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Abstract

In children who receive neurotoxic chemotherapy, peripheral neurotoxicity occurs frequently,
necessitates dose reduction or treatment cessation, and affects function and long-term quality of
life. No treatments exist for peripheral neurotoxicity and few assessment measures are specific to
children. We did a systematic review to analyse the published literature concerning the evaluation
of assessment measures for paediatric chemotherapy-induced peripheral neurotoxicity. We
searched PubMed, CINAHL, PsycINFO, and Embase on Nov 7-8, 2018; of 1409 articles, seven
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met the inclusion criteria. A total of 335 children (excluding ten healthy controls) were enrolled in
the seven studies and the sample sizes ranged from 17 to 86 individuals. 276 (82%) of the 335
children were actively undergoing chemotherapy treatment. Most studies did not comprehensively
evaluate the psychometric properties of assessment measures for chemotherapy-induced peripheral
neurotoxicity. By use of a narrative analysis that combined approaches from the Joanna Briggs
Institute (Adelaide, SA, Australia) and the quality of diagnostic accuracy studies assessment
method (known as QUADAS), only one study was deemed high quality. We identified two variants
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of the Total Neuropathy Score, two grading scales, two semi-objective tests, one patient-reported
outcome, and several mobility measures. The National Cancer Institute Common Terminology
Criteria for Adverse Events and the Balis grading scales showed lower sensitivity and specificity
than the items of the Total Neuropathy Score. Although there is insufficient evidence to support
the use of most approaches to assess chemotherapy-induced peripheral neurotoxicity in children,
two variants of the Total Neuropathy Score, the pediatric-modified Total Neuropathy Score and the
Total Neuropathy Score-pediatric vincristine, are promising but require further testing. Other
approaches are less sensitive or less feasible. A patient-reported outcome measure for
chemotherapy-induced peripheral neurotoxicity in children is needed.

Introduction

Considerable advances in survival from childhood cancer have led to a substantial and
increasing population of childhood cancer survivors; therefore, considering the long-term
consequences of cancer treatment in childhood is crucial. Chemotherapy-induced peripheral
neurotoxicity (CIPN), a side-effect of cancer treatment affecting up to 78% of paediatric
patients receiving neurotoxic chemotherapy,! is associated with sensory, motor, and
autonomic nervous system dysfunctions with long-lasting effects on function, school
performance, and quality of life.1® Thus, understanding the clinical manifestations of CIPN
and identifying the best methods to monitor the development and progression of toxic effects
is important.

The manifestations of CIPN vary by chemotherapy type, treatment schedule, and cumulative
dosage, and can include numbness, tingling, neuropathic pain, and muscle weakness and
cramps, which generally affect the toes and fingers bilaterally first and then advance
proximally. Signs of autonomic dysfunction, such as constipation, urinary retention, and
orthostatic hypotension, are less common.1:37

Various neurotoxic drugs, which mainly cause moderate-to-severe sensory CIPN in 2-40%
of paediatric patients,” are used in the treatment of childhood cancers. Vinca alkaloids,
bortezomib, and thalidomide are mainly used to treat haematological malignancies.
Carboplatin, cisplatin, and, infrequently, oxaliplatin, paclitaxel, docetaxel, and ixabepilone,
are used to treat solid tumours. Clinical characteristics of CIPN vary by drug class. For
example, vinca alkaloids (eg, vincristine) cause moderate-to-severe sensory, motor, and
autonomic neuropathy (motor and autonomic symptoms are more frequent for this class of
drugs than for others) in up to 52% of patients.l:” Bortezomib-related CIPN is distinguished
by pronounced neuropathic pain due to damage to the small nerve fibres that transmit
painful stimuli to the CNS.8 Thalidomide, which is commonly used to treat both
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haematological malignancies and solid tumours and causes primarily a sensory axonal
polyneuropathy in adults, instead causes motor neuropathy in children.®-10

Some evidence suggests that CIPN might be more severe for children receiving concurrent
azole antifungal treatment,11-13 with pre-existing peripheral nerve disease, or who have a
genetic predisposition for CIPN than for paediatric patients without these factors,15-18
However, knowledge about the potential influence of risk factors on CIPN incidence,
severity, and long-term outcomes is lacking. Furthermore, important differences exist
between adult and paediatric CIPN. Unlike the clear evidence linking older age and
increased cumulative doses of neurotoxic chemotherapy to worse CIPN outcomes in adults,
19.20 the evidence in children is contradictory.>21-25

