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Abstract. Colorectal cancer (CRC) is a major global health
burden, and oxaliplatin is a cornerstone of its treatment.
However, oxaliplatin-induced neurotoxicity, particularly
chronic cumulative neurotoxicity (CN), poses a significant
clinical challenge, often severely compromising the quality
of life of patients. Genetic polymorphisms in glutathione
S-transferase pi-1 (GSTP/) may influence individual suscep-
tibility to oxaliplatin-induced neurotoxicity. The present study
investigated the association between GSTP! polymorphisms
(rs1695 and rs1138272) and CN in patients with CRC receiving
oxaliplatin-based chemotherapy. For this purpose, a prospec-
tive observational cohort study was conducted across two
oncology centers, enrolling 120 patients with CRC. GSTPI
polymorphisms were genotyped using polymerase chain
reaction and Sanger sequencing. CN severity was assessed
using the National Cancer Institute Common Terminology
Criteria for Adverse Events. Logistic regression analysis was
used to assess the association between GSTP1 genotypes
and neurotoxicity onset and severity. Significant associa-
tions were observed between GSTPI polymorphisms and the
risk of developing CN. The rs1695 GG genotype conferred
a 7.7-fold increased risk of developing CN at oxaliplatin
doses <1,000 mg/m? (P=0.012) and a 5.5-fold risk at doses
>1,000 mg/m? (P<0.001). The rs1138272 CT genotype was
found to be associated with an elevated risk of developing CN
[odds ratio (OR), 4.05; P=0.004], implicating the T allele in
susceptibility. The GG genotype was strongly associated with
progressive CN severity, exhibiting a 5-fold risk for grade 2
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(P=0.031) and a 6.2-fold risk for grade 3 CN (P=0.029).
Similarly, the CT genotype was associated with grade 3 CN.
(OR, 3.43; P=0.043). To the best of our knowledge, the present
study is the first to demonstrate a link between the rs1695 and
rs1138272 polymorphisms and the onset and severity of CN.
On the whole, the present study demonstrates that GSTPI
polymorphisms significantly affect the oxaliplatin-induced
risk of developing CN in patients with CRC. These findings
advocate genetic screening as part of personalized treatment
strategies and underscore the need for further mechanistic and
validation studies.

Introduction

Colorectal cancer (CRC) imposes a substantial global health
burden, with region-specific risk factors exacerbating its
impact. In Iraq, Helicobacter pylori infection, particularly
cytotoxic CagA-positive strains, has been linked to the
increased incidence of CRC (1). The financial burden of
cancer care further compounds healthcare disparities, limiting
equitable treatment access (2,3).

Oxaliplatin, a platinum-based chemotherapeutic agent,
is integral to CRC treatment across disease stages (4,5).
Its mechanism involves DNA crosslinking at the N7 posi-
tion of guanine, inducing structural distortion, replication
blockade and apoptosis (6). However, oxaliplatin also elicits
dose-limiting neurotoxicity, including acute cold-induced
symptoms and chronic cumulative neurotoxicity (CN), which
often necessitates dose modifications and markedly impairs
the quality of life of patients (7).

CN typically emerges following 8-10 treatment cycles
(incidence rate, 40-93%) (8), with symptoms persisting
between cycles and worsening at cumulative doses exceeding
700-800 mg/m?* (9). Sensory nerve conduction deficits
manifest early (e.g., at 410 mg/m?) and progress with dose
escalation (10).

The glutathione S-transferase pi-1 (GSTPI) gene (chro-
mosome 11q13) encodes a detoxification enzyme critical
for metabolizing carcinogens and chemotherapeutics (11).
Comprising ~4% of hepatic soluble proteins, GSTP1 functions
as a dimer with G- and H-sites that bind glutathione to facilitate
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xenobiotic detoxification. Polymorphisms in GSTP! may alter
substrate affinity, influencing drug efficacy and toxicity (12).

In oxaliplatin-induced neurotoxicity, GSTPI plays a dual
role: i) By detoxifying oxaliplatin metabolites; and ii) modu-
lating neurotoxic pathways (13,14). It regulates the Nrf2-Keapl
oxidative stress response (11,15) and interacts with DNA
repair mechanisms; impaired function may exacerbate
neuronal DNA damage and apoptosis (12,16). Additionally,
GSTPI modulates transient receptor potential cation channel
subfamily A member 1 expression, an ion channel implicated
in neuropathic pain (17).

The present study examined GSTPI polymorphisms
(rs1695 and rs1138272) as predictive biomarkers for CN in
Iraqi patients with CRC, aiming to optimize treatment cycles
and guide therapeutic alternatives.

Patients and methods

Study design. A prospective observational cohort study was
conducted between January, 2024 and January, 2025 at two
Iraqi oncology centers (Oncology Teaching Hospital, Medical
City, Baghdad and Warith International Cancer Institute,
Karbala) in an aim to evaluate the association between GSTPI
polymorphisms (rs1695 and rs1138272) and oxaliplatin-induced
CN in patients with advanced-stage CRC. Of the 150 initially
screened patients, 120 eligible Iraqi adults (61 males and 59
females) with histologically confirmed colorectal adenocarci-
noma were enrolled in the present study.

Inclusion and exclusion criteria. The inclusion criteria were
patients with histologically confirmed CRC and those treated
with planned oxaliplatin-based chemotherapy at a cumulative
dose =500 mg/m?. The exclusion criteria were patients with
pre-existing neuropathy or those previously treated with
platinum-based chemotherapy.

