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Abstract: Between 10% and 20% of patients with cancer-related pain cannot achieve adequate control following the three-step ladder 
guidelines by the World Health Organization. Therefore, a “fourth step”, including interventional approaches, has been suggested for 
those cases. Systematic reviews support the early use of interventional procedures to treat refractory cancer pain, control symptoms and 
prevent opioid dose escalation. There is strong evidence of the efficacy of celiac plexus or splanchnic neurolysis, vertebroplasty, 
kyphoplasty and intrathecal drug delivery. Those procedures have been found to be associated with a decrease in the symptom burden and 
opioid consumption, improved quality of life, and suggested as having a potentially positive impact on survival. Several studies have 
recommended using specific interventional techniques at earlier stages, possibly even when opioid treatment is first being considered. 
Conversely, leaving these options as a last analgesic resource might not be advisable since the burden these procedures might impose on 
too ill patients is significant. The objective of this review was to collect the available evidence published on the use of interventional 
treatments for refractory cancer pain with a particular interest in comparing early versus late indications. The results of the search 
demonstrated a very low number and quality of articles particularly addressing this question. This scarce number of evidence precluded 
performing a systematic analysis. A detailed and narrative description of the potential benefits of integrating interventional techniques 
into clinical guidelines at the early stages of the disease is provided. 
Keywords: cancer pain, interventional pain, neurolysis, cement augmentation, intrathecal drug delivery, early, timing

Introduction
Adequate pain control in any of the stages of cancer is critical to the diagnosis, patients quality of life and survival.1–3 The 
failure to obtain good pain or symptom relief with strong opioids and coadjuvants prompted the inclusion of a fourth step to the 
World Health Organization (WHO) analgesic ladder, which includes interventional approaches.4 According to previous 
research, the procedure bearing the best evidence is the Celiac Plexus Neurolysis (CPN) with a recommendation of 2A+.5 

Confirming the above, the latest systematic review and meta-analysis on the efficacy of CPN for pancreatic cancer-related 
abdominal pain demonstrated significant, albeit short termed, benefits of performing the neurolysis and using standard 
conventional medical management (CMM).6 Other procedures, such as splanchnic neurolysis, vertebroplasty or kyphoplasty, 
and intrathecal drug delivery, also received positive recommendations, bearing lower, albeit substantial, scientific evidence.5

The findings of both evidence-based and experience-based medicine seem to point towards suggesting interventional 
procedures in patients with refractory cancer pain syndromes. In centers where interventional procedures are integrated 
into routine cancer pain care, the oncology team naturally identify candidates at earlier stages based on previous 
experiences with patients obtaining good results (authors’ personal experience). Performing interventional procedures 
at earlier stages, rather than as a last resort is systematically, albeit unjustifiably, suggested in review articles about 
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interventional cancer pain.5 Lack of solid evidence prevents this suggestion from being adopted as routine care, being 
sufficiently funded, and integrated into clinical guidelines.

The objective of this topical review was to summarize the data and findings from studies on interventional treatments 
for refractory cancer pain with a particular interest in comparing early versus late indications.

Methods
A narrative review based on a non-systematic literature search of articles listed in PubMed published between January 2000 
until June 2023. Articles were identified by the following key words: “Cancer Pain”; “Intractable Pain”; “Nerve Block”; 
“Radiofrequency Ablation”; “Spinal Injections”; “Implantable Infusion Pumps”; “Vertebroplasty” or “Kyphoplasty”.

To focus the search on the timing of these interventional cancer pain procedures, each article identified was accessed 
and with a search tool, words such as “timing”, “early” or “late” were searched within the manuscript. Those articles 
fulfilling the above were the ones included in this review.

Results
Results are presented into three categories: a) Peripheral procedures, b) Vertebral augmentation procedures, and c) 
Intraspinal drug delivery.

