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Background: Cancer pain prevalence remains high with more than 60% of patients with
advanced cancer experiencing cancer-related pain. The undertreatment of pain due to concerns
of opioid dependence or diversion, as well as the potential effect of opioids on tumor neogenesis,
add to the suffering among cancer populations.

Objectives: The aim of this narrative review was to assess evidence on the effectiveness,
safety, cost-effectiveness, and advances of Intrathecal (IT) Drug Delivery Systems (IDDS) for the
management of cancer pain.

Study Design: The present review was performed by searching for articles indexed in PubMed,
MEDLINE, SciELO, Google Scholar, and Scopus.

Methods: Studies were included if they investigated patients with chronic cancer-related pain
treated with IDDS and assessed experienced pain. We performed a narrative synthesis.

Results: IDDS have demonstrated efficacy in relieving cancer pain even in the challenging
treatment of head and neck cancer pain. IDDS is also associated with a large reduction in serum
opioid concentrations limiting adverse effects. When combined with other analgesics commonly
used in the spinal space, but not systemically, pain relief may be dramatically improved. Advances
in IT drug diffusion, including mixtures created with pharmaceutical compounding, improve the
safety and accuracy of this therapy. IDDS is cost-effective and safe yet remains underutilized in this
patient population.

Limitations: Despite numerous clinical studies, only a small number of randomized trials have
been conducted to evaluate the effectiveness of IDDS for cancer pain.

Conclusions: This article presents an overview of the current state of evidence on the
effectiveness, safety, cost-effectiveness, and advances of IDDS for the management of cancer pain.
Despite current evidence, IDDS remains underutilized for people with cancer pain. Potential areas
to facilitate its use are discussed. A shift in the paradigm of cancer pain treatment should be
considered given the undertreatment rate, lack of benefits, and considerable risks associated with
oral opioid medication in many patients who suffer from chronic cancer pain.

Key words: Cancer pain, intrathecal drug delivery systems, narrative review, opioids,
undertreatment
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onsiderable progress has been made in recent
years in treatments for cancer, including a
wider variety of drug options available to
treat different cancer pathologies at different stages

of the disease. However, cancer pain remains a major
issue that becomes more problematic especially at later
stages of the disease (1-3). Although greater rates of
remission are now observed, patients often continue
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to suffer consequences from the cancer itself or from
the cancer treatments received. For example, kidney
cancer mortality rate has decreased 1% per year, from
2007 to 2016, due to the availability of targeted cancer
therapies (4). While these patients are in a stable disease
state, pain may remain problematic because of tumor
invasions of neural structures and somatic tissues.

The prevalence of pain in patients with cancer
has been reported as 39.3% after curative treatment;
55.0% during anti-cancer treatment; 66.4% in ad-
vanced, metastatic, or terminal disease; and 50.7% in
studies that included all cancer stages (2). In addition,
a literature review has suggested that 31.8% of cancer
pain was inadequately treated (5). Long-term pain con-
trol through administration of opioids has been called
into question due to concerns about opioid harms,
opioid abuse, and dependence (6), as well as the effect
of opioids on tumor neogenesis (7). Moreover, 28% of
patients experience cancer pain with neuropathic fea-
tures, which may be resistant to opioids (8). Even when
treatment is well managed, between 10% to 15% of
patients can suffer from refractory pain (9).

Ithas been demonstrated that pain is a contributing
factor in the reduction of life expectancy (10). For this
reason, a fourth step of the World Health Organization
(WHO) ladder was proposed (11) for patients present-
ing a high level of pain or adverse effects of treatments
despite a well-managed pain program following the
WHO ladder. This fourth step calls for the use of inter-
ventional techniques, including targeted drug delivery.
Despite increasing evidence in the literature demon-
strating the efficacy, safety, and cost-effectiveness of
intrathecal (IT) therapy, it remains underused in the
cancer population for poorly controlled, severe pain.

Principles of IT Analgesia

IT analgesia is a targeted therapy where analge-
sics are administered into the cerebrospinal fluid (CSF)
close to their specific site of action at the spinal cord.
The efficacy of IT analgesia was first demonstrated
in an animal study conducted by Yaksh et al (12) and
confirmed in the first human study published in 1979
(13). The use of IT Drug Delivery Systems (IDDS) sub-
sequently grew following the development of fully
implantable pumps.

The administration of low doses of analgesics di-
rectly into the CSF facilitates effective pain relief, while
reducing systemic adverse effects. The targets for IT
treatment are the A delta and C fiber synapses located
on laminae |, ll, and Il of the dorsal horn of the spinal

cord (14). Understanding CSF drug diffusion is essential
to improving the efficacy of IT treatments. Recently,
great strides have been made toward a better under-
standing of CSF circulation and IT drug diffusion due to
magnetic resonance imaging (15). It is now understood
that CSF circulation is only pulsatile and that its pace is
set by heartbeat- and intrathoracic respiratory-induced
pressure variations (16). However, opioid movement
within the CSF is not only pulsatile, but there is also
bulk flow, as evidenced by radioactively labeled mor-
phine injected into the lumbar CSF, appearing in the
brain over time. (17). Accordingly, the most important
factors in IT drug diffusion are, firstly, the level of infu-
sion and, secondly, the volume and flow rate.