No effective treatments for paediatric CIPN have been found in the few clinical trials that
have been done;26-30 the only established strategies for the amelioration of CIPN are dose
reduction or dose cessation. The paucity of psychometrically strong CIPN measures specific
to children limits the rigour of studies that evaluate treatments for CIPN; previous reviews
have highlighted challenges to assessing CIPN in children.1:3:31.32 For example, children
might not have the language skills to describe numbness, tingling, and neuropathic pain.
Short attention spans, trepidation about impending cancer treatment procedures, and co-
occurring symptoms (eg, nausea and fatigue) can make it difficult for children to focus and
cooperate during neurological examinations. Furthermore, children’s more basic level of
reading comprehension limits the feasibility of the use of existing CIPN patient-reported
outcomes.3:31:32 These challenges create particular difficulties in assessing children younger
than 5 years of age.33 Other CIPN assessment methods, including nerve conduction studies
and quantitative sensory testing, are not appropriate for routine use in children, as these
assessments cause discomfort or require patient compliance. Available clinician-graded
scales often lead to underestimation of CIPN and are insensitive to change over time.33-35

Thus, research is needed to identify the best methods for the assessment of paediatric CIPN.
A reliable, valid, sensitive, responsive, clinically feasible, and age-appropriate gold standard
measure, which facilitates both objective and subjective assessments, is needed. Knowledge
of the current state of paediatric CIPN assessment will inform future standards of best
practice and research priorities. The purpose of this Review is to analyse the published
literature concerning the evaluation of assessment measures for paediatric CIPN that have
been specifically tested for evidence of several psychometric properties (appendix p 1).

Search strategy and selection criteria

The reporting of this systematic Review follows the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (known as PRISMA) criteria.38 On Nov 7-8, 2018,
GAK-L and CK searched PubMed, CINAHL, PsycINFO, and Embase for articles published
between the dates of database inception and Nov 8, 2018. Search terms included words and
phrases describing the population, problem of interest (eg, CIPN, neurotoxicity, and
neuropathic pain), measurement tools and surveys, and psychometric terminology. The full
search strategy is included in the appendix (p 2).
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Children and adolescents aged 0-18 years with CIPN comprised the target population;
control groups were included if the groups exposed to neurotoxic agents could be
independently analysed. We included articles if they discussed the development of an
instrument to measure paediatric CIPN or if they evaluated the psychometric properties of
such an instrument (appendix p 1). We excluded articles if they were not written in English;
were animal studies or basic science research (in vitro studies); were conference abstracts or
proceedings, case studies, expert opinions, correspondence, dissertations, or grey literature;
included patients without a cancer diagnosis; described patients who were not receiving or
had not received chemotherapy; and were not designed to assess the psychometric properties
of a paediatric CIPN instrument. We reviewed the titles and abstracts of studies identified in
the search against the inclusion and exclusion criteria. We assessed the full text of studies we
identified and included those that met all criteria in the Review.

Data extraction and analysis

Results

We assessed each article using a narrative analysis approach and the risk of bias using an
established method37 that combines Joanna Briggs Institute (Adelaide, SA, Australia)
recommendations for assessing associational, cross-sectional, and case-control studies,38-40
and the quality of diagnostic accuracy studies (QUADAS) assessment method.*! Two
reviewers (EMLS and one other reviewer per paper [GC, PA, or SP]) rated the eight Joanna
Briggs Institute characteristics (table 1), and three reviewers (EMLS, RS, and SP) rated the
seven QUADAS characteristics, in which a score of 0 means the characteristic is not shown
and a score of 1 means that the characteristic is shown (table 2). Summed QUADAS scores
from the three independent reviewers were averaged. An average score of 0-3 reflected poor
quality studies, 4-5 reflected moderate quality studies, and 6-7 reflected high quality
studies. Empirical evidence supports satisfactory inter-rater reliability (/=0-78) of the
QUADAS method to evaluate the quality of diagnostic accuracy studies.*!

