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Abstract

Objective—To augment the literature on methadone applications in pediatric oncology, the
authors reviewed the use of methadone at a pediatric cancer center over a 5-year period.

Design and setting—Forty-one patients received methadone for inpatient or outpatient pain
management. The authors retrospectively reviewed their demographic characteristics, diagnoses,
type of pain (nociceptive, neuropathic, or mixed) and causes of pain, and the indications, dose
regimens, adverse effects, and outcomes of methadone treatment.

Results—There were four types of clinical uses for methadone in 41 patients (10 patients had
two): nociceptive pain unresponsive to other opioids (17 patients, 33.3 percent), neuropathic pain
(20 patients, 39.2 percent), facilitation of weaning from opioids (11 patients, 21.6 percent), and
end-of-life pain management (3 patients, 5.9 percent). The mean age of the 24 males (58.5
percent) and 17 females (41.5 percent) at the start of treatment was 15.7 years (range, 0.6-23
years). The most common diagnoses were leukemia (n = 10, 24.4 percent), osteosarcoma (n = 7,
17.0 percent), and rhabdomyosarcoma (n = 5, 12.2 percent). The causes of pain were bone marrow
transplant (n = 13, 31.7 percent), amputation (n = 6, 14.6 percent), chemotherapy (n =5, 12.2
percent), tumor (n = 5, 12.2 percent), limb-sparing surgery (n = 4, 9.8 percent), and other (n = 8,
19.5 percent). Efficacy was assessed at the end (or after 6 months) of methadone treatment. For
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many patients (43.1 percent), methadone showed efficacy in achieving the purpose for which it
was prescribed, including reduction of nociceptive or neuropathic pain and prevention of opioid
withdrawal. Sedation was the most common side effect (24.4 percent).

Conclusions—Methadone was effective for pediatric patients with neuropathic pain or
nociceptive pain unresponsive to other opioids, and it effectively prevented opioid withdrawal.
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INTRODUCTION

Methadone has unique pharmacodynamic and pharmacokinetic properties; it may offer an
advantage over other opioids in treating neuropathic pain in adults2 and children3# and is
an alternative analgesic for adults®8 and children’ with cancer who require very high doses
of other opioids. As a racemic mixture, methadone is an agonist of both - and 8- opioid
receptors, which mediate supraspinal and spinal analgesia, respectively.® Methadone has N-
methyl-o-aspartate receptor antagonist properties®; therefore, it may be useful in the
management of neuropathic pain.®

In the treatment of adults with cancer, methadone was found to be rapidly absorbed in the
gastrointestinal tract, yielding peak plasma levels at 90 minutes, with high oral
bioavailability (mean, 79 percent; standard deviation [SD], 11.7 percent).19 Methadone is
highly protein bound in the plasma; in adult healthy volunteers, the mean free fraction of
racemic methadone was found to be 12.7 percent (SD 3.3 percent).11:12 Because methadone
plasma binding is mostly to alpha 1-acid glycoprotein (AAG), and patients with cancer have
elevated concentrations of AAG, lower free fraction of methadone levels have been reported
in adult patients with cancer.12 The pharmacokinetics of methadone have been established in
adults13 and childrenl# in the perioperative period. In studies describing the use of
methadone for perioperative pain control in adults, methadone provided prolonged
postoperative analgesia (mean, 21.4 hours; SD, 7 hours; median, 27 hours) consistent with
the long elimination half-life of the drug (mean, 35 hours; range, 9-87 hours; SD, 22
hours).13 In studies of children and adolescents treated with methadone in the perioperative
period, a long elimination half-life (mean, 19.2 hours; range, 3.8-62 hours; SD, 13.6 hours)
has been described after a single dose of methadone.141> Methadone is metabolized via N-
demethylation in the liver and is eliminated renally and fecally.16 Methadone has inactive
metabolites; however, low serum levels may persist due to methadone’s considerable tissue
distribution, retention in, and slow release from, the liver and other tissues.1316 In children,
methadone shows extreme variability in plasma concentration and clearance kinetics.1’
Multiple drug interactions, metabolic factors, and the risk of cardiac toxicity add to the
challenges of using methadone and may warrant consultation with a pain specialist.!

