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ABSTRACT: Vincristine-induced petipheral neuropathy (VIPN) is a frequent
treatment-related complication of pediatric acute lymphoblastic leukemia (ALL), but its
relationship with fine motor function across treatment phases remains unclear. This
systematic review synthesized evidence on the association between vincristine-related
peripheral neurotoxicity and fine motor function in pediatric ALL, with particular
attention to maintenance chemotherapy. MEDLINE via PubMed, Scopus, and
Dimensions were searched from inception through August 22, 2026, supplemented by
backward reference screening and forward citation tracking. Eligible studies reported
cither directly measured chemotherapy-induced petipheral neuropathy/VIPN ot
vincristine exposure together with an extractable fine motor outcome. Evidence was
classified as direct neurotoxicity assessment (Tier 1) or vincristine dose, schedule,
frequency, or timing (Tier 2), appraised using design-specific Joanna Briggs Institute tools,
and synthesized narratively. Of 168 records identified, seven reports representing six
unique cohorts were included. Fine motor abnormalities were reported during active
treatment, maintenance, post-treatment follow-up, and long-term  survivorship.
Associations between directly measured neuropathy and fine motor function were
inconsistent, while cumulative vincristine exposure generally showed no clear dose—
response relationship with fine motor performance. Manual dexterity and coordination
deficits could persist despite relatively preserved broader fine motor composite scores.
Directly measured neurotoxicity and vincristine exposute should therefore be regarded as
related but distinct constructs. Paired assessment of peripheral neurotoxicity and domain-
specific fine motor function may improve characterization of treatment-related functional

impairment across the ALL treatment continuum.

Acute lymphoblastic leukemia (ALL) is the most frequently diagnosed childhood malignancy, and contemporary treatment has

raised survival to approximately 90% in many high-resource settings, increasing the importance of treatment-related morbidity

during and after therapy [1,2]. Vincristine remains a mainstay of multiagent ALL chemotherapy but can produce vincristine-

induced peripheral neuropathy (VIPN), a form of chemotherapy-induced peripheral neuropathy (CIPN) involving both motor

and sensory nerve dysfunction [3].

VIPN can emerge early during treatment and may persist despite subsequent reduction in vincristine exposure. In a multicenter

longitudinal study of children with B-ALL, CIPN was already prevalent at the end of consolidation and remained detectable

during maintenance and 12 months after therapy, with little evidence that reducing vincristine frequency eliminated most

neuropathic abnormalities [4]. Prospective clinical and neurophysiological studies similarly indicate that vincristine produces an

eatly, predominantly motor sensorimotor neuropathy, with abnormalities detectable during treatment and persisting in some
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children at follow-up [3,5]. Across pediatric cancers, CIPN has also been associated with functional limitations including
impaired manual dexterity and motor proficiency [0].

Fine motor performance is particularly relevant in childhood because manual dexterity, precision, and coordination contribute
to object manipulation, self-care, handwriting, and school-related activities [7]. Among children with ALL receiving
maintenance chemotherapy, upper-limb coordination and the manual coordination composite have been reported below age-
and sex-referenced norms [8]. A broader scoping review likewise found fine motor limitations during treatment and after
treatment completion, although assessment methods and findings varied substantially across studies [7]. More recent off-
therapy data reinforce this heterogeneity: overall fine motor performance was comparable with normative values, whereas
manual dexterity and manual coordination remained significantly impaired [9].

Previous reviews have examined fine motor difficulties in pediatric ALL, the relationship between CIPN and broader physical
function across pediatric cancers, and the clinical manifestations, risk factors, and management of vincristine-induced
neurotoxicity in ALL [6,7,10]. These reviews address overlapping but distinct questions. A focused synthesis of whether the
presence or severity of vincristine-related peripheral neurotoxicity is associated specifically with fine motor performance in
pediatric ALL, and how this relationship varies across treatment phases, remains limited. This systematic review therefore aimed
to synthesize evidence on the association between vincristine-related peripheral neurotoxicity and fine motor function in

children and adolescents with ALL across treatment phases, with particular attention to maintenance chemotherapy.
2. MATERIALS AND METHODS
2.1 Protocol and reporting

This systematic review was conducted and reported in accordance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 statement [11]. Because substantial clinical and methodological heterogeneity was
anticipated, reporting of the narrative synthesis was additionally informed by the Synthesis Without Meta-analysis (SWiM)
guideline [12]. The review protocol was prospectively registered in the International Prospective Register of Systematic Reviews
(PROSPERO; CRD420261490843).