Technical Tips

Trials, Device Choice, and Catheter Placement

Contrary to nonmalignant pain, a trial of IT anal-
gesia and preimplant psychological evaluation are not
mandatory for patients suffering from cancer-related
pain, but should be reserved for the few where there
remains lack of clarity about pain etiology or response
to a particular class or mixture of drugs (18). External
devices are recommended for patients with a short life
expectancy, usually less than 3 months, while internal
pumps are used in patients with longer life expectancy.
However, life expectancy can be challenging to evalu-
ate, and severe pain, as well as adverse effects of large
doses of systemic analgesics, may skew judgment (19).
When implanting the catheter, care should be taken to
place the tip close to the dermatomes involved in the
nociceptive signal in the dorsal CSF (20). Recent avail-
ability of multilayered catheters has greatly facilitated
catheter tip placement, especially in higher cervical
positions for head and neck cancer pain via lumbar
puncture, thus widening the scope of application of
IDDS (21). Although nonprogrammable IDDS devices
remain available in some countries, programmable in-
fusion pumps have dominated clinical practice for the
last decade (21).

Complications

Postdural puncture headache (PDPH) is one of the
most frequent complications with an incidence ranging
from 1% to 30% for cancer patients (22). Several op-
tions for management of PDPH have been described in
the literature, including conservative management, the
use of epidural blood patches, or preventative fibrin
glue application (23). The potential for complications
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following epidural blood patch in an immunosup-
pressed population needs to be taken into account
when considering risk vs benefit fibrin glue application
has been described as a treatment of PDPH but remains
experimental as a prevention measure (24). Infection
of the pump pocket ranges from 0% to 9% (25). Infec-
tions are more likely to occur in cases of cancer due to
immunosuppressive treatments. However, in a recent
evaluation of 270 cancer patients receiving antineo-
plastic treatment or systemic corticosteroids within 30
days before IDDS implant, the infection rate was only
0.9% (95% confidence interval, 0.1% to 3.3%) (26). The
risk of bleeding has been estimated to be 0.9% and the
risk of neurologic injury as 0.4% (27). Catheter dislodg-
ment, breakage, and kinking are frequently discovered
after an unexpected loss of efficacy of the IDDS with an
incidence of 1.31% to 3.19% (28). Drug complications
are outside the scope of this article.

Contraindications

Intracranial hypertension, as well as localized in-
fections at the site of spinal catheter or pump pocket
implant and systemic infection (sepsis), are considered
absolute contraindication to IDDS. Similarly, an obsta-
cle to CSF circulation, like spinal stenosis secondary to
tumor, may block correct catheter positioning and the
physician may select an intraventricular catheter place-
ment to address challenging types of pain. Guidelines
have been established by the Polyanalgesic Consensus
Conference (PACC) (21,22) for surgical recommenda-
tions in patients who have ongoing localized infec-
tions, are on anticoagulants, have thrombocytopenia,
or have leukocytopenia. The PACC have also suggested
that factors, including the presence of major psychiatric
disorders, insufficient acceptance and understanding
of the procedure, lack of social support, significant sub-
stance abuse/addiction, and significant cognitive dis-
ruption may be contraindications (19) for IDDS. These
factors should be carefully considered in cancer pain
patients and whether the potential benefits of IDDS
may outweigh the risks. Consideration of risk benefit
should take into account the patient’s cancer stage, life
expectancy, as well as the availability of other potential
therapeutic options.

IT Drugs

Drugs must meet certain criteria to be IT adminis-
tered. Molecules must be diffusible through the spinal
fluid and remain in solution at body temperature (29).
Hydrophilic medications IT administered may have a

clinical advantage as they have longer half-lives, re-
flecting a faster clearance into the vasculature as dem-
onstrated by lipophilic agents. In addition, drugs must
be stable in pumps and nontoxic for the spinal cord.
An overview of commonly used IT drugs is presented in
Table 1. Starting dose, maximum dose, concentration,
and titration of IT drugs should follow best practice
recommendations (19).

Future Drugs

Dexmedetomidine is an alpha-2 adrenergic ago-
nist with high selectivity at 8 times that of clonidine
and was observed to have a synergistic effect with
morphine in one study (30). Fadolmidine is another al-
pha-2 adrenergic agonist that produces fewer hemody-
namic effects and less sedation (31). Quinoxaline-based
kappa-opioid receptor agonists downregulate the
proliferation, activation, and secretion of cytokines.
Antisense oligonucleotides could attenuate mechanical
allodynia following peripheral nerve injury. Resinif-
eratoxin TRPV1 receptor agonist and botulinum toxin
are potential drugs for IT use (32). Synthetic botulinum
toxin has demonstrated effects in pain relief of inflam-
matory and neuropathic pain in mouse models (33).
Mycolactone is an endotoxin produced by the bacteria
Mycobacterium ulcerans and IT acts by the activation of
angiotensin 2 receptors (34).

