Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

The heterogeneous chemotherapy-induced peripheral neuropathy
trajectories and its predictors in patients with gastrointestinal
tumors : a cohort study

Hongyu Zhu
Clinical Oncology School of Fujian Medical University, Fujian Cancer Hospital

Yun zhen Peng

Clinical Oncology School of Fujian Medical University, Fujian Cancer Hospital
Jing Qiu

Clinical Oncology School of Fujian Medical University, Fujian Cancer Hospital
Yi Zhou

Clinical Oncology School of Fujian Medical University, Fujian Cancer Hospital

Wenting Huang

Fujian Medical University
Ligin Jiang

Fujian Medical University

Xingyu Ren

Fujian Medical University
Lei Ren

Fujian Medical University
Qingyue Chen

15959063004R163, com

Clinical Oncology School of Fujian Medical University, Fujian Cancer Hospital

Article

Keywords: Chemotherapy-induced peripheral neuropathy, Gastrointestinal tumors, Trajectory patterns, latent class growth analysis,
Predictors

Posted Date: August 3rd, 2026
DOI: https://doi.org/10.21203/rs.3.rs-9968527/v1
License: @ ® This work is licensed under a Creative Commons Attribution 4.0 International License. Read Full License

Additional Declarations: No competing interests reported.

Page 1/19


https://doi.org/10.21203/rs.3.rs-9968527/v1
https://doi.org/10.21203/rs.3.rs-9968527/v1
https://doi.org/10.21203/rs.3.rs-9968527/v1
https://creativecommons.org/licenses/by/4.0/

Abstract

Chemotherapy-induced peripheral neuropathy (CIPN) is a common and important nerve-related side effect of chemotherapy. However,
researchers still know little about how CIPN changes over time in patients with gastrointestinal tumors. This prospective cohort study
aimed to identify different CIPN patterns during chemotherapy and to examine factors related to these patterns. We recruited 233 patients
with gastrointestinal tumors from a tertiary cancer center. All patients had a pathological diagnosis and received first-line chemotherapy
with drugs known to cause peripheral nerve damage. At baseline, we collected demographic and clinical data. We also measured cancer-
related fatigue with the Revised Piper Fatigue Scale, physical performance with the Short Physical Performance Battery, and self-
management efficacy with the Strategies Used by People to Promote Health scale. We assessed CIPN symptoms with the Chemotherapy-
Induced Peripheral Neuropathy Assessment Tool after the 1st, 3rd, 5th, and 7th chemotherapy cycles. We used latent class growth
modeling to identify CIPN trajectory patterns. We used chi-square tests, analysis of variance, and logistic regression analyses to examine
factors related to these patterns. We identified four CIPN trajectories: worsening CIPN symptoms (71 patients, 30.5%), mild stable CIPN
symptoms (81 patients, 34.8%), improving CIPN symptoms (42 patients, 18.0%), and severe stable CIPN symptoms (39 patients, 16.7%).
Age, smoking history, number of chronic diseases, chemotherapy regimen, standardized cumulative dose of neurotoxic agents, cancer-
related fatigue, physical performance, and self-management efficacy were related to CIPN trajectory membership. These findings show
that CIPN does not follow the same course in all patients with gastrointestinal tumors during chemotherapy. Early identification of high-risk
patients and individualized symptom management may help reduce nerve damage, maintain physical function, and improve tolerance to
chemotherapy.

Introduction

As cancer survival continues to improve, the potential impact of treatment on patients’ quality of life has become increasingly evident,
highlighting the need for greater attention to long-term toxicities associated with cancer therapy'. Chemotherapy-induced peripheral
neurotoxicity (CIPN) is recognized as a prominent form of long-term toxicity among oncology patients?. Clinically, CIPN primarily affects
the hands and feet, where sensory loss, numbness, tingling, pain, heat sensitivity, and motor disturbances may impair coordination3, cause
balance problems, and elevate the risk of falls*. These symptoms result from exposure to several widely used chemotherapeutic agents.
CIPN is a common adverse effect of platinum compounds (cisplatin, carboplatin, oxaliplatin), taxanes (paclitaxel, docetaxel), vincristine,

and eribulin. These agents are routinely administered for the treatment of various malignancies®, especially gastrointestinal (GI) cancers®~

