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Five-year survival rates for childhood acute lymphoblastic leukemia exceed 90% (1).
However, acute treatment-related adverse events are common, and are not always transient.
Over 40% of long-term ALL survivors report sensory and/or motor neuropathy symptoms
that interfere with movement (2) and quality of life (3). Identifying risk factors for persistent
neuropathy is needed to target survivors who will benefit from preventive or restorative
interventions. Recent data indicate that a single nucleotide polymorphism (rs924607) in

the promoter region of the CEP72gene is associated with incidence and severity of acute
peripheral neuropathy (4, 5), where those homozygous for the rs924607 risk allele (TT) are
at greatest risk for acute neuropathy (4). It is unknown whether this variant predisposes to
persistent neuropathy. Thus, the purpose of this study was to determine associations between
the CEP72 genotype (rs924607) and prevalence and severity of persistent motor and sensory
neuropathy in childhood ALL survivors >5 years from diagnosis.

Participants were enrolled in the Institutional Review Board approved St. Jude Lifetime
Cohort Study (NCT00760656) (6), treated at St Jude Children’s Research Hospital 1962—
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2012, and >5 years post diagnosis. Participants completed questionnaires, medical and
physical assessments and provided biospecimens for genetic studies. Medical records were
abstracted for treatment exposures and significant health events (including acute neuropathy)
(Supplemental Methods). Survivors eligible for these analyses had a primary diagnosis

of ALL and no history of peripheral vascular disease, diabetes, or non-digit amputation.

Of 1361 potentially eligible participants, 253 (18.6%) were excluded because existing
conditions precluded accurate neuropathy ascertainment or germline DNA was unavailable
(received hematopoietic stem cell transplant). An additional 118 (10.6%) had missing
genomic or assessment data, resulting in a final sample size of 990 (Figure S1).

Persistent neuropathy was defined as a National Cancer Institute Common Terminology

for Adverse Events, version 5, grade =2 motor or sensory neuropathy (7) (Table S1).

Grade assignment used data from the modified Total Neuropathy Scale (MTNS)(8, 9)

and performance on functional measures. mTNS scores range from 0-24 for adults and
0-32 for children (higher is worse). The pediatric version was rescaled to a 24-point
maximum. Performance measures included hand grip and ankle dorsiflexion strength for all
participants, balance and fine motor function for adults, and self-reported tripping, inability
to climb stairs or inability to button or zip clothing for children (Supplemental Methods).
Those with motor signs/symptoms were categorized with grade 1 (mild), those with motor
signs/symptoms and impaired strength (<10™ percentile of age and sex predicted) in either
the hands/ankles with grade 2 (moderate), and those with motor signs/symptoms and
impaired strength in both hands/ankles with grade 3 (severe/disabling) motor neuropathy.
Those with sensory signs/symptoms were categorized with grade 1, those with sensory
signs/symptoms and impaired balance (composite score on the sensory organization test
<70) or fine motor skills (=10 seconds to write “Whales live in the blue ocean”) with grade
2, and those with sensory signs/symptoms, impaired balance and fine motor skills with grade
3 sensory neuropathy. Among children, those with sensory signs/symptoms were categorized
with grade 1, those with sensory signs/symptoms, and who reported tripping while walking,
difficultly climbing stairs or difficulty buttoning or zipping clothing with grade 2, and those
with sensory signs/symptoms, and who reported at least two of tripping while walking,
difficulty climbing stairs or difficulty buttoning or zipping clothing with grade 3 sensory
neuropathy.(9)

CEP72 genotypes (rs924607) were determined by whole-genome sequencing (WGS) or
Affymetrix® Genome-Wide Human Single Nucleotide Polymorphism (SNP) Array 6.0
(Affymetrix SNP6.0; Affymetrix Incorporated, Santa Clara, CA, USA) (Supplemental
Methods).

Multivariable logistic and linear regression were used to evaluate associations between
CEP72 genotype and persistent neuropathy or mTNS score adjusted for clinical risk
factors including sex, age at diagnosis, age at neuropathy assessment, genetic ancestry,
cranial radiation exposure, and cumulative vincristine dose (or history of acute neuropathy)
(Supplemental Methods). Analyses were completed using SAS version 9.4 (SAS Institute,
Cary, NC, USA).
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Participants and non-participant characteristics are shown in Table S2. The proportion of
CEP72 genotypes for participants were 44.6% CT, 42.4% CC, and 13.0% TT. Persistent
neuropathy was present in 16.0% of survivors, 12.5% with sensory, 7.2% with motor, and
3.7% with both motor and sensory neuropathy. The prevalence of motor neuropathy was
higher in individuals with at least one risk ‘T’ allele at rs924607 (TT genotype 10.9%,

CT genotype 8.6%,) compared to those without the risk allele (CC genotype, 4.5%) (Fig

1 and Table S3). After accounting for clinical risk factors (Fig 2 and Table S4) , risk for
motor neuropathy was highest among individuals with TT (OR 2.47; 95% CI 1.15-5.31),
followed by CT (OR 1.93; 96% CI 1.06-3.51), compared to CC genotypes. Similarly,

CT genotypes were associated with higher total ($=0.48; 95% CI 0.15-0.82) and motor
subscale scores (B=0.33; 95% CI 0.10-0.57) on the mTNS, indicating risk for more severe
symptoms (Table S5). The inclusion of acute neuropathy history in multivariate models, or
exclusion of survivors with cranial radiation, did not change associations between genotype
and persistent neuropathy risk or severity (Tables S6-S10).

