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Purpose: Peripheral neuropathy is an important, yet poorly studied side effect of
pediatric cancer treatment. There are many measures of patient reported
peripheral neuropathy in adults but very few in children. We aimed to
systematically review and summarize reliable and valid patient reported peripheral
neuropathy scales used in pediatrics.

Methods: Four major electronic databases (Medline, Embase, EBSCO Host in
Cumulative Index to Nursing and Allied Health Literature and PsycINFO) were
reviewed for studies that measured peripheral neuropathy in pediatric patients.
Studies eligible for inclusion were those that described use of any patient-reported
scale of peripheral neuropathy among children, adolesecnts and young adults with
any underlying diagnosis (not limited to cancer).

Results: From a total of 765 articles retrieved, 5 met eligibility criteria and were
included. One was a neuropathy symptom score used in patients with diabetes, the
remaining four were in oncology patients and all were based on the Total
Neuropathy Scale. All involved objective assessments conducted by trained
professionals; none relied purely on patient-report.

Conclusions: There are no validated instruments that consist solely of a patient
reported outcome measure of neuropathy in pediatrics and adolescents. Because
the clinical evaluation of neuropathy requires specialized training, it is not
generalizable in large studies conducted in many diverse institutions. Future studies
should validate adult patient-reported neuropathy scales in pediatric and

adolescent populations, or develop novel instruments designed for this population.
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Introduction:

Children who undergo chemotherapy for treatment of their cancer can experience
toxicities from their therapy. Chemotherapy induced peripheral neuropathy (CIPN)
is an important toxicity of several commonly used pediatric cancer medicines,
including vincristine and cisplatin [1]. CIPN may manifest in any of the 3 elements
of the peripheral nervous system: sensory, motor or autonomic. Symptoms of CIPN
include numbness, tingling, loss of proprioception, pain, weakness, disco-ordination,
and change in thermoregulation, blood pressure, and intestinal mobility. These
symptoms may be cumulative and progressive and can have both an immediate and
long-term impact on overall quality of life and physical function [2-5]. Up to 40% of
testicular cancer survivors suffer from persistent long-term CIPN [5] and over one

third of ovarian tumor survivors also suffer from persistence of CIPN [4].

Objective measures of CIPN (e.g., nerve conduction studies) are rarely feasible or
cost-effective to conduct on large scale studies, and they are often unpleasant to
administer. In many clinical studies, the Common Terminology Criteria for Adverse
Events (CTCAE) are used to report toxicities, but they have been shown to under-
report the incidence of CIPN by up to 40% [6-8]. Comprehensive clinical
neurological exams tend to be poorly reproducible, inconsistent or incomplete in

their assessment of CIPN [7].

Patient reported outcomes (PROs) measure symptoms and signs from the patient

perspective and thus are a measure of the impact of therapies from the patients



perspective. They are an important adjunct to objective measure to determine how
the symptom affects the patient’s quality of life. Uncertainty regarding available,
validated instruments to measure PROs of peripheral neuropathy in children,
adolescents and young adults with cancer led us to undertake a systematic review of
all patient reported outcome tools to measure peripheral neuropathy in this age
range. Adolescents and young adults (AYAs) are a particularly disadvantaged group
in terms of understanding of PROs as there are very few instruments that span the
AYA age range [9]. Our objectives were to identify studies that describe validated
patient-reported scales of peripheral neuropathy in children, adolescents and young

adults.



Methods:
Data Sources and Electronic Searches. We utilized the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) recommendations for this

systematic review [10].

A medical librarian developed and executed our electronic searches using the Ovid
search platform in the following databases: Medline (1946-), Embase (1947-),
EBSCOHost in Cumulative Index to Nursing and Allied Health Literature (CINAHL)
(1981-) and PsycINFO (1806-) from their inceptions up to August 2015. We used
the medical subject headings and text words specific to each database to identify
pediatric, adolescent or young adult patients combined with peripheral neuropathy

terms. The full search strategy is in Appendix 1.

Study Selection. The inclusion and exclusion criteria were defined a priori.
Inclusion criteria were studies that used any patient-reported scale of
peripheral neuropathy among children, adolescents and young adults with any
underlying diagnosis (not limited to cancer). The exclusion criteria were: the study
population did not include anyone under the age of 18 years; the neuropathy
measure was not patient reported; the study only included clinician reported or
objective measures; the study only evaluated physiological measures of neuropathy
(e.g. nerve conduction studies, biosthesiometry); the study was a non-English
publication; the publication was not full text (e.g. conference proceedings,

dissertations); or the study was a case report or review.