8

The incidence of chemotherapy-induced peripheral neurotoxicity (CIPN) has been reported to range from 19% to more than 85%9, with
substantial variability in severity among patients’’. During treatment, severe CIPN often necessitates dose reduction or discontinuation of
chemotherapeutic agents by oncologists’2. Such dose modifications may negatively affect disease control and progression-free
survival'3§. Long-term follow-up studies have further shown that CIPN symptoms may persist for years, or even a lifetime, after cessation
of chemotherapy, exerting a considerable impact on patients’ quality of life'3~'5. A recent meta-analysis involving patients with
gastrointestinal malignancies reported CIPN prevalence rates of 58% at 6 months post-treatment and 45% at 12 months. The prevalence
decreased to 32% at 24 months and 24% at 36 months*iHowever, The underlying mechanisms of CIPN remain incompletely understood.
hemotherapy treatments result in numerous changes to cellular structure and function, including loss of sensory terminals in the skin, and
alterations of membrane receptors, intracellular signaling, neurotransmission, excitability and metabolism all of which can negatively
influence neuronal and glial cell phenotypes, thereby contributing to CIPN>'". Despite its clinical relevance, the temporal evolution and
heterogeneity of CIPN symptoms during chemotherapy have not been adequately characterized, particularly among patients with

gastrointestinal malignancies who frequently receive combination regimens containing multiple neurotoxic agents'®7.

Existing research has largely focused on the cross-sectional prevalence or cumulative severity of CIPN rather than the longitudinal
evolution of its symptoms?'8. However, increasing evidence indicates that CIPN does not follow a single trajectory; substantial
heterogeneity may exist across patient subgroups '"'°. These heterogeneous patterns likely reflect complex interactions among
demographic, clinical, behavioral, and psychosocial factors. This underscores the need for longitudinal analyses to identify high-risk
subgroups and potential protective mechanisms, such as genetic or behavioral factors. In this study, latent class growth analysis (LCGA),a
person-centered statistical approach, which was applied to identify unobserved heterogeneous subgroups based on longitudinal symptom
trajectories?’. By dynamically tracking changes in CIPN symptoms during chemotherapy, we can reveal variations in symptom progression
across individuals. This enables a more comprehensive understanding of CIPN's temporal patterns and the identification of patient
subgroups with differing neurotoxicity risk profiles. This approach provides a basis for individualized symptom surveillance and targeted
interventions, ultimately supporting improvements in treatment tolerance and quality of life.
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Multiple predictors of CIPN have been identified to date. Risk factors include the specific chemotherapeutic agents used’”2";cumulative
dose??; number of chemotherapy cycles; duration of treatment; combination regimens; genetic susceptibility®; age?%23; pre-existing
neuropathy and the severity of acute neurotoxic symptoms?2*. Beyond biomedical contributors, recent research has emphasized the role of
behavioral and psychosocial factors?®, such as anxiety and depression 26, fatigue?’, physical function?®, and self-management efficacy??,
all of which have been shown to influence CIPN symptoms. The findings suggest that the onset and progression of CIPN result from
complex interactions between physiological vulnerability and behavioral adaptation. This highlights the need for a more comprehensive
examination of its heterogeneity within a longitudinal research framework. Building on these predictors, this study aimed to address two
primary questions: (1) What types of chemotherapy-induced peripheral neurotoxicity (CIPN) trajectories emerge among patients with
gastrointestinal malignancies during chemotherapy? (2) What predictors—spanning demographic, clinical, symptomatic (e.g., cancer-
related fatigue, emotional distress), and lifestyle factors—are associated with subgroup membership, defined as distinct patterns of CIPN
progression? By characterizing the dynamic evolution and heterogeneity of CIPN during treatment, the study seeks to provide evidence to
support more precise clinical assessment of neurotoxicity risk. The findings may also contribute to the development of individualized
symptom monitoring and intervention strategies, ultimately improving chemotherapy tolerance and quality of life for patients.