The body of literature reflects the use of methadone to treat nociceptive pain and
neuropathic pain or to facilitate weaning of opioids and prevent withdrawal. In general, there
is extensive experience with methadone for pain management in the adult population,1:18
and specifically for cancer pain,1:25.6:19-21 chronic noncancer pain,22 intractable
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neuropathic noncancer pain,23 and diabetic neuropathy.24 In adults, methadone has been
reported to be effective for various types of neuropathic pain, including phantom limb
pain,2® diabetic neuropathy,24 intractable neuropathic noncancer pain, 2326 burns,2’ and
neuropathic cancer pain.28

In children, most reports described the use of methadone for nociceptive pain, including
acute procedure-related pain in burn care,29 severe30 and chronic”-3132 cancer-related
nociceptive pain, end-of-life cancer pain management,33 and noncancer pain in inpatients.34
Methadone has also been used in children to facilitate weaning of opioids and to prevent
withdrawal after prolonged sedation in the intensive care unit (ICU).35-39 The use of
methadone for neuropathic pain in children with cancer has been reported successfully in
one series of 17 patients’; one case report noted that methadone (combined with gabapentin,
oxcarbazepine, and celecoxib) provided insufficient pain control in a child with terminal
malignancy, and an intrathecal pump was necessary to control severe pain.40

This retrospective study examines the clinical uses, side effects, and outcomes of treatment
with methadone in children and young adults at our pediatric oncology institution over a
period of 5 years.

METHODS

St. Jude Children’s Research Hospital (St. Jude) is a tertiary-care institution with the mission
of advancing the cure and prevention of pediatric cancer and related hematological and
infectious diseases through research and treatment. At the time of diagnosis, patients range
in age from newborns to young adults. The facility consists of multiple outpatient clinics and
three inpatient care areas totaling 60 beds: 38 for hematology and oncology acute care, eight
for intensive care, and 14 for bone marrow transplantation. This retrospective review was
approved by the St. Jude Institutional Review Board. The study population comprised all
patients treated with methadone at our facility over a period of 5 years (October 2001 to
September 2006).

Inpatients and outpatients who received methadone during the study period were identified
by reviewing the institution’s pharmacy records. Methadone therapy is prescribed in our
institution by the pain service or by the primary oncology team, or the ICU team, often in
consultation with the pain service; the dosing regimens are not controlled by institutional
policy, nevertheless a hospital formulary is available for reference. Using a standardized
case report form developed by the investigators, we abstracted data from the medical records
including age and sex, primary oncology diagnasis, type of pain experienced (nociceptive,
neuropathic, or mixed) at the time of methadone prescription, and the clinical context of
pain (eg, chemotherapy, bone marrow transplant, amputation, limb-sparing surgery, tumor,
or other).

The clinical uses of methadone were ascertained from the medical records and were
categorized as follows: 1) nociceptive pain unresponsive to other opioids; 2) neuropathic
pain; 3) facilitation of opioid weaning and prevention of withdrawal; and 4) pain
management at the end of life. In our institution, when methadone is used to facilitate
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weaning, it overlaps with the opioid regimen that is being systematically reduced. We noted
the dose and route of administration of methadone and recorded pain intensity scores at the
beginning of treatment with methadone, at weekly intervals during the first month, and at
monthly intervals thereafter for the duration of treatment or for 6 months. Adverse effects of
methadone treatment were captured by review of the outpatient clinic notes and/or inpatient
nursing or physicians’ notes and recorded as present or absent in the following categories:
sedation, nausea, constipation, confusion, respiratory depression, pruritus, and other. No
specific scales were used to quantify these symptoms. Outcome variables analyzed were
pain scores, duration of treatment, and notes in the medical record documenting the
effectiveness of treatment for the specified indication; medical record notes were evaluated
at weekly intervals during the first month and monthly thereafter for the duration of
treatment or for 6 months. A successful outcome was defined as reduction of pain scores
between the start and end of methadone treatment and/or documentation of the effectiveness
of treatment for the specified indication (nociceptive pain, neuropathic pain, or facilitation
of opioid weaning and prevention of withdrawal). Medical record notes were examined to
complement pain score data and to capture information not reflected by pain scores (eg,
notes qualitatively describing pain control, the quality of life and level of activity, or the
presence or absence of withdrawal signs) or opioid side effects. Data were analyzed using
descriptive statistics. An additional review of the medical records of patients with pain
scores available at the beginning and end of treatment with methadone was performed to
identify concurrent pain medications and tumor-directed therapies (chemotherapy and
radiation therapy).