2.2 Review question and eligibility criteria

The review examined the association between vincristine-related peripheral neurotoxicity and fine motor function in children
and adolescents with acute lymphoblastic leukemia (ALL) across treatment phases. Eligibility criteria were defined using a
modified Population—Exposure—Comparator—Outcome (PECO) framework (Table 1).

Table 1. PECO framework and eligibility criteria

Component Eligibility criterion

Population Children and adolescents diagnosed with ALL; adult survivors were eligible when ALL had been
diagnosed and treated during childhood

Primary exposure Ditectly measured CIPN/VIPN using a validated neuropathy scale, clinical/neutological

examination, quantitative neurological assessment, or electrophysiology

Secondary Cumulative vincristine dose, administration frequency, treatment schedule, or timing relative to
exposure vincristine administration
Comparator Lowet/no neuropathy; lower vincristine exposure; alternative vinctistine schedule;

healthy/normative controls; or within-participant longitudinal compatison. A separate comparator

was not mandatory

Primary outcome Fine motor function/manual dexterity
Other eligible fine Fine motor precision, fine motor integration, manual coordination, upper-limb coordination,
motor domains handwriting, drawing performance, and objectively measured hand function
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Treatment phase Any phase of treatment or follow-up, including induction, consolidation, delayed
intensification/reinduction, maintenance, end of therapy, and survivorship

Principal subgroup | Maintenance chemotherapy

Eligible study Randomized or non-randomized clinical studies, prospective or retrospective cohort studies,
designs analytical cross-sectional studies, case-control studies, and case series with extractable exposure—
outcome data

Main exclusions No eligible neurotoxicity/vincristine exposute; no extractable fine motor outcome; mixed cancer
population without separately extractable ALL data; case reports; reviews; editorials; insufficient

conference reports; animal studies

Publication date No restriction

Language at search | No language filter applied
stage

Abbreviations: ALL, acute lymphoblastic leukemia; CIPN, chemotherapy-induced peripheral neuropathy; PECO, Population—
Exposure—Comparator—Outcome; VIPN, vincristine-induced peripheral neuropathy.

Eligible populations included children and adolescents with ALL and adult survivors who had been treated for ALL during
childhood. The primary exposure was directly measured chemotherapy-induced peripheral neuropathy (CIPN) or vincristine-
induced peripheral neuropathy (VIPN), assessed using clinical, neurological, quantitative, or electrophysiological methods.
Vincristine cumulative dose, administration frequency, treatment schedule, and timing relative to vincristine administration

were considered secondary exposure measures.

The primary outcome was fine motor function or manual dexterity, including fine motor precision, fine motor integration,
manual coordination, handwriting, drawing, and objectively assessed hand function. Studies conducted during any treatment or

follow-up phase were eligible, with maintenance chemotherapy prespecified as the principal subgroup of interest.

Eligible study designs included clinical studies, cohort studies, analytical cross-sectional studies, case-control studies, and case
series with extractable exposure—outcome data. Studies involving mixed pediatric cancer populations were eligible only when
ALL-specific data could be extracted separately. Studies were excluded if they lacked an eligible neurotoxicity or vincristine
exposure measure, did not assess fine motor outcomes, reported only gross motor or general physical function, or were case

reports, reviews, editorials, insufficient conference reports, or animal studies. No publication-date restriction was applied.
2.3 Information sources and search strategy

MEDLINE via PubMed, Scopus, and Dimensions were searched from inception through August 22, 2026. Database searching
was supplemented by backward reference screening and forward citation tracking (Table 2). Search strategies combined
controlled vocabulary and free-text terms related to ALL, pediatric populations, vincristine-related peripheral neurotoxicity,
and fine motor function. Fine motor search terms included manual dexcterity, manual coordination, handwriting, pegboard, BOT-2, and
Movement Assessment Battery for Children. Broader combinations of ALL and fine motor terms were used in Scopus and Dimensions
to maximize sensitivity, with exposure eligibility confirmed during full-text review. “Maintenance” was not required as a search
term because studies from all treatment phases were eligible. No publication-year, language, study-design, document-type, or
open-access filters were applied. Complete database-specific search strategies are provided in Supplementary Table S1.

