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Objective: Compared to conventional medical management, targeted drug delivery provides superior cancer pain management with fewer
side-effects and potentially improved survival. Intrathecal (IT) clonidine has been used off-label to improve analgesia in patients with cancer
pain, but evidence regarding safe dosing in this patient population is limited. This study evaluates the impact of adding IT clonidine on pain,
opioid consumption, and the prevalence of medication-related side-effects. It also provides initial dosing recommendations for cancer pain.
Materials and Methods: This was a retrospective chart review conducted at a single academic cancer center. Medical records
between 2012 and 2022 were queried for patients who had an intrathecal pump (ITP). Patients’ charts were reviewed prior to starting
IT clonidine, at the IT clonidine start date, at 1-3 months follow-up, and at over three months follow-up. Primary outcomes included
the visual analog scale (VAS) score and daily systemic morphine milligram equivalents (MME). Secondary outcomes included IT or
systemic medication side-effects and the daily doses of concurrent IT opioids and local anesthetic (LA).

Results: Eighteen patients were included. No significant change in VAS or systemic MME was observed at follow-up after starting IT
clonidine. Median daily IT bupivacaine and opioids with or without patient-controlled boluses significantly rose by the first follow-up;
by the second follow-up, only IT opioids were elevated. There was a trend towards a lower prevalence of medication-related side-
effects across follow-up periods. On post-hoc logistic regression analysis, IT clonidine dosing was the sole significant predictor of
side-effect prevalence. Higher IT clonidine dosing was associated with a lower likelihood of side-effects. Initial IT clonidine doses of
40-60 mcg/day were associated with a 50-75% reduced probability of side-effects.

Conclusion: While its role in reducing pain and systemic opioids is complex, IT clonidine may have a beneficial role in mitigating
medication-related side-effects from systemic opioids, IT opioids, or LA for cancer pain. IT clonidine may be safely initiated at doses
of 40-60 mcg/day for this indication.
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Introduction
Cancer pain can be incredibly difficult to manage. More than 30% of patients with metastatic or advanced-stage cancer
have moderate-to-severe pain, and in about 10-30% of patients with limited life expectancy, adequate pain relief is not
achieved with the World Health Organization’s traditional analgesic ladder.' > For these patients, targeted drug delivery
(TDD) via the intrathecal pump (ITP) has been game-changing in terms of providing pain relief. The use of TDD for
cancer pain has gained substantial popularity since the 1980s.* While the cost-effectiveness of TDD for refractory cancer
pain compared to conventional medical management is still a matter of debate, it has been shown to provide better pain
control, fewer side-effects, and potentially better survival in this patient population.”®

Since its inception, TDD has witnessed an expansion of available medications to fine-tune therapy. While morphine
and ziconotide continue to be the only FDA- and EMA-approved intrathecal medications for pain management, other
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opioids including hydromorphone and fentanyl, as well as adjuncts such as local anesthetics (bupivacaine) and alpha-2
agonists (clonidine) have been utilized off-label in cases of morphine or ziconotide-related side-effects or to offset
systemic opioid-related side-effects. Clonidine is an alpha-2 agonist whose analgesic benefit is linked to activation of
monoamine-dependent endogenous pain modulating pathways in the spinal cord, inhibition of the locus coeruleus in the
brain, and anti-inflammatory effects through inhibition of NF-kB- and p38-mediated release of cytokines including TNF-
alpha, IL1, and IL6. >*""° One of the earliest uses of intrathecal (IT) clonidine was in 1986, in combination with an IT
opioid in a patient with terminal abdominal cancer pain.'® Nowadays, clonidine is favored particularly for neuropathic
pain, and has been incorporated into TDD either as a secondary alternative to local anesthetics (LA), or as a tertiary add-
on to opioid/LA combinations.''* Clonidine’s potential side-effects - most notably hypotension, bradycardia, and
sedation - have limited its adoption as first-line IT therapy for refractory pain.*'* It should be noted, however, that IT
clonidine has been suggested to also have a pressor effect at higher IT doses when administered as a monotherapy for
postoperative analgesia after C-section. 14

There is a relative paucity of evidence for the optimal utilization of IT clonidine specifically for cancer pain. The
Polyanalgesic Consensus Conference (PACC) recommendations for the initiation of TDD by pain type (nociceptive vs
neuropathic) and malignancy status (cancer vs non-cancer) have remained the most researched, comprehensive, and expert
consensus-based.**¢ That said, they are non-specific in terms of decision-making regarding the initiation of adjuvant IT
medications for cancer pain. While the PACC guidelines do recommend dose ranges for IT clonidine bolus trial, long-term
continuous delivery, and maximum concentrations and daily doses, those doses are not specific to cancer pain.* Additionally,
they recommend clonidine as a second- or third-line agent. Meanwhile, perhaps the most comprehensive literature on IT
clonidine dosing specifically for refractory cancer pain to date comes from Mastenbroek et al in a small, retrospective study of
9 patients undergoing multimodal TDD with morphine, bupivacaine, and clonidine tri-drug combination.'® The authors offer
starting clonidine infusion rates of 72—144mcg/day alongside morphine and bupivacaine, as well as suggestions for patient-
administered bolus strategies and a workflow for side-effects monitoring and dose adjustment."”

