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Abstract

Neuropathic pain in pediatric oncology results from distinct causes of lesions or disease processes
affecting the somatosensory system including chemotherapy-related neuronal injury, solid tumor
related involvement of neural structures, post-surgical neuropathic pain including phantom limb
pain and post-limb sparing pain, and the complex circumstances of neuropathic pain at the end of
life. While treatment algorithms reflect the general treatment principles applied for adult
neuropathic pain, the dose regimens applied in children are modest and rarely escalated to the
maximum doses to optimize analgesic efficacy. Pharmacological management of neuropathic pain
should be based on a stepwise intervention strategy, as the most effective approach is with
combinations of medications. Gabapentinoids and tricyclic antidepressants are recommended as
first line therapy agents. Methadone, ketamine, and lidocaine may be useful adjuvants in selected
patients.

Prospective studies extended over a substantial length of time are recommended based on the
nature of neuropathic pain as persistent, chronic pain and based on the need for sufficient time to
escalate medication dose regimens to full analgesic efficacy.

1. Background

Neuropathic pain (NP) is defined by the International Association for the Study of Pain
(IASP) Special Interest Group on Neuropathic Pain (NeuPSIG) as “pain arising as a direct
consequence of a lesion or disease affecting the somatosensory system” [1]. Successful
treatment of NP conditions is challenging and may require multiple lines of therapy; pain
may be difficult to adequately control leading to the concept of “pharmaco-resistant NP” [2].
While NP is well characterized in adults with cancer [3-15], it is less well described in
pediatric oncology [16-22]. In the setting of pain in pediatric oncology patients, NP can be
caused by a variety of types of somatosensory system injuries including chemotherapy-
related NP [19, 23], tumor-related NP [24-26], post-surgical NP [27, 28], and the complex
circumstances of NP at the end-of-life [29]. The most commonly incriminated chemotherapy
agent related to neurotoxicity and NP in children is vincristine. Vincristine-related NP has
been reported in children with acute lymphoblastic leukemia [23], as a dose-dependent
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effect mediated by inhibition of microtubules polymerization and disruption of neuronal
axons [30]. Pediatric solid tumors in the proximity of nerve structures can directly cause
tumor-related NP [24—-26]. Post-surgical NP related to mechanical nerve trauma in pediatric
oncology has a prevalence of 81.6% after surgery for osteosarcoma with either post-
amputation phantom limb pain (PLP) or as NP after limb sparing surgery [27]. NP at the end
of life is often related to complex circumstances and may include mixed nociceptive and
neuropathic mechanisms [29].

2. Assessment of NP in Children

Difficulties in assessment of NP in children may include age-related developmental
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limitations in the ability to differentiate NP descriptors (i.e. “burning”, “tingling”, “needles
and pins”, “shooting”, “lancinating”), from nociceptive pain descriptors (i.e. “aching”,
“pressure”, and “dull pain”), and to communicate the specific characteristics of pain [31].
There are no validated scales for NP for children under the age of 5 years. Quantitative
sensory testing is effective to diagnose NP; nevertheless, it requires expensive equipment
and trained personnel, which may limit its use outside of research settings [32]. NP specific
clinical assessment tools have been developed for children with cancer [19, 33]. The
pediatric modified Total Neuropathy Scale (ped-mTNS) was the first reported screening tool
for pediatric chemotherapy induced peripheral neuropathy, validated for children ages 5-18
years [33]. Ped-mTNS includes interview questions related to sensory, motor, and autonomic
symptoms, and physical findings related to light touch sensation, pin sensation, vibration
exam, strength, and deep tendon reflexes [33]. A variation of this assessment tool was
developed for children experiencing vincristine-related NP, the Total Neuropathy Score
Pediatric Vincristine (TNS-PV). This modified version of the ped-mTNS is based on the
addition of constipation and hoarseness to the evaluation tool and is valid for children ages
6-18 years [19]. A summary of screening and assessment tools for NP in children is
presented in Table 1. The peds-mTNS appears to be the most valid tool for NP screening
purposes in pediatric oncology [34].

3. Treatment Concepts for NP in Adults

Given the difficulties faced by clinicians in achieving successful treatment of NP in general
and the fact that the current evidence shows limited efficacy with high numbers needed to
treat (NNT) in adult randomized controlled studies (RCTSs), the approach to treatment of NP
in adults has been based on the development of evidence-based consensus guidelines from
various groups of experts [15, 35-37]. The need for such guidelines emerged from several
limitations of the existing literature including: 1) the fact that the current clinical practice is
mostly driven by evidence based on RCTs on the clinical entities of post-herpetic neuralgia
and diabetic peripheral neuropathy which are most prevalent in the adult population; 2) the
limited evidence from comparison trials of various treatment interventions; 3) the
inconsistency of pain outcome measures among studies; and 4) the limited duration of
studies, often shorter than the persistent chronic nature of most NP entities [15].