Clinical data collection. The present study adhered to the
NCCN Clinical Practice Guidelines in Oncology-Colon
Cancer v.2024 (18) to maintain consistency in patient
care and outcome assessment. Clinical assessments were
conducted systematically prior to each chemotherapy cycle.
Symptoms of CN were assessed at baseline and subsequently
monitored through follow-up evaluations conducted 2 weeks
post-administration of each chemotherapy cycle. The evalu-
ations comprised physical examinations and complete blood
count tests. The cumulative neurotoxicity resulting from
oxaliplatin was assessed according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
(NCI-CTCAE) (19). Although objective tools for assessing
chemotherapy-induced neurotoxicity were not employed,
thorough clinical evaluations provided consistent and reliable
monitoring of CN-related symptoms.

Collection of genetic data. Alongside clinical assessments,
blood samples were obtained from all participants for the
analysis of GSTPI gene polymorphisms. Patients were classi-
fied into two groups according to their cumulative oxaliplatin
dosage: Those with a total dose <1,000 mg/m? and those with
a total dose >1,000 mg/m?. The categorization aimed to assess
the impact of genetic variations on the initiation timing of CN.

The present study aimed to integrate clinical data and genetic
analysis to provide evidence on the potential role of GSTPI
polymorphisms in predicting susceptibility to CN.

Ethical considerations and approvals. The research adhered
to Good Clinical Practice (GCP) principles; the present study
adhered to ethical standards established by the Research
Ethics Committee of Mustansiriyah University of Pharmacy
(permission no. 37) and was granted authorization from the
Ministry of Health (no. 7026) and approvals from the Ministry
of Health (no. 7026) and Warith International Cancer Institute
(no. 892). The permission form emphasized that participa-
tion was entirely voluntary, and individuals could withdraw
at any time without incurring any consequences. Anonymity
and confidentiality were preserved by using coded identifiers
instead of names or medical record numbers. The research
upheld rigorous ethical standards in accordance with inter-
national ethical norms, including the Declaration of Helsinki.
A statement of consent for publication was obtained from
the patient according to the principles of the Declaration of
Helsinki.

DNA extraction and polymerase chain reaction (PCR). The
genomic DNA was purified from peripheral white blood cells
(isolated form collected blood samples from each patient) and
extracted according to the protocol of the manufacturer using
the ReliaPrep™ Blood gDNA Miniprep kit (cat. no. A5081,
Promega Corporation) and stored at -20°C until the use in
PCR. Of note, two pairs of primers were used to amplify gene
fragments corresponding to the target polymorphisms. The
sequences of these primers were as follows: rs-1695 forward,
5'-ACGCACATCCTCTTCCCCTC-3' and reverse, 5'-TAC
TTGGCTGGTTGATGTCC-3"; and rs-1138272 forward,
5'-CAAGGATGGACAGGCAGAATGG-3' and reverse,
5-ATGGCTCACACCTGTGTCCATC-3'. The reference gene
used was HLA-DRBI1 gene for which the primer sequences
were: DRBI1 forward, 5"-TGCCAAGTGGAGCACCCAA-3'
and reverse, 5'-GCATCTTGCTCTGTGCAGAT-3'.

All the PCR analyses were done according to the manu-
facturing protocol utilizing the GoTaq® Green Master Mix
kit (cat. no. M7122, Promega Corporation) and using a reac-
tion volume of 25 ul containing 3 ul DNA, Green Master
Mix (12.5 pl), 1 ul of each primer (10 pmol), and 7.5 pul of
nuclease-free water (20). PCR was conducted in a Veriti
thermal cycler (cat. no. 4375305, Applied Biosystems; Thermo
Fisher Scientific, Inc.). The PCR conditions included an initial
denaturation at 95°C for 5 min, followed by 30 cycles of dena-
turation at 95°C for 30 sec, annealing at 60°C for 30 sec, and
extension at 72°C for 30 sec. After cycling, a final extension
at 72°C for 7 min was performed, and the reaction was held
at 10°C for 10 min or as needed. The amplification products
(5 pl) underwent electrophoresis on a 1.5% agarose gel and
using 100 bp DNA Ladder kit (cat. no. 15628019, Thermo
Fisher Scientific, Inc.). The genotyping of exon 5 and 6 of
the GSTPI polymorphism was conducted according to the
instructions of the manufacturer using Sangar sequencing
by Applied Biosystems™ SeqStudio™ Genetic Analyzer
System with SmartStart utilizing Smart Start, System (cat.
no. A35644; Applied Biosystems; Thermo Fisher Scientific,
Inc.), SeqStudio™ Cartridge (cat. no. A33671), SeqStudio™
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Figure 1. Chromatogram of the single nucleotide polymorphism, rs1695, on the forward strand. The bases in the frames indicate the polymorphism sites. The
letter M in the upper section represents the heterozygous genotype (AG).
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Figure 2. Chromatogram of the single nucleotide polymorphism, rs1695, forward strand. The bases in the frames represent the polymorphism sites. The G letter
in the upper part represents the homozygous genotype (GG).