Age-appropriate pain assessment tools are used in our institution as per the pain standard of
care: the FLACC (Faces, Legs, Activity, Cry, Consolability) scale for children younger than
3 years,*! the Wong-Baker FACES scale for children 4 to 6 years,*2 and the numerical
rating scale (NRS) for those 7 years or older.43

RESULTS

Over the 5-year study period, methadone was prescribed to 41 patients; 24 (58.5 percent)
were male (Table 1). The mean age at the start of methadone treatment was 15.7 years
(median, 18 years); most patients were 11 or more years of age (Table 1). The mean age of
patients receiving methadone to facilitate opioid weaning and to prevent withdrawal was
10.7 years (median, 15 years). The most common diagnoses were leukemia (n = 10, 24.4
percent), osteosarcoma (n = 7, 17.0 percent), and rhabdomyosarcoma (n = 5, 12.2 percent).
Thirty six of the 41 primary diagnoses were cancer; the remaining five were sickle cell
disease, thalassemia major, Fanconi anemia, myelodysplastic syndrome, and osteopetrosis.
The most common clinical circumstance generating pain was bone marrow transplant (13,
31.7 percent), which included abdominal pain from graft versus host disease, chemotherapy-
induced neuropathy, mucositis-related pain due to conditioning regimens, or any other pain
symptoms requiring methadone that developed during or after the transplant.

Methadone was prescribed to the 41 patients for the following four types of clinical uses (10
patients had two): nociceptive pain unresponsive to other opioids (17 patients, 33.3 percent),
neuropathic pain (20, 39.2 percent), facilitation of weaning from opioids (11, 21.6 percent),
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and end-of-life pain management (3, 5.9 percent). Of the 10 patients who had two
concurrent clinical indications for methadone, seven had nociceptive pain and neuropathic
pain, and one each had nociceptive pain at the end of life, neuropathic pain at the end of life,
and nociceptive pain and opioid weaning and prevention of withdrawal, respectively.

Methadone dosing data were available for 37 patients; four patient records lacked baseline
doses because methadone was started at another institution (Table 2). The starting dose
ranged from 0.06 to 3.8 mg/kg/d (median, 0.32 mg/kg/d). The highest methadone dose used
was 9.4 mg/kg/d in an 18-month-old patient with osteopetrosis, post bone marrow
transplant, who weighed 8.5 kg and was given 20 mg of methadone by gastrostomy tube
every 6 hours to treat generalized pain and to prevent withdrawal during opioid weaning.
This patient’s methadone dose was escalated from 0.5 to 7.1 mg/kg/d over 2 weeks, and
eventually to 9.4 mg/kg/d, while the patient received mechanical ventilation per
tracheostomy for respiratory failure. Methadone was given enterally (orally or by
nasogastric tube) to all patients, except one who received intravenous (IV) methadone; two
patients received enteral and IV methadone concurrently.

More than one-third of the patients (14; 34.1 percent) had no documented adverse effects
(Table 2). Other patients experienced sedation, nausea, constipation, or confusion. The most
common adverse effect was sedation (10 patients; 24.4 percent). No respiratory depression
or pruritus was documented. Other side effects included “feeling funny” and
“lightheadedness” and were not conclusively attributable to methadone.

Because of the limited interim pain score data, we report pain reduction by comparing the
maximum pain score on the day methadone was discontinued (or at 6 months of methadone
treatment) to the maximum pain score on the day methadone was started. Fourteen of the 41
patients had documented pain scores for both time points, and nine of these patients (64.3
percent) showed reduction of the pain score; seven (50 percent) had complete resolution of
pain (Table 3). The concurrent pain medications are also presented in Table 3; 12 of 14
patients received chemotherapy concurrently with the treatment with methadone, and none
received concurrent radiation therapy. The effectiveness of treatment was also assessed by
reviewing notes in the medical records at weekly intervals during the first month and
monthly thereafter for the duration of treatment or for 6 months. Improvement of the
indicating symptoms was noted in the records of 22 patients (43.1 percent; Table 4).

The duration of treatment with methadone ranged widely. Seven patients were treated for
only 1 week, while four remained on methadone after 6 months (Figure 1).