Literature is consistent regarding the recommendation that the pharmacological management
of NP should be based on a stepwise intervention strategy. Historically, the sequence of
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pharmacological interventions for NP has consisted of tricyclic antidepressants (TCAS) and
serotonin-norepinephrine reuptake inhibitors (SNRIs) as first line of treatment [15, 38].
Subsequently, a6 agonists (gabapentin and pregabalin) have been added as first line
interventions [39—41]. Tramadol and strong mu opioid receptor agonists have represented
second line therapy options [15, 38-41], and more recently, topical medications have been
added to the second and third line of therapy including 5% lidocaine patch, 8% capsaicin
patch, and subcutaneous injection of Botulinum toxin type A (Supplementary material) [39,
41]. In general, opioids are recommended late in the escalation algorithm to follow all of the
other options of treatment [15, 38—41]. Considerations in the indication for opioids later in
the strategy algorithm may include the risks of opioid related side effects as well as
development of opioid tolerance, opioid hyperalgesia and dependence. Dosing for NP
therapies in adults is well established (Supplementary material).

One important consideration in the algorithm of clinical decision-making and opioid
selection for the pediatric cancer patient regards the specific effects of opioids on the
immune system. These effects may have clinical implications for cancer outcomes including
cancer progression, recurrence, disease-free survival, and metastases. In making these
clinical decisions, one has to remember the lack of evidence in the literature reflective of
pediatric cancer patients, as our knowledge of immune function implications of opioids
comes from experimental data and adult clinical studies.

The most effective way to treat NP is with combinations of medications [11, 15]. The need
for combination therapy may be partially explained by the limited efficacy of each individual
class of drugs as monotherapy, which is supported by the high NNT for most of the NP
medications (Supplementary material) [39].

Cancer-related NP is challenging to treat because patients often experience multiple sources
of pain from disease and/or treatment, leading to high opioid exposure in this population
[11]. While lines of therapy for cancer related NP in adults follow the general strategies used
for non-cancer related NP, starting with TCAs, SNRIs, and gabapentinoids as first line
therapies, the dose regimens seem to have not been escalated to the maximum doses reported
in the general NP literature [4, 5, 7-10].

4. Limitations of Understanding and Treating NP

Several contributory factors may lead to difficulties in understanding the various NP entities
and developing effective treatment strategies. Patients with NP represent a heterogeneous
population and the mechanisms of generating NP are distinct and variable. In oncology, NP
can be conceptualized as distinct categories with different pathophysiology: chemotherapy-
related NP [19, 23], tumor-related NP [24, 25], post-surgical NP [27, 28], and the complex
circumstances of NP at the end-of-life [29]. In the medical practice in general, there are
multiple causes and mechanisms of NP; therefore, approaching NP based on specific
pathophysiologic mechanisms may be preferable to the generalization of NP as a single
entity. The nature of NP as persistent chronic pain for extended period of time may be in
conflict with the fact that most of the literature reports pharmacological treatment trials for
short durations, on average 1-2 months, which may limit the understanding of outcomes.
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Lastly, pain outcomes may be measured in various ways, and the point at which the therapy
is considered efficacious may vary across studies, which may contribute to difficulties in
comparing the efficacy of different therapeutic interventions for NP across literature.

5. NP in Pediatric Oncology — Evidence for Pharmacological Treatment

The literature describing NP in pediatric oncology is mostly represented by case reports and
case series, while stronger evidence from prospective RCT or retrospective studies is
limited. Limiting factors to advancing clinical research may include difficulties
differentiating descriptors of pain leading to misdiagnosis or delayed diagnosis of NP in
children and the overall small population of children with NP.

We searched the PubMed and Web of Science databases from 2000 to 2018 using the
following terms: (neuropath*[Title]) AND pain [Title] AND (pediatric OR paediatric OR
child OR childhood OR adolesc*) and we reviewed the evidence relevant to pediatric NP in
general and pediatric NP in children with cancer. Based on this search method, the literature
pertinent to NP in children with cancer is limited to cumulative reports of 235 children [21,
24, 25, 42-46], while the evidence for the general pediatric population with NP is generated
from a cumulative number of 376 patients [47-51]. Cumulative reports of mild-to-moderate
adverse effects of lines of pharmacological therapy for NP in children include 23 children, of
which 10 are pediatric oncology patients [47-51].

The pediatric patient population details, the category of NP, and the medication dosing
regimen, efficacy, adverse reactions and duration of treatment are presented in Table 2. For
comparison, Table 3 reflects similar data pertaining to the literature evidence of
pharmacological treatment of NP in the general pediatric population. Most of the pediatric
oncology literature pertinent to the treatment of NP describes treatment options for
chemotherapy related NP (cumulative n = 187), including 2 small size case series reporting
the use of methadone [21, 43], a retrospective review of gabapentin use for vincristine-
induced NP [23], and one open label trial of pregabalin [42] (Table 2). Treatment of tumor-
related NP is reported in 2 case reports or series (cumulative n = 5), both regarding the use
of gabapentin.