In this study, persistent neuropathy was prevalent in 16% of long-term childhood ALL
survivors. Consistent with reports of acute peripheral neuropathy among children and adults
during treatment for ALL, our study indicates host genetics (‘T’ risk allele in CEP72) are
associated with prevalence and severity of persistent motor neuropathy, characterized not
only by symptoms, but also by significant distal muscle weakness.

The prevalence of persistent neuropathy in our study population is somewhat lower than
reported by others,(10-12) likely because we defined persistent neuropathy as a combination
of signs/symptoms and functional loss. Previous research has focused primarily on signs/
symptoms to define neuropathy. Our approach allowed for the identification of survivors
whose neuropathy results in, or who are risk for functional loss, and who might most benefit
from rehabilitation (2).

Our identification of an association between CEP72 ‘T’ allele and persistent motor
neuropathy is consistent with our identification of this variant in children with ALL who
develop acute neuropathy during vincristine therapy, and whose leukemia cells are more
sensitive to vincristine ex vivo (4). The CEP72 T’ allele is also a risk factor for neuropathy
among adult patients with ALL during treatment (5). CEP72encodes a centrosomal protein
72kDa essential for microtubule formation and organization. Variation in rs924607 in

the promoter region creates a binding site for a transcriptional repressor that can reduce
centrosomal protein translation, potentially compromising microtubule organization and
stability, and thus axonal integrity (4, 13).

We found an association between expression of the ‘T’ risk allele and persistent motor,

but not sensory, neuropathy. Although the biological mechanism for this difference is

not clear (motor and sensory nerves rely on microtubule organization for efficient axonal
transport), a recent meta-analysis describing associations between CEP72 allelic variations
and neuropathy indicates the association is present when the phenotype is precise and
includes a loss of function (14). Thus, while our data supports use of genetic screening to
identify children most likely to experience persistent motor neuropathy during survivorship,
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future mechanistic studies to better understand the differential impact of vincristine on motor
and sensory neurons in long-term survivors are needed.

Severity of acute neuropathic symptoms is dose related, often requiring withdrawal

of causative agents, potentially compromising treatment efficacy and survival. Thus,
identifying children at genetic risk early is important so that interventions or appropriate
treatment modifications can be initiated. Although several randomized clinical trials

have assessed therapeutic interventions to remediate acute peripheral neuropathy during
vincristine administration, including adjuvant pharmacotherapy and exercise (Table S11),
current guidelines suggest only dose-reduction and delay strategies to manage neuropathy
(15). Fortunately, an ongoing randomized clinical trial (NCT03117751) uses genetic data
to inform treatment to improve survival and limit treatment-related side effects for children
newly diagnosed with ALL.

Results should be considered in the context of limitations. First, analyses were cross-
sectional; persistent neuropathy may have been present since treatment or emerged during
survivorship. In addition, identification of acute neuropathy depended upon medical

record documentation of signs/symptoms during treatment 1962-2012; detail was likely
inconsistent. Additionally, analyses were not adjusted for antifungal therapy or liver or
kidney dysfunction during ALL therapy, did not include survivors who died prior to study
initiation, and included survivors treated at a single institution, perhaps biasing our estimates
and limiting generalizability. Finally, we did not use electrophysiologic methods in this
study, an approach able to detect subclinical impairment even in the absence of clinical
sensory signs.

In summary, our findings indicate that risk for persistent motor neuropathy is independently
associated with CEP72 genotype. Given that children with ALL with homozygous ‘TT’
genotypes have leukemic cells more sensitive to vincristine (4), our data support the need
to test interventions that employ vincristine dose reduction among children genetically
predisposed to develop neuropathy. This is important to the growing childhood cancer
survivor population as peripheral neuropathy in long-term survivors is associated with

poor mobility and reduced walking endurance (2). Genetic screening of children with,

and survivors of, childhood ALL may identify individuals at greatest risk for persistent
neuropathy, and inform strategies, including targeted rehabilitation, to prevent development
of impairments later in life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Proportions of survivorswith motor, sensory, or any (motor or sensory) persistent
neuropathy (CTCAE Grade > 2) by CEP72 genotype (rs924607)

Abbreviations: %, percent; P, probability
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Figure 2. Results of multivariate logistic regression model evaluating predictors of persistent

neuropathy phenotypes (CTCAE Grade > 2) among 990 survivors

Abbreviations: %, percent; Cl, confidence interval; P, probability; ref, reference; <, less than;

>, more than
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