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Aims: Studies implicated a role for a genetic variant in CEP72 in vincristine-induced
peripheral neuropathy. This study aims to evaluate this association in a cohort of
brain tumour patients, to perform a cross-disease meta-analysis and explore the
protein-coding region of CEP72.

Methods: In total, 104 vincristine-treated brain tumour patients were genotyped for
CEP72 rs924607, and sequenced for the protein-coding region. Data regarding
patient and treatment characteristics, and peripheral neuropathy, were collected.
Logistic regression and meta-analysis were performed for rs924607 replication.
A weighted burden analysis was applied to evaluate impact of overall genetic
variation in CEP72.

Results: Analysis of 24 cases and 80 controls did not show a significant association
between CEP72 rs924607 and neuropathy (odds ratio, OR [95% confidence interval,
Cl] 2.076 [0.359-11.989], P = .414). When combined with 8 cohorts (1095 cancer
patients), a significant increase in risk for neuropathy was found for patients with a
TT genotype (OR [95% CI] 2.15 [1.35-3.43], P = .001). Additionally, a missense
variant (rs12522955) was significantly associated (OR [95% CI] 2.3 [1.2-4.4],
P = .041) and patients with severe neuropathy carried more impactful variants in
CEP72 coding regions (P = .039).

Conclusion: The association of CEP72 rs924607 in vincristine-induced neuropathy
was not confirmed in a cohort of brain tumour patients, but did contribute to its
suggested effect when combined in a cross-disease meta-analysis. The importance of
other genetic variations in CEP72 on vincristine-induced neuropathy was demon-

strated. This study contributes to evidence of the importance of genetic variants in
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1 | INTRODUCTION

Vincristine is a widely used chemotherapeutic agent for the treatment
of both haematological and solid malignancies.® Vincristine-induced
peripheral neuropathy (VIPN) is the main side effect, which is charac-
terized by motor dysfunction, typically combined with abnormal sen-
sations and/or neuropathic pain, which often leads to disruption of
the curative treatment and a reduced quality of life of patients.>™*
Several factors are known to influence the incidence and severity of
VIPN, including vincristine dosage regimen, age, malnutrition and
interactions with concomitantly used drugs.>® Unfortunately, previ-
ous studies investigating the exact relationship between these clinical
factors and VIPN showed inconclusive results and little progress has
been made to predict VIPN occurrence or to develop effective pre-
ventive approaches.>?

To investigate how genetic variation contributes to this inter-
patient variability in VIPN, genetic association studies have been per-
formed in the past. In 2015, a genome-wide association study
(GWAS) reported that variant rs924607 in the promoter region of the
Centrosomal Protein 72 (CEP72) gene was statistically significantly
associated with both risk and severity of VIPN in paediatric patients
with acute lymphoblastic leukaemia (ALL).” It was furthermore shown
that the risk allele (T) creates a binding site for a transcription factor
repressor, which leads to lower CEP72 mRNA levels, and that reduced
mRNA levels increased sensitivity to vincristine in iPSC-derived
neurons.” Additional studies confirmed the association between
CEP72 rs$924607 and VIPN,°"2 while others failed to detect a
significant association.’®"¢ All these studies were performed in
haematological malignancies, predominantly ALL. Vincristine is also
commonly used in treatment regimens of other cancers, such as
paediatric brain tumours. However, the association between VIPN
and genetic variants is largely unknown in patients with other
vincristine-treated malignancies, and one should be cautious with
direct translation of findings due to differences in treatment regi-
mens.” Understanding VIPN is particularly important in brain tumour
patients, as these patients are already at risk for motor problems
(ataxia and other gait disorders) and sensory impairment (optical and
auditory) due to tumour localization and side effects of other facets of
their treatment, resulting in additional impact of VIPN.

The present study investigated the association between CEP72
rs924607 and VIPN in a cohort of brain tumour patients, and
performed a meta-analysis including existing studies.”1°"¢ To date,
studies have only focused on this specific variant, despite the fact
that, within a gene, often multiple different variants have the potential

to affect protein function and structure. This is clearly depicted by

CEP72 in development of vincristine-induced toxicity, and provides guidance for

future prospective studies.

brain tumours, CEP72, neuropathy, pharmacogenetics, vincristine

What is already known about this subject

o The CEP72 gene has been implicated in in vincristine-

induced peripheral neuropathy

What this study adds

o This is the first study investigating all genetic variants in
the coding region of CEP72
e Patients with severe neuropathy carried more impactful

genetic variants in CEP72 coding regions

existing pharmacogenetic guidelines, where often a multitude of
variants within a gene are actionable.'®' The majority of these
actionable variants are located in a gene's coding region. By sequenc-
ing the coding region of CEP72 and analysing common and rare vari-
ants, this study assessed if other genetic variants with potential
impact could predispose patients to increase risk of VIPN. The overall
aim of this study was to investigate the impact of previously identified
variant in CEP72 on VIPN in a brain tumour cohort, and identify novel
variants within this gene with potential clinical impact.