The incidence and treatment options for post-surgical NP caused by mechanical trauma,
either by nerve stretching and pulling, as in the limb sparing surgery, or by severing the
nerves, as in the amputation surgery have been reported [27, 28, 46, 52]. The generally
accepted first lines of pharmacological interventions for NP are applied, including
gabapentinoids and TCAs [27, 28, 52]. Among NP medications, gabapentin started
preoperatively has been reported as preemptive treatment of NP [27, 28]. In the setting of
chronic post-surgical pain, which has a neuropathic component, the use of neuraxial
(epidural) analgesia and continuous peripheral nerve blocks has been advocated [27, 28].

NP related to pediatric cancer at the end of life can pose therapeutic challenges due to
complex multiple pain generators and/or generalized pain; therefore, multimodal NP therapy
including high dose opioids may be required to control pain and improve quality of life [29].
Clinicians may also consider the options of neuraxial or peripheral nerve blocks, which can
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contribute to reducing the opioid exposure and improve pain control at the end of life [53].
Successful treatment of NP at the end of life may necessitate successive or concurrent lines
of therapy, including gabapentin, TCAs, methadone, ketamine and/or lidocaine infusions
(Table 2).

a. Gabapentinoids

Based on the literature describing the use of gabapentin for NP in children (cumulative n =
210), the dosing regimen starts at 10 mg/kg/day and escalates to 30 mg/kg/day over a few
days to a week [23-25]. The highest doses reported, in a case report and in a prospective
study of post-surgical NP were 45 and 43.8 mg/kg/day, respectively [21, 27] (Table 2 and 4).
The literature in general reflects under-dosing strategies in children, compared to the adult
dosing recommendation to escalate up to 3600 mg/day, or 50-70 mg/kg/day. While the
pediatric literature reviewed here suggests that analgesic efficacy was achieved in the dose
ranges reported, one should consider that most reports reflect concurrent use of several lines
of NP medications which may explain attaining analgesic efficacy at lower dose ranges.

The comparison between gabapentin dose regimens reported in two pediatric oncology
studies, one retrospective study of NP related to vincristine during treatment for ALL and
one prospective study of post-surgical NP following limb sparing and amputation, leads to
the observation that post-surgical NP is treated with higher dose regimens than
chemotherapy-related NP. While the mean dose of gabapentin for vincristine-related NP
varied from 18.1 mg/kg/day [SD 7.6] to 15.8 mg/kg/day [SD 8.3] in groups of patients
treated for existing NP versus prophylactically [23], the patients treated for post-surgical NP
received gabapentin starting at 20 mg/kg/day and escalated up to 43.8 mg/kg/day [27] (Table
2 and 4). For post-surgical NP, 20 of 37 patients received gabapentin initiated pre-
operatively and the majority (65.4%) received gabapentin as a single NP therapy.

Pregabalin use is reported in one open label pilot trial of 30 pediatric oncology patients with
solid tumor or leukemia, as a regimen of 75 mg/day escalated to 150-300 mg/day (5 mg/
day) [42] (Table 2 and 4). Compared to adult dosing regimens (8.5-12 mg/kg), like
gabapentin, pregabalin appears to be under-dosed in children. When reported in association
with other NP medications, pregabalin is administered at lower doses (2.4 mg/kg/day) [43].
Gabapentin and pregabalin have a favorable side effect profile and are well tolerated.
Although dizziness and sedation may occur, they are dose-dependent and can be avoided by
initiation of therapy at a low dose and slow up titration. Dosage reduction is necessary in
circumstances of renal insufficiency, based on creatinine clearance [15].

b. Tricyclic antidepressants
Amitriptyline [21, 24, 43, 48, 54] and nortriptyline [43] are citied in pediatric NP algorithms
in the dosing range of 0.35-0.4 mg/kg/day (Table 4). Doses between 10 mg/day to 20 mg
BID have also been reported. Adult literature reflects dosing regimens of 0.35-3 mg/kg/day,
which is an indication that the maximum dose regimens are not reached in children. Within
this dose range, doses used for the indication of chronic pain are lower than those needed to
achieve the antidepressant effect. Dose escalation may be limited by side effects including
anticholinergic effects, like dry mouth, orthostatic hypotension, constipation, and urinary
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retention, as well as cardiac conduction abnormalities including prolonged QT interval, and
risk of torsade de pointes and sudden cardiac death [15]. It is customary in our practice to
obtain a baseline EKG before initiation of a tricyclic antidepressant regimen and to consider
carefully the possible concurrent medications with QT prolonging effect and prioritize their
use based on risk benefit ratios in each clinical situation.