Compounded drug combinations are commonly
used to address multiple pain receptors. Several combi-
nations have been shown to be effective (19,35). Device
manufacturers and the US Food and Drug Administra-
tion have recommended the use of single drug, on-
label-only medications. However, for cancer patients,
complex combination therapies are utilized in 97%
of IDDS formulations (18). The prescription of these
treatments often requires complex calculations (36). In
addition, preparation of these mixtures requires high
levels of accuracy and sterility that only compound-
ing pharmacies can achieve. Such high standards are
recommended by the PACC (22). Moreover, conducting
systematic assays on mixtures after preparation im-
proves safety, accuracy, and reduces the risk of errors,
as well as the monitoring of formulation contaminants
and drug stability (37).

Rationale for IT Treatment for Cancer Pain

The effectiveness of IDDS for the management of
pain has been reported in several studies (38,39). A
study (38) of 202 patients with refractory cancer pain
randomized to receive IDDS or comprehensive medical
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management demonstrated improved clinical success
with IDDS in pain control along with a significant reduc-
tion of common analgesic drug toxicities and improved
survival. A double-blind placebo controlled randomized
study (39) of 111 patients with cancer or AIDS-related
pain found that IT administered ziconotide provided
clinically and statistically significant analgesia at the
cost of a higher rate of adverse events.

Although randomized trial evidence is limited,
IDDS is a well-accepted management option for can-
cer pain, and as such, clinical equipoise, essential for
the conduct of a randomized trial, may no longer be
present unless to evaluate new IT drugs. Observational
studies, although having inherent limitations due to
its design, can provide a better representation of the
effectiveness of IDDS in routine clinical practice. IDDS
with ziconotide alone or in combination with other an-
algesics has also been reported to be highly effective in
various observational studies (21,35) with a positive im-
pact on pain and quality of life outcomes. Several recent
observational case series (21,40-42) confirmed the effi-
cacy of IDDS, including low-dose ziconotide mixtures in
cancer pain treatment, with pain score improvements
of more than 50%. Additionally, highly specific studies
have demonstrated efficacy in the control of pancre-
atic (40,43) and head and neck (44) cancer pain. A 2016
literature review (45) of IDDS in cancer-related pain
concluded that although IT therapy has been shown
to provide pain relief in these patients, the decision to
implant an IDDS must be based on an appropriate risk/
benefit ratio that weighs the possible benefits (ie, pain
relief) and harms (eg, surgery risk, drug management
issues) of IT treatment against palliative care options
(eg, hospice). The authors also pointed to increases in
cancer survival prompting a paradigm shift in the treat-
ment of cancer-related pain from a short-term palliative
care approach to a long-term management of chronic
pain approach and that IDDS may well fit within the
long-term therapy paradigm (45). Finally, in the largest
prospective follow-up study to date of 1,403 patients,
Stearns et al (46) reported significant improvements in
pain and quality-of-life scores following IDDS even in
advanced stages of the disease.

Cost-effectiveness of IDDS

Studies (47-49) have shown that IDDS are not only
effective, but also economically efficient. Brogan et al
(47) showed that IDDS for the management of refrac-
tory cancer pain reaches the break-even point after 6
months of use through reduced costs of medication

and less time spent in the hospital. Moreover, costs of
treatment with IDDS were observed to stabilize, while
those of conventional treatments steadily increased.
In the same vein, Stearns et al (48), using the Truven
Health MarketScan Commercial Claims and Encounters
Database, have shown that at 12 months, pharmacy
costs were $9,264 higher for IDDS, while medical costs
were $12,459 lower compared to conventional medical
management (CMM), achieving total cost savings of
$3,195 for IDDS. Using the same database with more
recent data (49), from January 1, 2009 to September
30, 2015, the authors showed more than $63,000 cost
savings after 12 months and more than $15,000 after 2
months of treatment with IDDS.