2 | METHODS

21 | Patients and treatment

The study cohort consisted of 104 medulloblastoma and low-grade
glioma patients who were treated between 2000 and 2016 at the
Radboud university medical center in Nijmegen, the Netherlands, or
at the Fondazione IRCCS Istituto Nazionale Tumori in Milan, Italy.
Patients were included if their primary treatment regimen contained
vincristine. Exclusion criteria were: no reliable data on neuropathy
available; diabetes mellitus at baseline; and/neuropathy at baseline.
Also, patients with (central) neuropathic disorders prior to the start of
chemotherapeutic treatment, caused by tumour localization, surgery
and/or cranial radiotherapy, were excluded from this study as assess-
ment of VIPN could not be performed in a reliable way in these
patients. Patients' clinical information concerning patient and treat-

ment characteristics, and information for assessment of neuropathy,


https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=6785

KLUMPERS ET AL.

were retrieved from the hospital records. The current study was
approved by the institutional review board of the Radboud university
medical center (Commissie Mensgebonden Onderzoek Regio Arnhem
Nijmegen), and the inclusion of patients from Fondazione IRCCS
Istituto Nazionale Tumori in Milan, Italy was approved by its own
institutional ethics committee. Written informed consent was

obtained from the patients and/or their parents/legal guardians.

2.2 | Assessment of neuropathy

Assessment and grading of VIPN was done retrospectively by the use
of medical records. Notes of treating paediatric oncologists were
screened for mention of neuropathic pain, numbness, paraesthesia,
altered fine motor skills and/or limb weakness. VIPN was considered
if the onset of the symptom(s) developed after the first administration
of vincristine, and there was a high likelihood of being vincristine-
induced as being stated in the note of the paediatric oncologist (with
fitting physical examination), and/or as shown by a consequent
vincristine dose reduction. The occurrence of VIPN was retrospec-
tively assessed by a clinical pharmacologist blinded for the genetic
data. Peripheral motor neuropathy, peripheral sensory neuropathy
and neuropathic pain (neuralgia) were individually graded according to
the NCI Common Terminology Criteria for Adverse Events (CTCAE)
version 4.0 (Supplementary S1). A patients' overall VIPN grade was
determined by their highest (worst) grade for either of the three
classifications. Case-control designation was in line with previous
studies, meaning that patients with grade 0 and 1 overall VIPN were
included in the control group and those with grade 2 or higher were

considered to be cases.

2.3 | Replication of CEP72 rs924607
Germline DNA was extracted from saliva (collected using GeneFiX
DNA Saliva Collector GFX-02, Isohelix, UK) and isolated with
ChemagicStar (Hamilton Robotics, Reno, NV, USA), using Chemagic
STAR DNA Saliva 4 k Kit, according to the manufacturer protocol.
Details of the genotyping procedure of CEP72 rs924607 is provided
in Supplementary S2.

Power calculations were performed using Quanto (version 1.2.4,
Los Angeles, CA, USA). Other statistical analyses were conducted
using SPSS Statistics (version 25.0, IBM Corp.). For all analyses, a
2-sided P-value of <.05 was considered to be statistically significant.
Potential associations between clinical characteristics and the
occurrence of VIPN were analysed using Pearson's Xz’ Fisher's exact,
independent samples t or Mann-Whitney U, depending on the type
of data and the Gaussian distribution. To test the association between
VIPN and CEP72 rs924607, multivariate logistic regression was
performed with associated clinical variables included as a covariate in
the model. A recessive genetic model was used (testing CC/CT
genotypes vs. TT genotype), as this is the model reported by the
discovery study to initially identify this variant.
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24 | Meta-analysis

A meta-analysis was performed including the results on the associ-
ation of CEP72 rs924607 and VIPN from this study, alongside
results from earlier publications investigating this association. To
identify eligible studies, a search in MEDLINE was performed in
November 2021, using the keywords ‘CEP72’ and ‘vincristine’. The
studies yielded by this search were screened for inclusion based
on full text, and their reference lists were searched for additional
eligible articles. Studies were included in the meta-analysis if they
investigated and reported on the association of CEP72 rs924607
and VIPN (graded according to CTCAE) in patients with cancer.
Additionally, authors of studies investigating this association, but
using different clinical endpoints than CTCAE to define VIPN, were
contacted to evaluate the possibility re-grading to facilitate inclu-
sion in the meta-analysis. Reported sample sizes, odds ratios
(OR) and 95% confidence intervals (95% Cl) of multivariate logistic
regression analyses (CC/CT genotype vs. TT genotype) of included
studies were used as input. Meta-analysis was performed in
Review Manager version 5.3.5.2° The choice for a fixed or random
effects model was depending on the amount of heterogeneity (12,
which translates into the proportion of total variation contributed

by variation between included studies.