Cathode Buffer Container (cat. no. A33401), SeqStudio™  mean + standard deviation and analyzed using the Student's
Integrated Capillary Protector (cat. no. A31923) and the t-test, while non-normally distributed variables are
Sanger Sequencing Kit (cat. no. A38073) (all from Applied summarized as the median (range) and compared using the
Biosystems; Thermo Fisher Scientific, Inc.). The sequencing = Mann-Whitney U test. Categorical variables are reported as
data were interpreted using Mutation Surveyor software  frequencies and percentages, with group differences were
(SoftGenetics, LLC). The corresponding chromatograms of  evaluated using the Chi-squared test of Fisher's exact test. To
151695 and rs1138272 in homozygous and heterozygous states ~ examine the association between GSTPI polymorphisms and
are illustrated in Figs. 1-4. CN, binary logistic regression was performed, adjusting for

potential confounding factors where appropriate. Additional
Statistical analysis. The distribution of continuous analyses assessed the association between genetic variants
variables was assessed using the Shapiro-Wilk test for  and both the threshold oxaliplatin dose for CN onset and the
normality. Normally distributed data are expressed as the  severity of neurotoxic manifestations. These associations
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Figure 3. Chromatogram of the single nucleotide polymorphism, rs1138272, forward strand. The bases in the frames represent the polymorphism sites. The X

letter in the upper part represents the heterozygous genotype (CT).
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Figure 4. Chromatogram of the single nucleotide polymorphism, rs1138272, forward strand. The bases in the frames represent the polymorphism sites. The T

letter in the upper part represents the homozygous genotype (TT).

were quantified using odds ratios (OR) with corresponding
95% confidence intervals (Cls). Genotype frequencies were
tested for deviation from Hardy-Weinberg equilibrium
(HWE) using an online calculator (https://scienceprimer.
com/hardy-weinberg-equilibrium-calculator). All statis-
tical tests were two-tailed, with P<0.05 considered to
indicate a statistically significant difference. Analyses
were conducted using IBM SPSS Statistics for Windows
(Version 25; IBM Corp.).

Results

Demographic and clinical data, and association with
oxaliplatin-induced CN. The present study analyzed multiple
variables among the 120 patients enrolled in the present study,
including genetic polymorphisms, tumor characteristics and
treatment parameters. Of these participants, 53 (44.2%) devel-
oped oxaliplatin-induced CN, while 67 (55.8%) did not exhibit
this adverse effect.
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Table I. Association of the demographic data of the patients
with cumulative neurotoxicity.
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Table II. Disease data associated with oxaliplatin-induced
cumulative neurotoxicity.

Without CN With CN Without CN With CN
Variables (n=67) (n=53) P-value  Variables (n=67) (n=53) P-value
Age, years Past medical history
Mean + SD 54.16x12.11 5049+11.96 0.1° None 39 (582%) 40 (75.5%) 0.0758*
Range 24.40-76.70  18.90-69.50 HT 16 (23.9%) 6 (11.3%)
Sex DM 5(7.5%) 5 (9.4%)
Male 35 26 0.729° HT + DM 5(7.5%) 0(0.00%)
Female 32 27 Hypothyroidism 2 (3.0%) 2 (3.8%)
Body mass index, Primary tumor site
kg/m? Colon 37 (552%) 25(472%) 0.602°
Mean + SD 28.09+6.81  28.16+590 0.951°  Recto-sigmoid 12(179%) 13 (24.5%)
Range 15.40-49.61  17.57-43.66 Rectum 18 (26.9%) 15 (28.3%)
Educational level Organ metastasis
Primary 29 (43.3%) 46 (86.8%) 0.220° No metastasis 29 (433%) 22 (37.29%) 0.685°
Secondary 11 (16.4%) 12 (22.6%) Liver metastasis 32 (47.8%) 23 (43.4%)
Higher 13 (19.4%) 9 (17.0%) Other metastasis 7 (10.4%) 8 (15.1%)
Residence Tumor stage
Baghdad 42 (62.7%)  35(660%)  0.492° I 3 (4.5%) 4 (7.5%) 0.752°
North governorates 8 (11.9%) 3(5.7%) I 25 (37.3%) 18 (34.0%)
South governorates 17 (254%) 15 (28.30%) v 39 (58.2%) 31 (58.5%)
Family history CEA
No 53(79.1%) 44 (83.0%)  0.589" Median 6.0 17.3 0.713¢
Yes 14 (20.9%) 9 (17.0%) Range 0.00-2000 0.20-1900
Smoking status Data were analyzed using “Fisher's exact test, ®Chi-squared test, or
Never 56 (83.6%) 38 (71.7%)  0.117° ‘Mann-Whitney U test. CN, cumulative neurotoxicity; HT, hyperten-
Ex/current 11 (16.4%) 15 (28.3%) sion; DM, diabetes mellites; CEA, carcinoembryonic antigen.
ECOG
0 54 (80.6%) 41 (77.4%) 0.64°
1 13 (19.4%) 11 (20.8%)
2 0 (0.00%) 1 (1.9%) such as statins and renin-angiotensin system inhibitors),

Data were analyzed using the “t-test, "Chi-squared test and “Fisher's
exact test. CN, cumulative neurotoxicity; ECOG, Eastern Cooperative
Oncology Group.

The comprehensive analysis of demographic and clinical
characteristics revealed no significant associations between
baseline factors and the development of CN. As detailed in
Tables I and II, no statistically significant differences were
observed between the demographics of the patients with and
without CN.