Data Abstraction. Two reviewers (D] and AR) independently identified the titles
and abstracts of studies identified by the search strategies. Potentially eligible
studies were evaluated at full text. They applied the inclusion and exclusion criteria
and final inclusion of studies into the systematic review was by agreement of both

reviewers.

The same two reviewers then abstracted all data in duplicate and discrepancies
were resolved by consensus. Data were abstracted with a common case report
instrument, developed prior to data collection based on study objectives. The
variables of interest from the studies were year of publication, study dates, country
of study population, languages, name of the tool to measure neuropathy and
description of the scale, recall period for neuropathy symptoms, how the PRO was
completed, age of participant, medication used in study population, number of
participants enrolled, who completed the PRO instrument, timing of assessment,
number of assessments, and any psychometric evaluation. We abstracted published
data only; no authors were contacted to obtain additional or unreported

information.

Data was abstracted and data on bias related to study participation and
measurement of outcomes were rated as having low, medium or high risk of bias for
each study based on published tools [11]. Discrepancies in bias assessments were

resolved by consensus. All included studies were included in qualitative



descriptive analyses.



Results:

From a total of 765 articles retrieved 718 were excluded based on title and abstract.
Forty-seven full text articles were screened for full inclusion and exclusion criteria
and 42 were excluded; 4 were not conducted with pediatric patients, 17 did not
include patient-report, 12 were conference proceedings, and 6 were duplicate
articles. A total of 5 full text articles met eligibility criteria and were included [6, 8,

12-14]. Figure 1 demonstrates the flow for article identification and selection.

Details of the 5 included articles of patient reported outcomes of neuropathy in
patients under the age of 18 years are in Table 1. Four of the articles utilized a
modified form of the Total Neuropathy Score (TNS) in pediatric oncology patients;
three of these were published by the same authors. We were unable to determine if
there were overlapping patients included in the three studies. The final paper

utilized the neuropathy symptom score in pediatric diabetes patients.

Pediatric Modified Total Neuropathy Scale

The three articles utilizing a modified TNS use a scale called the “pediatric modified
total neuropathy score” (Ped-mTNS) [6, 12, 14]. This scale uses a scripted
questionnaire for sensory symptoms of tingling, numbness or hurt, functional
symptoms of buttoning, walking and going up stairs, and autonomic symptoms of
dizziness or hot or cold hands or feet. If there is a yes response to any of these
neuropathies then they are rated on 0-4 scale. The Ped-mTNS also has 5 clinical

testing domains: light touch sensation, pin sensibility, vibration sensibility, strength,



and deep tendon reflexes. The Gilchrist 2013 study on the Ped-mTNS included
psychometric properties of the scale in patients aged 5 to 18 years [12]. This study
tested test-retest reliability by retesting 10 patients by the same investigator and 10
by another investigator with at least 1 hour between the tests and no new
chemotherapy given in this interval. The overall Chronbach alpha was 0.76, the
test-retest intra-class coefficient (ICC) was 0.99 (95% CI of 0.96-0.99) and inter-
rater ICC was 0.98 (95% CI of 0.95-0.99). Testing of validity showed that the

subjects scored significantly worse compared to controls (8.7 to 1.4, p<0.001).

Total Neuropathy Score Pediatric Vincristine

One of the four articles utilizing a modified TNS was the total neuropathy score
pediatric vincristine (TNS-PV) [8]. This study measured the worst subjective
symptom of tingling, numbness or neuropathic pain and rated them on a scale from
0 (no symptoms) to 4. It also measured vibration sensibility, temperature
sensibility, strength, tendon reflexes, constipation and hoarseness, also on a 0 to 4
scale by trained evaluators. Neuropathic pain was also measured in this study using
the FACES pain scale. The study measured interrater reliability by using the scale
on the same patient twice in the same day. The Chronbach alpha for the scale as a
whole was 0.84 showing internal consistency reliability. There was strong
correlation between the TNS-PV score the total vincristine dose received by the

patient.

Neuropathy Symptom Score



The final article was a patient reported outcome in diabetic patients aged 8 to 18
years [13]. The neuropathy symptom score asks patients about burning, numbness,
tingling, fatigue, cramping, or pain in the legs, nocturnal exacerbation of signs, and
any maneuver that reduced the signs. The scoring included detailed neurologic
exam as well as nerve conduction studies. There was no evaluation of reliability,

validity or responsiveness of the scale described in the study.
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Discussion:

In this systematic review, we identified five articles describing patient reported
outcomes of neuropathy in pediatric and adolescent patients. Four of the five
described a pediatric modification of the Total Neuropathy Score, and one study
evaluated the Neuropathy Symptom Score. The Neuropathy Symptom Score article
did not describe any psychometrics of this instrument that was modified for
pediatrics, and thus cannot be considered a validated scale for measuring

neuropathy in pediatrics.