Recommendations on the Use of IDDS for
Cancer Pain

Cancer pain management is globally based on
WHO recommendations published in 1986 and up-
dated in 2019 (50). These recommendations, while
appropriate from a global perspective, have not taken
into consideration neither the increased cancer survival
nor the long-term consequences of chronic systemic
opioid therapy. Recently, concern over the harmful
effects of long-term systemic opioids led to the retrac-
tion of the WHO on its 2011 guidance for availability
and accessibility of controlled medicines (51). A cohort
study (9) observed that despite adherence to the WHO
guidelines the efficacy of cancer pain treatments was
inadequate for 14% of the study patients. The addition
of a fourth step, to include interventional therapies to
the WHO ladder, has been suggested (11). Based on the
recognition of the harms of long-term systemic opioids,
more patients are being offered interventional tech-
niques, as opposed to opioid therapy for chronic cancer
pain. IDDS for cancer pain is routinely commissioned
in the United Kingdom (52), Netherlands and Belgium
(53), France (54), and Spain (55). Likewise, the European
Society of Medical Oncologists has recently proposed
IDDS as a management option for cancer pain with
a Level 1IB recommendation (56). An evidence-based
medicine review (57) classifies IDDS amongst the treat-
ments that must be used for cancer pain, even if the
level of evidence has been deemed as moderate. The
same publication rejected ketamine, intravenous lido-
caine, steroids, and anticonvulsants. The latest PACC
awards the strongest grade IA recommendation for the
use of IDDS for the management of cancer pain (19).
Recently, recommendations from The American Society
of Pain and Neuroscience for reducing pain and suffer-
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ing associated with malignancy also awarded the same
grade IA level for IDDS and stated that this intervention
should be strongly considered in patients with cancer-
related pain that is not responding to, or who develop
side effects from, CMM (58).

Given its stated goal of reduction of pain to a level
that allows for a quality of life that is acceptable to
the patient, it is difficult to understand why the WHO
continues to ignore interventional cancer pain treat-
ment options (50), even when the WHO recommends
that after an abrupt reduction in pain (such as, after
a nerve block or neuro-ablative procedure), clinicians
may consider reducing the dose of opioid until it can be
stopped (59). The above can only be understood within
the context of a global view of cancer pain where inter-
ventional techniques, such as IDDS, are only.

Rationale for Early IT Treatment

IT treatments are often introduced late. This is
demonstrated by mean daily morphine equivalent
doses of systemic opioids of patients referred for IDDS
reported of 805 mg/d (60), 360 mg/d (40), or 453 mg/d
(42). In addition, it appears that patients are often
referred when their overall health has already dete-
riorated. For instance, Stearns et al (46) reported the
American Society of Anesthesiologists (ASA) physical
status of Ill or IV in 91.1% of 1,403 patients enrolled
in a prospective IDDS registry. Similarly, Sindt et al (61)
found 93.5% of patients at ASA IIl or IV. However, the
main factors predicting early pain relief post-IDDS have
been reported to be preimplant low systemic morphine
equivalent doses and the patient’s level of functioning
Performance Status (PS) from the Eastern Cooperative
Oncology Group (62). Moreover, survival is significantly
better in active patients with a PS of 0 or 1, with a
greater improvement in pain scores in patients receiv-
ing early pain relief (63).

Given the above, coupled with the long-term safety
track record of IDDS (46), it may be reasonable to con-
clude that earlier consideration of IDDS in the course of
the disease may yield better long-term outcomes.

The management of neuropathic cancer pain is
challenging, with relatively high rates of failure and
side effects with conventional treatments (1). It is es-
timated that 20% of cancer pain is purely neuropathic
(8). However, when mixed neuropathic-nociceptive
pain is included, approximately 40% of patients with
cancer are affected by neuropathic pain (1). Specific
drugs commonly used for neuropathic pain include
gabapentinoids (e.g., gabapentin and pregabalin)

and antidepressants (e.g., tricyclic antidepressants,
duloxetine, and venlafaxine). Antidepressants were
reported to have a number needed to treat of 3.6 in a
Cochrane review (64). An evidence-based review of ef-
fective management of pain in patients with advanced
cancer found very limited evidence for the efficacy of
anticonvulsants or antidepressants in cancer pain. Their
addition to opioids was also not shown to improve
pain compared to opioids alone (57). Updated WHO
recommendations for cancer pain management do
not recommend anticonvulsants and antidepressants
(50). Haumann et al (1) incite the rapid development
of therapeutic alternatives. In this context, IT analgesia
offers pain relief options using specific treatments,
such as local anesthetics, clonidine, and ziconotide (32).

Adverse Efects of Opioids on Cancer
Evolution

Since the 1990s, opioid analgesic use has increased
for the treatment of severe cancer pain in the United
States. Common safety concerns have been raised over
time, including opioid-induced respiratory events (6).

More recently, concerns regarding a potentially
higher systemic infection risk among opioid users has
been reported after an association between opioids
and immunosuppression was investigated both in vitro
and in vivo (65). Systemic opioids have been found
to impair the function of macrophages, natural killer
cells, and T-cells and to increase susceptibility to specific
bacteria in humans. These immunosuppressive effects
of systemic opioids may be associated with negative
clinical outcomes, particularly in patients with known
risk factors, such as cancer (66).