In this study, we offer a retrospective analysis of IT clonidine therapy initiation strategies across a cohort of 18
patients that is generalized across multiple IT opioids and either with or without the co-administration of IT LA.
A common approach to TDD is to start with first-line therapies of opioid with or without LA. However, in the oncologic
population, pain medication requirements are constantly increasing due to progression of disease and/or treatment-related
side-effects, thus increasing the likelihood of opioid-related side-effects. Our specific objective was to evaluate the
impact of adding IT clonidine on reported pain intensity, utilization of opioids, and the prevalence of patient-reported
medication side-effects. Additionally, we wanted to expand the best practice literature base for the initiation of IT
clonidine for cancer pain within the context of a multi-drug TDD regimen.

Materials and Methods

This was a retrospective chart review conducted at a single academic cancer center. A database search of electronic
medical records between 2012 and 2022 focused on patients who had an ITP and were seen by our pain management
service. Patients were included if they were 18 years or older, had pain from active cancer, had IT clonidine added to an
existing ITP regimen, and had at least one in-hospital evaluation before starting IT clonidine. Patients’ charts were
reviewed prior to starting IT clonidine, at the IT clonidine start date, at 1-3 months follow-up, and at over three months
follow-up. Primary outcomes included visual analog scale (VAS) pain scores and daily systemic morphine milligram
equivalents (MME). Secondary outcomes included the presence of any IT or systemic medication-related side-effects
(including hypotension, bradycardia, sedation, numbness, and urinary retention among others) at follow-up, and the daily
doses of concurrent IT opioids and LA. Patients with any missing outcomes data were excluded in order to minimize the
risk of reporting bias. This study was approved by the Memorial Sloan Kettering Cancer Center Institutional Review
Board (MSKCC IRB) with waiver of informed consent.

Statistical Methods
The R software package was used for all statistical analysis (R-project.org). Following assessment for normality using the
Shapiro—Wilk test, non-parametric statistics were chosen to describe the cohort and assess changes in VAS, systemic MME, IT
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or systemic medication-related side-effects, and daily doses of concurrent IT opioids and LA relative to baseline evaluation.
The median and interquartile range (IQR) were used to describe the cohort. The one-tailed Wilcoxon rank-sum test was used to
assess changes in VAS and systemic MME relative to the IT clonidine start date. For all other comparisons, the two-tailed
Wilcoxon rank-sum test was used. For all comparative analyses, the alpha cutoff was set to a<0.05 for statistical significance.
Post-hoc logistic regression analysis was used to predict the prevalence of any side-effects.

The Strengthening The Reporting of Observational Studies in Epidemiology (STROBE) recommendations for cohort
studies were referenced for the purposes of writing this paper.

Results

Of the one-hundred and seven patients total reviewed, eighteen patients were included based on the inclusion criteria and
having data at all follow-up time points. Of the 18 patients that underwent full analysis, 44% were male and the mean age
at the start of IT clonidine was 57 years (Table 1). Around 17% of patients experienced nociceptive pain, 28%
experienced neuropathic pain, and 55% experienced mixed pain. The majority of patients (83%) had ITP catheter tips
at T8 and below. There was a wide distribution of cancer types in this study, with the two most prominent being sarcoma
and colorectal cancer (Table 2).

For primary outcomes, no significant change in VAS or systemic MME was observed at either follow-up period after
starting IT clonidine - though for systemic MME at the second follow-up period, the increase in combined standing plus as-
needed MME approached statistical significance (Table 3). Median daily IT bupivacaine and opioids with or without
patient-administered boluses significantly rose by the first follow-up; by the second follow-up, only IT opioids were
elevated. There was a trend towards a lower prevalence of medication-related side-effects across follow-up periods. With
regard to either hypotension, bradycardia, or sedation, three patients endorsed at least one side-effect at the time that
clonidine was started; all three denied these side-effects at both follow-ups. Meanwhile, two other patients developed at

Table | Patient Demographics

Variable Value

Total number of patients 18
Mean * SD age at the start of IT clonidine | 56.9 + 12.3 years
Percent male 44%

Percent with pain types:

Nociceptive 17%

Neuropathic 28%

Mixed 55%
Percent with catheter tip level at:

T7 and above 17%

T8 and below 83%

Abbreviations: SD, Standard Deviation; IT, Intrathecal.