2.5 | Analysis of CEP72 protein-coding region

The CEP72 protein-coding region and their flanking intronic regions
were sequenced in all patients. Forward and reverse primers
(Supplementary S3) were designed for each of the 12 exons
(Sigma-Aldrich, Saint Louis, MO, USA) with the use of Primer3Plus,?!
and were optimized using gradient polymerase chain reaction. After
amplification of the DNA samples, the products were purified using
(Exol) Alkaline
Phosphatase (Thermo Fisher Scientific, Waltham, MA, USA). Exons

were sequenced with one of the primers using Sanger sequencing on

Exonuclease | and FastAP Thermosensitive

the Big Dye Terminator version 3, according to the manufacturer's
protocol (Applied Biosystems, Foster City, CA, USA). Sequence
visualization and variant calling was performed using in Vector NTI
Advance version 11.0 (Invitrogen Corp., Carlsbad, CA, USA). Samples
with ambiguous sequencing results were re-sequenced for that exon.
All variant calling steps were performed twice by 2 members of the
research team. For each patient, every identified variant was coded as
reference homozygous [0], heterozygous [1] or variant homozygous
[2], representing the number of variant alleles, or missing in case of
repeated ambiguous sequencing results. For each variant, the Hardy-
Weinberg equilibrium was tested for deviation using a X2 test, and
variants were excluded if P <.05. Linkage disequilibrium between
variants was evaluated using LDlink.??

All variants were annotated using variant effect predictor (VEP),2%
and exonic and splice-side variants were selected. Based on variant
allele frequencies in our cohort, common variants (allele frequency
>1%) were selected to investigate if they show a significant associa-

tion with VIPN. To include more phenotypic information in these
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analyses, it was upfront decided to investigate VIPN as an ordinal
variable (i.e. different CTCAE grades instead of a case-control desig-
nation). Analyses of common coding variants was done by performing
ordinal logistic regression, including clinical variables included as
covariates if needed. Correction for multiple testing was not applied
as these were secondary hypothesis generating analyses.

To evaluate the potential impact of all coding region variants in
CEP72 on VIPN (including rare variants), a weighted burden analysis

was performed. As described by Curtis,?*2°

instead of taking the sum
of all variants in a gene and comparing this total number of variants
between different phenotypes, a weighted burden test takes the VEP
annotation and the in silico prediction scores of each variant into
account to allow them to be weighted more highly based on their
predicted impact on protein structure and function. To perform this
analysis, each coding variant was scored for predicted effect on pro-
tein function using SIFT and PolyPhen-2.24?” These scores, and the
VEP annotation of each variant, were used to calculate a weighted
CEP72 genetic score for each patient. For example, a weight of
10 was assigned to missense variants, and a weight of 5 to synony-
mous variants (assigned weight for each VEP annotation is provided
in Supplementary S4). An additional weight of 10 was added if
Polyphen-2 predicted the variant to be possibly damaging or probably
damaging, or if the SIFT prediction was deleterious. The total score
composed the weight for each variant. No additional weight was
added to variants with lower variant allele frequencies compared to

TABLE 1  Demographics of 104 brain tumour patients

All patients n = 104

Diagnosis, n (%)

Medulloblastoma 90 (86.5)

Low-grade glioma 14 (13.5)
Treatment center, n (%)

Radboud university medical center, Nijmegen (NL) 30 (28.8)

Fondazione IRCCS Istituto Nazionale Tumori, Milan (IT) 74 (71.2)

Age at diagnosis (y), mean (range)
Sex, h of males (%) 55 (52.9)
Self-reported ethnicity, n of Caucasians (%) 102 (98.1)
Treatment protocol®

Vincristine cumulative dose (mg/m?), median (range)
Vincristine number of cycles, mean (range)

Regimen including cisplatin, n (%)

11.0 (0.5-47.0)

25.9 (1.4-126.0)
22.4(2.0-76.0)
44 (42.3%)

more common variants (as is usually done with these analyses), since
our phenotype of interest is drug-induced, which diminishes the
argument that common variants are less likely to contribute to the
phenotype than rare variants. Following the method of Curtis,?* a
genetic score (g) was calculated for each patient (j) by multiplying the
number of variant alleles (I, being a value of 0, 1 or 2) for each variant
(i) with its corresponding weight (W), and then calculating the sum of

the weighted allele counts of all coding variants:
n
g=> Wil
i—1

The genetic scores were compared between different grades of
VIPN using a parametric (one-way ANOVA) or nonparametric
(Kruskal-Wallis) test, depending on data normality and homogeneity
of variances between groups. Patients with one or more missing

genotypes for one or more variant were excluded from this analysis.

3 | RESULTS

3.1 | Patient characteristics

A total of 24 cases (i.e. overall VIPN grade > 2) and 80 controls
(i.e. overall VIPN grade O and 1) were included in this study.

VIPN grade 22 n =24 VIPN grade 0-1 n = 80 pd

Cisplatin cumulative dose (mg/m?), mean (range)
Use of antifungal azoles,” n (%)

Use of strong CYP3A4 inhibitors,* n (%)

350.0 (120.0-560.0)
21(20.2)
0(0.0)

733
20 (83.3) 70 (87.5)
4(167) 10 (12.5)
129
10 (41.7) 20 (25.0)
14 (58.3) 60 (75.0)
17.4 (3.4-47.0) 9.1(0.5-28.0) .004
13 (54.2) 42 (52.5) >.999
24 (100) 78(97.5) >.999
043
25.7 (1.5-66.0) 26.5 (1.4-126.0) 589
26.6 (8.0-44.0) 21.2 (2.0-76.0) 089
15 (62.5%) 29 (43.8%) 037
404.12 (180.0-560.0) 330.2 (120.0-560.0) .098
4(17.4) 17 (21.8) 776
0(0.0) 0(0.0) =

VIPN, vincristine-induced peripheral neuropathy.
3List of treatment protocols are provided in Supplementary S5

bConcomitant use of antifungal azoles, 7 to O days before vincristine infusion. In this cohort, no other azoles than fluconazole were used concomitantly

with vincristine.