c. Methadone

In a retrospective study of 41 pediatric patients (mean age 15.7 years [range 0.6-23 years])
with oncologic or hematologic diagnoses treated with methadone [55], the indications
included: nociceptive pain unresponsive to opioids (n=17 [33%]), neuropathic pain (n=20
[39.2%]), facilitation of opioid weaning (n=11 [21.6%]), and end-of-life pain management
(n=3 [5.9%]). The median (range) starting dose was 0.32 (0.06—3.8) mg/kg/day and the
highest dose was 9.4 mg/kg/day. The enteral route was preferred, with only 3 patients
receiving 1V methadone. Analgesic efficacy was reached in 52.9% and 40% of patients with
nociceptive pain and NP, respectively. Sedation was the most common side effect, and no
respiratory depression was noted. In general, the literature suggests the same dosing for
methadone as described above, except the case series of two patients who were prescribed
continuous IV methadone and PCA methadone [43] (Table 4). Both patients in this report
were previously treated with strong opioids resulting in opioid tolerance and explaining the
need for higher doses of methadone. The risk benefit considerations when initiating therapy
with methadone include the risk of prolonged cardiac conduction, with QT prolongation and
risk of torsade de points. Concurrent risk factors and medications with QT prolongation
effects should be evaluated. In our institution, therapy with methadone for pediatric chronic
pain is limited to consultation with a pain medicine specialist and/or palliative care
physician.

d. Ketamine

The use of ketamine for NP in pediatric oncology has been reported in the context of end of
life, starting as low dose regimens, with dose escalation as needed, either as bolus doses or
as infusions [44, 45, 50]. Reported dose regimens were initiated at 0.05 mg/kg and escalated
to a maximum dose of 0.6 mg/kg/hr (Table 4). In our pediatric oncology pain practice,
ketamine infusions are used for clinical circumstances of intractable NP unresponsive to
standard lines of therapy or when the escalation of treatment algorithms was prevented by
contraindications or side effects to the standard lines of therapy. Continuous infusion doses
used in our practice are 0.025 mg-0.3 mg/kg/hr. Required monitoring includes continuous
electrocardiogram and heart rate and intermittent blood pressure every 30 minutes for the
first 2 hours of infusion (followed by monitoring by the institutional standard of care
thereafter), continuous pulseoxymetry, and observation for any neurological symptoms
suggestive of ketamine toxicity; this intervention is limited to the inpatient setting.

e. Lidocaine

Lidocaine is cited in pediatric oncology NP in two forms, 1V lidocaine and 5% lidocaine
patches [44, 49, 54]. 1V lidocaine infusions rates of 9.3-14 mcg/kg/min (0.84 mg/kg/hr)
were used in a case report in conjunction with 1V ketamine for pain at the end of life [44].
Continuous intravenous lidocaine infusions are used in our pediatric oncology pain practice
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for refractory chronic NP and for acute episodes of NP related to antiGD2 antibody
infusions for neuroblastoma therapy, in doses of 1-2 mg/kg/hr, for 4-8 hours. This option is
usually considered after therapeutic trials with gabapentinoids and tricyclic antidepressants
have not achieved full analgesic efficacy. Required monitoring includes continuous
electrocardiogram and heart rate and intermittent blood pressure every 30 minutes, and
observation for any neurological symptoms suggestive of lidocaine toxicity; this intervention
may be used in the inpatient or outpatient setting (pain clinic).

In a 3 month prospective clinical trial of 12 patients and a case review of 5 patients, 5%
lidocaine patches were shown to be efficacious [49, 54]. Pediatric and adult data both
indicate 5% lidocaine patches for NP as every 12 hours applications (Table 4).

6. Considerations for Duration of Treatment

NP is notoriously difficult to treat and persistent in time; therefore, one should consider with
caution the evidence for pharmacological interventions in view of the duration of treatment
applied in studies. NP in pediatric oncology in the post-surgical setting, either limb sparing
or amputation, has been noted to have a comparable long duration, of mean (SD) of 7.2 (8.4)
weeks and 4.9 (4.0) weeks respectively, and 6.5 weeks (SD 7.2) for the entire group [27].
Medications specific for NP were administered for a mean (SD) duration of 9.5 (8.1) weeks
(median, 7, range 1.7-30). In comparison, the open label pregabalin pilot study reported a
duration of treatment of 8 weeks [42]. Given the persistent nature of NP extending over a
significant length of time, it may be beneficial that prospective studies run over a prolonged
time. An extended study time may also have positive implications by allowing sufficient
time for dose escalation for NP specific medications like gabapentinoids and TCAs, which
require slow dose escalation until analgesic efficacy is reached.

7. NP in Pediatric Oncology — Evidence for Nonpharmacological
Treatment

In addition to pharmacological therapies for NP, non-pharmacological interventions for pain
should be applied whenever possible. The nonpharmacological strategies would be strongly
indicated in any context of chronic pain and furthermore in the circumstances of NP, which
may have implications for quality of life, and may be associated with comorbidities of
anxiety and depression [56]. Among nonpharmacological interventions for NP in pediatric
oncology, the use of mirror therapy has been explored for phantom limb pain post
amputation, in a retrospective investigation (n = 21) [46]. Other interventions may include
acupuncture [57, 58] and music therapy [59].

There is emerging evidence for the efficacy of scrambler therapy (ST) for chemotherapy
related NP in adults [60, 61] and in the pediatric population [62, 63], based on the fact that
ST can block painful stimuli by sending “non-painful” stimuli to the cutaneous nerves. This
electro-analgesia device consists of a multiprocessor that can generate non-painful stimuli
by application of surface electrodes on skin over the painful areas. A prospective study of 9
pediatric patients (average age, 14 years and 2 months) with chemotherapy-induced
peripheral neuropathy, indicated that the mean (SD) Numeric Rating Scale decreased from
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9.22+0.83 to 0.11+0.33 after ST. While all patients entered the study on NP-directed
medications including opioids, gabapentin, amitriptyline, and duloxetine, all but 2 patients
were off medications by the end of the trial [63].