Table 2. Information sources and search yield

Database/source Search field Coverage Search Records
date identified
MEDLINE via PubMed MeSH and title/abstract Inception—August August 22, 32
22, 2026 2026
1040
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Scopus Title, abstract, and keywords Inception—August August 22, 48
22,2026 2026

Dimensions Title and abstract Inception—August August 22, 88
22,2026 2026

Total database records — — — 168

Backward reference Reference lists of included studies — August 0

screening and relevant reviews 2026

Forward citation Citations to eligible reports — August 0

tracking 2026

2.4 Study selection and data extraction

After duplicate removal, two reviewers independently screened titles and abstracts and subsequently assessed potentially eligible
full-text reports. Disagreements were resolved through consensus or, when necessary, adjudication by a third reviewer. Reasons
for exclusion at the full-text stage were documented for the PRISMA flow diagram.

Two reviewers independently extracted study and participant characteristics, treatment phase, vincristine exposure,
neurotoxicity assessment, fine motor measures, comparator characteristics, statistical methods, effect estimates, measures of
precision, and relevant findings. Discrepancies were resolved by consensus. Reports arising from overlapping cohorts were

linked for cohort-level interpretation while retaining report-specific outcomes and avoiding participant double-counting.
2.5 Exposure classification

To distinguish clinically measured peripheral neurotoxicity from vincristine treatment exposure, evidence was classified into
two prespecified categories (Table 3).

Tier 1 included studies directly assessing CIPN or VIPN using neuropathy-specific clinical, neurological, quantitative, or
electrophysiological methods.

Tier 2 included studies evaluating vincristine cumulative dose, administration frequency, treatment schedule, or timing relative

to vincristine administration.

Studies reporting both constructs could contribute to both categories. However, vincristine exposure was not assumed to

represent the presence or severity of peripheral neuropathy.

Table 3. Operational classification of exposures for synthesis

Evidence Definition Examples of eligible measures Interpretation
category
Tier 1: measured | Direct clinical or Ped-mTNS/mTNS, structured sensory or | Represents presence or
CIPN/VIPN objective measurement motor examination, clinical CIPN severity of peripheral
of peripheral assessment, electrophysiological measures | neurotoxicity
neurotoxicity
Tier 2: Amount, frequency, Cumulative dose, dose frequency, Represents treatment
vincristine schedule, or timing of reduced versus standard schedule, timing | exposure; not assumed to
exposure vincristine treatment before/after vincristine administration equal neuropathy severity

Abbreviations: CIPN, chemotherapy-induced peripheral neuropathy; mTNS, modified Total Neuropathy Score; Ped-mTNS,
pediatric-modified Total Neuropathy Score; VIPN, vincristine-induced peripheral neuropathy.

1041
Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for
Human Health 9

elSSN: 2583-1194

2.6 Risk-of-bias assessment

Two reviewers independently assessed methodological quality using the Joanna Briggs Institute (JBI) critical appraisal tool
appropriate to each study design [13], as summarized in Table 4. Applicable items were rated as Yes, No, Unclear, or Not
Applicable, with attention to participant selection, validity of exposure and outcome measurement, control of confounding,

completeness of follow-up where applicable, and appropriateness of statistical analysis.

Disagreements were resolved through consensus or third-reviewer adjudication. Risk-of-bias findings informed interpretation

of the evidence but were not used as an automatic basis for study exclusion.