“Concomitant use of strong CYP3A4 inhibitors (ritanovir, clarithromycin, erythromycin, cyclosporin, fluoxetine or nifedipine), 7 to O days before vincristine

infusion.

9dp-values as computed by Fisher exact test, independent samples t-test or nonparametric Mann-Whitney U. A P-value <.05 is considered significant

(depicted in bold).
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Demographics and treatment characteristics of this cohort are shown
in Table 1. The majority of VIPN cases were defined as grade 2
(n = 21), followed by grade 3 (n = 3), and none of the cases experi-
enced grade 4 VIPN. Treatment protocol and age at diagnosis were
statistically significantly associated with the occurrence of VIPN,
therefore included in further regression models. According to all treat-
ment protocols, vincristine dose per course was 1.5 mg/m? with a
maximum of 2.0 mg (Supplementary S5). However, 77.3% of cases
had at least 1 vincristine dose reduction or course cancellation during
treatment as a result of vincristine-induced toxicities, including VIPN
but also other common side effects such as obstipation and stomach
ache. Similar modifications happened for only 36.8% of controls.
The median cumulative vincristine dose was 25.9 mg/m?, being

25.7 mg/m? for cases and 26.5 mg/m? for controls.

3.2 | CEP72rs924607 replication

Genotyping of CEP72 rs924607 was successful for all 104 patients,
with a minor allele (T) frequency of 0.41, which is in line with
European reference populations.?® Thirty-four patients (32.7%) were
homozygous for the major allele (CC), 54 patients (51.9%) were het-
erozygous (CT), and 16 (15.4%) were homozygous for the minor allele
(TT). The frequencies of these genotypes are in Hardy-Weinberg
equilibrium (P = .47). For this cohort, a power calculation based on
the strongest association found in the first study by Diouf et al.
showed a power of 0.74 for an odds ratio of 4.1 and allele frequency
of 0.36.” Although the TT genotype frequency was slightly higher in
cases than controls as shown in Figure 1 (16.7 vs. 15%, respectively),
no statistically significant association was observed in multivariate
logistic regression analysis (CC/CT genotype vs. TT genotype; OR
2.076 [95% Cl 0.359-11.989], P = .414). Additional explorative

100% p=0.414

% of patients

CC/CT (n=88)
CEP72 rs924607 genotype

FIGURE 1

analyses under the assumption of an additive or dominant genetic

model also did not show a statistically significant association.

3.3 | Meta-analysis

Literature search yielded a total of eighteen studies, of which six met
the inclusion criteria (Supplementary $6).”1%1113-15 Qne additional
study was eligible, except for using a different endpoint than CTCAE
graded peripheral neuropathy.'? Contact with the authors resulted in
sharing of genotyping data and raw clinical data, including patient-
reported symptoms of peripheral neuropathy, and accompanying
physical examination. Grading of these clinical data was performed
independently by two members of this study's group, and dissimilar-
ities were discussed afterwards until consensus was reached. Patients
with insufficient or ambiguous clinical data were excluded. Including
our own study (and two separate cohorts by Diouf et al.”), this
resulted in a total of nine cohorts in the meta-analysis, and a total of
399 cases and 696 controls. Table 2 shows the characteristics of
included studies. All used a case-control designation of CTCAE grade
0-1 vs. grade 2-4, except Wright et al.*° (refined CTCAE grade O vs.
grade 2-4). Also, 1 of Diouf et al.’s cohorts (COG AALL0433) was
graded according to modified CTCAE scale (Balis).” Heterogeneity
between studies was moderately large (12 = 36%), but not significant
(P =.13), resulting in the choice for a random effects model.
Meta-analysis of the included nine cohorts showed a statistically
significant association between the CEP72 rs924607 and VIPN
(Figure 2, OR 2.15 [95% Cl 1.35-3.43], P =.001). Notably, one
additional study, a GWAS by Li et al. investigating vincristine-induced
neuropathy in >1,000 patients, could not be included in this meta-
analysis due to lack of reported summary statistics on CEP72
rs924607.%° It was stated in this study that this variant was not

Bl VIPN grade 2-4 (cases)
I VIPN grade 0 (controls)

TT (n=16)

Percentage of patients who developed vincristine-induced peripheral neuropathy (VIPN; grade 2 or higher, dark blue bars), and

who did not develop VIPN (grade 0, light blue bars), with on the x-axis CEP72 rs924607 genotyping under the assumption of a recessive genetic
model (CC/CT vs. TT). The number within de bar indicates the number of patients. No statistically significant difference was observed in the
frequency of the TT genotype between VIPN cases and controls. Multivariate logistic regression analysis (with treatment protocol and age at
diagnosis included as covariates) did not show a statistically significant association (CC/CT genotype vs. TT genotype; OR 2.076 [95% CI 0.359-

11.989] P = .414)



KLUMPERS ET AL.