Association of treatment data with oxaliplatin-induced CN.
Although the analysis revealed a non-significant association
between cumulative oxaliplatin exposure and neurotoxicity
development. As demonstrated in Table III, patients receiving
higher cumulative doses (>1,000 mg/m?) exhibited a substan-
tially greater incidence of CN compared to those receiving
lower doses. Although not statistically significant, this
dose-dependent association persisted following the adjustment
for potential confounding variables (concomitant medications

supporting cumulative dose as a key determinant of the risk of
developing neurotoxicity.

Genetic predisposition to oxaliplatin induces CN: HWE
validation and high-risk genotypes (rs1695 and rs1138272).
Genotype distributions for rs1695 and rs1138272 were
tested for HWE using a Chi-squared test calculated via an
online calculator (https://scienceprimer.com/hardy-wein-
berg-equilibrium-calculator). Both polymorphisms were
in equilibrium (rs1695: x?=1.77, df=1, P=0.412; rs1138272:
%*=0.002, df=1,P=0.999), indicating no significant deviation
from HWE. Since both P-values were >0.05, the genotype
distributions do not significantly deviate from HWE, as
shown in Table IV.

The sequencing PCR products of rs1695 revealed three
genotypes (AA, AG and GG). The sequencing of PCR prod-
ucts of rs1138272 also revealed three genotypes (CC, CT
and TT). The results of the association between genotypes
of both polymorphisms linked to CN in patients receiving
oxaliplatin-based chemotherapy are presented in Tables V
and VI. The GG and CT genotypes posed the highest risk (OR,
4.0; 95% CI, 1.08-14.74) and (OR, 5.27; 95% CI, 2.0-13.79) for
rs1695 and rs1138272, respectively. These genotypes were
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Table III. Association between the treatment data of patients
and oxaliplatin-induced CN.

Without CN With CN
Variables (n=67) (n=53) P-value
Standard dose of
OHP (mg/m?)
85 27 (40.3%) 17 (32.1%) 0.353°
130 40 (59.7%) 36 (67.9%)
Given dose of
OHP, mg/m?
Mean + SD 178.70+£45.56 191.09+45.95 0.143¢
Range 100-260 100-270
Cumulative dose
of OHP (mg)
Median 2,100 2,410 0.116¢
Range 1,080-3,120  750-3,360
Concomitant
medications n (%)
No 28 (41.8%) 31 (58.5%) 0.0884*
Statin + RAS-I 18 (26.9%) 7 (13.2%)
Statin + metformin 6 (9.0%) 3(5.7%)
Statin + metformin + 4 (6.0%) 0 (0.00%)
RAS-I
Pregabalin 10 (14.9%) 9 (17.0%)
Thyroxin 1(1.5%) 3(5.7%)
Chemotherapy
settings
Neoadjuvant 24 (35.8%) 19 (35.8%) 0.384°
Palliative 38 (56.7%) 28 (52.8%)
Adjuvant 5(7.5%) 8 (15.1%)
Company
X 26 (38.8%) 21 (39.6%) 0.927°
Y 41 (61.2%) 32 (60.4%)
Protocol
XELOX 25(373%) 21(39.6%) 0.102°
XELOX +
bevacizumab 18 (26.9%) 16 (30.2%)
FOLFOX 12 (17.9%) 2 (3.8%)
FOLFOX +
bevacizumab 12 (17.9%) 14 (26 .4%)

Data were analyzed using “Fisher's exact test, “the t-test, "Chi-squared
test or “Mann-Whitney U test. CN, cumulative neurotoxicity, OHP:
Oxaliplatin, RAS-I, renin-angiotensin system inhibitors, FOLFOX,
5-fluorouracil, oxaliplatin (85 mg/m* and leucovorin, XELOX,
capecitabine plus oxaliplatin (130 mg/m?).

found to significantly increase the risk of developing CN,
suggesting a strong genetic predisposition.

Dose-dependent genetic associations between rsl1695/
rsl138272 and oxaliplatin-induced CN. The association
between the polymorphisms and two different ranges of

doses (<1,000 mg/m?and >1,000 mg/m?) was then examined
(Tables VII-X). The key findings revealed that the rs1695
polymorphism was strongly associated with CN at oxaliplatin
doses (<1,000 mg/m?; the GG genotype increased the risk of
developing CN by ~7.7-fold compared to the AA genotype (OR,
7.7, P=0.012) (Table VII). At oxaliplatin doses >1,000 mg/m?,
the risk remained elevated, with the AG genotype increasing
the odds by 5.5-fold compared to the AA genotype (OR, 5.5;
P<0.001), as shown in Table VIII.

As regards rs1138272, at doses (<1,000 mg/m?, the CT
genotype was significantly associated with CN (P=0.004),
with a recessive model OR of 4.05. This indicates that indi-
viduals carrying at least one T allele (CT or TT) are at a
>4-fold increased risk of developing CN compared to those
without this allele, as shown in Table IX. The rs 1138272 poly-
morphism did not exhibit a significant correlation with CN at
doses >1,000 mg/m? oxaliplatin, as shown in Table X.

Dose-independent genetic associations: rsl1695 GG/AG
and rsl138272 CT genotypes are associated with grade-
progressive risk of developing oxaliplatin-induced CN. The
present study then examined the association between different
genotypes and alleles of the rs1695 polymorphism with varying
grades of cumulative neurotoxicity. The findings indicated that
both the G allele and the GG genotype of the GSTP1 rs1695
polymorphism were significantly associated with increased
severity of cumulative neurotoxicity, particularly at grades 2
and 3 (Table XI) between the GG genotype and the increased
the severity of CN.