Characteristics of included studies

We identified 1409 studies in the initial search. 1355 were excluded after a title and abstract
screen and the full text of 54 studies was assessed (figure). Seven studies met the full
inclusion and exclusion criteria and were included in the Review (figure; appendix pp 3-8).
Five of the seven studies used prospective cross-sectional or case-control designs; the other
two studies were longitudinal in design. Participants in the studies had a broad range of
cancer types, such as leukaemia, lymphoma, and solid tumours. A total of 335 children
(excluding ten healthy controls) were enrolled in the seven studies and the sample sizes
ranged from 17 to 86 individuals. 276 (82%) of the 335 children were actively undergoing
chemotherapy treatment. Two studies*24° included a mixed study population: patients who
had previously received neurotoxic chemotherapy and patients who were receiving
neurotoxic chemotherapy at the time of the study. One study** included only paediatric
survivors who had completed neurotoxic chemotherapy and four studies33-3543 included
children who were undergoing treatment at the time of the study. Several tools and measures
were analysed in these studies (panel 1).
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Paediatric variants of the Total Neuropathy Score

The pediatric-modified Total Neuropathy Score (ped-mTNS) is a composite measure of
eight neuropathy signs and symptoms. Three types of signs and symptoms are assessed via a
scripted interview: sensory (ie, numbness, tingling, and pain), motor (ie, difficulty buttoning,
zipping, walking, and managing stairs), and autonomic (ie, dizziness, and hot or cold hands
or feet).#2 Using semi-objective examination techniques, a trained clinician assesses light
touch, pin sensation, vibration perception, strength, and deep tendon reflexes. Each item is
scored from O to 4 and the eight item scores are summed (total score range=0-32). A higher
score reflects more severe symptoms, or more proximal extension of neurological deficits,
and scores more than or equal to 5 indicate the presence of CIPN when compared with
normal controls.3®

Four studies by Gilchrist and colleagues3#3542:43 assessed the psychometric properties of
the ped-mTNS. All four studies provided data describing validity, and two studies3>42
provided data describing reliability. At a single institution,3® 41 children and adolescents
(aged 5-18 years) with cancer and 41 gender-matched and age-matched control individuals
participated in a cross-sectional, descriptive study to examine the reliability (internal
consistency reliability, intrarater reliability, and inter-rater reliability) of ped-mTNS. Internal
consistency reliability was shown by a high Cronbach’s alpha coefficient (a=0-76). Results
from inter-item correlational analysis also provide evidence of internal consistency
reliability on the basis of moderate-to-strong individual item score correlations. Another
study*2 did not find adequate correlations for internal consistency among pin and vibration
sensibility and sensory symptoms, although motor symptoms, vibration sensibility, and
tendon reflexes were moderately correlated. Excellent intrarater (intraclass correlation
coefficient 0-99, 95% CI 0-96-0-99) and inter-rater (0-98, 0-95-0-99) reliability data were
reported in one study.3® Gilchrist’s four papers provide data regarding the construct validity
(ie, contrasting group validity, or convergent validity, or both) of ped-mTNS,34:35.42.43
Gilchrist’s earliest study#2 compared two different approaches for assessing vibration
sensitivity: a tuning fork and a biothesiometer. Convergent validity of the two approaches
was shown by moderately strong correlations of vibration sensibility at the finger (/=—0.72)
and toe plantar surfaces (/=—0-63). Another study3® reported that children receiving
neurotoxic chemotherapy had significantly worse ped-mTNS total scores than gender-
matched and age-matched controls (8:7 [SD 4-2] vs1-4 [0-9]; p<0-001). Although autonomic
symptoms and pin sensitivity did not differ between patients and healthy controls, the
authors opted to retain these items for clinical considerations. Two of the four studies3°43
provide evidence of convergent validity on the basis of statistically significant negative
associations among mean ped-mTNS and Bruininks-Oseretsky Test of Motor Proficiency-2
balance item scores. One study3® found no correlation between ped-mTNS total scores and
cumulative vincristine dosage. However, comparisons of ped-mTNS with cumulative
vincristine dosage might not be valid for paediatric psychometric studies because of the
variation in how children metabolise vincristine and the subsequent differences in systemic
drug exposure and blood concentration (area under the curve).18

Three of four studies343542 assessed the sensitivity of the ped-mTNS: the degree by which
individual items or total scores reflect the entire scoring ranges. All three studies illustrate a
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floor effect, which is an absence of scores at the top of the individual item (0-4) and total
score (0-32) ranges. When compared with the biothesiometer, results from one study#2
suggest that the tuning fork has better sensitivity to detect CIPN because the fork identified
four more patients with diminished vibration sensibility than the biothesiometer. Although
the sensitivity of the tuning fork was excellent (1-0), specificity was only moderate (0-6).
Another study34 provided strong evidence that the ped-mTNS is more sensitive than a
combined sensory and motor Common Terminology Criteria for Adverse Events (CTCAE)
score. Only one study*2 assessed the feasibility of the ped-mTNS for use in children aged 5—
18 years, finding that trained evaluators obtained results for all eight ped-mTNS-based
assessments from these children in less than 10 min.