The total neuropathy scoree has been modified for pediatrics in the Ped-mTNS and
the TNS-PV. Both scales have a patient reported component for sensory, functional
and autonomic neuropathy symptoms, as well as an objective component that
measures strength, deep tendon reflexes, temperature and vibration sensitivity and
others. The objective measures require fairly extensive assessment and are not
overly conducive to all clinical settings. These tools as well have only been used in
very small numbers of patients, and were administered only after professionals
received training on measuring the objective component [8] or by a physiotherapist

[6, 12, 14].

Based on our findings, an instrument consisting solely of a patient-reported
neuropathy instrument has not been developed for pediatric populations. As this is
a symptom that is known to impact quality of life in survivors of cancer therapy [2,

7, 15], it is prudent to measure it effectively in the population of patients

11



experiencing this symptom. Amongst adults, the Gynecologic Oncology Group
(GOG) has developed a patient reported outcome measure for neuropathy (the
“FACT/GOG-NTX"”) [16]. This measure is a 4 to 13 item PRO measure describing
neuropathy symptoms ranging from numbness, tingling, discomfort, weakness and
hearing loss. There are no objective elements in this scale. This may be a promising
instrument to evaluate for reliability and validity in a pediatric population as the
items appear to be applicable in this age range. If it is not valid and discriminant in
the pediatric population, then future work should be undertaken to develop an
effective scale for this population. Ultimately, pediatric and adolescent age-
appropriate PROs to assess neuropathy may facilitate better understanding of its
impact on overall well-being, in turn informing interventions and improving clinical

care.
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Figure 1 - Flow diagram of study identification and selection
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Table 1 - Summary of Patient Reported Outcome Measures of Neuropathy in Pediatrics

Language Age Patients Enrolled . L. .
r .. Name of |How - Number .. Number Psychometric Participant Analysis
Administe Participants . Timing . . .
Instrument/Completed participants Assessments Evaluation Bias Bias
ALL within 2 wk DI, SILL] Withhin 2wk 1 g’r Ped'lmT,NtS'
. , lymphoma, y oncologis
Gilchrist| 2014(English Ped-mTNS |In person ibli_r;%an Ly;?féll\?rsn\i;i:}?ilild& 4 S(?n;pfi(ejte d solid non-CNS for review
e within 3-4 mos neuro
mos start chemo start chemo signs/symptoms|"One
mentioned Low Moderate
1 but 10 retested
ALL, Lymphoma, |by same
ALL, Lymphoma, non-CNS solid, VCR |investigator and
non-CNS solid, VCR or cisplat, 2 wk 10 by another
or cisplat, 2 wk from fromend Dlor2 |investigator, 1
end DI or 2 mos after |66 - 60 mos after start hour between
Gilchrist | 2013|English Ped-mTNS |Inperson [9.56%+3.1 [start chemo completed |chemo tests Yes Low Low
Neuropathy
Symptom Diabetes>1 year, Diabetes>1 year, none
Holiner | 2013|English Score In person 13.8+2.5| insulin >0.5iu/kg/d 39|insulin >0.5iu/kg/d |1 assessment mentioned Moderate  |High
Baseline and day
Lavoie- ALL receiving ALL receiving each subsequent
Smith 2013|English TNS-PV In person 6.38+4.4 vincristine 65|vincristine VCR, to week 15 |Yes High Low
ALL, lymphoma,
ALL, lymphoma, non- non-CNS solid, 30
CNS solid, 30 day| day from start
from start chemo chemo with VCR or
with VCR or cisplat cisplat or stop
or stop chemo within chemo within 2 none
Gilchrist | 2009|English Ped-mTNS |In person 10.614.7 2 months 20|months 1 assessment mentioned Moderate  |Moderate
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Appendix 1 - Full Search Strategy

# Searches Results

1 exp neoplasms/ or exp antineoplastic agents/ 3215865

2 (neoplafm* or neoplas** or cancer* or oncolog* or tumor* or 3368734
tumour* or transplant*).mp.

3 Antineoplastic Combined Chemotherapy Protocol*.mp. 112772

4 (Cisplatin or Induction Chemotherapy or Lymphoma or 222600
Neoplasms or Neurotoxicity Syndrome*).ti,ab.