Systemic opioid use for cancer pain treatment is
concerning due to the potential role of opioids in tumor
growth. Some tumors overexpress a mu opioid recep-
tor involved in tumor angiogenesis, especially in small
cell lung cancer (7) and some breast tumors (67). In
vitro studies (66,67) suggest that opioid pathways may
be involved in tumor growth, though more evidence is
required. On the other hand, IDDS is associated with a
dramatic reduction in serum opioid concentrations with
most patients having undetectable serum levels (68).

Moreover, in the opioid crisis context, the risk of
opioid misuse is significant. In a study (69) of cancer
patients screened with specific scales to assess for the
risk of substance use disorder with prescribed opioids,
29% were found to be at high risk. This was particularly
true for younger individuals and those with high lev-
els of anxiety/depression. Systemic opioid elimination
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could be accomplished after IDDS implantation in most
cases (70). Furthermore, in pancreatic cancer, it is the
only treatment providing prolonged pain relief, while
also eliminating systemic opioids (40). Smith et al (38)
revealed a significant reduction in all adverse effects of
analgesics. Today, as stated by Pittelkow et al (71), it is
challenging to understand why this technique is imple-
mented so late, while relatively low levels of systemic
opioids are a factor in early pain relief (68).

How to Facilitate IDDS for Cancer Patients

Despite the available evidence and recommenda-
tions for the use of IDDS, a substantial gap has been re-
ported between the number of patients with refractory
cancer pain in England potentially eligible to receive IT
therapy and the actual provision of this management
option, with the number of patients receiving an im-
plant not increasing since 2015 (72). Furthermore, few
cancer patients are referred to pain clinics, only 23% in
the largest European survey (73). This probably helps to
explain the late and infrequent use of IDDS in cancer
pain care. Moreover, this therapy is sometimes seen as
aggressive and burdensome by physicians in the con-
text of palliative care, while some countries limit access
to the technique either by restricting the number of
devices to be implanted annually or by mere financial
management of health care, as in Ontario, Canada
(74). It must also be noted that IDDS is available only in
expert centers, and few physicians are trained in man-
aging implantations and patient follow-up. Moreover,
in some countries, physicians do not have access to the
required medications for IT use (eg, concentrated bupi-
vacaine in France, ziconotide in Belgium).

REFERENCES

Several strategies can facilitate access to IDDS.
Firstly, new technologies, such as video conference, can
be used for multidisciplinary meetings to share knowl-
edge and recommend the best treatments available.
Compounding pharmacies can also easily provide refill
mixtures for nearby hospitals or for their patients, to
avoid displacing frail cancer patients. Moreover, refills
performed by trained nurse practitioners at home with
support from a medical specialist, as is already the case
in the Netherlands for spasticity (75), should allow for a
wider adoption of the technique. Finally, the inclusion
of a fourth step in the WHO ladder to include interven-
tional procedures could potentially raise awareness in
clinicians, patients, and caregivers for the availability of
IDDS as a management option for cancer pain.

CONCLUSIONS

IDDS technique has improved over the past few
decades. Its effectiveness, safety, and cost-effectiveness
has been widely evaluated via good-quality random-
ized controlled trials and economic evaluations. Based
on this evidence, IDDS is a recommended therapy for
cancer pain in several countries. Devices and treatments
allow the targeting of all types of pain that remain dif-
ficult to treat by conventional routes. For refractory
cancer pain, IDDS markedly reduces the risks associated
with systemic treatments, such as opioids. The limited
access to IDDS therapy can potentially be improved
with implantations carried out by expert centers, refills,
and follow-ups managed closer to patients’ home with
the help of compounding pharmacies and advanced
nurse practitioners.

1. Haumann J, Joosten EBA, Everdingen

M. Pain prevalence in cancer patients:
Status quo or opportunities for
improvement? Curr Opin Support Palliat
Care 2017; 11:99-104.

van den Beuken-van Everdingen MH,
Hochstenbach LM, Joosten EA. Update
on prevalence of pain in patients with
cancer: Systematic review and meta-
analysis. J Pain Symptom Manage 2016;
51:1070-1090.€9.

van den Beuken-van Everdingen MHJ,
van Kuijk SMJ, Janssen DJA. Treatment
of pain in cancer: Towards personalised
medicine. Cancers (Basel) 2018; 10:502.
Siegel RL, Miller KD, Jemal A. Cancer
statistics, 2016. CA Cancer ] Clin 2016;

66:7-30.

Greco MT, Roberto A, Corli O, et al.
Quality of cancer pain management:
An update of a systematic review of
undertreatment of patients with cancer.
J Clin Oncol 2014; 32:4149-4154.

Dart RC, Surratt HL, Cicero TJ, et al.
Trends in opioid analgesic abuse and
mortality in the United States. N Engl ]
Med 2015; 372:241-248.

Lennon FE, Moss ], Singleton PA.
The mu-opioid receptor in cancer
progression: Is there a direct effect?
Anesthesiology 2012; 116:940-945.
Mulvey MR, Boland EG, Bouhassira
D, et al. Neuropathic pain in cancer:
Systematic review, performance

9.