8. Conclusion

When comparing the pediatric doses to the adult doses of NP specific medications, the
literature is suggestive of the possibility that pediatric populations may be under-dosed for
treatment of NP. In the context of dose up titration for any medication used for NP,
individual patient variables to be considered include the relative risk-benefit ratio, the
individual response, and the clinical context. Consideration should be given to the possibility
that dose escalation may be limited by side-effects. Medication classes used for the
treatment of NP in adult and pediatric populations seem to be consistent, although SNRIs
have not been evaluated in the pediatric population. Therefore, we recommend
gabapentinoids and TCAs as first line therapy agents. Methadone, ketamine, and lidocaine
may be useful adjuvants in selected patients. (Figure 1, medication dosing based on
literature reflective of NP in pediatric oncology).

Although the literature suggests that analgesic efficacy can be reached in pediatric patients,
given the small cumulative patient population, more research is necessary in pediatric NP.
Most of the studies evaluated for pediatric oncology NP were case series or case reviews,
with small sample sizes. Prospective studies extended over a substantial length of time are
recommended based on the nature of NP as persistent, chronic pain and based on the need
for sufficient time to escalate medication dose regimens to full analgesic efficacy.
Combining non-pharmacological therapies with pharmacological interventions may be
beneficial to the pediatric oncology population in achieving improved pain control and
quality of life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points
. The treatment of neuropathic pain in pediatric oncology is challenging and
often requires dose regimen escalation and addition of several lines of
pharmacological interventions.
. When comparing the algorithms for treatment of neuropathic pain in adults
with those in children, the same concepts are applied.
. Nevertheless, dose regimens in pediatrics seem to be modestly escalated in

comparison with adult dose regimen, when adjusted for weight. Prospective
multi-institutional studies in pediatric oncology may help elucidate the best
combination regimens and generate specific dose escalation
recommendations.
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Gabapentinoids Tricyclic Antidepressants Methadone
Pediatric Adult Pediatric ~ Adult Pediatric

Gabapentin 30 50-70 Nortriptyline 0.35-04  2-3 *Methadone 0.06-32.7
First Line (mg/kg/day) (mg/kg/day) (mg/kg/day)
Therapy Pregabalin 5 9-12 Amitriptyline 0.35-04  2-3

(mg/kg/day) (mg/kg/day)

Ketamine Lidocaine Strong Opioids
Pediatric Pediatric ~ Adult
*Ketamine 0.05-0.6 5% Lidocaine 1 1-3 Variable dosing regimens
Second Line (mg/kg/hr) Patch QI12hrs QI12hrs
Therapy Lidocaine Infusion  0.84
(mg/kg/hr)
Figure 1.

NP in Pediatric Oncology - A Clinical Decision Algorithm
“Recommended for inpatient setting only
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Assessment Tools for Pediatric Neuropathic Pain

Page 15

Table 1

Tool Proposed Target Population

Advantages/Disadvantages

1. Screening Tools

1. Pediatric-modified
Total Neuropathy Score
3 sets of symptom questions
5 physical examination signs

Children aged 5-18 years with
chemotherapy-induced
peripheral neuropathy

Good reliability and internal consistency
Good for screening and assessment
Not as sensitive to change over time
Clinical significance of scores is unclear

11. Assessment Tools

2. Adolescent
Pediatric Pain Tool
Body outline
Word graphic rating scale
List of 67 symptom descriptors

Children aged 8-17 years with
acute pain (hospitalized or not)

Good validity, reliable in a variety of pain conditions Quickly completed
Multidimensional approach to pain
Not well studied in chronic or complex pain

3. Pediatric Pain
Questionnaire
10-cm Visual
Analog Scale
46 symptom descriptors
Pain location

Children aged 5-18 years
Primarily used in patients with
juvenile rheumatoid arthritis
and sickle-cell anemia

Derived from the well-studied McGill Pain Questionnaire Well-
established evidence of validity
Takes 15 min to complete

4. Abu-Saad Pediatric
Pain Assessment
Tool
10-cm Visual
Analog Scale

32 symptom descriptors

Children aged 5-17 years with
disease-related pain or
undergoing surgery

Assesses multiple aspects of pain, including triggers and medication
type/amount
Good internal consistency Less supportive evidence than for other tools