Table 4. JBI appraisal framework applied in the review

Study design/analytic structure JBI appraisal tool

Randomized treatment comparison JBI Critical Appraisal Checklist for Randomized Controlled
Trials

Prospective or retrospective longitudinal cohort JBI Critical Appraisal Checklist for Cohort Studies

Analytical cross-sectional association JBI Critical Appraisal Checklist for Analytical Cross-Sectional
Studies

Uncontrolled case series with analyzable JBI Critical Appraisal Checklist for Case Series

exposure/outcome data

Quasi-experimental comparison, if applicable JBI Critical Appraisal Checklist for Quasi-Experimental
Studies

Abbreviation: ]BI, Joanna Briggs Institute.
2.7 Data synthesis

Because the included studies differed substantially in treatment phase, neurotoxicity assessment, vincristine exposure, fine
motor instrument, and effect measure, narrative synthesis was prespecified as the primary synthesis approach, with SWiM

principles applied where appropriate [12].

Evidence was synthesized first according to exposure category (Tier 1 vs Tier 2) and subsequently according to treatment
timing, including active or intensive treatment, maintenance chemotherapy, post-treatment follow-up, and long-term
survivorship. For each report, the direction, magnitude, and precision of the exposure—fine motor association were considered

together with study design and risk of bias. Statistical significance was not used as a simple vote-counting criterion.

Comparisons with healthy controls or normative values were distinguished from direct exposure—outcome analyses. Poorer
fine motor performance alone was therefore not interpreted as evidence of a vincristine-related association unless neuropathy

or vincristine exposure had been separately evaluated.

Meta-analysis was planned only if studies were sufficiently comparable in population, exposure, outcome, and effect measure.
Where these conditions were not met, findings were synthesized narratively. Formal GRADE ratings were not undertaken
because of substantial heterogeneity in exposure constructs and outcome measures; considerations of risk of bias, consistency,
directness, and precision were instead incorporated into the interpretation of findings.

3. RESULTS AND DISCUSSION
3.1 Study selection

The searches identified 168 records (PubMed, n = 32; Scopus, n = 48; Dimensions, n = 88). After removal of 60 duplicates,
108 records were screened and 21 full-text reports were assessed. Fourteen were excluded for absence of an eligible
neurotoxicity/vincristine exposure—fine motor analysis (n=7), no extractable fine-motor-specific outcome (n=4), non-
extractable ALL data from mixed cancer populations (n=2), or an exposure outside the prespecified PECO (n=1). Seven reports
representing six unique cohorts were included (Figure 1).
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 flow diagram of study
identification, screening, eligibility assessment, and inclusion. Seven reports representing six unique study cohorts were

included in the narrative synthesis.

3.2 Characteristics of Included Studies

The seven reports, published between 1999 and 2025, represented six cohorts ranging from 15 to 875 participants with ALL

and covered active treatment, maintenance, early post-treatment follow-up, and long-term survivorship. Two reports arose

from an overlapping Dutch cohort and were retained because they evaluated different fine motor outcomes but were not treated

as independent populations [14, 15]. Study characteristics are summarized in Table 5.

Table 5. Characteristics of included reports

Study Country and ALL sample Treatment Neurotoxicity or | Fine motor assessment
design phase/follow-up VCR exposure

Reinders- Netherlands; 17 ALL + 10 | Active treatment VCR timing; Movement ABC; manual
Messelink | prospective controls; age | through cumulative and dexterity
etal, 1999 | longitudinal 412y approximately 6 recovery

controlled study months after final neurotoxicity

studied VCR course | models

Reinders- Netherlands; 11 ALL + 11 | Active treatment; Timing relative to | Computerized
Messelink prospective controls repeated VCR handwtiting/drawing:
etal, longitudinal assessments around | administration velocity, pauses,
2001* controlled study VCR administration pressure, accuracy
Sabarre et Canada; 15; age 5-16 Maintenance Cumulative VCR MABC-2 manual
al,, 2014 prospective case y exposure dexterity; parent-

series reported motor function
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Hanna et Egypt; analytical 54 ALL + 54 | Maintenance Cumulative VCR BOT-2 fine motor
al., 2020 cross-sectional matched and other domains and composites
controlled study controls; age chemotherapy
4Ty exposure
Rodwin et | USA; multicenter | 150 assessed | End consolidation, | Clinical CIPN Purdue Pegboard
al., 2022 prospective initially; 113 maintenance, and assessment;
longitudinal study | randomized 12 months post- randomized
embedded in therapy VCR/DEX pulse
randomized frequency
treatment trial
Iijima et USA; survivor 875 survivors | Long-term mTNS; cumulative | Grooved Pegboard and
al., 2024 cohort + 460 survivorship VCR dose fine motor Physical
controls Performance Test
Jevic etal.,, | Czech Republic; 39 Mean 1.5 y after Ped-mTNS BOT-2 Complete Form
2025 cross-sectional maintenance
study

Note: *Substantial participant overlap with Reinders-Messelink et al. (1999); both reports were retained because they provided

distinct fine motor outcomes but were considered one underlying cohort.