10.

11.

of screening tools and analysis of
symptom profiles. Br ] Anaesth 2017;
119:765-774.

Meuser T, Pietruck C, Radbruch L,
et al. Symptoms during cancer pain
treatment following WHO-guidelines:
A longitudinal follow-up study of
symptom prevalence, severity and
etiology. Pain 2001; 93:247-257.

Zylla D, Steele G, Gupta P. A systematic
review of the impact of pain on overall
survival in patients with cancer. Support
Care Cancer 2017; 25:1687-1698.

Miguel R. Interventional treatment
of cancer pain: The fourth step in the
World Health Organization analgesic
ladder? Cancer Control 2000; 7:149-156.

www.painphysicianjournal.com

E423



Pain Physician: May 2022 25:E415-E425

12.  Yaksh TL, Rudy TA. Analgesia mediated 24:E211-E220. P, et al. Intrathecal therapy: What has
by a direct spinal action of narcotics. 5 Hassenbusch S, Portenoy RK, Cousins changed with the introduction of
Science 1976; 192:1357-1358. M, et al. Polyanalgesic Consensus ziconotide. Pain Pract 2009; 9:338-347.

13.  Wang JK, Nauss LA, Thomas JE. Pain Conference 2003: An update on the 37. Dupoiron D, Devys C, Bazin C, et
relief by intrathecally applied morphine management of pain by intraspinal al. Rationale for prospective assays
in man. Anesthesiology 1979; 50:149-151. drug delivery--report of an expert of intrathecal mixtures including

14. Basbaum Al, Bautista DM, Scherrer G. panel. ] Pain Symptom Manage 2004; morphine, ropivacaine and ziconotide:
Cellular and molecular mechanisms of 27:540-563. Prevention of adverse events and
pain. Cell 2009; 139:267-284. 26. Sindt JE, Larsen SD, Dalley AP, et al. feasi!:ility in clinical practice. Pain

15, Hsu Y, Hettiarachchi HD, Zhu DC. The rate of infectious complications Physician 2015; 18:349-357.

The frequency and magnitude of after intrathecal drug delivery system  38. Smith TJ, Staats PS, Deer T, et al.
cerebrospinal fluid pulsations influence implant for cancer-related pain is low Randomized clinical trial of an
intrathecal drug distribution: Key factors despite frequentconcurrent anticancer implantable drug delivery system
for interpatient variability. Anesth Analg treatment or leukopenia. Anesth Analg compared with comprehensive medical
2012; 115:386-394. 2020. management for refractory cancer

16. Hettiarachchi HD, Hsu Y, Harris T) 27 Aprili D, Bandschapp O, Rochlitz C, et pai.n:. Impact on pain,‘ drug-related
Jr, et al. The effect of pulsatile flow al. Serious complications associated toxicity, and survival. ] Clin Oncol 2002;
on intrathecal drug delivery in the with external intrathecal catheters used 20:4040-4049.
spinal canal. Ann Biomed Eng 2011; in cancer pain patients: A systematic  39. Staats PS, Yearwood T, Charapata SG,
39:2592-2602. review and meta-analysis. Anesthesiology et al. Intrathecal ziconotide in the

17. Hindle A. Intrathecal opioids in the 20009; 111:1346-1355. tr.eatment of refractory pain in patignts
management of acute postoperative  28- Medtronic. Medtronic product with cancer or AIDS: A randomized
pain. Continuing Education in Anaesthesia performance. 2016. controlled trial. JAMA 2004; 291:63-70.
Critical Care & Pain 2008; 8:81-8s. 29. Ummenhofer WC, Arends RH, 4°. Carvajal G, Dupoiron D, Seegers V, et

18.  Deer TR, Hayek SM, Pope JE, et al. The Shen DD, et al. Comparative spinal al. Intrathecal drug d.elivery systems
Polyanalgesic Consensus Conference distribution and clearance kinetics of for refra.ctory pancreatic cancer pain:
(PACC): Recommendations for trialing intrathecally administered morphine, Observational .f°||9W‘UP study over
of intrathecal drug delivery infusion fentanyl, alfentanil, and sufentanil. an 11-year period in a comprehensive
therapy. Neuromodulation 2017; Anesthesiology 2000; 92:739-753. cancer center. Anesth Analg 2018;
20:133-154. 30. Liu HJ, Gao XZ, Liu XM, et al. Effect of 126:2038-2046.

