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Abstract

Background

Oxaliplatin causes acute cold-induced neurotoxicity and chronic cumulative neuropathy,
which can require dose modification and impacts quality of life. However, effective strategies
for managing oxaliplatin-induced peripheral neuropathy (OIPN) among affected patients
remain elusive.

Objective

This retrospective study aimed to identify predictors for the development of OIPN.

Methods

Participants comprised 322 cancer patients at our hospital who were receiving oxaliplatin
between January 2017 and March 2021. For the regression analysis of factors associated
with OIPN, variables were manually extracted from medical charts. The severity of OIPN
was evaluated using the National Cancer Institute’s Common Terminology Criteria for
Adverse Events, version 5. Multivariate ordered logistic regression analysis was performed
to identify predictors for the development of OIPN. Optimal cut-off thresholds were deter-
mined using receiver operating characteristic analysis. Values of P <0.05 (2-tailed) were
considered significant.

Results

Significant risk factors identified included higher body mass index (BMI) (odds ratio [OR] =
1.06, 95% confidence interval [Cl] = 1.00-1.12; P=0.043), female sex (OR = 1.67, 95%CI =
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1.06—2.61; P=0.026) and higher total dosage (OR =2.39, 95%CI| = 1.67-3.42; P=<
0.0001).

Conclusion

High BMI, female sex and high total dosage were identified as significant predictors for the
development of OIPN.

Introduction

Oxaliplatin is a platinum-derivative chemotherapeutic agent used for patients with colorectal,
pancreatic, or gastric cancer [1-3]. Oxaliplatin can cause acute cold-induced neurotoxicity
and chronic cumulative neuropathy, requiring dose modification and impacting quality of life
(QOL) [4-6]. Early identification of neurotoxicity and changes in dosage or dosing schedule
could prevent the development of chronic symptoms, which, once established, may take many
months or years to resolve, or may even persist throughout life with substantial detrimental
effects on QOL. Various studies have statistically analyzed predictors for oxaliplatin-induced
peripheral neuropathy (OIPN) [7-10]. Nevertheless, effective strategies for managing OIPN
among affected patients remain elusive. Thus, in addition to improving QOL for patients
undergoing chemotherapy, the need for methods to better identify patients at risk of OIPN
remains unmet. This retrospective study was therefore undertaken to identify predictors asso-
ciated with the development of OIPN to help guide future strategies toward improving safety,
efficacy, and QOL among cancer patients treated with oxaliplatin.

Patients and methods
Study period and participants

This study retrospectively analyzed 340 cancer patients who received oxaliplatin at our hospital
between January 2017 and March 2021. Only those patients who received only one cycle of
oxaliplatin were excluded. The Medical Ethics Review Committee of Kyoto Prefectural Uni-
versity of Medicine approved this study (approval no. ERB-C-867-3). All procedures were per-
formed in accordance with the ethical standards of the institutional medical ethics review
committee at Kyoto Prefectural University of Medicine and the 1964 Declaration of Helsinki
and its later amendments. No prospective studies with human participants or animals were
performed by any of the authors in association with this article. Given the retrospective nature
of this work, the need to obtain informed consent was waived for the individual participants
included in the study, in accordance with the standards of the institutional medical ethics
review committee at Kyoto Prefectural University of Medicine.

Extraction of variables

For the regression analysis of factors associated with OIPN, variables were manually extracted
from medical charts. Evaluated variables included factors that could potentially impact the
development of OIPN based on previous studies [7-10] and clinical significance: demographic
data (sex, age, height, weight, body surface area and body mass index [BMI]), type of cancer,
number of cycles, logarithmic transformation of total dosage, concomitant medications (pro-
ton pump inhibitors [PPIs], renin-angiotensin system [RAS] inhibitors), analgesic adjuvant,
chemotherapy regimen [FOLFOX: 5-fluorouracil, oxaliplatin (85 mg/m?) and leucovorin;
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SOX: S-1 plus oxaliplatin (100-130 mg/m?); XELOX: capecitabine plus oxaliplatin (130 mg/
m?); or FOLFIRINOX: 5-fluorouracil, oxaliplatin (85 mg/m?), irinotecan and leucovorin. S-1
is an orally available chemotherapeutic agent comprising tegafur (a prodrug of fluorouracil
[5-FU]), gimeracil (preventing dihydropyrimidine dehydrogenase-mediated degradation of
5-FU), and oteracil (reducing the toxic effects of 5-FU)], presence of comorbidities (diabetes
mellitus), and laboratory test values. Creatinine clearance was estimated using the Cockeroft
and Gault equation based on serum creatinine, sex, age, and weight. Clinical information was
extracted from before administration of the first dose of oxaliplatin. Concomitant medication
was defined as administration of another drug for >2 weeks as of the time of evaluation. In
this study, all symptoms including OIPN were recorded using a questionnaire that has been
used for all patients in our outpatient oncology center since 2012. Information on the severity
of OIPN was provided by each patient in our center with the help of our qualified nurses. The
questionnaire was made according to the National Cancer Institute Common Toxicity Criteria
for Adverse Events (NCI-CTCAE; version 5) after every cycle of chemotherapy. Information
on the severity of OIPN was extracted at the time of final oxaliplatin administration.