5 Chemotherap*.ti,ab. 273747

6 Neurologic Examination.ti,ab. 2687

7 patient outcome assessment/ 1462

8 (prom or (patient* adj2 outcome* adj2 (assessment® or research*® 2669
or questionnaire*))).ti,ab.

9 Questionnaires/ or (questionnaire® or survey®).ti,ab. 757262

10 instrument*.ti,ab. 179337

11 (scale or scales).ti,ab. 423222

12 self report/ or ((patient* or self) adj2 report*).ti,ab. 175792

13 psychometrics/ or psychometric*.ti,ab. 68053

14 evaluation studies as topic/ or "reproducibility of results”/ or 618527
validation studies as topic/ or "Sensitivity and specificity”/

15 Self-Assessment/ 10771

16 (((Patient* or self) adj2 (evaluat* or apprais*)) or "self-apprais* 77744
or self-evaluat*”).ti,ab.

17 (evaluation studies or validation studies).pt. 272094

18 EORTC CIPN-20.mp. 2

19 FACT GOG.mp. 31

20 Total Neuropathy Scale.mp. 2

21 EORTC.mp. 5110

22 nerve conduction stud*.mp. 3578

23 Electric Stimulation.ti,ab. 3512

24 Median Nerve.ti,ab. 7553

25 Neural Conduction.ti,ab. 263

26 Peripheral neuropath®.ti,ab. 14240

27 Precursor Cell Lymphoblastic Leukemia-Lymphoma.mp. 21022

28 Vincristine.ti,ab. 15444

29 (;hild or child* or "school-child*" or kindergar* or kid or 998308
kids).ti,ab.

30 (boy* f)r girl* or minor or minors* or underag* or juvenil* or 426853
youth*).ti,ab.

31 (adoles* or ;cee.n* or puber* or pubescen* or prepubescen* or 213014
prepuberty*).ti,ab.

32 (pediatrics or pediatric* or paediatric* or peadiatric®).ti,ab. 218983

33 ("school-child*" or kindergar* or school* or preschool* or "pre- 206430
school*" or highschool* or "school-age" or schoolage®).ti,ab.

34 (youth* or "young adult*" or (young adj2 adult*)).ti,ab. 102594

35 infant/ or infant, newborn/ 977407

36 Interviews as Topic/ or interview*.ti,ab. 236956

37 diary/ or (diary or diaries).mp. 15626

38 exp Peripheral Nervous System Diseases/ 122177

39 Antineoplastic Combined Chemotherapy Protocols/ 112766

40 Cisplatin/ 42883

41 Induction Chemotherapy/ 1003

18



42 Lymphoma/ 45810
43 Neoplasms/ 318069
44 Precursor Cell Lymphoblastic Leukemia-Lymphoma/ 21020
45 Vincristine/ 21046
46 Antineoplastic Agents/ 209750
47 Neurotoxicity Syndromes/ 3598
48 Hemoglobin A, Glycosylated/ 25011
49 Electric Stimulation/ 107792
50 Median Nerve/ 8636
51 Neural Conduction/ 26297
52 Neurologic Examination/ 24934
53 1or2or3or4or5or27or28or39or40or41 or42or43or44 4100079
or 45 or 46 or 47 or 48 [Concept 1 - Cancer/Clinical terms]
54 26 or 38 [Concept 2 - Peripheral Neuropathy terms] 127856
55 29 or 30 or 31 or 32 or 33 or 34 or 35 [Concept 3 - Age limits] 2226039
6or7or8or9or10or11or12or13or14or15o0r 16 or 17 or
56 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 49 or 50 or 51 or 52 | 2363726
or 36 or 37 [Concept 4 - Instrument terms]
57 53 and 54 and 55 and 56 560
58 limit 57 to (english language and humans) 494
Measuring vincristine-induced peripheral neuropathy in children
with acute lymphoblastic leukemia.mp. [mp=title, abstract,
59 original title, name of substance word, subject heading word, 1
keyword heading word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier]
60 58 and 59 1
(The pediatric modified total neuropathy score: a reliable and
61 valid measure of chemotherapy induced peripheral neuropathy 1
in children with non CNS cancers).m_titl.
62 58 and 61 1
Validity of the neurological examination in diagnosing diabetic
peripheral neuropathy.mp. [mp=title, abstract, original title,
63 name of substance word, subject heading word, keyword 1
heading word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier]
64 58 and 63 1
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