DISCUSSION

This retrospective review is the first to characterize the profile of clinical uses for
methadone use in pediatric hematology/oncology patients. In this group of 41 patients, the
most common indication was control of neuropathic pain, followed by control of nociceptive
pain unresponsive to other opioids. We found methadone to be useful and safe for both
indications in our limited study sample. Clinical notes indicated efficacy in 52.9 percent of
patients with nociceptive pain and 40 percent of patients with neuropathic pain, while the
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available pain scores revealed complete resolution of pain in seven of 14 patients and
improvement in two additional patients. Methadone use is rarely reported for neuropathic
pain in children with cancer, and our qualitative findings (medical record notes regarding
pain control) support its value for this indication.

The highest methadone dose in our study (9.4 mg/kg/d), in an 18-month-old patient
weighing 8.5 kg, is higher than any reported to date in pediatric hematology/oncology.
Seven studies have investigated methadone dose regimens in a total of 108 children and
young adults with cancer-related pain.”30-3444 One study reported the use of 0.27 to 0.89
mg/kg/d of oral methadone and 0.34 to 0.46 mg/kg/d of IV methadone in 40 children with
cancer during terminal care.33 In a series of five cases, oral methadone was used in two
children with cancer at doses of 0.2 to 0.6 mg/kg/d.3* In a report of 19 children and young
adults with severe cancer-related pain, the authors recommended a starting dose of 0.1
mg/kg of methadone given orally every 4 hours (or smaller doses given less frequently but
totaling 0.6 mg/kg/d), with escalation as required to control pain.32 In another study that
examined conversion ratios for morphine and methadone in 17 children and young adults
with advanced cancer, the highest dose reported was 1.4 mg/kg/d (140 mg/d in a 99-kg
patient).” The reported dose ranged from 2.5 to 40 mg orally every 4 to 12 hours in a study
of 29 children with cancer who were treated at home; although these doses were not reported
on the basis of body weight, a typical dose was described as 5 to 10 mg every 6 to 8 hours.3!
One case report described the use of .-methadone patient-controlled analgesia at the end of
life with dose escalation up to 186 mg/d for a 26-kg child (7.1 mg/kg/d).3 In our study, the
starting dose ranged from 0.06 to 3.8 mg/kg/d (median, 0.32 mg/kg/d). The high end of our
range of doses is higher than generally reported in the literature, which may reflect the use
of methadone for opioid weaning in our series, which requires a starting dose based on the
high doses of opioids in use at the time weaning begins.

Our study adds to the limited available information about the quality of analgesia achieved
by methadone treatment in pediatric hematology/oncology. We found that methadone
reduced the pain scores of nine of 14 (64.3 percent) patients for whom complete pain score
information was available and improved the symptoms for which it was prescribed in 22 of
51 (43.1 percent) indications, without unacceptable side effects. The studies reported to date
have used different measures, including pain scores,”34 descriptive notes in the medical
records,’30:33:34 and qualitative information from structured interviews with parents.33 A
study of methadone analgesia for children with advanced cancer had findings comparable to
ours; pain outcomes (pain scores and/or documented comments) were available for 11 of 17
patients; in six of these patients (55 percent), positive comments about pain control and/or
pain scores <5 were more frequent after methadone was substituted for other opioids.”

Our study was designed to assess methadone treatment for periods of 6 months or less. The
duration of treatment with methadone ranged widely, with a mean duration of 9.1 weeks.
Seven patients were treated for only 1 week, while four remained on methadone after 6
months. In another study, methadone was used in 17 pediatric patients with oncology for a
total of 925 patient days (range, 1-199 days; median, 36 days).” Although another report
suggested that opioid therapy may extend for as long as 4 years in children with brain
tumors, it does not clearly address the duration of treatment with methadone.33 Overall, the
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available results suggest that methadone therapy in pediatric patients with hematology/
oncology is often significantly prolonged, which may be due to the chronic nature of the
pain being treated or to the time required to titrate methadone to effect.