Statistical analysis

Independent variables were analyzed for multicollinearity (correlation coefficient |r| >0.7),
since correlations among variables can lead to unreliable and unstable results from regression
analyses. First, univariate ordered logistic regression analyses between outcomes and each
potential independent variable were performed. Subsequently, a multivariate ordered logistic
regression model was constructed by employing those candidate variables showing values of P
<0.05 from univariate regression or selected based on previous studies [7-10]. Multivariate
ordered logistic regression analysis was employed because the severity of OIPN was evaluated
using a graded scale and multiple factors actually associated as predictors for the development
of OIPN had to be analyzed concurrently. Optimal cut-off thresholds were determined using
receiver operating characteristic (ROC) curve analysis. Furthermore, whether any difference
existed in the development of OIPN among cancer types was analyzed. The Wilcoxon/Krus-
kal-Wallis test was used to identify significant difference between groups.

For all statistical analyses, values of P <0.05 (two-tailed) were considered significant. All
statistical analyses were performed using JMP Pro™ version 16.1 (SAS Institute, Cary, NC,
USA).

Results

Of the 340 patients who received oxaliplatin, all 18 patients who discontinued oxaliplatin after
only one cycle were excluded. Table 1 presents the clinical characteristics of the 322 enrolled
patients, the potential variables related to the development of OIPN, and the results of univari-
ate analyses.

The selection of factors showing results of P <0.05 in univariate regression or based on pre-
vious studies identified the following candidate variables: female sex, higher BMI, higher loga-
rithmic transformation of total dosage, use of RAS inhibitors, and use of PPIs.

Multivariate ordered logistic regression analysis was performed using these variables. Here,
before the factors to be used in the multivariate analysis were selected, the analysis was con-
ducted to check for multicollinearity between each factor. As men are typically larger than
women, sex and BMI were predicted to be strongly correlated. However, the correlation coeffi-
cient between BMI and sex was r = 0.13, with no evidence of multicollinearity. On the other
hand, in univariate analyses, gastric cancer, colorectal cancer, and FOLFOX and SOX regi-
mens were factors significantly associated with OIPN. Odds ratios (ORs) indicated that
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Table 1. Patient characteristics, extracted variables, and results of univariate analyses (n = 322).

| Grade 0 (n = 65) ’ Grade 1 (n =165) | Grade 2 (n = 69) ‘ Grade 3 (n = 23) | Pvalue ‘ Odds ratio (95%CI)