One study32 assessed another paediatric variant of the Total Neuropathy Score for use in
children receiving vincristine: the Total Neuropathy Score-pediatric vincristine (TNS-PV),
which includes items quantifying vibration sensibility, muscle strength, deep tendon
reflexes, subjective autonomic symptoms, and distal to proximal extension of subjective
sensory and motor symptoms. The TNS-PV differs from the ped-mTNS variant in four
ways: (1) for assessing small nerve fibre function, temperature sensibility testing replaces
pin testing, which is particularly uncomfortable for younger children; (2) monofilament tests
of light touch are not included; (3) because constipation and laryngeal nerve paralysis
(causing hoarseness) are unique manifestations of vincristine-induced CIPN, two additional
items quantify these symptoms; and (4) there is no established cutoff point to differentiate
normal from abnormal scores. In one study33 at four sites, investigators recruited 65 children
(aged 1-18 years) with acute lymphoblastic leukaemia who were about to begin vincristine
treatment; TNS-PV assessments were done at baseline and at each vincristine treatment over
15 weeks, resulting in 806 assessments. Study findings provide moderately strong evidence
of the internal consistency and inter-rater reliability, construct validity, sensitivity,
responsiveness, and feasibility of TNS-PV for use in children aged six years and older. The
hoarseness and constipation items were not highly correlated with other TNS-PV items,
suggesting that measurements of hoarseness and constipation might be capturing symptoms
of medical problems unrelated to neurotoxicity. The average of just the vibration and
reflexes scores (providing a two-item V-Rex score) showed construct validity and superior
responsiveness when compared with the full TNS-PV. In contrast to the absence of
correlation between the ped-mTNS and CTCAE,3* the TNS-PV scores were moderately to
strongly correlated with both the CTCAE and Balis grading scale scores.

Grading scales

Two studies3334 assessed the National Cancer Institute’s CTCAE grading scale; one study33
also assessed the Balis grading scale. Gilchrist and colleagues3* assessed the convergent
validity of CTCAE version 3.0 via analysis of correlations with ped-mTNS scores.34 60
patients, aged 5-18 years, completed the ped-mTNS assessments and, within 24 h, a trained
rater derived CTCAE scores from patient medical records. No correlations between ped-
mTNS and combined motor and sensory CTCAE scores were found. The only ped-mTNS
item that moderately correlated with CTCAE motor scores was strength testing (/=0-43).
Smith and colleagues3? evaluated the convergent validity of CTCAE version 4.0 and Balis
grading scales via comparison with the TNS-PV and vincristine cumulative dosage and the
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area under the curve. Study findings were mixed; although the CTCAE and Balis scale
scores were moderately correlated with TNS-PV scores, only the CTCAE sensory and Balis
motor scales correlated with vincristine cumulative dose. No statistically significant
correlations with the area under the curve were found.

Sensitivity and specificity of the CTCAE were assessed in two studies.33:34 The CTCAE
version 3.0 had lower sensitivity and specificity than did ped-mTNS’s light touch and
manual strength testing.3* Specifically, 16 (84%) of 19 patients who received a combined
sensory and motor CTCAE score of 0 showed evidence of CIPN on the basis of their ped-
mTNS scores (ie, score =5). The sensory CTCAE did not detect sensory neurotoxicity in 24
(40%) of 60 patients and did not detect motor neurotoxicity in 9 (15%) of 60 of patients.
Because of these findings, the authors suggested that the sensitivity of the ped-mTNS to
detect subtle CIPN is superior to that of the CTCAE.3* Smith and colleagues33 also reported
that only the Balis motor grading scale showed evidence of sensitivity by capturing scores
encompassing the entire 04 range. Empirical evidence of grading scale responsiveness is
scant; results from only one study33 suggest that the CTCAE sensory scale is responsive to
change in neuropathy signs and symptoms over time.