Peripheral Procedures
Studies reviewed addressed early versus late indications using two different perspectives: (1) The diagnosis timing (ie, early vs 
late cancer stages),7 and (2) The intervention timing concerning the severity of the symptoms and the need for analgesics.8 As 
can be seen in Table 1, sympathectomies (eg celiac plexus, see Figure 1 and superior hypogastric plexus, see Figure 2) at early 
cancer stages have been compared with “no intervention” or “placebo” treatments. For example, Okuyama et al compared 
intraoperative celiac plexus block versus pharmacological therapy alone at the early stages of cancer. The data from this small 
case series suggest that intraoperative celiac plexus block provided long-lasting pain control, reducing opioid consumption 
and the adverse effects of high opioid doses.9 Staats et al10 studied patients with pancreatic cancer receiving CPN with alcohol 
during laparotomy. This randomized placebo-controlled trial showed that intraoperative CPN was associated with 
a meaningful reduction in pain intensity, reduced pain interference, and increased mood scores and life survival.

Wyse et al11 compared early endoscopic ultrasound-guided celiac plexus neurolysis with conventional treatment. This 
randomized, double-blinded, controlled trial evaluated pain progression in patients with newly diagnosed, painful, inoperable 
pancreatic cancer. Three months after a combined diagnostic-therapeutic endoscopic ultrasound guided CPN, patients reported 
a significant reduction in pain intensity. There were no significant differences in opioid consumption, quality of life and survival 
times.

Studies comparing early vs late interventional treatments have evaluated the effects of sympathectomies used before 
strong opioids or escalation to high doses. For example, Amr et al12 evaluated the effects of performing a CPN before or 
after controlling severe pain with medications. Patients with severe pancreatic pain (>7/10 on a numerical rating scale, 
NRS), poorly responding to tramadol, were randomly allocated to receiving a CPN with alcohol immediately upon initial 
assessment or waiting until CMM with morphine reduced their pain to an NRS<4. Patients who received the celiac bloc 
after controlling their severe pain with medication had better pain control, required fewer opioids, and reported improved 
quality of life compared with those receiving the celiac block at the beginning, followed by pharmacotherapy for pain relief.

de Oliveira et al13 compared the effects of early versus late neurolytic sympathetic plexus block on managing 
abdominal or pelvic cancer pain with an eight-week follow-up. The first group of patients underwent neurolytic blocks of 
the celiac plexus, the superior hypogastric plexus, or a lumbar sympathetic chain with alcohol if using NSAID and 
a weak oral opioid or morphine </=90 mg/day and reporting NRS>/=4 (group I). The second group of patients received 
sympathectomies when using NSAID and morphine at more than 90 mg/day and reporting NRS>/=4 (group II). The third 
group of patients received only pharmacological therapy (group III). The patients of groups I and II showed a significant 
reduction in pain intensity, opioid consumption, and better quality of life than those of group III. There were no 
significant differences between groups I and II. Opioid-related adverse effects were significantly higher in group III. 
The authors concluded that sympathetic neurolysis should be considered earlier in the treatment of the disease.
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Bhatnagar et al14 described early bedside ultrasound-guided sympathetic neurolysis in a case series of patients with 
abdominopelvic cancer pain receiving less than 30 mg morphine equivalent. The NRS score decreased from 6 ± 0.7 before the 
block to 2 ± 1.3 after the block and participants significantly reduced their opioid consumption at two months post neurolysis.

Early vs late sympathectomy was also studied in opioid naïve patients compared with those requiring opioids for pain control. 
Amr et al12 evaluated 109 patients with inoperable abdominopelvic cancer, with moderate-to-severe pain (NRS 4–7), that 
received nonopioid analgesics. Patients were randomly assigned to two groups. In one group (Group early), patients underwent 
a sympathectomy before receiving medications from Step 2 of the WHO ladder. Patients of the Group Late initially received 
analgesics according to the WHO ladder, and when strong opioids failed to control pain, a sympathectomy was performed. The 
proportion of patients with adequate pain control at 12 months was higher in patients receiving an early sympathectomy. 
Moreover, patients receiving an early sympathectomy consumed fewer opioids and reported fewer adverse effects. In addition, 
the proportion of patients having adequate pain control with Tramadol increased during the first five months after an early 
sympathectomy. As well, the quality of life of patients receiving an early sympathectomy improved until the fifth month after the 
intervention.