Individuals carrying the AG genotype had a significantly
increased risk of developing grade 1 CN compared to the AA
genotype (OR, 3.62; 95% CI, 1.36-9.65; P=0.010). The GG
genotype did not exhibit a statistically significant associa-
tion with grade 1 CN (OR, 1.45; P=0.666). The G allele was
significantly associated with grade 1 CN (OR, 2.27; P=0.015),
suggesting that carriers of the G allele may be predisposed to
early-stage CN.

A strong association was observed between the GG geno-
type and grade 2 CN (OR, 5.0; 95% CI, 1.56-21.63; P=0.031),
indicating that homozygous carriers of the G allele have a
5-fold increased risk of developing grade 2 CN compared to
the AA genotype. The AG genotype does not exhibit a signifi-
cant association with grade 2 CN (P=0.638). The G allele
again exhibited a significant association with grade 2 CN (OR,
2.65; P=0.042), reinforcing its potential role in the increased
susceptibility to CN.

Both the AG and GG genotypes exhibited significant asso-
ciations with grade 3 CN. The AG genotype was associated
with an almost 5-fold increased risk of grade 3 CN (OR, 4.94;
P=0.024). The GG genotype exhibited the highest association
(OR, 6.2; P=0.029), suggesting a dose-dependent association
between the number of G alleles and the severity of CN. The G
allele remained significantly associated with grade 3 CN (OR,
3.65; P=0.001) (Table XI).

Subsequently, the present study examined the impact
of the rs1138272 polymorphism on oxaliplatin-induced CN
(Table XII). The data indicated that the CT genotype was
associated with an increased risk of developing CN, particu-
larly at higher grades. The CT and TT genotypes do not
exhibit a significant association with grade 1 CN (P>0.05
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Table IV. Hardy-Weinberg equilibrium test results for GSTPI polymorphisms.

SNP ID Chi-square (%?) df P-value HWE Status
rs1695 1.77 1 0412 In equilibrium (NS)
rs1138272 0.002 1 0.999 In equilibrium (NS)

Both SNPs were in equilibrium with no significant deviation (P>0.05). HWE, Hardy-Weinberg-Equilibrium, df: degree of freedom; SNP, single
nucleotide polymorphism.

Table V. rs1695 polymorphism as a risk factor for oxaliplatin-induced CN (genotype and allele analysis).

Without CN With CN

rs1695 (n=67) (%) (n=53) (%) P-value OR (95% CI)
Codominant model

AA 44 (65.67) 22 (41.51) 0.026 1.0

AG 19 (28.36) 23 (43.4) 0.029 2.42 (1.09-5.36)

GG 4.(5.97) 8 (15.09) 0.037 4.0 (1.08-14.74)
Dominant model

AA +AG 63 (94.03) 45 (8491) 0.109 1.0

GG 4(5.97) 8 (15.09) 2.8(0.79-9.87)
Recessive model

AA 44 (65.67) 22 (41.51) 0.009 1.0

AG + GG 23 (34.33) 31 (58.49) 2.88 (1.36-6.08)
Alleles

A 107 (79.85) 67 (63.21) 0.005 1.0

G 27 (20.15) 39 (36.79) 2.31(1.29-4.11)

P-values were calculated using binary logistic regression. CN, cumulative neurotoxicity.

Table VI. rs1138272 polymorphism as a risk factor for oxaliplatin-induced CN (genotype and allele analysis).

Without CN With CN

rs1138272 (n=67) (%) (n=53) (%) P-value OR (95% CI)
Codominant model

CC 59 (88.06) 32 (60.78) 0.003 1.0

CT 7 (10.45) 20 (37.74) 0.001 5.27 (2.0-13.79)

TT 1(1.49) 1(1.89) 0.669 1.84 (0.11-30.47)
Dominant model

CC+CT 66 (98.51) 52 (98.11) 0.867 1.0

TT 1(1.49) 1(1.89) 1.27 (0.08-20.78)
Recessive model

CC 59 (88.06) 32 (60.78) 0.001 1.0

CT+TT 8 (11.49) 21 (39.62) 4.84 (1.93-12.16)
Alleles

C 125 (93.28) 84 (79.25) 0.002 1.0

T 9(6.72) 22 (20.75) 3.64 (1.6-8.29)

P-values were calculated using binary logistic regression. CN, cumulative neurotoxicity.
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Table VII. Association between the rs1695 polymorphism and oxaliplatin-induced CN at doses <1,000 mg/m?.

Without CN With CN

Rs1695 (n=100) (%) (n=20) (%) P-value OR (95% CI)
Codominant model

AA 58 (58) 8 (40) 0.043 1.0

AG 35 (35) 7 (35) 0.721 1.15(0.52-2.53)

GG 7(7) 5(25) 0.012 7.7 (1.56-37.96)
Dominant model

AA +AG 93 (93) 15 (75) 0.022 1.0

GG 7(7) 5(25) 443 (1.24-15.78)
Recessive model

AA 58 (58) 8 (40) 0.145 1.0

AG + GG 42 (42) 12 (60) 2.07 (0.78-5.51)
Alleles

A 151 (75.5) 23 (57.5) 0.022 1.0

G 49 (24.5) 17 (42.5) 229 (1.27-4.61

P-values were calculated using binary logistic regression. CN, cumulative neurotoxicity.