Demographic data
Male, n (%) 50 105 38 14 0.015 0.58
(76.9) (63.6) (55.1) (60.9) (0.38-0.90)
Female, n (%) 15 60 31 9 0.015 1.71
(23.1) (36.4) (44.9) (39.1) (1.11-2.64)
Age (y), median (range) 69 70 68 67 0.279 0.99
(46-88) (32-90) (39-86) (27-83) (0.97-1.01)
Height (cm), median (range) 164.8 163.5 165.1 164.5 0.097 0.98
(147.5-189.2) (145-184.8) (142-177.6) (145-176) (0.96-1.00)
Weight (kg), median (range) 54.8 55.3 55.6 59 0.598 1.00
(28.4-94) (31.1-89) (31.2-103) (39.3-80) (0.99-1.10)
BMI (kg/mz), median (range) 20.6 20.8 20.8 21.9 0.117 1.04
(12.2-31.2) (12.7-30.7) (13.2-33.7) (16.1-28.4) (0.99-1.10)
BMI (kg/m?) > 25, n (%) 5 20 12 3 0.134 161
(7.7) (12.1) (17.4) (13.0) (0.86-2.99)
BMI (kg/m2) > 20.5, n (%) 33 87 38 19 0.077 1.45
(50.8) (52.7) (55.1) (82.6) (0.96-2.21)
BSA (m?), median (range) 1.59 1.59 1.59 1.63 0.877 0.92
(1.14-2.08) (1.16-2.09) (1.13-2.20) (1.33-1.90) (0.30-2.79)
Cancer type
Gastric, n (%) 28 54 18 6 0.032 0.62
(43.1) (32.7) (26.1) (26.1) (0.40-0.96)
Pancreas, n (%) 5 18 5 2 0.899 0.96
(7.7) (10.9) (7.2) (8.7) (0.47-1.94)
Colorectal, n (%) 32 89 45 14 0.049 1.52
(49.2) (53.9) (65.2) (60.9) (1.001-2.31)
Comorbidity
Diabetes mellitus, n (%) 12 24 8 8 0.763 1.09
(18.5) (14.5) (11.6) (34.8) (0.62-1.90)
Laboratory test value before administration
Serum creatinine, mg/dL, median (range) 0.77 0.73 0.64 0.71 0.446 0.69
(0.35-1.2) (0.36-1.92) (0.41-1.77) (0.36-1.27) (0.26-1.80)
Creatinine clearance, mL/min, median (range) 74.9 70.1 714 82.6 0.178 1.01
(28.2-127.4) (34.1-204.7) (25-168.1) (37.4-119.9) (0.998-1.013)
Number of cycles, median (range) 5 8 9 8 <.0001 1.10
(1-32) (1-34) (2-31) (1-17) (1.05-1.14)
Total dosage, mg, median (range) 595 910 1020 1040 <.0001 1.0007
(130-4160) (130-4420) (260-2990) (85-1040) (1.0004-1.0011)
Total dosage, mg, average (range) 708 947 1108 1009 <.0001 1.0007
(130-4160) (130-4420) (260-2990) (85-1040) (1.0004-1.0011)
Logarithm (Total dosage, mg), median (range) 6.39 6.81 6.93 6.95 <.0001 2.39
(4.87-8.33) (4.87-8.39) (5.56-8.00) (4.44-7.51) (1.69-3.38)
Regimen
FOLFOX 8 25 20 5 0.014 1.96
(12.3) (15.2) (29.0) (21.7) (1.15-3.34)
SOX 27 45 11 5 0.001 0.46
(41.5) (27.3) (15.9) (21.7) (0.28-0.73)
(Continued)
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Table 1. (Continued)

Grade 0 (n=65) | Gradel (n=165) | Grade2 (n=69) | Grade3 (n=23) | Pvalue A Odds ratio (95%CI)
XELOX 22 70 30 7 0.624 1.11
(33.8) (42.4) (43.5) (30.4) (0.73-1.69)
FOLFIRINOX 4 18 6 2 0.729 1.13
(6.2) (10.9) (8.7) (8.7) (0.56-2.30)
History of treatment with anticancer drugs
Cisplatin 0 5 3 0 0.390 1.77
(3.0) (8.7) (0.48-6.52)
Taxane 1 8 3 2 0.245 1.81
(1.5) (4.8) (4.3) (8.7) (0.67-4.89)
Oxaliplatin 0 2 3 0 0.206 2.86
(1.2) (4.3) (0.56-14.52)
Concomitant medication
RAS inhibitors 12 19 7 3 0.202 0.67
(18.5) (11.5) (10.1) (13.0) (0.36-1.24)
Proton pump inhibitor 28 82 32 13 0.473 1.16
(43.1) (49.7) (46.4) (56.5) (0.77-1.75)
Analgesic adjuvant 2 3 3 4 0.009 4.19
(3.1) (1.8) (4.3) (17.4) (1.44-12.19)
Duloxetine 1 2 1 4 0.002 8.11
(1.5) (1.2) (1.4) (17.4) (2.17-30.27)
Gabapentinoids (Pregabalin or mirogabalin) 1 2 2 0 0.798 1.24
(1.5) (1.2) (2.9) (0.24-6.50)
NSAIDs 4 17 8 1 0.623 1.19
(6.2) (10.3) (11.6) (4.3) (0.59-2.42)
Opioids 8 15 14 1 0.455 1.27
(12.3) 9.1) (20.3) (4.3) (0.67-2.40)