PHARMACOLOGICAL

BRITISH
SOCIETY

az

3468

(Hoyo2 €301 JO %96 Bulaq) syuaied a3ym Ul se Jy|N parioday,

"eJep uoldNpuod aAlsu SuizAjeue uaym 3ulpuly Juediyiudis Aj[edlsiiels e Jodal pip °[p 12 JIPARY

"(20’) njeA-d papis-T Ynm pajeldosse Ajjuedyiusis Ajjednsiels,

'sioyine ay1 Aq papiodal se ‘|lapow 3j3aua3 aAISSaIaU B JO uolrdwinsse syl Jspun (3|qedijdde Ji ‘jelieAln|nw) uoissaudad 211s130] wods 3unnsal (SO° > d) uoneldosse juediiusdis Ajjesnsiels,

‘AlaA1p0adsal ‘s|oju0d/sased Ul

‘9A1303ds043a1 Y ‘BA13dadsoud ‘d,

‘Ayjedoinau jesaydiiad

Pa2NPUI-BUIISIDUIA ‘NdIA ‘SIUSAT 9SIDAPY J0) elIS3ID ASojoulwia ] uowwo) ‘JyD 1D saueder ‘dyr Dlqely ‘Gyyy dluedsiH ‘SIH ‘uedLyy Y4V ‘ueadouni Y3 ‘ewol|3 apes3-mo| ‘957 ‘ewoise|qolinpaw
‘GIN anowiny SWJIAA ‘1M ‘ewodles 3uimy ‘AT ‘ewodesoAuiopdeyl ‘SINY ‘ewoydwA| uy3poH(-uou) “TH(N) ‘ewoydwA| [|92-g aunjew “JOgIA ‘elwayna| d1asejqoydwA| ajnoe “Ty ‘Adusnbauy sfs||e Jouiw ‘4|

synpe
(01340} ON Y=-C'SAT-00vAIVILD ST dn3 6'CS /uaapliydy 9971/dIN d ¥01/¥¢C Apnis Juaiin)
1M/M3
(dnou3 s Apnis /SINY
Jua.1Nd Aq pape.s) [SIVEREET o] o] /IHN 21(0202)
¢15°0 ON ¥-C'SAT-00vA 3VIOLD P33€3s JON dn3 0'0s /ua4piiyd /IH/ 1V d/d S¢/6 ‘b 32 2RAEH
by "sh +1(0202)
6210 ON T-00vA/0°€A IVIOLD pa3€3s JON dvr 0'6S SHNpY 109N d 96/6 Ip 32 Dlemes
Y-CsA uelsy 01(6102)
LLE0 pSPA 0 (Pauyal) 0'yA 3¥DLD Pp33€3s JON /d44v/dn3 v'ov /09 uaJpjiyd v d  ¥Ce/L9T 1D 32 WYSUM
(aseyd juawijeasy
uo Suipuadap) +1(8702)
69€°0 ON ¥-C'SAT-00vA IVIOLD 0'cpuegt avav T'LS uaJpiiys v d oer/ec ‘Ip 32 qIBYSZ
1(£T02)
10} 47d0] SSA  ¥-C'SAT-00%A 3IVOLD ST  SIH-uou/SIH A% SHNPY 1V d/d 96/8% I 32 %2038
£1(9702)
‘Ip 32 oulwe)
76€°0 ON ¥-C'SAT-00TA3IVIOLD ST dan3 0'LS uaJp|iys v d r1/9¢ -Z3J1_In9
EEVOTIVV
J3Y30/SIH 9502
(uoryeziwopuel uo /ueisy :,(ST02)
79€0 SOA ¥-C 'SAT-0 slipg Sulpuadap) 0z 10 G'T /d4v/d4n3 965 uaipjiys Tv d 66/2C Ip 32 ynoig
anx
13Y30/SIH [e3oL apnr
/uelsy 15 :,(5702)
£9€°0 SSA ¥-C'SAT-00TA3IVOLD ST /44v/dN3 JAVA uaJpiyd v d cce/v9 ‘Ip 32 ynoig
£09¥2654 ,L09¥T6S4 ugisap |0J1u0d-3sed (zw/3w) j030301d sandluyl3 slew % 1oyo) aseasiq . uSisaQ u soilA) Apmag
¢/d3D jo C/d3D pue NdIA pue 3|jeas pasn 0} Sulpi0ddy
4V paroday  usamiaq uonerdossy  juswssasse AyjedounsN  9s4nod 4ad asop JNIA X9§ |e303

/sased)

sisAjeue-e3awl ay} Ul papnjoul ‘Ayzedoinau jesaydiiad paonpul-aulISLIdDUIA PUe /09%26S] Z/d3D U9aMIaq Uo[3e[d0sse Y} SulesI3saAul SHoYod Jo safskieeley)  Z 374V 1L



KLUMPERS ET AL.