Abbreviations: ALL, acute lymphoblastic leukemia; BOT-2, Bruininks-Oseretsky Test of Motor Proficiency, Second Edition;
CIPN, chemotherapy-induced peripheral neuropathy; DEX, dexamethasone; MABC, Movement Assessment Battery for
Children; mTNS, modified Total Neuropathy Score; Ped-mTNS, pediatric-modified Total Neuropathy Score; VCR, vincristine.

3.3 Assessment of Peripheral Neurotoxicity

Thtee trepotts provided Tier 1 evidence through direct peripheral neurotoxicity assessment: structured sensory/motot

examination [4], mTNS [16], and Ped-mTNS [9]. Other reports primarily evaluated vincristine dose, schedule, or treatment

timing and were classified as Tier 2 evidence (Table 06).

Table 6. Peripheral neurotoxicity, vincristine exposure, and fine motor findings

Study Evidence Key findings Interpretation
tier
Reinders- Tier 2 Manual dexterity impairment varied during treatment; | Fine motor impairment occurred
Messelink et approximately 14% were below the 15th percentile during treatment, but a clear VCR
al., 1999 before VCR exposure, 25% after induction, and 33% exposure effect was not
at final follow-up. Prespecified VCR neurotoxicity demonstrated.
models were not statistically supported.
Reinders- Tier 2 Handwriting/drawing measures varied around VCR Temporal variation around VCR
Messelink et administration: velocity P = 0.017, pen pressure P = administration, without direct
al., 2001* 0.002, pauses P = 0.006. measurement of CIPN severity
Sabarre et Tier 2 Nearly half performed below age expectations for Fine motor impairment was
al,, 2014 manual dexterity; 27% were significantly impaired. common, without a cumulative
Cumulative VCR vs manual dexterity: rs=0.03, P = VCR dose—response relationship.
0.91.
Hanna et al,, | Tier 2 ALL participants performed worse than controls Marked maintenance-phase
2020 across BOT-2 fine motor domains (P < 0.00001); impairment relative to controls,
approximately 67% had fine motor difficulties.
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Cumulative VCR was not significantly correlated with | without evidence of cumulative
BOT-2 outcomes. VCR dose dependence.
Rodwin et Tier 1 + Any motor or sensory CIPN impairment at the end of | Neurotoxicity and dexterity
al., 2022 Tier 2 consolidation: 81.8%; dexterity impairment: 55.0% at impairment appeared early and
the end of consolidation and 33.3% at 12 months persisted despite reduced
post-therapy. Reduced maintenance VCR/DEX maintenance exposure.
frequency did not materially improve most outcomes
lijima etal., | Tier1 + Fine motor impairment: 33.6%. CRT-exposed Direct neuropathy—fine motor
2024 Tier 2 survivors: mTNS OR 1.08, 95% CI 1.01-1.17; P = association was observed in CRT-
0.037; no-CRT group: OR 1.04, 95% CI 0.93-1.16; P | exposed survivors but not in those
= 0.474. Cumulative VCR dose was not significantly without CRT; cumulative VCR
associated with impairment. dose showed no clear association.
Jevic et al., Tier 1 Neuropathy in 7/39. Ped-mTNS vs fine motor Direct neuropathy association was
2025 composite: 1=—0.21, NS. Manual dexterity P < 0.001, | not evident for the composite
d=0.59; manual coordination P = 0.018, d=0.45 score, although specific fine motor
Versus norms. domains were impaired.

Note: *Ovetlapping cohott with Reinders-Messelink et al. (1999). Tier 1: ditectly measured CIPN/VIPN. Tier 2: vinctistine
dose, frequency, schedule, or timing. Tier 2 exposure was not considered equivalent to neuropathy severity.

