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Abstract

Background: To evaluate the efficacy of gabapentin at 20 mg/kg per day in the treatment of
vincristine-related neuropathic pain

Procedure: Children aged 1 to 18 years who developed vincristine-induced neuropathy on a St.
Jude frontline acute lymphoblastic leukemia trial were prospectively enrolled on a randomized,
double-blind, placebo-controlled, phase Il trial with two treatment arms: gabapentin plus opioid
versus placebo plus opioid. Daily evaluations of morphine dose (mg/kg per day) and pain scores
were conducted for up to 21 days; the values of the two arms were compared to assess analgesic
efficacy.

Results: Of 51 study participants, 49 are eligible for analyses. Twenty-five participants were
treated with gabapentin, with a mean (SD) dose of 17.97 (2.76) mg/kg per day (median 18.26,
range 6.82—21.37). The mean (SD) opioid doses taken, expressed as morphine equivalent daily
(mg/kg per day), were 0.26 (0.43) in the gabapentin group (25 patients, 432 days) and 0.15 (0.22)
in the placebo group (24 patients, 411 days; p=0.15). Only the risk classification of acute
lymphoblastic leukemia was significantly associated with the daily morphine dosage (p=0.0178):
patients in the lower-risk arm received higher daily morphine dosages. Multivariate analyses
revealed a significant difference between the groups’ average daily scores for the previous 24
hours and “right now”.
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Conclusion: In this population of children with vincristine-related neuropathic pain, opioid
consumption and pain scores were higher in the gabapentin group than in the placebo group.
Future randomized, double-blind, placebo-controlled studies should test gabapentin given longer
or at a higher dose.
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Introduction

Methods

Children with cancer experience significant treatment-related complications,:2 with pain
being the most frequent, severe, and distressful symptom. Pain during treatment for cancer
has long-term implications after completion of therapy.34 Neuropathic pain (NP) and related
neuropathy symptoms are directly correlated with chemotherapeutic agents,® particularly
vincristine (VCR),8 being given during therapy for childhood cancers.”:8 Neurotoxicity, the
dose-limiting side effect of VCR, most often causes mixed sensorimotor neuropathy (loss of
deep tendon reflexes, paresthesia, neuritic pain, and wrist or foot drop) or autonomic
neuropathy (constipation, abdominal pain, paralytic ileus, bladder atony with retention of
urine, and orthostatic hypotension). Occasionally, VCR-associated neurotoxicity involves
the cranial nerves and manifests as transient blindness, oculomotor nerve dysfunction with
ptosis and diplopia, jaw pain, facial palsy, hearing loss, and vocal cord paresis or paralysis.®

Studies in adult NP syndromes, such as diabetic neuropathy and postherpetic neuralgia,
indicate that dual-therapy using opioid and gabapentin has better analgesic efficacy than
either drug used individually;® nevertheless, no clinical trials have explored therapies for NP
in the pediatric oncology population. In our institutional experience, the incidence of
vincristine-related peripheral neuropathy during treatment of childhood acute lymphoblastic
leukemia (ALL) has been 17.5% among the 240 patients treated in the Total Therapy XI1IB
study10 and 34.9% among the 498 children treated in the Total Therapy XV study.1! Our
retrospective analysis of the Total XV study did not conclusively demonstrate gabapentin’s
analgesic efficacy.1 However, gabapentin continues to be used for VCR-related NP in
various treatment regimens despite a lack of data from relevant pediatric clinical trials. We
performed the current study to prospectively investigate gabapentin’s value for treatment of
VCR-related NP in children with ALL treated on Total XV protocol.12

Study Design

This is a prospective, randomized, double-blind, placebo-controlled, phase-I1 trial with two
treatment arms: gabapentin plus opioid versus placebo plus opioid. The study was approved
by the institutional review board, and written informed consent was obtained from the
parents, guardians, or patients, with assent from the patients, as appropriate. The enrollment
goal was 60 participants randomized into the treatment (gabapentin) or the placebo groups
(30 per group), with daily evaluations for up to 21 days. The daily data collection was based
either on face-to-face interaction with the family and the patient or on telephone follow up.
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The following data were collected daily: number of study drug doses and opioid doses taken
in the previous 24 hours, pain score (PS) “right now”, and average PS over the previous 24
hours.