Vertebral Augmentation Procedures (VAP)
Multiple myelomas and metastatic cancers can produce spine instability and vertebral compression fractures. 
Conventional analgesia, bed rest or bracing are often associated with pain, limiting mobility and self-care. Surgery is 
not usually an easy option for advanced cancer.15

Table 1 Summary of Articles Comparing Early vs Late

1st Author 
and Year

Early Procedure Group –Early Diagnosis Late Comparison Group Outcomes Favoring 
Procedure Group

Okuyama 

20029

Intraoperative celiac plexus alcoholization 

during exploratory laparoscopy + CMM

Only exploratory laparoscopy + CMM Lower opioid consumption

Staats 200110 Intraoperative celiac plexus alcoholization 

during exploratory laparotomy + CMM

Intraoperative celiac plexus placebo 

injection during exploratory 

laparotomy + CMM

Lower pain severity 

Lower pain-related interference 

Improved mood scores 
Prolonged survival

Wyse 201111 Celiac plexus alcoholization during diagnostic 

endoscopic ultrasound exam + CMM

Only diagnostic endoscopic ultrasound 

exam + CMM

Lower pain scores

1st Author 
and Year

Early Procedure Group –Before Strong 
Opioids

Late Comparison Group Outcomes Favoring 
Procedure Group

Amr 20138 Celiac plexus neurolysis for patients with severe 

pain treated with NSAIDs, Acetaminophen and 

<400mg Tramadol

Celiac plexus neurolysis for patients 

with mild pain treated with strong 

opioids

Lower pain scores 

Slower escalation of narcotics 

Better QoL

Amr 201412 Visceral sympathetic alcoholization for 

abdominopelvic cancer pains treated with non- 
opioids

Visceral sympathetic alcoholization for 

abdominopelvic cancer pains treated 
with opioids

More responders 

Lower subsequent opioid 
consumption 

Superior QoL

1st Author 
and Year

Early Procedure Group –Low Dose 
Morphine

Late Comparison Group Outcomes Favoring 
Procedure Group

de Oliveira 

200413

Visceral sympathetic alcoholization for 

abdominopelvic cancer pains treated with 

<90mg MEDD

Visceral sympathetic alcoholization for 

abdominopelvic cancer pain treated 

with >90mg MEDD

No significant differences 

between groups

Abbreviations: CMM, Conventional Medical Management; NSAIDs, Non-steroidal Anti-inflammatory Drugs; QoL, Quality of Life; MEDD, Morphine Equivalence Daily 
Dose in milligrams.
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Evidence from systematic reviews and one metanalysis supports the use and efficacy of vertebroplasty (see visual 
example in Figure 3) and kyphoplasty in cancer patients with vertebral compression fractures. Vertebral augmentation 
reduced pain intensity during the initial days after the procedures, opioid consumption, and functional disability related to 
pain. The benefits of symptom control and the low rates of complication are consistent independently of the cancer 
populations and the level of vertebral fractures.16,17

The International Multiple Myeloma (MM) Working group concluded in their consensus17 that the timing of the 
treatment with VAP in patients impacts patient-reported outcomes. Compared to non-interventional alternatives, patients 

Figure 2 Superior hypogastric plexus neurolysis in a patient with ovarian cancer-related pelvic pain. 
Notes: Anterio-posterior (a) and lateral (b) view of two needles placed anterior to the inferior aspect of the L5 vertebral body. Contrast covers the entire surface of the 
ventral surface of L5 vertebral body.