Abbreviations: ALL, acute lymphoblastic leukemia; BOT-2, Bruininks-Oseretsky Test of Motor Proficiency, Second Edition;
CIPN, chemotherapy-induced peripheral neuropathy; CRT, cranial radiation therapy; DEX, dexamethasone; mTNS, modified
Total Neuropathy Score; Ped-mTNS, pediatric-modified Total Neuropathy Score; VCR, vincristine; VIPN, vincristine-induced
peripheral neuropathy.

3.4 Assessment of Fine Motor Function

Fine motor measures included Movement ABC/MABC-2, computetized handwriting and drawing tasks, BOT-2, Purdue
Pegboard, Grooved Pegboard, and fine-motor components of the Physical Performance Test. Outcomes therefore ranged from

global fine motor composites to more specific domains such as manual dexterity and manual coordination (Tables 5 and 6).
3.5 Association Between CIPN and Fine Motor Function

Direct evidence relating measured neuropathy to fine motor function was limited and inconsistent. Rodwin et al. (2022) reported
motor or sensory CIPN impairment in 81.8% of children at the end of consolidation, with dexterity impairment in 55.0%;
dexterity impairment declined but persisted in 33.3% at 12 months post-therapy [4].

Among long-term survivors, lijima et al. (2024) reported fine motor impairment in 33.6%. In survivors exposed to cranial
radiation therapy (CRT), each one-point increase in mTNS was associated with greater odds of fine motor impairment (OR
1.08, 95% CI 1.01-1.17; P = 0.037), whereas this association was not observed in survivors without CRT [106].

Jevic et al. (2025) found no significant association between Ped-mTNS and the fine motor composite (r=—0.21), although
manual dexterity (P < 0.001; d=0.59) and manual coordination (P = 0.018; d=0.45) were poorer than normative values [9].

3.6 Findings Across Treatment Phases

Fine motor abnormalities were identified throughout the treatment trajectory. During active treatment, Reinders-Messelink et
al. (1999, 2001) documented changes in manual dexterity and handwriting-related performance around vincristine
administration [14,15]. During maintenance chemotherapy, Sabarre et al. (2014) and Hanna et al. (2020) identified substantial
fine motor impairment, although neither demonstrated a cumulative vincristine dose—response relationship [17,18]. Rodwin et
al. (2022) showed persistence of CIPN and dexterity impairment from consolidation through maintenance and post-treatment
follow-up [4]. In survivorship, Tijima et al. (2024) reported persistent fine motor impairment [16], whereas Jevic et al. (2025)

found deficits primarily in specific fine motor domains rather than in the overall composite score [9].
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3.7 Vincristine Exposure and Fine Motor Function

Across Tier 2 studies, cumulative vincristine exposure was not consistently associated with fine motor performance. Sabarre et
al. (2014) found no association between cumulative vincristine exposure and manual dexterity (rs=0.03; p=0.91) [18]. Similatly,
Hanna et al. (2020) found no significant correlations between cumulative vincristine dose and BOT-2 outcomes despite marked

impairment relative to controls [17].

Reinders-Messelink et al. (1999) likewise found no statistically supported cumulative neurotoxicity model [14]. However, the
overlapping 2001 report identified temporal changes in movement velocity (p=0.017), pen pressure (p=0.002), and pauses
(p=0.006) around vincristine administration [15]. Reduced vincristine/dexamethasone pulse frequency did not matetially
improve dexterity in Rodwin et al. (2022) [4], and cumulative vincristine dose was not associated with fine motor impairment
in Iijima et al. (2024) [106].

3.8 Risk of Bias

JBI appraisal showed generally adequate measurement and analytical methods across the included reports, particularly through
the use of standardized fine motor assessments and clearly characterized treatment exposutes. The main methodological
concerns were small sample sizes in eatlier studies, residual confounding related to multiagent chemotherapy, incomplete

reporting of some randomization safeguards, potential selection bias in convenience or survivor cohorts, and limited temporal

inference in cross-sectional analyses.