Rationale for gabapentin dose selection and duration of therapy

The gabapentin dose selection was based on the limited published studies about the clinical
use of gabapentin in children with NP at the time the study was designed3-20 and on our
institutional experience with gabapentin in a retrospective study evaluating NP in children
with ALL during Total XV therapy.11

Dosing and safety information for the pediatric use of gabapentin has been defined only for
anti-seizure therapy.2! Most pediatric pain specialists recommend the anti-seizure dose
regimen for children with NP, starting at 10 mg/kg per day and titrating up to 50 to 70 mg/kg
per day. Gabapentin is the first-line therapy for NP at our institution. In our retrospective
review of NP during the Total XV study for ALL, we found treatment data for 180 of 207
episodes of NP in 153 of 174 patients: gabapentin was used to treat 62.2% of episodes (112
of 180) in 65.4% of patients (100 of 153); the remaining 37.8% of episodes (68 of 180) in
34.6% of patients (53 of 153) were treated with opioids. The selection of gabapentin or
opioids did not appear to be influenced by the pain intensity score at the time of diagnosis of
NP (P=0.91). The mean starting dose used for the 112 episodes was 15.5 mg/kg (SD 7.9) per
day, and the median starting dose was 14.2 mg/kg per day.1! Some evidence indicates that
concurrent gabapentin and morphine treatment provide better analgesia at doses lower than
those used for single-agent therapy.®

The gabapentin dose regimen applied in this study was 20 mg/kg per day as a stable dose
throughout study participation, divided in 3 daily doses and rounded up to the nearest 100
mg for capsules and to the nearest 10 mg for liquid preparation. Participants randomized to
the placebo treatment arm received look-alike capsules or liquid in a respective capsule size
or liquid measure equivalent to those given to patients on the active treatment arm.

We selected the phases of the Total XV1 study during which VCR was administered most
intensely, in 3 to 4 consecutive weekly doses, based on evidence from Total XV and
preliminary data from Total XV supporting higher cumulative incidence of NP at the time
of induction and at reinduction I and Il treatment phases. The duration of gabapentin therapy
in this study was up to 21 days based on the pattern of administration of VCR, the trigger
agent for NP in ALL.

Breakthrough Pain Control

All study participants, regardless of treatment arm assignment, had access to open-label oral
morphine, available as standard doses (0.15 mg/kg per dose every 2 hours, rounded to the
nearest tablet size or measurable liquid quantity), as needed for pain. Substitution of other
opioid medication and/or routes was generally discouraged. If necessary, equianalgesic
doses were prescribed by the pain specialist principal investigator.
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Study Objectives

We compared two analgesic efficacy measures of patients enrolled in the two treatment
arms: 1) the morphine daily dose (mg/kg per day) used to control breakthrough pain and 2)
two pain scores, PS “right now” and the average PS for the previous 24 hours.

Research Participant Recruitment and Screening

Study participants met the following inclusion criteria: enrollment on Total XV protocol for
ALL; aged 1 year or older; presence of symptoms of NP within 7 days after VCR doses
during protocol week 1 or week 2 (induction), week 7 (reinduction 1), or week 17
(reinduction I1); expectation to receive 2 more subsequent weekly doses of VCR per
protocol; and ability to take oral medications. Exclusion criteria included previous
participation in this study, receiving gabapentin for another indication at the time of
diagnosis of NP, previous gabapentin treatment, decreased glomerular filtration rate <60
mL/min as estimated by the revised Schwartz equation),22 and allergy or other
contraindication for morphine or gabapentin therapy.

Participants were referred to the study team (Pain Service) from the clinical team (Leukemia
Service) upon diagnosis of NP during the 7 days following a VCR dose. Additionally, the
study team screened the clinical notes of potentially eligible patients for documentation of
new-onset NP to evaluate eligibility. With the agreement of the clinical team, a study team
member approached the eligible participant or their guardian to initiate informed consent
discussions. If informed consent was obtained, then the patient was enrolled, the
randomization procedure was initiated in the pharmacy, and the pharmacy order sets were
activated for the study drug and open-label oral morphine.

Randomization Process

Randomization was performed by a research pharmacist using a randomization program
developed by our institution’s Department of Biostatistics, with stratification by three age
ranges for which distinct pain assessment tools are applied (1-3, 4-7, >7 years) and by two
categories of the baseline pain score (<5, =5, on pain scales of 1 to 10). For each subject, a
pre-treatment, baseline pain score was obtained and used in the stratified randomization.