Figure 1 Celiac plexus neurolysis in a patient with pancreatic cancer-related abdominal pain. 
Notes: Anterio-posterior (a) and lateral (b) view of a needle placed anterior to the abdominal aorta. Contrast delineates the anterior margin of the Aorta and the exit of 
the celiac trunk.
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undergoing early VAP reported significantly lower back pain, functional recovery, and lower need for analgesic 
medication, which is essential in MM patients with renal impairment.18

Despite some conflicting controversy on the indication of cement augmentation treatment for osteoporotic-related 
vertebral fractures,19 the available evidence in non-cancer cases similarly favours early management in pain 
management.20 Benefits involve patient-reported outcomes and a significant reduction in morbidity and mortality.21 

Additional benefits found in cancer pain patients suggest that VPA is cost-effective.22

Aside from being performed early to manage pain better, VPA could have a potential role when performed 
preventively in cancer patients diagnosed with vertebral metastases at risk of developing pathological fractures. The 
role of long-term consolidation of vertebral metastases after VPA was assessed in a retrospective cohort of patients. After 
a mean follow-up of 3.1±2.1 years, group comparison revealed a significantly higher rate of pathological fracture of 
vertebral metastases in the non-VAP group.23

Intraspinal Drug Delivery (IDD)
Targeted spinal drug administration (see Figure 4) is part of the 4th step of the WHO ladder and is traditionally 
considered the last analgesic option to manage cancer-related pain when other alternatives fail. However, no studies ever 
compared IDD use at early or late cancer stages.

The benefits of IDD for cancer pain management have been compared with CMM. Smith et al24 randomized 202 
patients with moderate-to-severe cancer pain (NRS >/= 50/100) to receive CMM or IDDS plus CMM. A significant 
clinical benefit was defined as >/= 20% reduction in NRS scores or equal scores with >/= 20% reduction in toxicity four 
weeks after randomization. The primary outcome measure was a combined measure of pain intensity and reduction in 
toxicity. Patients receiving IDD were more likely to have meaningful benefits (84% vs 71%) and a reduction in the 
toxicity scores (50% IDD vs 17% on CMM) in contrast with those patients who received only CMM. Additionally, 
patients receiving IDD reported less fatigue and attention interference. Finally, the survival at six months of patients 
receiving IDD was 54% compared with 37% of those who received only CMM.24 A subsequent analysis of participants 
“as per treated” (all patients receiving IDD including those crossing over from CMM vs only receiving CMM) revealed 
that 32% of the patients in the group randomized to CMM that did not cross over to IDD were alive at 6 months. This 
was a lower survival than the 59% of patients randomized to CMM who received IDD and were alive at six months.25

Sindt et al,26 retrospectively, evaluated the opioid consumption of 173 patients with advanced cancer receiving IDD. 
Most patients were receiving >200 mg/day of oral morphine equivalents before implant. One month after the IDD 
implant, 83% of patients discontinued systemic opioids, and 11% reduced the doses to <100 mg daily morphine 
equivalents.

Figure 3 Percutaneous vertebroplasty in a patient with low back pain related to vertebral fracture. 
Notes: Anterio-posterior (a) and lateral (b) view of two needles placed inside L2 vertebral body and injection of radio-opaque acrylic cement in the center of the vertebral 
collapse.
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Patel et al27 described the perspective of family carers of adult patients receiving IDD analgesia for cancer pain. The 
findings showed that carers considered IDD beneficial when it enabled the patients to be themselves through their final 
illness. Carers valued quality of life improvements at the end of life by alleviating pain and reducing side effects 
of CMM.

Patients with IDD incur lower medical utilization and payments during the first year after implant, independently of 
the initial cost of IDD,28 including hospital admissions, consultation to emergency services and drug expenses.29 Brogan 
et al,30 retrospectively, evaluated the charts of 36 patients with cancer pain who survived more than four weeks after 
receiving IDD. The authors modeled the factors associated with the rapid achievement of cost-benefit with IDD. The cost 
of CMM before IDD and at 4–6 weeks were collected and projected over time. IDD costs included all intrathecal pump 
implantation and maintenance costs. The cost-benefit compared with conventional therapy was predicted at 344 months. 
However, the cost-benefit in patients receiving high-dose, non-generic medications or intravenous patient-controlled 
analgesia before the IDD was achieved at 7.4 months. The use of parenteral therapy, high-dose opioids, and non-generic 
opioids was associated with earlier attainment of IDD cost-benefit.30