Table 2 Cancer Etiology for the Cohort

Cancer Type N | Cancer Type | N

Myoepithelial | Endometrial |
Neuroendocrine | | Nerve sheath |
Sarcoma 3 Cervical |
Breast | Renal |
Urothelial | Squamous cell | |
Lung 2 | Colorectal 3
Prostate |

Abbreviation: N, Number.
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Table 3 Summary of Study Findings

_ Baseline Start of Ist Follow-up | 2nd Follow- Ist Follow-up vs Start | 2nd Follow-up vs Start
Clonidine up of Clonidine of Clonidine
Dosing Difference, p-value Difference, p-value
Median days passed since 0 15 64 145 - -
baseline assessment
Median (IQR) IT clonidine dose | - 30.2 (12.5) 413 (12.2) 40.7 (37.1) +8.8 (17.6), +3.3 (42.7),
(mcg/day) p=0.018 p=0.18
Catheter tip T7 and above - 33.0 (18) 38.0 (13.8) 50.0 (24.4) - -
Catheter tip T8 and below - 30.0 (12.5) 425 (13.8) 35.7 (39.8) - -
Primary Outcomes
Median (IQR) VAS pain score 6 (4.8) 5(2) 6 (4.5) 5(2) +0 (3.3), +0 (3),
p=0.85 p=0.29
Median (IQR) systemic opioid 192 (551) 159 (239) 150 (306) 204 (410) +0 (160), +0 (324),
dose in MME (mg/day), standing p=0.58 p=0.59
only
Median (IQR) systemic opioid 259 (691) 165 (555) 204 (395) 576 (1454) +0 (160), +354 (1253),
dose in MME (mg/day), standing p=0.44 p=0.059
plus all PRNs
Secondary Outcomes
Median (IQR) IT bupivacaine 9.5 (5.8) 8.0 (6.5) 9.7 (6.9) 8.9 (8.3) +1.1 3.1), +1.0 (2.5),
dose (mg/day) p=0.0076 p=0.43
Median (IQR) IT opioid dose in 1456 (1608) 1400 (1500) 1515 (3121) 1575 (3700) +205 (406), +285 (592),
MME (mg/day), continuous only p=0.0024 p=0.097
Median (IQR) IT opioid dose in | 3440 (2287) 3050 (3705) 3318 (7399) 3896 (8364) +255 (821), +685 (3245),
MME (mg/day), continuous plus p=0.0071 p=0.012
all PTMs
Prevalence of patient-reported 50.0% 56% 33% 28% —23%, p=0.29 —28%, p=0.13
side-effects

Notes: Column headers are bolded and underlined. Statistically significant p-values are in bold. P-values approaching statistical significance (p<0.15) are italicized.
Abbreviations: IQR, Interquartile Range; IT, Intrathecal; NRS, Numeric Rating Scale; MME, Morphine Milligram Equivalents; PRN, as Needed; PTM, Personal Therapy
Manager.

least one side-effect transiently at first follow-up, and two endorsed them only at second follow-up. With regard to either
numbness, urinary retention, or other symptoms, eight patients endorsed at least one at clonidine start but only three
continued to endorse them through the second follow-up. Meanwhile, only one other patient developed new symptoms at
both follow-up periods. On post-hoc logistic regression analysis, IT clonidine dosing was the sole significant predictor of
medication-related side-effect prevalence — such that higher IT clonidine dosing was associated with a lower likelihood of
side-effects (Figure 1). Based on this analysis, a recommended starting dose for IT clonidine between 40—60 mcg/day for

cancer pain was chosen to be safe due to its association with a 50-75% lower prevalence of side-effects relative to baseline.