Methods
Study design

This longitudinal follow-up study was conducted at a large tertiary cancer hospital in mainland China from December 2019 to December
2023. Participants were patients with gastrointestinal malignancies who were scheduled to receive their first chemotherapy regimen
containing neurotoxic agents, such as platinum- or taxane-based drugs. Baseline assessments were completed at enrollment and included
demographic characteristics, disease-related information, chemotherapy regimen, psychological condition, and lifestyle factors.

Chemotherapy-induced peripheral neurotoxicity (CIPN) was evaluated using the Chemotherapy-Induced Peripheral Neuropathy
Assessment Tool (CIPNAT). Repeated CIPN measurements were obtained at the end of the first, third, fifth, and seventh chemotherapy
cycles to capture the dynamic progression of neurotoxicity. Throughout treatment, specific clinical indicators and medication dosages
were continuously monitored by the research team. To complement this monitoring, the follow-up schedule was designed to account for
the progressive nature of CIPN and interindividual variability. This approach ensured that heterogeneous neurotoxicity trajectories could be
accurately identified during chemotherapy. All participants provided written informed consent. The study protocol was approved by the
Ethics Review Committee of Fujian Cancer Hospital (Approval No. K2024-117-01), according to Swedish regulations
(https://etikprovning.se/for-forskare/ansvar/).

Participants and sampling

The inclusion criteria were as follows: (1) a pathological diagnosis of gastrointestinal malignancy [29,30], including cancers of the
stomach, esophagus, colon, rectum, small intestine, and biliary tract; (2) the planned initiation of a chemotherapy regimen containing
neurotoxic agents; (3) a first-line chemotherapy with an expected duration of > 4 cycles; (4) age = 18 years; (5) an estimated survival time of
> 6 months; (6) the ability to complete the survey independently or with assistance; and (7) provision of written informed consent and
voluntary participation. The exclusion criteria were as follows: (1) coma or severe communication impairment; (2) severe cardiac or
pulmonary diseases; and (3) the presence of another malignancy. Sample size was determined based on the 10-events-per-variable (EPV)
rule in logistic regression, ensuring at least 10 outcome events for each predictor in the regression Eq. 2°A maximum of six predictors
were expected to be included in the model. Previous studies have reported CIPN incidence rates ranging from approximately 19% to 90% in
this population and similar cancer groups®. For this study, a conservative incidence estimate of 30% was assumed. Based on this
assumption, the required sample size was calculated as 60 divided by 0.30, resulting in 200 participants. Allowing for a 10% attrition rate,
the final target sample size was set at approximately 220 participants.

Instruments

General demographic questionnaire

The questionnaire was developed through group discussions and a review of relevant literature. It comprised the following components:
(1) sociodemographic information, including age, gender, educational level, and other basic characteristics; (2) disease-related information,
such as cancer type and tumor stage. Additionally, it included the history of surgery or radiotherapy concurrent with or prior to
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chemotherapy; and (3) treatment related information, including the chemotherapy regimen and standardized cumulative dose of neurotoxic
agents. More specifically, the standardized cumulative dose was calculated as the actual cumulative dose (mg/m?) divided by the
established neurotoxicity threshold dose (mg/m?) for each agent. A value =< 1 indicated that the actual dose did not exceed the recognized
neurotoxic threshold, whereas a value > 1 indicated that the threshold had been surpassed. Common threshold doses for neurotoxic
agents known to induce CIPN were as follows: cisplatin, 400-450 mg/mﬂf’; paclitaxel, 1,000 mg/m27; oxaliplatin, 850 mg/ng; and
docetaxel, 400 mg/m?’.