Table VIII. Association between the rs1695 polymorphism and oxaliplatin-induced CN at doses >1,000 mg/m?.

Without CN With CN

rs1695 (n=87) (%) (n=33) (%) P-value OR (95% CI)
Codominant model

AA 58 (66.67) 8 (24.24) 0.001 1.0

AG 20 (22.99) 22 (66.67) <0.001 5.5(2.26-13.34)

GG 9(10.34) 3(9.09) 0.492 1.67 (0.39-7.16)
Dominant model

AA +AG 78 (89.66) 30 (90.91) 0.691 1.0

GG 9 (10.71) 3(8.33) 0.76 (0.19-2.98)
Recessive model

AA 58 (66.67) 8 (24.24) 0.001 10

AG + GG 29 (34.52) 25 (69.44) 431 (1.86-9.98)
Alleles

A 136 (78.16) 38 (57.58) 0.011 10

G 38 (21.84) 28 (42.42) 2.18 (1.2-3.95)

P-values were calculated using binary logistic regression. CN, cumulative neurotoxicity.

for both). The T allele did not demonstrate a statistically
significant association with grade 1 CN (OR, 1.47; P=0.389),
suggesting that rs1138272 may not strongly contribute to
early-stage CN.

The CT genotype exhibited a trend towards an increased
risk of grade 2 CN (OR, 2.60; P=0.100), although the asso-
ciation was not statistically significant. The TT genotype is
absent in patients with grade 2, preventing any conclusive
interpretation. The CT genotype was significantly associated
with grade 3 CN (OR, 3.43; 95% CI, 1.04-11.28; P=0.043). The
T allele exhibited a potential association with grade 3 CN (OR,
3.29; P=0.052), although this was not statistically significant

(Table XII), indicating a high variability and a need for further
validation in larger cohort studies.

Discussion

The present study provides compelling evidence of the role
of genetic polymorphisms in modifying susceptibility to
oxaliplatin-induced CN, while simultaneously confirming the
established dose-dependent nature of this adverse effect. These
findings highlight the clinical utility of genetic screening in risk
stratification, facilitating the personalization of chemotherapy
regimens to effectively minimize oxaliplatin-related CN.
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Table IX. Association between the rs1138272 polymorphism with oxaliplatin-induced cumulative neurotoxicity at doses
<1,000 mg/m?.

Without CN With CN

rs1138272 (n=100) (%) (n=20) (%) P-value OR (95%CI)
Codominant model

CC 81 (81) 10 (50) 0.017 1.0

CT 18 (18) 9 (45) 0.004 4.05 (1.44-11.4)

TT 1(1) 1(5) 0.150 8.1 (0.47-139.8)
Dominant model

CC+CT 99 (9) 19 (19) 0.250 1.0

TT 1(1) 1(5) 5.21 (0.31-86.97)
Recessive model

CC 81 (81) 10 (50) 0.005 1.0

CT+TT 19 (95) 10 (50) 4.05 (1.55-11.69)
Alleles

C 180 (9) 29 (72.5) 0.004 1.0

T 20 10) 11 (27.5) 341 1.48-7.86)

P-values were calculated using binary logistic regression. CN, cumulative neurotoxicity.

Table X. Association between the rs1138272 polymorphism and oxaliplatin-induced CN at doses >1,000 mg/m?.

Without CN With CN

rs1138272 (n=84) (%) (n=36) (%) P-value OR (95% CI)
Codominant model

CC 60 (71.43) 31 (86.11) 1.0

CT 23 (27.38) 4 (11.11) 0.063 0.33 (0.11-1.06)

TT 1(1.19) 1(2.78) 0.645 1.93 (0.12-32.0)
Dominant model

CC+CT 83 (98.81) 35(97.22) 0.546 1.0

TT 1(1.19) 1(2.78) 2.37 (0.14-39.0)
Recessive model

CcC 60 (71.43) 31 (86.11) 0.092 1.0

CT+TT 24 (28.57) 5(13.89) 0.40 (0.14-1.16)
Alleles

C 143 (85.12) 66 (91.67) 0.172 1.0

T 25 (14.88) 6(8.33) 0.52(0.21-1.33)

P-values were calculated using binary logistic regression. CN, cumulative neurotoxicity.

Notably, both polymorphisms-maintained the HWE,
strengthening confidence in the genetic findings obtained
herein and suggesting that these variants represent true
population characteristics rather than genotyping artifacts or
selection biases. The findings of the present study suggest that
individuals with the G allele (homozygous GG) and T allele
contribute to an increased risk of developing oxaliplatin-related
CN, particularly at doses <1,000 mg/m?. Of note, the higher
chance of requiring a dose reduction for both the GG and CT
genotypes may be due to the fact that they had their treatment
adjusted or had longer breaks between treatment cycles to

manage the risk of oxaliplatin-related CN. That could cause
an apparent fall in OR due to increased cumulative dosing.
In addition, it could mean both genotypes are associated with
early-onset CN. These results are consistent with the theory
that both polymorphisms rs1695 and rs1138272 in the GSTPI
gene involve amino acid substitutions that appear to be within
the GSTP1 active site and lead to the alteration of substrate
affinity. The substitution of adenine by guanine in exon 5 at
nucleotide 313 results in valine [Val] replacing isoleucine [Ile]
in location 105 of the amino acid sequence (21,22). Replacing
cysteine with thiamin in exon 6 at nucleotide 341 causes valine
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Table XI. Dose-independent genetic risk: rs1695 AG/GG genotypes exhibit a progressive association with higher-grade oxalipl-

atin-induced CN.