Objective assessments

One study published by Lieber and colleagues** evaluated objective approaches for the
assessment of CIPN in children. This dual site, cross-sectional, observational study
compared quantitative sensory testing to nerve conduction studies and CIPN pain assessed
by a questionnaire in 46 patients with acute lymphoblastic leukaemia (aged 6-18 years) at a
mean of 3.2 (SD 2.5) years after treatment with more than 12 mg/m? of vincristine.
Assessment was based on a five-item ped-mTNS, nerve conduction studies (only nerve
conduction velocity in the median and sural sensory nerves), and quantitative sensory
testing.#6:47 The researchers excluded light touch, pinprick, and vibration sensation items
from the eight-item ped-mTNS because these CIPN characteristics were assessed by use of
quantitative sensory testing. Sensitivity and specificity of the variables of quantitative
sensory testing and ped-mTNS were assessed via comparison to sensory nerve conduction
studies. The researchers interpreted scores on the basis of published reference standards for
nerve conduction velocity and quantitative sensory testing in an age-matched and gender-
matched healthy control cohort.

Mean scores for several variables of quantitative sensory testing from the patients with
leukaemia were worse than published mean reference scores from healthy controls (p range
for the difference 0-019 to <0-0001), showing construct and contrasting group validity. The
quantitative sensory testing variables of vibration and light touch detected 86% and 57% of
patients with slowed nerve conduction velocity, showing the sensitivity of quantitative
sensory testing to detect true abnormalities, although the reduced ped-mTNS did not detect
decreased nerve conduction velocity.

FACES pain scale

Only one patient-reported outcome measure for assessing painful neurotoxicity has been
tested: the FACES Scale.33 In Smith and colleagues’ study,33 FACES scores were collected

Lancet Haematol. Author manuscript; available in PMC 2021 May 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Smith et al.

Page 8

repeatedly over 15 weeks in 65 children with acute lymphoblastic leukaemia who were
receiving vincristine. Scores reflected the entire 0-5 range, but the mean score was low
(0-19, SD 0:70). FACES scores moderately correlated with the TNS-PV neuropathic pain
distal to proximal extension item, but not with cumulative vincristine dose or the area under
the curve. Furthermore, the FACES scale was not responsive to change over time, perhaps
because of the low incidence of painful neurotoxicity (948 [91-4%] of 1037 pain
assessments done by patients reported no pain over the 15 weeks). FACES scores were
obtainable in nearly all children, regardless of age.

Mobility measures

One cross-sectional, case-control study?® evaluated assessments of CIPN-associated
mobility by use of data from instrumented three-dimensional motion analysis and
simultaneous surface electromyography of the gastrocnemius and tibialis anterior muscles.
Gait characteristics of 17 children aged 5 years and older who had been treated with
vincristine for acute lymphoblastic leukaemia, and showed signs of CIPN according to the
CTCAE, were compared with assessments from ten healthy controls. Although the
researchers did not intend to assess the psychometric properties of these methods, data
comparisons with healthy controls allowed assessment of contrasting group construct
validity. The individuals did a minimum of six barefoot walking trials along a walkway of 8
m. A three-dimensional motion analysis camera and software system recorded each trial,
and surface electromyography data were collected simultaneously. Several additional
methods, such as goniometer assessments of passive ankle dorsiflexion range of motion,
physical strength examinations, and the unipedal hopping test, quantified gait and
movements. When compared with healthy controls, children with CIPN had a spectrum of
electromyography, kinematic, kinetic, and temporal spatial deviation throughout the gait
cycle (eg, shorter step length, less dorsiflexion and plantar flexion, decreased hip extension
and peak knee flexion, atypical timing of electromyography activity, and excessive
gastrocnemius and tibialis coactivation). Contrasting group validity was supported; several
tests showed statistically significant differences between the two groups.

Quality assessment

Based on the Joanna Briggs Institute (table 1) and QUADAS (table 2) quality assessments of
the seven papers included in this Review, insufficient evidence supports the use of most
approaches to assess paediatric CIPN. The strongest evidence is reported in two papers33:35
with the highest Joanna Briggs Institute and QUADAS scores; the researchers used rigorous
research methods and tested numerous psychometric properties of two variants of the Total
Neuropathy Score. However, the five studies33-354243 that analysed variants of the Total
Neuropathy Score, four of which are of low-to-moderate quality, have several limitations,
suggesting that further psychometric testing is warranted before clinicians and researchers
consider the ped-mTNS or the TNS-PV as a gold standard measure.