Statistical Analysis

The efficacy measurements analyzed were the average daily morphine dosage (morphine
equivalent, mg/kg per day) and the average daily PS during the maximum 21-day treatment
period, both as PS “right now” and average PS during the previous 24 hours. We tested the
null hypothesis that the expected average daily morphine dosage and PS are the same in the
gabapentin and the placebo group vs. a one-sided hypothesis that the expected average daily
morphine dosages and PS are lower in the gabapentin group. The daily morphine dosage
was modeled as longitudinal observations with the treatment (gabapentin vs. placebo) group,
and if necessary, with other clinical factors such as age range for pain assessment, baseline
pain score, and ALL risk classification, as explanatory factors, using repeated measure linear
models. Multiple test adjustment was not made.
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The joint distribution of the age ranges and baseline PS categories in the enrolled patients
may have been skewed with either null or small odd-numbered (e.g., 1, 3, 5) cell sizes, and
consequently, stratification may not have guaranteed balance; therefore, the age ranges and
baseline PS were included in the longitudinal model as covariates. Participants whose doses
of VCR were delayed or those who were taken off study drug were included in the analysis
according to “intent to treat”.

Study Participants

Of the 51 patients enrolled in the study, 2 patients who were randomized to the placebo arm
were not evaluable because they withdrew from the study immediately after enrollment and
randomization (Fig. 1). Of the 49 evaluable patients, 25 were treated in the gabapentin arm
and 24, in the placebo arm. Of them, 45 patients completed all therapy and outcome
assessments, and 4 participants (3 in the gabapentin arm and 1 in the placebo arm) were
taken off the study early and received partial treatment for 7, 13, 17, or 18 days. Two
participants terminated the study early due to patient/parental request based on difficulties
taking oral medications, and 2 participants terminated the study early as decided by the
principal investigator because critical illness unrelated to the study drug developed, which
prompted holding of the subsequent VCR doses. (Fig. 1). The study closed enroliment
before reaching the goal of 60 participants because all patients treated for ALL on this
protocol had completed their cancer therapy, and no further participants were expected to be
exposed to VCR therapy in this clinical trial.

The percentages of patients in each randomization arm who did not complete all protocol
assessments are similar (£=1.000). Distributions of most collected demographic variables as
well as VCR dose groups were similar between the two randomization arms, except that
more patients with standard/high-risk disease received placebo than received gabapentin
(63% vs. 37%, P=0.048) (Table 1).

Gabapentin Doses

Twenty-five participants were treated with gabapentin, with a mean (SD) dose of 17.97
(2.76) mg/kg per day (median 18.26, range 6.82-21.37).

Analgesic Efficacy of Gabapentin vs. Placebo as Reflected by Morphine Consumption

Opioids were taken by all 25 patients in the gabapentin group for a median of 17.28 days
(range, 13 to 21 days, IQR days) and by all 24 patients in the placebo group for 17.12 days
(range, 7 to 23 days, IQR days) (P=0.9433). The mean (SD) opioid doses taken, expressed as
morphine equivalent daily (mg/kg/day), were 0.26 (0.43) in the gabapentin group (25
patients, 432 days) and 0.15 (0.22) in the placebo group (24 patients, 411 days) (P=0.15,
Table 2 and Fig. 2).

When the daily morphine dosage was modeled as longitudinal observations with treatment
(gabapentin vs. placebo) group and other clinical factors such as age range for pain
assessment, baseline pain score, and ALL risk classification, as explanatory factors, by using
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repeated measure linear models without multiple test adjustment, we found that ALL risk
classification was the only factor significantly associated with the daily morphine dosage
(P=0.0178). Patients in the lower-risk arm tended to receive a higher daily morphine dosage.

Analgesic Efficacy of Gabapentin vs. Placebo as Reflected by Pain Scores

We compared the PS in the gabapentin and placebo groups collected as PS “right now” and
average PS for the previous 24 hours, using longitudinal models, with pain treatment group,
and if necessary, other clinical factors as explanatory variables. Multivariate analyses of the
daily PS of the gabapentin and placebo groups performed using longitudinal models with
Poisson link function indicated no significant differences in the average PS for the previous
24 hours and PS “right now” (Table 2 and Fig. 3).

Discussion

This randomized, double-blind, placebo-controlled, single-center study was designed to
compare the analgesic efficacy of gabapentin in the treatment of NP related to administration
of VCR during therapy for ALL in children aged 1 to 18 years while allowing use of opioid
doses as needed for breakthrough pain. Evaluating study efficacy measures of both opioid
use (morphine equivalent, mg/kg per day) and pain scores (pain “right now” and average
pain score over the previous 24 hours) shows that therapy with gabapentin plus opioid did
not demonstrate better analgesic efficacy than therapy with placebo plus opioid. In this
pediatric population of children with ALL and VCR-related NP, opioid consumption and
pain scores were both higher in the gabapentin group than in the placebo group.