Chemotherapy-Induced Peripheral Neuropathy Assessment Tool(CIPNAT)

The Chemotherapy-Induced Peripheral Neuropathy Assessment Tool (CIPNAT) was developed by Tofthagen et al.*%as a patient-reported

questionnaire designed to assess the severity of chemotherapy-induced peripheral neuropathy. The instrument consists of two sections.
The first section evaluates the symptom experience of CIPN, comprising nine symptoms and 36 subitems distributed across two
dimensions—the sensory and motor impairment dimensions. It assesses symptom occurrence, severity, distress, and frequency. Except for
the occurrence items, which are scored on a 0-1 scale, all other items are rated on a 0-10 scale. The total score for each symptom ranges
from 0 to 31 points. Total scores range from 0 to 279, with higher scores indicating more severe symptoms. The second section assesses
the impact of CIPN on daily activities, including 14 items that measure fine motor tasks (such as buttoning clothes and writing) and
general activity performance. These items are rated on a 0—10 scale, yielding a total score of 0-140, where higher scores indicate greater
interference with daily functioning. The Chinese version of the CIPNAT has demonstrated strong reliability and validity, with a Cronbach’s a
of 0.94 for the total scale; 0.92 for the sensory subscale and 0.89 for the motor subscale. As the present study focused specifically on the
longitudinal changes in CIPN severity, only data from the first section of the CIPNAT questionnaire were used for analysis.

The Revised Piper Fatigue Scale, RPFS

The Revised Piper Fatigue Scale (RPFS), adapted from the original Piper Fatigue Scale (PFS)", was used to assess fatigue experienced by
patients with gastrointestinal malignancies during chemotherapy. The scale comprises 22 items across four dimensions of fatigue—
sensory, affective, cognitive, and behavioral—each rated on a 0-10 scale. The overall score is calculated as the mean of all 22 items.
Fatigue levels are categorized as mild (0.0-3.3), moderate (3.4-6.7), or severe (6.8-10.0). In the present study, the RPFS demonstrated

high internal consistency, with a Cronbach’s a coefficient of 0.9137.

Short Physical Performance Battery, SPPB

The Short Physical Performance Battery (SPPB) was developed by the National Institute on Aging (NIA) 32and is primarily used to assess
patients’ physical function. The instrument includes three components: a balance test (side-by-side, semi-tandem, and tandem positions), a
4-meter gait speed test (time required to walk 4 meters), and a repeated chair-stand test (five consecutive sit-to-stand repetitions). Each
component is scored using a five-level Likert scale ranging from 0 (unable to perform) to 4 (best performance), yielding a total score of 0—
12. Higher scores indicate better physical function®2. SPPB scores < 6 indicate poor physical performance, scores of 7-9 reflect moderate
performance, and scores of 10-12 indicate good performance®3. The Cronbach’s a coefficient for the scale in this study was 0.76. The
operational procedures for the SPPB were summarized and illustrated based on the original publication and are provided in Supplementary
Fig. 1. Additionally, the original tool and detailed instructions are available at:https://geriatrictoolkit.missouri.edu/SPPB-Score-Tool.pdf?
utm_source=chatgpt.com

Strategies Used by People to Promote Health, SUPPH

The Strategies Used by People to Promote Health (SUPPH) scale was developed by Lev et al.3*and subsequently translated and culturally
adapted for Chinese patients with cancer 2%to assess self-efficacy in self-management. The SUPPH consists of 28 items across three
dimensions: positive attitude, stress reduction, and decision-making. Each item is scored on a 5-point Likert scale (1-5), yielding a total
score ranging from 28 to 140. Higher scores indicate stronger self-efficacy. Scores = 103 reflect high self-efficacy; scores between 66 and
102 indicate moderate self-efficacy; and scores = 65 indicate low self-efficacy. The Cronbach’s a coefficient for the total scale in the