CI, confidence interval; BMI, body mass index; BSA, body surface area; FOLFOX, chemotherapy regimen consisting of fluorouracil plus oxaliplatin; SOX, chemotherapy

regimen consisting of tegafur gimeracil oteracil potassium capsule (S-1) plus oxaliplatin; XELOX, chemotherapy regimen consisting of capecitabine plus oxaliplatin;

FOLFIRINOX, chemotherapy regimen consisting of oxaliplatin, irinotecan, fluorouracil, and leucovorin; RAS, renin-angiotensin system; NSAIDs, non-steroidal anti-

inflammatory drugs.

https://doi.org/10.1371/journal.pone.0275481.t001

patients with gastric cancer were less likely to develop OIPN and those with colorectal cancer
were more likely to develop OIPN. However, the results of multicollinearity analysis showed
strong correlations between gastric cancer and SOX regimen (r = 0.74), and between gastric
cancer and colorectal cancer (r = -0.79). Disease and regimen were thus excluded from the
explanatory variables used in the multivariate analysis because of the strong multicollinearity

and because these factors affected the total dose.

Significant factors identified included higher BMI (OR = 1.06, 95% confidence interval [CI]
=1.00-1.12; P = 0.043), female sex (OR = 1.67, 95%CI = 1.06-2.61; P = 0.026) and higher loga-
rithmic transformation of total dosage (OR = 2.39, 95%CI = 1.67-3.42; P = <0.0001) (Table 2).

ROC analysis revealed that OIPN of grade 2 or higher was more likely among patients with
BMI >20.5 kg/mz, with 63.3% sensitivity and 47.8% specificity (area under the curve [AUC] =
0.54). OIPN of grade 2 or higher was also more likely to occur with total dosage >680 mg,
with 77.2% sensitivity and 44.8% specificity (AUC = 0.63), while OIPN of grade 3 or higher
was more likely with total dose >1040 mg, with 60.9% sensitivity and 61.2% specificity
(AUC =0.59).
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Table 2. Results of multivariate ordered logistic regression analysis for variables extracted by forward selection

(n=322).
Variable P value Odds ratio 95%CI
Lower 95% Upper 95%
RAS inhibitors 0.450 0.78 0.40 1.50
BMI 0.043 1.06 1.002 1.122
Proton pump inhibitors 0.063 1.50 0.98 2.31
Female 0.026 1.67 1.06 2.61
Age 0.766 1.00 0.98 1.02
Logarithm (total dosage) <.0001 2.39 1.67 3.42

CI, confidence interval; RAS, renin-angiotensin system; BMI, body mass index

https://doi.org/10.1371/journal.pone.0275481.t1002

No significant difference in the development of OIPN was evident among cancer types
(colon, gastric, and pancreas cancers; P = 0.4438).

Discussion

The multivariate ordered logistic regression analysis performed in this study showed that sig-
nificant predictors for the development of OIPN included higher BMI, female sex, and total
dosage. Although concomitant use of RAS inhibitors was not extracted as a significant variable
in multivariate analysis, the combined use of RAS inhibitors tended to reduce OIPN. In con-
trast, concomitant use of PPIs was suggested to represent a risk factor for OIPN.

In this study, BMI was extracted as a significant predictor for the development of OIPN. In
previous studies, obesity has been reported as a risk factor for chemotherapy-induced periph-
eral neuropathy [7, 11-13]. In addition, when the body fat content is high, anticancer drugs
accumulate in adipose tissue and excretion is thus delayed [14]. Notably, however, ROC curve
analysis revealed a BMI cut-off of 20.5 kg/m” for the group likely to develop OIPN (grade 2 or
higher). The World Health Organization defines individuals with BMI >25 kg/m? as obese or
overweight [15]. Despite that, in this study, OIPN was more likely to occur with BMI as low as
20.5 kg/m?. This may be due to differences in physique between Japanese and Western popula-
tions. Clinicians should pay close attention to the onset of OIPN among patients with BMI
>20.5 kg/m?, and not necessarily just the obese population. Our results only suggest that the
higher the BMI, the more likely OIPN is to occur. Further investigation of these issues in dif-
ferent populations is warranted.