The failure to demonstrate analgesic benefit of gabapentin therapy in this trial may be
multifactorial. First, the dose regimen proposed in this study was based on evidence from the
literature available at the time of study design and was somewhat conservative.13-20 Since
then, more substantial evidence in support of higher-dose regimens has become available. In
comparison with gabapentin dose regimens used in adults with NP, those in pediatrics are
generally modest. In a review article about NP in pediatric oncology,23 the authors evaluated
3 studies with a cumulative n of 210 children,11:13.20 noting that the gabapentin dose
regimen applied for neuropathic pain started at 10 mg/kg per day and was escalated to 30
mg/kg per day over a few days to a week. Although this somewhat-conservative strategy
reflected the most common clinical practice, there are reports of substantially higher doses
of gabapentin, at 45 mg/kg per day in a case report (n=2) and 43.8 mg/kg per day in a
prospective study of post-surgical neuropathic pain after surgery for osteosarcoma treatment
(n=30) (Table 3).24:25 Although our study design indicated a gabapentin regimen of 20
mg/kg per day, the actual doses taken were lower (mean, 18 mg/kg per day), most likely due
to missed doses secondary to some combination of lack of adherence, concurrent nausea/
vomiting related to other chemotherapy, or nil per os status related to anticipated anesthetics
for oncological or surgical procedures. Comparisons of regimens for NP treatment with
gabapentin in adults and children23 support the concept that under-dosing strategies are
common in pediatric populations, whereas the standard recommendation for adults is to
escalate doses up to 300 mg/day or 50-70 mg/kg per day. Gabapentin doses between 900
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and 3600 mg/day have been reported to reach analgesic efficacy in adults, and
pharmacokinetic analyses have demonstrated drug concentrations correlated with efficacy.26

Second, our study was based on a constant gabapentin dose and did not have a dose
escalation regimen, which is unlike the usual clinical practice of gradual, slow up-titration of
gabapentin on the basis of clinical response of the NP symptoms. This reflects the difficulty
posed by dose escalation studies. An ongoing clinical trial with a dose escalation design is
evaluating the safety, pharmacokinetics, and efficacy of a new gabapentin liquid formulation
as an add-on to morphine in children with severe, chronic mixed or neuropathic pain.2” In
this trial, the proposed dose is 45-63 mg/kg per day, dependent on age, for 12 weeks. Dose
selection based on pharmacokinetic studies is applied in ongoing multi-institutional clinical
trials in pediatric NP.27:28

Third, the study duration was limited to 21 days. However, a therapeutic effect in treating
NP may require longer duration of therapy. Furthermore, it is apparent in clinical practice
that success in treating NP of various etiologies, in adults and children, usually involves
multi-drug therapy and that mono-therapy can rarely resolve this challenging pain entity
completely.23

Although the study design was robust, as a randomized, double-blind, placebo-controlled
trial, there are limitations to this study, including the discussed considerations about the
gabapentin dose and the study duration, as well as the lack of pharmacokinetics data, which
could have facilitated dose optimization. The single-institution design of our study created a
limitation because enrollment was sub-optimal.

Given the inconclusive results of our clinical trial, future randomized, double-blind, placebo-
controlled studies would benefit from higher gabapentin dose regimens, including up-
titration regimens, longer duration of therapy, and multi-institutional collaboration, to
facilitate larger patient samples.
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Assessed for eligibility (n=98)

Excluded (n=47)

*  Not meeting inclusion criteria (n=11)
*  Declined to participate (n=24)

*  Other reasons (n=12)

Enrolled and Randomized (n=51)

|

Allocation ) l
Allocated to intervention Placebo (n=26)

*  Received allocated intervention (n=24)
*  Did not received allocated intervention (n=2)

Follow-up l
Discontinued intervention early (did not Discontinued intervention early (did not

complete) (n=3) (treated for 13, 17, 18 days complete) (n=1) (treated for 7 days)
respectively) l

Analyzed (n=25) Analyzed (n=24)

*  Excluded from analysis (did not
receive allocated intervention)
(n=2)

Allocated to intervention Gabapentin (n=25)
*  Received allocated intervention (n=25)

FIGURE 1.
Patient enrollment flow
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Morphine equivalent daily dose (mg/kg per day) by randomization arms
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Pain score “right now” and “previous 24 hours” by randomization arms
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TABLE 1