19. Deer TR, Pope JE, Hayek SM, et intrathecal dexmedetomidine on spinal 41 Ma. K, Jin Y, Wang L, et al. Intrathecal
al. The Polyanalgesic Consensus morphine analgesia in patients with dellverY of  hydromorphone Vv
Conference (PACC): Recommendations refractory cancer pain. ] Palliat Med morphme for refractc.>ry cajcer palr.1: A
on intrathecal drug infusion systems 2014; 17:837-840. multicenter, ran.dom.lze.d, sm.gle-bllm?,
best  practices  and guidelines. 31.  Leino T, Viitamaa T, Haapalinna A, et al. controlled  noninferiority trial.  Pain
Neuromodulation 2017; 20:96-132. Pharmacological profile of intrathecal 2020; 161:2502-2510.

20. Flack SH, Anderson CM, Bernards C. fadolmidine, a alphaz-adrenoceptor ~ 42. Zheng, He L, Yang X, et al. Evaluation
Morphine distribution in the spinal agonist, in rodent models. Naunyn of in.trathecal drugl de!ivery system
cord after chronic infusion in pigs. Schmiedebergs Arch Pharmacol 2009; for. |ntrac.tab|e painin- advanced
Anesth Analg 2011; 112:460-464. 380:539-550. mallgnanCIes:' ,A pI‘OSp?CtIVC cohort

21. Dupoiron D. Intrathecal therapy for  32. Deer TR, Malinowski M, Varshney V, Stéu:z Medicine (Baltimore) - 2017;
pain in cancer patients. Curr Opin et al. Choice of intrathecal drug in the 96! %54' )

Support Palliat Care 2019; 13:75-80. treatmint of neuropathic pain - n?N 43 ;::ir:?J?{levGiéwPZ?cr;;tP:Zp%a:ic:IL relaat:j

22. Deer TR, Po'peJE, Hayek SM, et al. The ﬁse;r)c Tzdlo.PlI:.Ilon. _Elxpert Rev clin intrathecal drug deliveryysyste;g‘zs for
Polyanalgesic Consensus Conference armacof 2019; 12:1003-1007. 2in manacement. Pain Physician 2021:
(PACC): Recommendations for 33 Maiaru M, Leese C, Certo M, et al. S'E 82 & ' Y ’
intrathecal drug delivery: Guidance for Selective neuronal silencing using 455 3 594- L
Improving safety and mitigating risks. synthetic botulinum molecules 44- JUA Y, T|an.D, T.an Y, et al. ‘_’a”'aF"’e care
Neuromodulation 2017; 20:155-176. alleviates chronic pain in mice. Sci Trans! with cervical intrathecal infusion and

23. Neuman SA, Eldrige JS, Qu W, et Med 2018; 10. eXt:mfl p-lihmp ffr; Iate'St-ageAcancer
al. Post dural puncture headache 34. Reynaert ML, Dupoiron D, Yeramian E, f: I:r: I\\;Iedicirrli r?Ba(?triymoF;z)ln’ZOlg,casé
following intrathecal drug delivery et al. Could mycolactone inspire new e Pl ’ P o7
system placement. Pain Physician 2013; potent analgesics? Perspectives and o7
16:101-107. pitfalls. Toxins (Basel) 2019; 11:516. 45. Bruel BM, Burton AW. Intrathecal

) - .- therapy for cancer-related pain. Pain

24. Dupoiron D, Narang S, Seegers V, et 35 Alicino |, Giglio M, Manca F, et al. Med 2016: 17:2404-2421
al. Preventing post dural puncture Intrathecal combination of ziconotide » 17:2404-2421.
headache after intrathecal drug and morphine for refractory cancer ~ 46. Stearns LM, Abd-Elsayed A, Perruchoud
delivery system implantation through pain: A rapidly acting and effective C et al. Intrathecal.drug deI|ve|."y
preventive fibrin glue application: A choice. Pain 2012; 153:245-249. systems_ for cancer pain: An analysis
retrospective study. Pain Physician 2021;  36. Kress HG, Simpson KH, Marchettini of a prospective, multicenter product

E424 www.painphysicianjournal.com



Targeted Drug Delivery for Cancer Pain: Change the Paradigm

47.

48.

49.

50.

51.

52.

53.

54.

55-

56.

surveillance registry. Anesth Analg 2020;
130:289-297.

Brogan SE, Winter NB, Abiodun A, et al.
A cost utilization analysis of intrathecal
therapy for refractory cancer pain:
Identifying factors associated with cost
benefit. Pain Med 2013; 14:478-486.
Stearns LJ, Hinnenthal JA, Hammond
K, et al. Health services utilization and
payments in patients with cancer pain: A
comparison of intrathecal drug delivery
vs. conventional medical management.
Neuromodulation 2016; 19:196-205.
Stearns LJ, Narang S, Albright RE Jr, et
al. Assessment of health care utilization
and cost of targeted drug delivery and
conventional medical management
vs conventional medical management
alone for patients with cancer-related
pain. JAMA Netw Open 2019; 2:€191549.
WHO. WHO guidelines for the
pharmacological and radiotherapeutic
management of cancer pain in adults
and adolescents. WHO 201g9.