Discussion

Robust assessment tools designed specifically to detect treatment toxicities in children are a
necessary step to improve identification of CIPN in routine clinical practice and in
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intervention trials. Current evidence suggests that the ped-mTNS and the TNS-PV are the
most promising assessment tools; however, these scores are not yet gold standard measures
of CIPN. Grading scales (eg, the CTCAE) do not have high sensitivity. Other tools and
approaches described in this Review (ie, the FACES scale, quantitative sensory testing, and
mobility measures) have not been adequately tested and might not be feasible for routine
use, particularly in young children (ie, aged <5 years). Future research is needed to expand
the scope of testing for the variants of the Total Neuropathy Score, with attention to further
shortening the length of, or reducing the number of items in, the measures. In addition, a
simple patient-reported outcome measure for CIPN is sorely needed.

The generalisability of the overall findings from the five studies33-35:42:43 that analysed
variants of the Total Neuropathy Score is limited by the small sample sizes, which ranged
from 20 to 86 participants, and the fact that four of five studies3#354243 were done at a
single institution and all five predominantly only assessed vincristine CIPN. Four of the five
did not have control group comparisons.33:344243 |ntrarater (test-retest) and inter-rater
reliability results33:35 should be interpreted carefully because of the short time interval (<1
h) between the two tests: patients’ recall of initial answers and scores probably informed
answers given during the second assessment, resulting in high intraclass correlation
coefficients. In one study,3° independent rtests (instead of the preferred paired ¢tests) were
used to evaluate differences between matched cases and controls, which might have
compromised statistical validity.*® The cross-sectional designs used in four of the five
studies34:35:42.43 |imit the evaluation of whether the paediatric variants of the Total
Neuropathy Score are responsive to change in neuropathy over time and thus are good tools
for use in intervention studies. Not controlling for additional confounding variables also
could have threatened the internal validity of these studies. The researchers did not take into
account the potential influence of obesity,2° steroid-induced myopathy, and genetic
determinants of risk for vincristine neurotoxicity.184% Moreover, obtaining accurate reports
of pain, numbness, tingling, and pin and vibration sensations from children is often
challenging because of competing distractions (eg, other distressing symptoms, noise, and
sibling activity), cognitive limitations related to age and developmental stage, and the
children’s anxiety about impending scheduled events (eg, painful procedures).

Despite the limitations and some mixed findings of the identified studies, moderately strong
evidence supports the reliability and construct validity of the ped-mTNS. However, floor
effects limit the sensitivity of this tool and item rescaling might improve performance. Very
little evidence supports the responsiveness of the ped-mTNS to changes in neurotoxicity.
One study®0 that did not meet the eligibility criteria for inclusion in this Review provides
data that could be used to support the ped-mTNS’s responsiveness to change. However, this
study was not specifically designed to test psychometric properties, and, consequently, the
researchers did not do analytical tests (ie, Cohen’s dj, or use empirical evidence to support
conclusions about responsiveness based on an a priori hypothesis. Furthermore, little
evidence indicates that the measure is feasible for use outside research intensive
environments. As for the TNS-PV, only one study33 evaluated numerous psychometric
properties and provided moderately strong evidence supporting the use of this measure. No
evidence supports the appropriateness of these variants of the Total Neuropathy Score for
quantifying neurotoxicity caused by drugs other than vincristine. Before the ped-mTNS and
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the TNS-PV can be considered gold standard paediatric measures of CIPN, stronger
psychometric evidence from longitudinal, case-control studies that use larger and more
diverse populations is needed.

Given that five studies33-354243 tested two similar Total Neuropathy Score variants for use
in children, it is tempting to recommend, on the basis of the collective psychometric
evidence, that either variant could be used. However, because each variant uses different
items and provides a slightly different summary of neurological deficits, these variants are
not directly comparable. For example, when compared with the ped-mTNS, the TNS-PV
does not quantify light touch sensation, assesses sensibility to temperature but not to
pinprick, and has additional items that evaluate constipation and hoarseness. Moreover, the
objective assessment techniques used in the ped-mTNS and the TNS-PV were different (eg,
biothesiometer vstuning fork for vibration sensation and different testing locations and
procedures for light touch, pin, strength, and tendon reflexes). Additional evidence from
larger and adequately powered, multisite studies of children with various cancers and types
of neurotoxicity is needed before these measures can be considered gold standards.
Furthermore, shorter variants of the Total Neuropathy Score that require less time and
training to administer than the full variant (eg, the V-Rex) will make objective CIPN
assessments more feasible.