These limitations were considered when interpreting the findings, and no report was excluded solely on the basis of critical

appraisal. Detailed assessments are presented in Table 7 and Supplementary Table S2.

Table 7. Summary of risk-of-bias appraisal

Study JBI tool Principal methodological strengths Main limitations relevant to
interpretation

Reinders- Cohort Prospective repeated assessment; Small sample; potential multiagent-
Messelink et control group; standardized motor treatment confounding; indirect VCR
al., 1999 testing neurotoxicity modeling
Reinders- Cohort Prospective repeated measurements; Very small sample; overlapping cohort;
Messelink et objective computerized motor residual treatment confounding
al., 2001 outcomes

Sabarre et al.,
2014

Case Series

Defined maintenance population;
standardized MABC-2 assessment

Convenience sample; n=15; no

concurrent control; low power

Hanna et al.,

Analytical Cross-

Matched controls; validated BOT-2;

Cross-sectional design; no direct

2020 Sectional domain-specific assessment neuropathy measurement; residual
confounding

Rodwin et al., Randomized Multicenter; repeated assessments; Randomization concerned treatment

2022 Controlled Trial | randomized maintenance schedule; schedule rather than neuropathy status;
objective dexterity outcome attrition; concurrent DEX schedule

lijima et al., Cohort Large cohort; objective neuropathy and | Survivor selection; heterogeneous

2024 fine motor measures; multivariable historical therapies; residual confounding
analysis

Jevic et al., Analytical Cross- | Ped-mTNS and full BOT-2; domain- Small sample; cross-sectional design;

2025 Sectional specific assessment normative comparison; limited

multivariable adjustment
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Abbreviations: BOT-2, Bruininks-Oseretsky Test of Motor Proficiency, Second Edition; DEX, dexamethasone; JBI, Joanna
Briggs Institute; MABC-2, Movement Assessment Battery for Children, Second Edition; Ped-mTNS, pediatric-modified Total
Neuropathy Score; RCT, randomized controlled trial.

3.9 Discussion

Fine motor difficulties were reported across the ALL treatment continuum, but their relationship with vincristine-related
peripheral neurotoxicity was not uniform. A central distinction emerging from this review was between clinically measured
neurotoxicity and vincristine exposure itself. Direct associations between measured neuropathy and fine motor impairment
were observed in some settings but were not consistent, whereas cumulative vincristine exposure generally showed no clear
dose—response relationship with fine motor performance. Domain-specific deficits, particularly manual dexterity and
coordination, could also remain detectable despite relatively preserved broader fine motor composites. These findings extend
an ALL-specific review documenting fine motor limitations during and after treatment and complement broader pediatric

cancer evidence linking CIPN with manual dexterity and other functional outcomes [6,7].

The Tier 1 evidence indicates that neuropathy and functional motor impairment overlap but are not interchangeable. Rodwin
et al. (2022) showed that CIPN was already prevalent by the end of consolidation and persisted 12 months after therapy;
dexterity impairment was also present early and remained detectable after treatment, although the study did not establish a
direct neuropathy severity—dexterity relationship [4]. In long-term survivors, higher mTNS was associated with greater odds of
fine motor impairment among those exposed to CRT in lijima et al. (2024) [16], whereas Jevic et al. (2025) found no significant
association between Ped-mTNS and the overall fine motor composite despite deficits in manual dexterity and manual
coordination [9]. This heterogeneity is biologically and functionally plausible because vincristine produces an early, motor-
predominant sensorimotor neuropathy, whereas fine motor performance integrates peripheral sensory-motor function with
coordination and visual-motor processing and may also be influenced by broader treatment-related central nervous system
effects [3,5,19,20].

Cumulative vincristine dose was a comparatively weak marker of fine motor dysfunction. No significant cumulative dose
relationship was demonstrated by Sabarre et al. (2014) [18], Hanna et al. (2020) [17], or Iijima et al. (2024) [16]. Similarly, the
randomized reduction in vinctistine/dexamethasone pulse frequency during maintenance in Rodwin et al. (2022) did not
matetially alter dexterity or most other PT/OT outcomes [4]. These findings should not be interpreted as evidence that
vincristine is unrelated to neuropathy. Rather, they indicate that cumulative exposure and the clinically expressed neurotoxicity
phenotype are distinct constructs. Pediatric evidence likewise suggests that cumulative chemotherapy dose alone does not
adequately predict CIPN severity, while VIPN risk appears to reflect interindividual variation in pharmacokinetics, drug
interactions, and pharmacogenomic susceptibility; however, reported genetic associations remain heterogeneous and require
replication [21-24].