Distribution of demographic variables by randomization arms

Clinical Feature (n) Gabapentin Arm, n (%) Placebo Arm, n (%) P
Protocol Completion? 1.0
Yes (45) 22 (49) 23 (51)
No (6) 3 (50) 3 (50)
Sex
Male (30) 14 (47) 16 (53) 0.779
Female (21) 11 (52) 10 (48)
Primary ALL Diagnosis
Early Pre B (2) 1 (50) 1 (50) 0.765
Early T Cell (1) 0(0) 1 (100)
Pre-B (42) 20 (48) 22 (52)
Pre-T Cell (6) 4(67) 2(33)
Race
Asian and White (1) 0(0) 1 (100) 0.771
Black (3) 1(33) 2 (67)
Black and White (3) 1(33) 2 (67)
White (44) 23 (52) 21 (48)
Vincristine dose group
Week 1-Induction (31) 13 (42) 18 (58) 0.318
Week 2-Induction (13) 9 (69) 4 (30)
Week 7-Reinduction | (6) 3 (50) 3 (50)
Week 17-Reinduction Il (1) 0(0) 1 (100)
Total risk group
Low (21) 14 (67) 7(33) 0.048"
Standard/High (30) 11 (37) 19 (63)
Age range
1-3y (16) 8 (50) 8 (50) 1.0
4-7y (15) 7(47) 8 (53)
>7y (20) 10 (50) 10 (50)
Baseline Pain Score in the previous 24 hours
<5 (33) 17 (52) 16 (48)
>5 (18) 8 (44) 10 (56)
Baseline Pain Score now
<5 (40) 20 (50) 20 (50) 1.0
5 (11) 5 (45) 6 (54)

Abbreviations: ALL, acute lymphoblastic leukemia

*
Two-sided A<0.05 by Chi-squared test
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Analgesic outcome measures

TABLE 2

M easurements Treatment  Mean (95% CI) P
Morphine Equivalent Daily Gabapentin  0.27 (0.23-0.31)  0.15
(mg/kg per day) Placebo 0.15(0.13-0.17)

Pain Score Right Now Gabapentin  1.41 (1.22-1.60) 0.04
(scale, 0-10) Placebo 0.76 (0.63 - 0.90)

Pain Score Average for Previous  Gabapentin  2.58 (2.37-2.81) 0.06

24 Hours (scale, 0-10) Placebo

1.73 (1.54 — 1.93)

Notes: P values from longitudinal models
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TABLE 3

Gabapentin dose regimens in reported pediatric oncology studies

Page 15

Reference Study design (No.  Patient population Gabapentin regimen (daily)* Concurrent pain
of patients) ap eg (daily) medications
Anghelescu Prospective (n=30)  Children with neuropathic pain Initial dose (mean): 20.2 mg/kg Amitriptyline (n=5),
2017% after limb sparing or amputation ~ Maximum dose: 43.8 mg/kg methadone (n=4)
for osteosarcoma
Anghelescu Retrospective Patients with childhood ALL Initial dose (mean): 14.2 mg/kg Concurrent
201111 (n=153) and VCR-related neuropathic medications not
pain evaluated
Butkovic Case series (n=1) 18-year-old with neuropathic Initial dose: 10, 20, or 30 mg/kg Morphine, methadone,
200613 pain related to metastatic Maintenance dose:10 mg/kg for 2-4 fentanyl patch,
osteosarcoma weeks at maximum dose amitriptyline, anti-
inflammatory
Butkovic Case series (n=1) 17-year-old with pelvic Ewing Initial dose: 30 mg/kg for 3 weeks Tramadol, fentanyl
200613 sarcoma-related neuropathic Maintenance dose: 10 mg/kg PCA, fentanyl patch,
pain amitriptyline, anti-
inflammatory
Butkovic Case series (n=1) 14-year-old with metastatic Dose titrated up to 30 mg/kg for 2 Fentanyl patch,
200613 ovarian carcinoma-related weeks amitriptyline, anti-
neuropathic pain Maintenance dose: 15 mg/kg inflammatory
Butkovic Case series (n=1) 15-year-old with osteosarcoma- Dose titrated up to 25 mg/kg for 2 Tramadol,
200613 related neuropathic pain weeks acetaminophen
Maintenance dose: 20 mg/kg
Keskinbora Case report (n=1) 12-year-old with Ewing Initial dose increased daily: 100 mg
200420 sarcoma-related neuropathic (~2.9 mg/kg) ¥ 100 mg BID (~5.7

Madden 201723

Madden 201723

Case series (n=1)

Case report (n=1)

pain

19-year-old with ALL and VCR-
related neuropathic pain

6-year-old with ALL and VCR-
related neuropathic pain

mg/kg) ** 100 mg TID (~8.6 mg/
kg) Ak

Maintenance dose: 300 mg TID (~25.7

)x—*

ma/kg
45 mg/kg per day

45 mg/kg per day

Methadone,
amitriptyline

Methadone, morphine

Abbreviations: BID, twice per day; PCA, patient-controlled analgesia; TID three times per day

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

*ok

Values estimated based on weight
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