This Review includes one high-quality study of the Balis grading scale and the CTCAE,33
and one low-quality study34 of solely the CTCAE. Unfortunately, these studies provide
insufficient and conflicting evidence of the psychometric properties of these grading scales.
Of note, the internal validity evaluated in the low-quality study3* was compromised by the
absence of prospective data collection. Furthermore, the single-site study design limited
external validity.34 Results from these two studies cannot be extrapolated to CIPN caused by
drugs other than vincristine. Although the researchers specifically tested the psychometric
properties of these grading scales, they also considered the CTCAE as the gold standard tool
to which variants of the Total Neuropathy Score were compared.33:34 Given the known
limitations of the CTCAE (based on studies of CIPN in adults),3751:52 these comparisons
should be interpreted cautiously.

Both grading scale studies provide evidence of poor sensitivity, but findings concerning
construct validity differ. Evidence from the low-quality study3* suggests that the CTCAE
has poor construct validity when compared with the ped-mTNS. The high-quality study33
provides evidence that the CTCAE and Balis scale have construct validity when compared
with the TNS-PV and that there is no correlation of the grading scales with vincristine
dosage or area under the curve. Based on these findings and those from previously published
reports describing grading scale limitations,37:°1:52 the CTCAE and Balis scales might be
most useful for obtaining crude CIPN measures within busy clinical settings, but should not
be used when more sensitive measures of subtle changes in symptom progression are needed
(eg, in intervention trials).

Study quality was low for two of three papers that reported on the strength of quantitative
sensory testing,4 the FACES pain scale,33 and several mobility assessments.#> A major
limitation of the study by Lieber and colleagues** is the study’s reliance on the testing of
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nerve conduction velocity, rather than nerve conduction amplitude. Vincristine-induced
CIPN, which mainly manifests as an axonopathy,>3>4 is characterised by greater reductions
in nerve amplitude than nerve velocity, which remains relatively well preserved. Also,
although motor CIPN is common in paediatric patients,>3 only sensory nerves were tested in
Lieber and colleagues’ study. For these reasons, any conclusions regarding the sensitivity
and specificity of quantitative sensory testing are probably inaccurate because the reference
assessment (nerve conduction velocity solely measured in sensory nerves) is not a
sufficiently valid indicator of vincristine-induced CIPN. Another considerable limitation of
this study was the use of an unvalidated reduced ped-mTNS, which omits all objective
sensory testing. Furthermore, the long battery of quantitative sensory testing requires patient
attention and cooperation, limiting the feasibility for use of these tests in children. The
internal and external validity of this study is lessened by an insufficient sample size.

Quantitative sensory testing and comprehensive mobility assessments might be impractical
for use in the paediatric population. Tests requiring specialised equipment or assessment
skills, like those described by Lieber and colleagues** and Wright and colleagues,*®> make
routine assessments less feasible. Furthermore, these tests can be uncomfortable for patients.
If additional appointments with a specialised provider are required, these tests will cause
children to take additional time away from school and will increase the cost of care. Given
the complexity inherent in the three-dimensional motion analysis and other mobility
assessments, children who are anxious or feeling unwell because of various cancer-related
and treatment-related side-effects might not be able to focus on or tolerate the tests.

The one high-quality study33 of the FACES scale did not have a strict control for pain not
related to CIPN and has little generalisability beyond vincristine neurotoxicity. Given the
numerous limitations of the low-quality study by Wright and colleagues,* the use of three-
dimensional motion analysis and surface electromyography cannot be recommended as
reliable and valid measures of gait abnormalities associated with CIPN. Other limitations of
the study by Wright and colleagues®® include the cross-sectional design, use of an
insensitive CIPN screening measure (CTCAE) and poor methodological and statistical
methods (eg, small sample size, no power analysis, and no details regarding assessor training
and fidelity procedures), and the absence of a control for confounding variables. Moreover,
routinely obtaining an extensive battery of mobility measures in young children might not be
feasible.

Unfortunately, a paediatric patient-reported outcome measure for CIPN is not yet available.
55 A major barrier to developing patient-reported outcome measures is that symptoms of
numbness, tingling, and neuropathic pain are difficult for children to describe, and parental
proxy assessments might be invalid. Variants of the Total Neuropathy Score provide
important objective assessments of early preclinical signs in trials testing interventions for
the prevention of CIPN, but these tools do not adequately quantify the patients’ symptoms.
Also, testing the psychometric properties of a patient-reported outcome measure might be
problematic. For example, obtaining valid intrarater reliability data can be difficult because
patients’ symptoms are not static. Evidence suggests that CIPN severity might fluctuate
throughout treatment cycles, while ultimately becoming increasingly severe over time.>:%6
Furthermore, the severity of CIPN can vary from hour to hour or day to day. Obtaining
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multiple assessments over several days is the best approach to obtain valid data, albeit
challenging to put into operation.