In this study, women were suggested to be more likely to develop OIPN. Chemotherapy-
induced peripheral neuropathy is sometimes associated with neuropathic pain. A number of
reports have examined sex differences in pain sensitivity [16-24], with many concluding that
women more frequently report pain for many chronic pain types, including cancer pain [7,
18-23]. The results of the present study were consistent with the findings of those previous
studies. In a study examining differences between women and men in the way they experience
cold-pressor pain, Keogh et al. reported that women who concentrated on the emotional
aspects of pain may actually experience more pain as a result, possibly because the emotions
associated with pain were negative [20-22]. Hau et al. found that testosterone reduced respon-
siveness to nociceptive stimuli in wild birds [23]. They demonstrated that analgesic drugs such
as morphine activated G protein-sensitive inwardly rectifying potassium (GIRK)2 [23]. Thus,
men may have a higher threshold of tolerable pain because GIRK2 has been shown to be pres-
ent at higher levels in men than in women. Conversely, other reports have found no sex differ-
ences in pain or that men are more prone to experiencing some types of chronic pain,
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including cancer pain [17, 24]. Further verification of sex differences in painful chemother-
apy-induced peripheral neuropathy is therefore needed.

Our results also showed that OIPN was more likely to develop as total dosage increased. ROC
analysis revealed that OIPN of grade 2 or higher was more likely to occur with a dose >680 mg,
and OIPN of grade 3 or higher with a dose of >1040 mg. Regarding total dosage, OIPN tends to
become chronic depending on the total dosage [5, 8-10, 25]. Previous studies have reported that
with FOLFOX therapy, the median cumulative oxaliplatin dose at which Grade 2 or 3 peripheral
neuropathy occurs is about 850 mg/m? [6]. Beijers et al. also demonstrated that a higher cumula-
tive dose is associated with the development of long-term OIPN [8]. Careful attention should be
paid to the cumulative dose of oxaliplatin, particularly administration of doses >680 mg.

In univariate analysis, gastric cancer, colorectal cancer, and FOLFOX and SOX regimens
were factors significantly associated with OIPN. ORs indicated that patients with gastric cancer
were less likely to develop OIPN, while those with colorectal cancer were more likely to
develop OIPN. On the other hand, patients receiving the SOX regimen were less likely to
develop OIPN and those on the FOLFOX regimen were more likely to develop OIPN. Gastric
cancer correlated strongly with the SOX regimen, which is primarily administered as a 3-week
regimen for gastric cancer. Similarly, FOLFOX is given every 2 weeks for colorectal cancer.
The longer oxaliplatin dosing interval may have prevented the development of OIPN. Further
investigation of these issues is needed.

Concomitant use of PPI was not extracted as a significant predictor for the development of
OIPN in the present study, but has been suggested as a risk factor for chemotherapy—induced
peripheral neuropathy. Previous studies have reported PPI use as a risk factor for peripheral
neuropathy [26-28]. Makunts et al. found a significant increase in a wide variety of peripheral
neurological and neuropathic adverse events due to PPI [26]. They reported that an increased
gastric pH level correlated with decreased levels of vitamin B12. In turn, B12 deficiency has
been associated with reversible peripheral neuropathy [28]. Clinicians should thus be careful
in prescribing PPIs when performing chemotherapy with oxaliplatin.

Although not significant, concomitant use of RAS inhibitors has been suggested to prevent
OIPN. Previous research has reported RAS inhibitors could prevent OIPN [29]. Further
research on this point is needed.

Several limitations to the current study need to be considered. First, the retrospective nature
of the study may have decreased the validity of the data obtained. Second, since this study was
performed at a single institute, prospective multicenter studies are needed to confirm the
results. Third, the possibility of confounding, selection, and information biases cannot be fully
excluded in this study. That is, full information about the participants (e.g., general informa-
tion regarding behaviors and status of living) was not available for consideration.

In conclusion, higher BMI, female sex, and higher total dosage were identified as significant
risk factors for the development of OIPN. While our findings need to be confirmed in further
studies, these results may assist in developing strategies to improve QOL among patients
receiving oxaliplatin.
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