rates
were 76.5% at two weeks, 84.4% at 2 months and 71.0% at 3 months. In addition, 26.5%
at 2 weeks, 30.3% at two months and 29.0% at 3 months did not require narcotics. In
conclusion, splanchnic neurolysis may be a durable and effective option for pain control in
pancreatic cancer patients in whom the neurolysis of the celiac plexus is ineffective.
As reported in a meta-analytic study [41], EUS-CPN associated with opioids in the
management of pain may be an option for controlling pain in pancreatic cancer patients.
However, there is no evidence of a difference in efficacy among the various techniques
used. The data found did not cover a long period of time (more than 12 months); thus,
in the near future, the appropriate timing of EUS-CPN (early versus on demand) and a
randomized comparison of various techniques should be investigated with the aim of
establishing their comparative efficacy.
8. Concluding Remarks
Some new markers of neuropathic pain have been suggested from experimental and
human studies, but these substances must be evaluated clinically in a consistent number
of patients.
studies (Figure 2) have demonstrated that more efficient drugs are
Gastroenterol. Insights 2021, 12, FORPharmacological
PEER REVIEW
required for guiding the neuropathic pain, and, at present, celiac block neurolysis should
be reserved for patients with advanced pancreatic cancer and presumed low survival.

Figure 2. Algorithm of treatment of neuropathic pain.
Figure 2. Algorithm of treatment of neuropathic pain.
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