*
Reproduced with permission from [34] - The assessment tools were validated for pain in children; they may be helpful for NP because they assess

the pain characteristics
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Table 2
Medications Regimens for Neuropathic Pain in Pediatric Oncology
Reference Design and Patients Main Neuropathic Pain Analgesic Efficacy Adverse effects Duration
Data: age, diagnostic, Medication Measures
type of pain (Additional Neuropathic Pain
Medications)
Chemotherapy-related NP
Anghelescu Retrospective: ALL, Gabapentin: 62.2% of NP Efficacy measures Adverse effects Duration
2011 [23] vincristine related NP, episodes treated with gabapentin, | not evaluated not evaluated not
n=153 median (range) age 7.9 | starting mean dose 14.2 mg/kg, evaluated
(1.3-19.2) years prophylactic mean dose 15.8
mg/kg, recurrent NP mean dose
18.1 mg/kg
(37.8% of episodes treated with
opioids)
Vondracek Prospective: solid Pregabalin initiated at 75 mg/ Mean VAS 4 patients: 8 weeks
2009 [42] tumor or leukemia, day, escalated to 150-300 mg/day | decreased by 59% sleepiness,
n=230 chemotherapy-related (5 mg/kg) nausea,
NP, mean (range) 13.5 vomiting,
(10-17) years drowsiness, dry
mouth
Madden 2017 19yl/o, ALL, Methadone PO 0.03 mg/kg/dose pain scores, fatigue, No adverse 1 year+
[21] vincristine-related NP (amitriptyline 0.25 mg/kg, and insomnia effects reported
n=2 gabapentin 45 mg/kg, olanzeapine decreased
0.5 mg)
6 y/o, ALL, Methadone PO 0.04 mg/kg/dose pain scores, fatigue, No adverse Not
vincristine-related NP (gabapentin 45 mg/kg, morphine and insomnia effects reported reported
0.2 mg/kg/dose) decreased, morphine
use decreased
Rasmussen 11 ylo, pre-B ALL, Methadone 1V 21.8 mg/kg/day NRS decreased 4 Drowsiness, 409 days
2015 [43] vincristine-related NP Methadone IV PCA 12.7 points withdrawal
n=2 mg/kg/day (nortriptyline,
amitriptyline, pregabalin)
17 ylo relapsed Methadone 1V 4.8 mg/kg/day NRS decreased 5 Hypotension, 207 days
metastatic Ewing’s Methadone 1V PCA 20.0 points CNS depression
sarcoma, vincristine- mg/kg/day
related NP (nortriptyline, amitriptyline,
gabapentin, oxycarbazepine)
Tumor-related NP
Butkovic 2006 | 18 y/o, metastatic Gabapentin 10, 20, 30 mg/kg/day | VAS decreased from | Sedation and 1 week ¥
[24] osteosarcoma, somatic, | for 3 consecutive days, 10to 3-4 fatigue
n=4/5 visceral, NP respectively, 4 weeks at
maximum dose, maintenance
dose 10 mg/kg/day
(morphine, methadone, fentanyl
patch, amitriptyline, NSAIDs,
benzodiazepine)
17 ylo, pelvis Ewing’s | Gabapentin started at 30 mg/kg/ | VAS decreased from | Dizziness 10 days ™™
sarcoma, NP day, 3 weeks at maximum dose, 10 to 4; fentanyl
maintenance dose 10 mg/kg/day dose decreased
(amitriptyline, tramadol, fentanyl
PCA, transdermal fentanyl,
NSAIDs)
14 y/o, metastatic Gabapentin titrated up to 30 VAS decreased from | No adverse 10 days ™™
ovarian carcinoma, NP mg/kg/day for 2 weeks; 9 to 3, amitriptyline effects reported
maintenance dose 15 mg/kg/day dose decreased
(amitriptyline, transdermal
fentanyl, ibuprofen)
15 y/o, osteosarcoma, Gabapentin titrated up to 25 VAS decreased from | No adverse 5 days e
NP mg/kg/day for 2 weeks, 8to4 effects reported

maintenance dose 20 mg/kg/day
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continuously until death
(morphine)

Reference Design and Patients Main Neuropathic Pain Analgesic Efficacy Adverse effects Duration
Data: age, diagnostic, Medication Measures
type of pain (Additional Neuropathic Pain
Medications)
(tramadol, acetaminophen)
Keskinbora 12 y/o, Ewing’s Gabapentin: 100, 200, 300 Burning and No adverse 1 month
2004 [25] sarcoma, NP mg/day for 3 consecutive days, lancinating pain effects reported
n=1 followed by 300 mg TID VAS decreased from
8t00
Surgery-related NP
Anghelescu Prospective: Gabapentin: 26 patients - 20.2 Treatment continued | Adverse effects Mean (SD)
2017 [27] osteosarcoma, NP after | (43.8) mg/kg/day 5 patients also until disappearance not evaluated 9.5(8.1)
n=230 limb sparing or treated with amitriptyline 0.5 of NP symptoms weeks
amputation, median (0.7) mg/kg/day
age 13.3 years 4 patients also treated with
methadone 0.3 mg/kg/day *
(4 patients treated with opioids
only)
EOL-related NP
Kajiume 2012 5 y/o, relapsed T-cell Lidocaine 9.3-14 mcg/kg/min Full relief of pain No adverse 47 days
[44] lymphoma, NP, EOL ketamine 0.12 mg/kg/h and return to effects reported
n=1 (dexamethasone, fentanyl) normalcy
Klpestad 2001 12 ylo, glioblastoma Ketamine for 4 weeks, 7.5 to 10 Allowed patient to Myoclonic 67 days
[45] multiforme, tumor- mg bolus dose, followed by live at home for movements
n=1 induced NP, EOL continuous 1V infusion, increased | EOL care