BRITISH
PHARMACOLOGICAL 3469
SOCIETY

OR (95% CI) Weight
Diouf et al. 2015; St. Jude Total XIIIB | = 24(1.7-35) 28.29%
64 cases; 158 controls
Diouf et al. 2015: COG AALL0433 | 41(19-90) 17.7%
22 cases; 77 controls
Gutierrez-Camino et al. 2016 | 07 (02-24) 95%
33 cases; 106 controls
Stock et al. 2017
- —_— . _ Y
48 cases; 48 controls 43(12-158) 9.9%
Zgheib et al. 2018 | . 1
23 cases; 107 controls 1.0(0.3-4.3) 11.0%
Wright et al. 2019
rgnteta . . 34(09-126)  9.8%
167 cases; 57 controls
Sawaki et al. 2020 < 0.2(0.0-2.3) 2.9%
9 cases; 47 controls
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FIGURE 2 Meta-analysis (random effects model) of nine cohorts investigating the association between CEP72 rs924607 and risk for
development of vincristine-induced peripheral neuropathy (VIPN), resulting in a statistically significant effect of TT genotype on risk of

development of VIPN

associated to VIPN, but the authors did not elaborate. To evaluate the
possible impact of this study on meta-analysis outcome, the known
cohort size, population allele frequency of this variant and used
P-value cut off were used to simulate possible scenarios of outcome
(Supplementary S7). These included a scenario of no effect (OR of 1),
an effect in the same direction (OR>1) and in the opposite direction
(OR<1). Based on these hypothetical calculations, one could conclude
that as long as the direction of effect of the association in the study
by Li et al.'® is the same as in the meta-analysis, or no effect (OR of
1 with a 95% Cl of 0.75-1.33 or larger), there remains a statistically
significant association between the CEP72 variant and VIPN in overall

meta-analysis.

3.4 | Sequencing of CEP72 coding regions

Sanger sequencing of the CEP72 resulted in identification of a total of
46 variants, of which 31 were intronic variants (including 6 indels in
intronic regions) and 2 3'-untranslated region variants, as these were
present in the flanking regions of the sequenced exons. These variants
were not further investigated in this study. The remaining 13 variants
consisted of 11 missense variants, 1 synonymous variant and 1 splice
region variant (Table 3), and were all known in dbSNP.28 Sequencing
was successful for 95.9% of all variants, with the number of missing
genotypes differing per variant. None of the identified variants
showed deviation from the Hardy-Weinberg equilibrium, and all were

not in substantial in linkage disequilibrium (highest R? = 0.079).

35 |
analysis

Common variants and weighted burden

VIPN was treated as ordinal variable in the following analyses.
Therefore, clinical variables were again tested for association
(Supplementary S8). An increase in age in groups with more severe
VIPN was observed, therefore this was included in the statistical
model. Vincristine-related variables (being dose per course and
number of courses) were not included in further analyses, as
differences between groups can be both the cause (dose-dependent
effect of vincristine) and the consequence (reducing vincristine doses
and omitting courses due to toxicity) of VIPN. Most importantly, no
major clinical differences were observed between high and lower
grades regarding concomitant medication (e.g. use of strongly
interacting azoles) and vincristine cumulative doses.

Out of the 13 identified coding variants in CEP72, 2 variants
(rs12522955 and rs868649) were common with variant allele
frequencies of 0.188 and 0.193, respectively (Table 3). In silico tools
(SIFT and Polyphen-2) predicted rs12522955 to be Deleterious and
Probably damaging, and rs868649 to be Tolerated and Benign.?%2’
Multivariate ordinal regression analysis (including age) with an additive
model resulted in a statistically significant association between
rs12522955 and VIPN (CC vs. CA vs. AA; OR 2.3, 95% Cl 1.2-4.4,
P = .014), showing a higher variant allele (A) frequency in higher
(more severe) grades of VIPN (Table 4). An even stronger effect was
found when applying a dominant model (CC vs. CA/AA; OR 3.0, 95%
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TABLE 3 Characteristics of identified variants in coding regions of CEP72

SIFT PolyPhen-2 Variant

Variant Exon Position® Ref Alt Consequence VEP annotation prediction prediction MAF®  weight®

rs138365408 2 619 210 G A p.Argé63His missense_variant Deleterious  Possibly 0.005 20
damaging

rs62001006 4 624 587 C T c.405C > splice_region_variant - - 0.010 5

T(p.=)

rs773198799 5 633 958 C G p.Alal196Gly missense_variant Deleterious  Probably 0.005 20
damaging

rs869955 6 635 508 C T p.Pro238Leu missense_variant Deleterious  Probably 0.005 20
damaging

rs140416835 7 637 668 A G p.Lys314Arg missense_variant Deleterious  Possibly 0.005 20
damaging

rs62000999 7 637 637 A G p.Met304Val missense_variant Tolerated Benign 0.021 10

rs150376362 7 637 673 G A p.Asp316Asn missense_variant Tolerated Benign 0.005 10

rs1296780032 7 637 688 A G p.Met321Val missense_variant Tolerated Benign 0.005 10

rs12522955 8 639 231 C A p.Pro412Thr missense_variant Deleterious  Probably 0.188 20
damaging

rs868649 9 640 705 A G p.Thr509Ala missense_variant Tolerated Benign 0.193 10

rs138955347 9 640 669 C G p.Argd97Gly missense_variant Tolerated Benign 0.005 10

rs62001010 9 640 704 C T p.His508His synonymous_variant - - 0.005 5

rs62000998 12 653 145 C G p.Ser607Arg missense_variant Deleterious  Possibly 0.031 20
damaging

Ref, reference allele; Alt, alternative/variant allele; VEP, variant effect predictor; MAF, minor allele frequency.
#Base pair position on chromosome 5 (genomic build: GRCh37/hg19).
PMAF is calculated in a cohort of 96 patients. For all variants, the alternative allele was the minor allele.
“Based on VEP annotation and predictions by SIFT and PolyPhen-2 (Supplementary S4).