A, Grade 1 CN

Without grade 1 With grade 1
Genotypes/alleles CN (n=96) CN (n=24) (%) P-value OR (95% CI)
AA 59 (61.46) 7 (29.17) 0.033 1.0
AG 28 (29.17) 14 (58.33) 0.010 3.62 (1.36-9.65)
GG 9(9.38) 3 (12.50) 0.666 1.45 (0.27-7.84)
A 146 (76.04) 28 (58.33) 0.015 1.0
G 46 (23.96) 20 (41.67) 227 (1.17-4.4)
B, Grade 2 CN

Without grade 2 With grade 2
Genotypes/alleles CN (n=105) (%) CN (n=15) (%) P-value OR (95% CI)
AA 60 (57.14) 6 (40) 0.091 1.0
AG 37 (35.24) 5(33.33) 0.638 1.35(0.38-3.74)
GG 8 (7.62) 4 (26.67) 0.031 5.0 (1.56-21.63)
A 157 (74.76) 17 (56.67) 0.042 1.0
G 53 (25.24) 13 (43.33) 2.651.03-5.0)
C, Grade 3 CN

Without grade 3 With grade 3
Genotypes/alleles CN (n=106) (%) CN (n=14) (%) P-value OR (95% CI)
AA 63 (59.43) 3(2143) 0.042 10
AG 34 (32.07) 8 (57.14) 0.024 494 (01.23-19.85)
GG 9(8.49) 3(2143) 0.029 6.2 1.22-40.12)
A 140 (66.04) 14 (50) 0.001 10
G 72 (33.96) 14 (50) 3.65 (1.7-8.01)

P-values were calculated using binary logistic regression. CN, cumulative neurotoxicity.

[Val] to take the place of alanine [Ala] at position 114 in the
amino acid sequence. This substitution may disrupt the ability
of the enzyme to interact critically with glutathione, potentially
reducing its detoxification capacity. The structural integrity
and flexibility provided by cysteine residues are essential for
maintaining the active site's conformation, which is vital for
effective substrate binding (23).

In a previous study involving Caucasian patients (24),
the prevalence of CN was found to be 52.1%, with 36.8%
experiencing grade II neurotoxicity. These numbers differ
from those observed in the present study (44.2 and 12.5%,
respectively). This disparity may be attributed to differences
in genetic backgrounds and allele frequencies, as previously
discussed (25).

In a previous study involving Caucasian patients, the preva-
lence of CN was found to be 52.1%, with 36.8% experiencing
grade II neurotoxicity (24). The findings demonstrate that 44%
developed chronic neurotoxicity, with 12.5% experiencing

grade II CN. This disparity may be due to the difference in
genetic background and allele frequency (25).

The findings of the present study are consistent with those
of previous research indicating that Japanese individuals with
at least one GSTP! 105Val allele are more likely to develop
early-onset grade 2/3 neuropathy from oxaliplatin (26,27).
Additionally, another study involving 122 patients in Japan
found that those with the AG allele experienced more severe
neuropathy compared to those with the AA genotype (12).
Furthermore, having the homozygous GSTP! variant (GG)
was shown to be associated with a higher likelihood of experi-
encing grade =3 peripheral neuropathy when compared to the
wild-type (AA) (12).

The results presented herein are in accordance with
the hypothesis that the GSTPI/ 1051Ile variant can lead to
increased oxidative stress and neuronal damage (1), exacer-
bating oxaliplatin-induced CN (28). Research have shown that
patients with the Ilel05 variant may experience more severe
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Table XII. Dose-independent genetic risk: Association between the rs1138272 polymorphism and oxaliplatin-induced CN.
A, Grade 1 CN

Without grade 1 With grade 1
Genotypes/alleles CN (n=96) (%) CN (n=24) (%) P-value OR (95% CI)
CC 74 (77.08) 17 (70.83) 0.565 1.0
CT 21 (21.88) 6 (25) 0.684 1.24 (0.43-3.55)
TT 1(1.04) 1(4.17) 0.307 4.35(0.26-73.14)
C 169 (88.02) 40 (83.33) 0.389 1.0
T 23 (11.98) 8 (16.67) 1.47 (0.61-3.53)
B, Grade 2 CN

Without grade 2 With grade 2
Genotypes/alleles CN (n=105) (%) CN (n=15) (%) P-value OR (95% CI)
CC 82 (78.10) 9 (60) 0.258 1.0
CT 21 (20) 6 (40) 0.100 2.60 (0.83-8.13)
TT 2 (1.90) 0(0) 0.202 0.41(0.41-7.23)
C 185 (88.10) 24 (80) 0.090 10
T 25 (13.16) 6 (20) 2.26 (0.88-5.82)
C, Grade 3 CN