*
Values reported as: starting doses (maximum doses)

Aok

Duration reflects when analgesic efficacy was reached

Abbreviations: NP, neuropathic pain; VAS, visual analog score (0-10); NSAIDs, nonsteroidal anti-inflammatory drugs; PCA, patient-controlled
analgesia; ALL, acute lymphoblastic leukemia, NRS, numeric pain score; PLP, phantom limb pain; EOL, end of life
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Table 3
Medications Regimens for Neuropathic Pain in General Pediatrics
Reference Design and Patients Main Neuropathic Pain Analgesic Efficacy Adverse effects Duration
Data: age, diagnostic, Medication Measures
type of pain (Additional Neuropathic
Pain Medications)
Akkurt 2015 12 y/o, NP, sciatic nerve Gabapentin 10 mg/kg/day Considerable Light dizziness for | 2 months
[47] injury for 2 weeks, followed by 16 improvement of NP the first 2 days of
n=1 mg/kg/day symptoms therapy
Brown 2016 Randomized control trial: | Amitriptyline 10 mg/day, Decrease in CAS 3 patients: 6 weeks
[48] 34 patients, CRPS | or Gabapentin Day 1-3: 300 score for additional pain
n=234 NP, mean (SD) age: mg Day 4-6: 300 mg BID amitriptyline = 1.50 sites
amitriptyline group: 13.5 Day 7- end: 300 mg TID Decrease in CAS
(2.35) gabapentin group: score for gabapentin
12.6 (2.52) =177
Sleep scores
improved for both
Butkovic 2006 5 y/o, idiopathic NP Gabapentin 10, 20, 30 VAS decreased from Sedation and 1 week
[24] mg/kg/day for 3 consecutive | 9to 3 fatigue
n=1/5 days, respectively, 2 weeks
at maximum dose,
maintenance dose 10
mg/kg/day
(ibuprofen, amitriptyline) *
Orellana Silva Prospective: 12 patients, 5% lidocaine patch, 12 hour | Mean FACES score No adverse effects 3 months
2013 [49] NP from burn sequelae, on, 12 hour off decreased from 7 to reported
n=12 mean (SD) age 11 years 0
7 months (2 years 6 Mean DN4 score
months) decreased from 6 to
Nayak 2008 12 ylo, surgical scar- One 5% lidocaine patches VAS decreased from | No adverse effects 3 months
[54] related NP post- for 12 hrs/day for 1 month 7t02 reported
n=5 nephrectomy
15 y/o, imperforate anus, Two 5% lidocaine patches No improvement No adverse effects 1 week
NP at colostomy site for 12 hrs/day for 1 week related to patch
(gabapentin, amitriptyline) *
18 y/o, sacrococcygeal Two 5% lidocaine patch for | VAS decreased from | No adverse effects 3 months
teratoma, scar-related NP | 12 hrs/day for 3 months 9to0 reported
post-thoracotomy (codeine, NSAIDs,
paracetamol, gabapentin) *
11 y/o, congenital heart One 5% lidocaine patch for | VAS decreased from | No adverse effects | 4 months
disease, scar-related NP 12 hrs/day for 3 months 8 to 4 at 3 months reported
at femoral catheter entry (paracetamol, NSAIDs, and to 3 at 6 months
site amitriptyline 10 mg) *
14 ylo, scar-related NP Two 5% lidocaine patches VAS decreased from | No adverse effects | 3 months
post laminoplasty for 12 hrs a day for 3 8to 0 at 1 month reported
months
Taylor 2015 Patients with NP, median Ketamine 1V 0.05 t0 0.1 Decrease in opioid 3 patients, fatigue, 7 days
[50] (range) age 15.5 (1 mg/kg increased in use and decrease in imbalance, (discharged
n=14 month - 23 years) increments of 0.05 mg/kg pain disorientation, on ketamine)
every 5 to 10 mins, shakiness, slurred
maximum 0.6 mg/kg speech, agitation,
(morphine PCA - measure of myoclonic jerks,
pain) * and hemorrhagic
cystitis
Yazde Puleio Patients with various Opioid rotation, morphine Better quality of life | 6 patients had
2018 [51] types of NP, 59 cancer, as initial opioid in 57 cases, adverse effects (not
n=74 13 other, mean (SD) age rotation required in 35 specified)

10.9 (5.36) years

patients, most frequent
switch - morphine to
methadone
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*
Concurrent medications are included as mentioned in the primary source

Abbreviations: NP, neuropathic pain; CRPS, chronic regional pain syndrome; CAS, to check; VAS, visual analog score (0-10); NSAIDs,
nonsteroidal anti-inflammatory drugs; PCA, patient-controlled analgesia
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Table 4