Across the treatment continuum, the evidence was more consistent with heterogeneous persistence and recovery than with a
progressive phase-specific gradient, a pattern broadly compatible with ALL motor-function literature showing treatment-related
deficits during therapy and persistence of some impairments into survivorship [25]. Reinders-Messelink et al. (1999, 2001)
assessed motor and handwriting performance at time points aligned with vincristine administration; the 2001 study identified
temporal changes in handwriting-related performance, whereas the carlier study did not statistically confirm a relationship
between vincristine and motor impairment [14,15]. During maintenance, substantial fine motor difficulties were observed by
Sabarre et al. (2014) [18] and Hanna et al. (2020) [17], despite absent cumulative vincristine dose associations. Rodwin et al.
(2022) documented persistent CIPN and dexterity impairment from consolidation through maintenance and post-therapy
follow-up [4]. Long-term findings were similarly heterogeneous: Iijima et al. (2024) identified substantial fine motor impairment
decades after childhood ALL [16], whereas Jevic et al. (2025) found preserved overall fine motor performance approximately
1.5 years after therapy but persistent deficits in manual dexterity and coordination [9].

Measurement heterogeneity is likely to contribute to these apparently inconsistent findings because neuropathy and fine motor
instruments assess related but distinct constructs. Ped-mTNS and mTNS quantify clinician-assessed neurological
manifestations, while pediatric patient-reported tools such as the P-CIN capture symptom burden; BOT-2, MABC-2, pegboard
tests, and handwriting tasks instead assess different dimensions of functional performance [26,27]. An updated systematic
review identified Ped-mTNS and TNS-PV as the most appropriate clinician-administered pediatric CIPN tools currently
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available [26]. Instrument selection also matters: the BOT-2 Short Form systematically underestimated motor proficiency
relative to the Complete Form in ALL survivors [28], while Jevic et al. (2025) demonstrated that an apparently normal overall
fine motor composite can coexist with impaired manual dexterity and coordination [9]. Paired assessment of neuropathy and
domain-specific hand function may therefore provide more clinically informative surveillance than cumulative vincristine
exposure alone. A recent quality-improvement initiative demonstrated the feasibility of adding motor, sensory, and motor-
performance assessments to longitudinal physical therapy surveillance in children with ALL, although evidence remains

insufficient to establish the efficacy of specific physical therapy interventions in pediatric cancer populations [29,30].

This review specifically examined the relationship between peripheral neurotoxicity and fine motor function in pediatric ALL,
distinguished direct neuropathy assessment from vincristine exposure, and evaluated evidence across treatment phases while
accounting for ovetlapping reports. Interpretation remains limited by seven reports representing six unique cohorts, small
samples in several studies, heterogeneous outcome measures, differences in treatment era, multiagent-therapy confounding,
and predominantly observational exposure—outcome evidence. These sources of clinical and methodological heterogeneity
precluded meaningful quantitative synthesis and are consistent with heterogeneity reported in broader reviews of ALL-related
fine motor impairment and pediatric CIPN-associated physical dysfunction [6,7]. Future prospective studies should repeatedly
pair validated neuropathy measures with domain-specific dexterity assessments while documenting vincristine dose

modifications, concomitant therapies, and relevant individual susceptibility factors.
4. CONCLUSION

Fine motor impairment occurs across the ALL treatment continuum, but its association with vincristine-related peripheral
neurotoxicity is inconsistent. Directly measured neuropathy may be more informative than cumulative vincristine exposure,
which showed no clear dose—tresponse relationship with fine motor performance. Manual dexterity and coordination deficits
may persist despite preserved composite scores. Prospective longitudinal studies using standardized neuropathy and fine motor
measures are needed to clarify these relationships and guide targeted rehabilitation.
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