Without grade 3 With grade 3
Genotypes/alleles CN (n=106) (%) CN (n=14) (%) P-value OR (95% CI)
CC 84 (79.25) 7 (50) 0.052 1.0
CT 21 (19.81) 6 (42.86) 0.043 3.43 (1.04-11.28)
TT 1(0.94) 1(7.14) 0.090 343 (1.04-11.28)
C 189 (89.15) 20 (71.23) 0.052 1.0
T 23 (10.85) 8 (28.57) 329 (1.3-8.31)

P-values were calculated using binary logistic regression. CN, cumulative neurotoxicity. The CT genotype emerges as a significant risk factor

in grade 3 cases (OR, 3.43).

neuropathy, highlighting the clinical relevance of this poly-
morphism in oxaliplatin treatment (25). Another retrospective
study demonstrated that European patients with the Val/Val or
Ile/Val genotypes were more likely to have a decreased risk of
severe oxaliplatin-related CN (28). A previous meta-analysis
of heterogeneity for GSTPI Ile105Val and oxaliplatin-induced
neuropathy demonstrated no significant association between
GSTPI polymorphism and neurotoxicity (13). This indicates
that the frequencies of the alleles in Asian populations differ
significantly from those in Caucasian populations (25). Based
on previous research, the conjugation of oxaliplatin with
glutathione is not the only pathway for biotransformation
and does not play a substantial role in its effectiveness and
side-effects (29). Protein-protein interaction between JNK
with wild-type GSTPI exhibit a higher affinity than mutant
GSTPI (30). The JNK protein interacts with the mitochondrial
protein SAB, and the interaction forms a JNK-SAB-ROS
activation loop that impairs electron transport and promotes

the release of reactive oxygen species, contributing to
apoptosis (31).

Ultimately, the modulation of apoptosis depends on the
redox status of cells (32). Phosphorylation can enhance
GSTPI1 activity and can potentially affect signaling pathways,
including the signal transducer and activator of transcription
pathway involved in the inflammatory response (33). Recent
research has illustrated the involvement of immune reactions
and inflammation in the body, each of which is diagnosed
to contribute to the development of neuropathy (8). It was
hypothesized that mutant GSTPI is essential for sustaining
JNK activation and that mutant GSTP/! is activated by
phosphorylation with various kinases more than the
wild-type on the above bases. However, the mechanisms
of oxaliplatin-induced CN rely on the unique structure and
function of the neurons, and the complex communication
between neurons, the immune system and cancer cells must
be considered. The overall impact of this polymorphism on
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oxaliplatin-induced CN remains complex and may involve
other genetic and environmental factors. The results should
be interpreted cautiously as some studies used different
designs and genotyping methods. To the best of our knowl-
edge, the present study appears to be the first to report that
genotypes of the rs1695 and rs1138272 polymorphisms are
associated with the severity and onset of cumulative neuro-
toxicity in West Asia. According to these findings, it can be
hypothesized that the variation between West and East Asia
is closer than that in Caucasians.

The findings of the present study carry important
clinical implications. First, the findings suggest that phar-
macogenetic testing may be most valuable for patients
anticipated to receive moderate cumulative doses, where
genotype could meaningfully influence risk-benefit calcula-
tions. Second, these findings indicate that while high-dose
regimens universally increase the risk of developing CN,
genetic factors still contribute meaningfully even in these
scenarios. Several practical applications emerge from these
findings: i) Preemptive risk assessment: Incorporating rs1695
and rs1138272 genotyping into pre-treatment workups
could identify high-risk patients prior to the development
of CN. This may be particularly valuable when consid-
ering extended adjuvant regimens where cumulative doses
approach risk thresholds. ii) Personalized dosing strategies:
For high-genetic-risk patients, clinicians might consider the
following: Lower cumulative dose ceilings (e.g., <850 mg/m?
for GG/CT carriers), enhanced monitoring protocols and
alternative dosing schedules (e.g., stop-and-go approaches).
iii) Regimen selection: In clinical scenarios with equivalent
therapeutic options (e.g., FOLFOX vs. XELOX in colorectal
cancer), genetic risk profiles can guide regimen selection. In
addition, population specificity should be considered: The
generalizability of the findings to diverse ethnic popula-
tions requires verification, as allele frequencies and linkage
patterns may vary across groups.

The present study has certain limitations, which should be
mentioned. First, a limited cohort of patients were assessed.
The data presented herein should thus be regarded as prelimi-
nary. Further studies utilizing the same oxaliplatin-based
chemotherapy are necessary to validate the potential of the
GSTPI genotype as a key indicator of CN associated with
this treatment. Secondly, the time line of the present study
was limited, which did not allow for follow-up on chronic
CN to assess whether genetic risk profiles predict long-term
neuropathy persistence or recovery patterns.

In conclusion, in the present study, the analysis of
polymorphisms rs1695 and rs1138272 revealed meaningful
links between certain genotypes and the severity and onset
of CN. Genetic analysis revealed significant associations
between rs1695 and rs1138272 polymorphisms and oxalipl-
atin-related CN. To the best of our knowledge, the present
study is the first study to demonstrate a link between rs1695
and rs1138272 polymorphisms and the onset and severity
of CN in West Asian populations. These findings support
the integration of genetic screening into personalized treat-
ment strategies and highlight the need for further research
to validate these associations and elucidate the underlying
mechanisms. Further research is warranted to fully elucidate
the association between GSTPI polymorphisms, apoptosis

pathways in the neurons and neurotoxicity in the context of
chemotherapy.
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