Summary of Dose Regimens Reported for Neuropathic Pain in Pediatric Patients

Page 20

Number of Patients

Medication and Cumulative

Dose Regimen (daily doses)*

Summary and Recommendation for
Clinical Practice

Gabapentin
n=210

Mean starting dose: 20.2 mg/kg Maximum dose: 43.8
mg/kg
(Anghelescu 2017 [27])

Mean starting dose 14.2 mg/kg
(Anghelescu 2011 [23])

10 mg/kg for 2 weeks, increased to 16 mg/kg
(Akkurt 2015 [47])

Days 1-3, 4-6 and 7 and up: 300 mg (~6 mg/kg) ** 300

mg BID (~12 mg/kg) **, and 300 mg TID (~18 mg/kg) *™,
respectively
(Brown 2016 [48])

Day 1, 2 and 3: 10, 20 and 30 mg/Kkg, respectively 2-4
weeks at maximum dose, maintenance 10 mg/kg
(Butkovic 2006 [24])

30 mg/kg for 3 weeks, maintenance 10 mg/kg
(Butkovic 2006 [24])

Dose titrated up to 30 mg/kg for 2 weeks, maintenance
15 mg/kg
(Butkovic 2006 [24])

Dose titrated up to 25 mg/kg for 2 weeks, maintenance
20 mg/kg
(Butkovic 2006 [24])

Day 1, 2, 3: 100 mg (~2.9 mg/kg) % 100 mg BID (~5.7
mg/kg) ™, 100 mg TID (~8.6 mg/kg) ™, then 300 mg TID

(~25.7 mglkg) **
(Keskinbora 2004 [25])

45 mg/kg
(Madden 2017 [21])

500 mg (~8.9 mg/kg)
(Nayak 2008 [54])

9 mg/kg BID
(Rasmussen 2015 [43])

Titrate up to 30 mg/kg/day

Pregabalin
n=31

0.8 mg/kg TID
(Rasmussen 2015 [43])

75 mg escalated to 150-300 mg (5 mg/kg)
(Vondracek 2009 [42])

Titrate up to 5 mg/kg/day

Amitriptyline
n=58

0.5-0.7 mg/kg
(Anghelescu 2017 [27])

10 mg
(Brown 2016 [48])

10 mg
(Butkovic 2006 [24])

10 mg BID
(Butkovic 2006 [24])

20 mg BID
(Butkovic 2006 [24])

2.5mg (0.25 mg/kg)
(Madden 2017 [21])

0.35-0.4 mg/kg/day

Paediatr Drugs. Author manuscript; available in PMC 2020 April 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Anghelescu and Tesney

Page 21

Medication and Cumulative
Number of Patients

Dose Regimen (daily doses)*

Summary and Recommendation for
Clinical Practice

10 mg QD (~0.37 mg/kg) ™
(Nayak 2008 [54])

0.35 mg/kg (~20.0 mg)
(Rasmussen 2015 [43])

0.9 mg/kg (~55.8 mg) **
(Rasmussen 2015 [43])

Nortriptyline
n=2

0.35 mg/kg (~20.0 mg) “*BID
(Rasmussen 2015 [43])

0.4 mg/kg (~24.8 mg) “*TID
(Rasmussen 2015 [43])

0.35-0.4 mg/kg/day

Methadone
n=34

0.3 mg/kg PO
(Anghelescu 2017 [27])

0.03 mg/kg/dose (0.3 mg BID) PO
(Madden 2017 [21])

0.04 mg/kg/dose (1 mg BID) PO
(Madden 2017 [21])

32.7 mg/kg/day IV
(Rasmussen 2015 [43])

24.8 mg/kg/day IV
(Rasmussen 2015 [43])

0.06-32.7 mg/kg/day

Ketamine
n=16

0.12 mg/kg/hr IV
(Kajiume 2012 [44])

7.5-10 mg bolus, continuous infusion (~0.19-0.40
mg/kg) >
(Klpestad 2001 [45])

0.05-0.1 mg/kg, increased by 0.05 mg/kg every 5-10
min, maximum 0.6 mg/kg/hr
(Taylor 2015 [50])

0.05-0.6 mg/kg/hr

Lidocaine
n=18

9.3-14 mcg/kg/min
(Kajiume 2012 [44])

5% lidocaine patches, Q12 hrs
(Nayak 2008 [54])

5% lidocaine patches, Q12 hrs
(Orellana Silva 2013 [49])

1V: 14 mcg/kg/min (0.84 mg/kg/hr) Patch:
5% patch Q12hrs

*
Doses in mg/kg/day unless otherwise specified,;

*A
Values estimated based on weight

Paediatr Drugs. Author manuscript; available in PMC 2020 April 01.



	Abstract
	Background
	Assessment of NP in Children
	Treatment Concepts for NP in Adults
	Limitations of Understanding and Treating NP
	NP in Pediatric Oncology – Evidence for Pharmacological Treatment
	Gabapentinoids
	Tricyclic antidepressants
	Methadone
	Ketamine
	Lidocaine

	Considerations for Duration of Treatment
	NP in Pediatric Oncology – Evidence for Nonpharmacological Treatment
	Conclusion
	References
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4