TABLE 4 Analysis of common variants in CEP72 coding regions, comparing genotype frequencies between different grades of vincristine-
induced peripheral neuropathy

Grade 0 Grade 1 Grade 2 Grade 3 Multivariate ordinal regression®
Variant n %P n %P n %P n %P Genetic model OR 95% Cl p
rs12522955
cc 34 51.5% 20 30.3% 12 18.2% 0 0.0% Additive 23 1.2-44 014
CA 8 26.7% 12 40.0% 8 26.7% 6.7% Dominant 3.0 14-6.7 .006
AA 1 20.0% 3 60.0% (0] 0.0% 1 20.0% Recessive 1.8 0.3-9.6 484
rs868649
AA 26 40.0% 23 35.4% 13 20.0% 4.6% Additive 0.9 0.4-2.0 .846
AG 16 48.5% 11 33.3% 6 18.2% 0.0% Dominant 0.9 0.4-1.9 726
GG 1 50.0% 0 0.0% 1 50.0% 0.0% Recessive 2.5 0.1-52.0 .562

OR, odds ratio; Cl, confidence interval.
?Percentages indicate the percentage of patients per genotype group.

PAge at diagnosis was included as a covariate in ordinal regression analyses.

Cl 1.4-6.7, P =.006), but none when making use of a recessive
genetic model (CC/CA vs. AA). For rs868649, a variant predicted to
have no impact on protein function and structure, no statistically
significant associations were identified by any of the genetic models.
Univariate ordinal regression analyses investigating these 2 variants
showed similar results (Supplementary S9). Two other identified
in CEP72 (rs62000999 and rs62000998)

variants had allele

frequencies just above 0.01 (classifying them as common), but
absolute allele counts for these variants were too low to perform
meaningful statistical testing.

For the weighted burden analysis, samples were included if they
did not have missing genotypes for any of the identified coding
variants, resulting in 96 out of 104 (92.3%) samples. Each variant was

assigned a certain weight according to its VEP annotation and its
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FIGURE 3 Weighted genotype analysis of CEP72 and vincristine-
induced peripheral neuropathy (VIPN). The top of the bar chart
represents the mean weighted genotype score in each group and the
whiskers show the corresponding standard deviation. A statistically
significant difference (P = .039) was observed between the different
groups

predicted impact on protein function and structure. The total assigned
weight per variant is shown in Table 3. A weighted genotype score
(sum of all weighted allele counts) was calculated for each patient.
Genetic scores ranged from O to 60 and, when comparing the
different VIPN groups, a statistically significant increase in the mean
genetic scores with increase of VIPN severity was observed (P = .039,
Figure 3).

4 | DISCUSSION AND CONCLUSIONS
CEP72 rs924607 has been implicated to play a predisposing role to
VIPN, but remained ambiguous in patients from non-North American
descent, and has not been investigated in solid malignancies. This
study did not find a statistically significant association between CEP72
rs924607 and VIPN in a European brain tumour cohort. When
combining this result in a cross-disease meta-analysis with 8 other
cohorts (1098 patients), an overall risk effect of the CEP72 rs924607
TT genotype on development of VIPN was found. Furthermore, this
study looks for the first time beyond this specific variant and per-
formed analysis of other genetic variants in CEP72. A missense variant
(rs12522955, p.Pro412Thr) in CEP72 was found to be significantly
associated with higher grades of VIPN. Finally, when combining all
common and rare variants in the CEP72 protein coding region,
patients with more severe VIPN have an increasingly higher burden of
genetic variants compared to patients with no or mild VIPN.

The inability to detect a statistically significant association
between CEP72 rs924607 and VIPN in this study's cohort could have
multiple causes. This is the first study to investigate this association in
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a brain tumour cohort. Although the vincristine dose per course is
similar compared to previously studied haematological malignancies,
treatment regimens are in essence different between diseases
concerning vincristine course schemes and other (chemotherapeutic)
treatment aspects.! Moreover, in treatment of paediatric brain
tumours, platinum agents are used in the vast majority of patients,
which are also potentially neurotoxic (especially cisplatin).2? Although
neuropathy was specifically graded with a high likelihood of being
vincristine-induced, and there was no significant difference in cisplatin
usage between cases and controls, there is a chance that platinum
agents have also impacted the neurons and therefore make them
more prone for development of VIPN.%° Finally, due to investigating a
rare disease, this study had limited power (0.74) to detect the associa-
tion, despite the fact that all eligible brain tumour patients from our
centres were included. Since the direction of effect of the association
was similar to the previous studies, the hypothesis remains that this
genetic variant might have an effect on VIPN in this population.