For children who can read and verbally describe subjective symptoms, the ideal patient-
reported outcome measure would quantify subjective numbness, tingling, and pain by use of
simple words and fun assessments that are age appropriate and based on tasks. However,
patient-reported outcome measures are not feasible for use with children who are too young
to read or provide descriptions of their signs and symptoms. For this population, one study33
provides evidence supporting the use of the V-Rex, which is an abbreviated version of the
Total Neuropathy Score for quantifying objective indicators (ie, vibration sensibility and
tendon reflexes). Moreover, the ideal patient-reported outcome measure would also be easy
and inexpensive to administer, could be used alongside an abbreviated Total Neuropathy
Score when a more comprehensive assessment is needed, and would not involve
uncomfortable or complex testing procedures, nor require specially trained assessors or
equipment. Such an easily administered tool could facilitate routine and rapid assessments
by oncology nurses during chemotherapy infusions.

Conclusion

Very few high-quality studies have comprehensively tested the psychometric properties of
tools for assessing CIPN in children receiving neurotoxic chemotherapy. Given the negative
influence of CIPN on general health, normal development, and quality of life for a growing
number of paediatric cancer survivors, the identification of effective CIPN measures is
sorely needed. Without strong measures, future CIPN intervention studies that can identify
ways to cure or mitigate CIPN will not be possible. To advance the science of paediatric
assessments quickly and rigorously, we suggest a large international collaboration to assist
with putting our recommendations into operation. These recommendations (panel 2) involve
doing large scale validation and feasibility studies of existing and newly developed tools for
CIPN assessment for use within heterogeneous, paediatric populations.
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Refer to Web version on PubMed Central for supplementary material.
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Panel 1: Tools and measures analysed in the selected studies

. Two paediatric variants of the Total Neuropathy Score: pediatric-modified
Total Neuropathy Score34:3542:43 and the Total Neuropathy Score-pediatric
vincristine33

. Two grading scales: the National Cancer Institute Common Terminology
Criteria for Adverse Events (known as NCI CTCAE)33:34 and the Balis
grading scale33

. Two objective assessments: nerve conduction and quantitative sensory
testing®

. The FACES pain scale33

. Several mobility measures (eg, gate deviation index and passive ankle
dorsiflexion range of motion)*®
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Panel 2: Future directions for the assessment of chemotherapy-induced
peripheral neurotoxicity (CIPN) in children

Because of the insufficient evidence supporting the use of most approaches for the
assessment of paediatric CIPN, we provide the following recommendations for future
research:

. To gauge their suitability as gold standard assessment tools for paediatric
CIPN for various age groups, examine the psychometric properties and
feasibility of the Total Neuropathy Score variants—pediatric-modified Total
Neuropathy Score and Total Neuropathy Score-pediatric vincristine—in large,
adequately powered, multisite studies in diverse paediatric populations with
varied cancer diagnoses and neurotoxic drug exposures

. Examine the responsiveness of assessment tools over time via prospective
studies during active treatment to enable the identification of the measures
best suited to early identification of toxic effects

. Develop a patient-reported outcome measure that is age appropriate for
routine clinical use with children with basic reading and verbal skills

. Use appropriate reference standards (such as Total Neuropathy Score variants
or sensory and motor nerve conduction studies) for psychometric validation
studies

. Further test the short-form variants of the Total Neuropathy Score, such as the

V-Rex, that require less time and training to administer than the full variant,
and can be used to obtain objective assessments in very young children who
cannot yet read or verbally describe their symptoms
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798 records identified

132 records identified

40 records identified

890 records identified

through PubMed through CINAHL through PsycINFO through Embase
—>| 451 duplicates excluded |
v
1409 records after duplicates removed
1409 screened for title and abstract eligibility
—){ 1355 records excluded because of ineligibility
v
54 full-text articles screened for eligibility
47 articles excluded
14 patients aged 19 years or older
10 conference abstracts or proceedings
2 case studies, expert opinions,
correspondence, dissertations, grey
—] literature
1 no cancer diagnosis
2 patients not receiving or have not received
chemotherapy
18 no chemotherapy-induced peripheral
neuropathy measurement
h 4
7 articles included in systematic review
Figure:

Flowchart of article selection process
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