The small sample size and the retrospective design of our study led to limited information
about the starting doses, final doses, and pain scores of patients referred from elsewhere,
transferred to hospice, or lost to follow-up. Limited data regarding pain scores was also a
consequence of incomplete documentation due to the outpatient setting. To augment the pain
score data, we included more subjective information collected from clinicians’ notes, similar
to the method used by Davies et al.” Although this method reduces the objectivity of the
measurements, narrative clinical notes can provide additional information that may be
helpful in assessing factors relevant to the success of pain control (eg, activity level and
quality of life). The effectiveness of methadone as reported in this study should be
interpreted with caution, in the context of other concurrent factors that may have contributed
to pain control (short-acting opioids for breakthrough pain, gabapentin and amitriptyline for
neuropathic pain, and administration of chemotherapy as per specific oncology protocols).

CONCLUSIONS

We report the clinical applications for the use of methadone at our pediatric oncology
institution for three indications: 1) nociceptive pain unresponsive to other opioids; 2)
neuropathic pain; and 3) to facilitate weaning of opioids to prevent withdrawal. Methadone
should be considered as an alternative analgesic for pediatric patients with hematology/
oncology diagnoses whose pain is difficult to control with conventional analgesic regimens.
Prospective studies are needed to evaluate specific methadone regimens for each of the
clinical entities described here and to determine opioid conversion scales to and from
methadone in the pediatric population.
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Figure 1.

Duration of methadone treatment in 41 young patients with hematology/oncology.
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Table 1

Demographics, indications, and types of pain in 41 patients prescribed methadone
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n (per cent)
Sex
Male 24 (58.5)
Female 17 (41.5)
Age,y
Range, 0.6-23
<10 7(17)
11-17 16 (39)
>18 18 (44)
Primary diagnosis
Leukemia/lymphoma 13(31.2)
Leukemia 10
Lymphoma 3
Solid tumor 23(56.1)
Osteosarcoma 7
Rhabdomyosarcoma
Ewing sarcoma 2
Brain tumor 2
Other” 7
Hematologic or congenital disorders 5(9.8)
Thalassemia 1
Sickle cell disease 1
Fanconi anemia 1
Myelodysplastic syndrome 1
Osteopetrosis 1
Primary cause of pain
Bone marrow transplant 13 (31.7)
Amputation 6 (14.6)
Chemotherapy 5(12.2)
Tumor 5(12.2)
Limb-sparing surgery 4(9.8)
Other 8 (19.5)
Methadone clinical use’ n=51T
Control of neuropathic pain 20 (39.2)
Control of nociceptive pain 17 (33.3)
Opioid weaning/prevention of withdrawal 11 (21.6)
End-of-life pain management 3(5.9)
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*
Other: neuroblastoma, undifferentiated sarcoma, Wilms tumor, adrenocorticoid carcinoma, alveolar soft part sarcoma, angiosarcoma, and
hepatoblastoma.

TFif‘ty-one patients had two concurrent indications for methadone use.
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Methadone dosing, duration, and side effects in 41 young patients with hematology/oncology

Table 2

Starting dose,” mg/kg/d n=37
Mean 0.53
Median 0.32
Range 0.06-3.8
SD 0.67

Duration of treatment ™ n=31
Mean 9.1 weeks
Median 8.0
Range 1 week to >6 months
SD 7.4

Side effects n =41 (percent)
None 14 (34.1)
Sedation 10 (24.4)
Other 6 (14.6)
Nausea 5(12.2)
Constipation 5(12.2)
Confusion 1(2.4)
Respiratory depression 0
Pruritus 0

Abbreviation: N/A: not applicable.

*
Not known for four patients first prescribed methadone by outside providers.

TAnaIyzed for 31 patients who did not expire during treatment and for whom prescription dates were known.

Data were censored at 6 months.
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Table 4

Efficacy of methadone treatment as indicated by clinical notes™T (n = 41)

Indication Number of clinical | Efficacy | Nonefficacy Efficacy not
indicationst noted, n noted, n documented, n
Control of nociceptive pain 17 9 (52.9) 3(17.6) 5(29.4)
Control of neuropathic pain 20 8 (40) 8 (40) 4 (20)
Prevention of withdrawal 11 5 (45.4) 3(27.3) 3(27.3)
End-of-life pain management 3 0 1(33.3) 2(66.7)
Total 51 22(431) | 15(29.9) 14 (27.5)

*
Clinical notes included physicians’ notes, documentation of methadone dosing, and documentation of patient/caregiver’s reports.

TValues in parenthesis are represented in percentage.

¢Ten patients had two concurrent clinical uses.
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