Discussion

While clonidine has been an accepted alternative to LA in TDD systems or as an adjunct to opioid/LA combinations, its
safety profile and dosing escalation guidelines for these purposes continue to be unclear in patients with cancer pain.'''?
Side-effects of IT clonidine include hypotension, bradycardia, and sedation.'® For single-shot IT spinal anesthetics,
clonidine has been shown to be associated with increased hypotension and pressor requirements in a dose-dependent
fashion.'”"'® While Filos et al have demonstrated potential pressor effects at IT clonidine doses above 300mcg, this was
noted in relatively healthy parturients undergoing C-section.'* On the contrary, systemic hypotension was seen among
patients treated for refractory chronic pain at similar daily IT doses by Hassenbusch et al.'> All in all, side-effects have
unfortunately limited clonidine’s use as an adjuvant in TDD.*'? In this paper, there was a trend towards a lower
prevalence of medication-related side-effects across follow-up periods with the use of IT clonidine. Additionally, when it
comes to patients with active oncologic diseases, it is very common for pain scores to increase because of progression of
disease. This often dictates greater opioid requirements, thereby producing a higher likelihood of opioid related side-

effects. Given the inevitable increase in opioid requirement in patients with active cancer, this study demonstrates that the
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Figure | Logistic regression plot of medication-related side-effect probability as a function of intrathecal clonidine dosing. Open circles plot empiric data on which the solid
black model curve is based.

use of low-dose IT clonidine as an adjuvant is a safe modality for cancer pain patients that has the potential to reduce
medication-related side-effects. Thus, clonidine may be considered sooner as a combination IT medication.

Current IT clonidine starting dosages lie in the 20-100 mcg/day range as recommended by The Polyanalgesic
Consensus Conference (PACC),* which is a large range. Eisenach et al published one of the first studies utilizing IT
clonidine in the chronic pain space - exploring its use at a dose of 150 mcg/day to reduce heat-induced hyperalgesia.?® In
2003, Ackerman et al performed a retrospective chart review of 15 patients, analyzing the use of IT clonidine as sole
therapy or as an adjuvant to opioids for various chronic pain syndromes, with starting doses ranging from 75 mcg/day to
as high as 950 mcg/day.?' Hassenbusch et al also performed a robust dose-titration study of IT clonidine within a similar
dose range across 31 patients; however, over 90% of them did not have active cancer pain.'® With respect to specifically
cancer-related pain, Mastenbroek et al performed a retrospective analysis exploring the use of IT clonidine as an addition
to morphine and bupivacaine, using starting doses that ranged from 72 to 144 mcg/day.'”> These starting doses are
significantly higher than the current PACC recommendations—notably, 33% of patients experienced mild hypotension,
which gradually decreased with clonidine dose adjustments. In the present study, we provide data on safe starting doses
for IT clonidine to treat active cancer pain that are associated with a significant reduction in side-effects.

Around 75% of patients with cancer require treatment with opioids for pain relief.>> As tumor burden expands, the
increasing opioid requirements that follow can lead to several classic opioid side-effects—sedation, constipation,
dizziness, nausea, and vomiting. While it is challenging to limit opioid consumption in the oncologic population, the
addition of IT clonidine to pain regimens could help limit side-effects. In the present study with the addition of IT
clonidine and despite the progression of disease and/or treatment-related side-effects, the median VAS scores did not
increase across follow-up periods. This could also be attributed to the analgesic effects of clonidine requiring smaller
increases in the overall IT medication dosage to maintain stable VAS scores. Additionally, there was a trend towards
a lower prevalence of side-effects overall with the combination therapy. Furthermore, multivariate logistic regression
modeling suggested that higher clonidine dosing was the sole significant predictor of reduced side-effects in our cohort.
While chronic pain physicians may not be able to adequately decrease opioid consumption in cancer-related pain, they
may consider IT clonidine as a higher-tier, second-line therapy at the starting doses that we recommend for the purposes

of maintaining pain relief without compromising hemodynamic stability.
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There are several limitations to the present study. Given that this was a retrospective study, there was the lack of control
patients for comparison to the patients started on IT clonidine. However, to our knowledge, this is still one of the largest
retrospective studies looking specifically at IT clonidine dosing in cancer pain patients. Future prospective, randomized-
control studies comparing the addition of IT clonidine to continuation of IT opioids and/or LA would help attribute causality
to IT clonidine’s role as proposed in this study. Additionally, given that the data were retrospective in nature, MMEs were
calculated based on active order information and/or note review in the electronic medical record—unfortunately, if opioid
dosing was not adjusted in either of these locations, the true difference would not be picked up. Finally, this is a small-cohort
study, and future studies with larger cohorts would be helpful for substantiating our findings.

Conclusion

In cancer-related pain, increases in opioid requirements are often inevitable and may result in medication-related side-
effects. Low-dose IT clonidine can be used in this patient population as a first-line adjuvant to local anesthetics and
opioids in TDD at initial doses of 40-60 mcg/day. With the addition of IT clonidine, pain relief should be maintained
without the progressive development of opioid-related side-effects with increasing doses.
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