Retraction of WHO guidance on opioid
use. Bull World Health Organ 2020; 98:3.

society TBp. Intrathecal drug delivery
for the management of pain and
spasticity in adults; recommendations
for best clinical practice. 2008. www.
britishpainsociety.org/static/uploads/
resources/files/book_ittd_main.pdf
Vissers KC, Besse K, Wagemans M, et
al. 23. Pain in patients with cancer. Pain
Pract 2011; 11:453-475.

Beloeil H, Viel E, Navez ML, et al.
[Guidelines for regional anesthetic and
analgesic techniques in the treatment
of chronic pain syndromes]. Ann Fr
Anesth Reanim 2013; 32:275-284.

Jara C, Del Barco S, Gravalos C, et al.
SEOM clinical guideline for treatment
of cancer pain (2017). Clin Transl Oncol
2018; 20:97-107.

Fallon M, Giusti R, Aielli F, et
al. Management of cancer pain
in adult patients: ESMO clinical

57-

58.

59.
60.

61.

62.

63.

64.

65.

66.

practice guidelines. Ann Oncol 2018;
29:iv166-iv191.

Chapman EJ, Edwards Z, Boland JW,
et al. Practice review: Evidence-Based
and effective management of pain in
patients with advanced cancer. Palliat
Med 2020; 269216319896955.

Aman MM, Mahmoud A, Deer T, et
al. The American Society of Pain and
Neuroscience (ASPN) best practices
and guidelines for the interventional
management of cancer-associated Pain.
J Pain Res 2021; 14:2139-2164.

WHO. Cancer pain relief 1996.

Brogan SE, Winter NB, Okifuji A.
Prospective observational study of
patient-controlled intrathecal analgesia:
Impact on cancer-associated symptoms,
breakthrough pain control, and patient
satisfaction. Reg Anesth Pain Med 2015;
40:369-375.

Sindt JE, Odell DW, Dalley AP, et al.
Initiation of intrathecal drug delivery
dramatically reduces systemic opioid
use in patients with advanced cancer.
Neuromodulation 2020.

West HJ, Jin JO. JAMA oncology patient
page. Performance status in patients
with cancer. JAMA Oncol 2015; 1:998.
Dupoiron D, Leblanc D, Demelliez-
Merceron S, et al. Optimizing initial
intrathecal drug ratio for refractory
cancer-related pain for early pain relief.
A retrospective monocentric study. Pain
Med 2019.

Saarto T, Wiffen PJ. Antidepressants for
neuropathic pain: A Cochrane review.
J Neurol Neurosurg Psychiatry 2010;
81:1372-1373.

Plein LM, Rittner HL. Opioids and the
immune system - friend or foe. Br ]
Pharmacol 2018; 175:2717-2725.

Shao YJ, Liu WS, Guan BQ, et al.
Contribution of opiate analgesics to the
development of infections in advanced
cancer patients. Clin ] Pain 2017,
33:295-299.

68.

69.

70.

71.

72.

73.

74.

75

Bortsov AV, Millikan RC, Belfer I, et
al. mu-Opioid receptor gene A118G
polymorphism predicts survival
in patients with breast cancer.
Anesthesiology 2012; 116:896-902.

Brogan SE, Sindt JE, Jackman CM, et
al. Prospective association of serum
opioid levels and clinical outcomes in
patients with cancer pain treated with
intrathecal opioid therapy. Anesth Analg
2020; 130:1035-1044.

Koyyalagunta D, Bruera E, Aigner C, et
al. Risk stratification of opioid misuse
among patients with cancer pain
using the SOAPP-SF. Pain Med 2013;
14:667-675.

Caraway D, Walker V, Becker L, et
al.  Successful discontinuation of
systemic opioids after implantation of
an intrathecal drug delivery system.
Neuromodulation 2015,  18:508-515;
discussion 515-506.

Pittelkow TP, Wu KL, Strand JJ, et al.
Opioid neurotoxicity treated with
intrathecal drug delivery system
implant. J Palliat Med 2017.

Duarte RV, Sale A, Desai P, et al. The
unmet need for intrathecal drug delivery
pumps for the treatment of cancer
pain in England: An assessment of the
hospital episode statistics database.
Neuromodulation 2020; 23:1029-1033.
Breivik H. Terminal cancer pain
intractable by  conventional  pain
management can be effectively relieved
by intrathecal administration of a local
anaesthetic plus an opioid and an alfaz-
agonist into the cerebro-spinal-fluid.
Scand ] Pain 2017; 14:71-73.

Health Quality O. Intrathecal drug
delivery systems for cancer pain: A
health technology assessment. Ont
Health Technol Assess Ser 2016; 16:1-51.

Goslinga-van der Gaag SME, Delhaas
EM, Frankema SPG, et al. Efficiency
and safety of aftercare with intrathecal
baclofen on location. Neuromodulation
2019; 22:828-833.

www.painphysicianjournal.com

E425