Health Quality Ontario in Canada evaluated the cost burden for IDD’s publicly funded health care system for cancer 
pain.31 This study included one randomized trial examining the effectiveness and harms of IDD and one case series that 
reported economic evaluation. Authors concluded that IDD systems are more cost-effective than high-cost oral therapy if 
administered for at least seven months. However, a conclusion regarding the cost-effectiveness of IDD systems compared 
with current standards of care for managing refractory cancer pain in adults could not be established for the Canadian health 
system. Authors also suggested that using IDD for cancer pain would result in a significant increase on the public health 
system budget.

Patient-reported outcomes, survival and cost-effectiveness are complex to analyze in cancer patients. Nevertheless, IDD is 
recommended for patients with cancer pain where conservative interventions have failed or are contraindicated. Additionally, 
IDD is indicated when pain is causing a significant physical and mental health impact independently of life expectancy. 
However, a minimal proportion of patients with refractory cancer pain received IDD despite the recommendation for its use. 
Duarte et al32 evaluated the impact of the 2015 National Health System England Clinical Commissioning Policy on the use of 
IDD pumps for managing cancer pain in England. The authors evaluated the Hospital Episode Statistics of all patients 

Figure 4 Intrathecal catheter connected to an implanted pump.
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receiving IDD to manage cancer pain between 2014 and January 2020. Additionally, they estimated the number of patients 
with cancer potentially eligible to receive an IDD pump during the same period. The increase in the number of cancer patients 
potentially suitable for an IDD did not match the number of IDD implants. Only 30 of 800 patients with cancer eligible for an 
IDD received the implant between April 2018 and March 2019.

The International Neuromodulation Society consensus33 suggest indication of IDD in cases of intolerable cancer- 
related pain, refractory to CMM with an appropriate life expectancy.

A recent review34 suggested that IDD called for a change in the paradigm of cancer pain treatment. Given the 
underuse rate, the potential benefits, and the risks associated with oral opioid medication, IDD should be indicated early 
in the treatment program. Several factors have been identified as predictors of successful outcomes of IDD initiation, 
including pre-implant lower opioid consumption,35 better performance status,36 preserved cognitive capabilities, opti-
mized medical comorbidities, good nutritional status, and balanced emotional well-being. Those characteristics are more 
frequently identified in early rather than advanced cancer or end-of-life patients.37

Conclusions
The main goal in pain management for patients with cancer should be to improve function and comfort while reducing or 
avoiding the negative adverse effects of strong analgesic medications.38 For those 10–20% of patients with cancer pain 
refractory to strong opioids,39 the inclusion of a further interventional step has been suggested. Changing the WHO 
cancer pain ladder paradigm responds to the necessity to provide rapid and effective symptom relief in those cases where 
the standard approach fails.4,40

For some cancer-related pain syndromes such as intra-abdominal malignancies, the indication of interventional 
options has been sufficiently demonstrated, yet these procedures remain absent from routine clinical recommendations 
and guidelines. Insufficient scientific evidence; adequately trained interventional pain physicians; scarce healthcare 
resources, and poor interdisciplinary communication explain this absence from standard clinical pathways. In those 
centers where interventional cancer pain is integrated within an interdisciplinary care model, early interventional 
approaches to prevent symptom aggravation and opioid dose escalation become thus, routine.

Based on evidence extracted from celiac plexus neurolysis for intra-abdominal cancer-related pain, interventional 
approaches, rather than a last 4th step resource, should be regarded as a handrail41 accompanying all three steps of the 
WHO ladder (see Figure 5). For all other interventional options mentioned in this review, evidence is only solid in 
suggesting the indication when compared to CMM, but no data is available regarding early versus late indication. 
Interestingly, those same authors providing the above mentioned evidences agree in stating in their conclusions that the 
sooner the better to perform these procedures based on the assumption that early cancer pain management reduces 
suffering and improves quality of life.

Figure 5 Interventional approaches as the handrail to the WHO ladder.
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