The meta-analysis summarizes the overall effect of CEP72
rs924607 on VIPN in patients with cancer, thereby and provides a
clearer picture of its impact across cohorts with differences in disease,
treatment phases, age and ethnicities. The result shows a statistically
significant 2.2-fold increase in VIPN risk in patients with a TT
genotype compared to the CC/CT genotype, when combining
9 cohorts. Most of the cohorts (6 out of 9) indeed showed this risk
effect (OR > 1), but only 3 were able to detect a statistically significant
association on their own. This suggests that sample size could be an
important factor in this, but other factors are also likely to play a role.
Differences in studied cohorts (regarding patient and treatment
characteristics) could influence the development and severity of
neurotoxicity, and the impact of CEP72 rs924607. Increase in age is

k,%3! as was observed in this

often associated to increase in VIPN ris
study's cohort. Even though many studies included age in their
statistical model, it could contribute to differences in findings of
paediatric vs. adult cohorts. Population ethnicities play an important
role in pharmacogenetic studies. The 3 studies that found a statisti-
cally significant association between VIPN and CEP72 rs924607 were
all performed in a (North-)American population.”*%*! However when
looking at population genetics of CEP72 rs924607, T-allele frequen-
cies are even higher in the European population (0.409) compared to
American population (0.317), and therefore not likely to be fully
explanatory for the observed differences in findings.>? One relatively
large published GWAS could not be included due to lack of reported
summary statistics on the association of the CEP72 variant and VIPN,
but simulated calculations did not show high impact of these
results on overall meta-analysis outcome.'® Despite the factors of
heterogeneity between included studies, the results of the meta-
analyses clearly suggest this variant to be a promising biomarker to be
investigated in prospective studies. To our knowledge, there is 1 ongo-
ing prospective study (ClinicalTrials.govNCT03117751).

This study is the first to investigate CEP72 coding region variants
and their impact in VIPN. Since Diouf et al. already showed that
reduced CEP72 mRNA levels increased sensitivity to vincristine in

iPSC-derived neurons,” one could hypothesize that other genetic
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variants with transcriptional consequences could have similar impact
on VIPN as the previously described risk variant. A missense variant
with predicted damaging effect on protein function was identified to
be statistically significantly associated with VIPN, showing a risk
effect of the variant (A) allele compared to the reference (C) allele.
These results were similar when treating VIPN as a binary outcome
(grade 0-1 vs. grade 2-4), and independent from previously identified
variant rs924607. Other pharmacogenetic studies have already shown
the importance of investigating all functional variants in a gene to
establish the overall impact on protein function and consequently,
drug efficacy and/or toxicity. For example, for thiopurine drugs,
multiple variants in TPMT and NUDT15 have been identified in their
relation to hematological toxicities, resulting in an extensive list of
actionable genetic variants in clinical guidelines.®®> CEP72 is hypothe-
sized to be involved in vincristine pharmacodynamics, being on the
level of the neuron, making establishment of the consequence of a
genetic variant on the eventual phenotype less straightforward
compared to proteins in pharmacokinetic pathways such asTPMT and
NUDT15. However, this does not take away from the importance of
identifying all relevant variants in this gene. Since the majority of
identified coding region variants in CEP72 were rare (11 out of 13), a
weighted burden analyses was performed, resulting in a significant
increase in number of impactful variants with increase of VIPN sever-
ity. This result suggests a combined impact of coding region variants,
and/or solidary impact of 1 or more rare variants on CEP72 protein
function. Since rs924607 is located in the promotor region of CEP72,
this variant was not included in initial coding region analysis. Since it
has been shown that this variant has functional impact on mRNA
expression,” an additional analysis was performed including this
variant (with a weight of 20), but this does not have significant impact
on the result. This study did not include sequencing and analyses of
variants located outside coding regions. Although noncoding regions
are known to contain genetic variants that could potentially influence
gene expression, prediction and interpretation of functional impact of
these variants is currently still too uncertain to include in a systematic
analysis.

The main strength of this study is the investigated study popula-
tion, being paediatric brain tumour patients. Although brain tumours
are rare in children when looking at absolute numbers, they are the
most common malignancy of childhood after ALL. Moreover, VIPN
has additional impact in this population for the high incidence of
motor and sensory impairment due to tumour localization and other
treatment aspects. Cross-disease investigation of CEP72 genetic vari-
ants and their impact on VIPN was sparse, and is of great importance
to pave the way towards biomarker implementation. A drawback of
this study is phenotyping in a retrospective manner, which carries the
risk of misclassification. Overall, worse VIPN during and after
treatment, as was done in this study, is a commonly used endpoint,
especially for retrospective studies, as it provides valid and clinically
relevant information about which patients eventually develop VIPN.
However, VIPN is known to be a dose-dependent toxicity, so devel-
opment of VIPN is not only a question of a patient's sensitivity, but

also treatment duration and cumulative dose at moment of toxicity.

Therefore, it is advised that future prospective studies should
consider fixed timepoints for VIPN assessment and focus on cumula-
tive dose at moment of toxicity to provide deeper phenotyping.

This study represents the first pharmacogenetic analysis of VIPN
in a cohort exclusively consisting of brain tumours patients. Based on
promising results of CEP72 coding region analyses, it is advised that
future studies focus on all genetic variants with potential protein
impact in relation to VIPN, including replication of the newly identi-
fied variant rs12522955, as well as assessing the potential combined
impact of common and rare variants in CEP72. In conclusion, this
study provided insight in the role of CEP72 in VIPN in brain tumour
patients, and guidance for prospective studies investigating this gene
and variants within as potential biomarkers for development and
severity of VIPN.
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