Chinese version was 0.9783%}

Follow-up information questionnaire
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Data collection was conducted through face-to-face interviews. Eligible participants were approached in outpatient clinics or inpatient
wards, where the study purpose and procedures were explained. The survey formally began after written informed consent was obtained.
At the time of enrollment, sociodemographic information and questionnaire data, including the Revised Piper Fatigue Scale (RPFS), Short
Physical Performance Battery (SPPB), and Self-Efficacy for Managing Chronic Disease Scale (SUPPH), were collected. Relevant clinical
information was extracted from the patients’ medical records using a standardized data collection form. Participants who met the
inclusion criteria completed the Chemotherapy-Induced Peripheral Neuropathy Assessment Tool (CIPNAT) at the end of the 1st and 3rd
chemotherapy cycles (time points T1 and T2). They also completed it at the end of the 5th and 7th cycles (time points T3 and T4),
respectively, allowing for dynamic assessment of peripheral neurotoxicity throughout treatment. To protect participant confidentiality, a
unique identification code was assigned to each individual for data entry and management. A small gift card was provided after each
completed assessment to enhance follow-up adherence.

Data analysis

Data were analyzed using SPSS 23.0 and Mplus version 7.4. For descriptive statistics, continuous variables were expressed as medians
and interquartile ranges for non-normally distributed data, or as means + standard deviations for normally distributed data. Categorical
variables were summarized as frequencies and percentages. Latent class growth analysis (LCGA) was first conducted in Mplus 7.4 to
identify heterogeneous CIPN trajectories among patients with gastrointestinal malignancies. Model evaluation followed established
criteria. First, information indices were considered, including the Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC),
sample size—adjusted BIC (aBIC), and entropy. An entropy value > 0.80 was considered indicative of high classification precision, whereas
lower AIC, BIC, and aBIC values suggested better model fit3, Second, statistical tests were used, including the Lo—Mendell-Rubin
likelihood ratio test (LMR) and the bootstrapped likelihood ratio test (BLRT). A p-value < 0.05 for LMR or BLRT indicated that a model with k
classes provided a better fit than a model with k=1 classes. After identifying the latent trajectory classes via LCGA, univariate and
multivariate logistic regression analyses were conducted in SPSS 23.0 to identify predictors of CIPN trajectory membership. Variables
entered into the analyses included sociodemographic characteristics, fatigue, physical performance, and self-management self-efficacy,
selected based on prior literature and data availability.

Results

General demographic characteristics of participants

A total of 250 patients met the eligibility criteria, and details of the criteria for inclusion and exclusion for the longitudinal analysis are
presented in the flowchart (Fig. 1). No significant differences in age, sex, or specific clinical characteristics such as disease stage and
treatment type were observed between excluded and included patients. Ultimately, longitudinal data from 233 patients were analyzed.
Among these patients, 62.23% were male and 37.77% were female; 36.91% were aged 40-60 years, while 41.20% were older than 60 years.
Primary education was reported by 45.49% of patients. Seventy-eight participants had never smoked, and 98 had a history of smoking.
Furthermore, 45.49% had two to three comorbid chronic conditions. Regarding cancer type, 52.79% of cases involved upper
gastrointestinal malignancies such as gastric or esophageal cancer. Standardized cumulative doses of neurotoxic agents exceeded the
neurotoxicity threshold (greater than 1) in 177 patients, while 56 patients received doses less than or equal to 1. Detailed characteristics
are summarized in Table 1.

Page 5/19



Participants’ demographic characteristics (n = 233)

Table 1

Variables

Age (year)

Gender

BMI(kg/m2)

Educational
Levels

Marital Status

Smoking
History

Chronic
Diseases

Category
<40

40-60

> 60

Male
Female

<18.5

18.5-23.9
>24

Primary education

Secondary
education

Higher education
Divorced/widowed
Married

Never smoked

Former smoker
Current smoker

0-1 type

2-3 types
>4 types

51

86

96

145
88
105

84
44
106

88

39
28
205
78

98
57
68

106
59

%

21.89

36.91

41.20

62.23
37.77
45.06

36.05
18.88
45.49

37.77

16.74
12.02
87.98
33.48

42.06
24.46
29.18

45.49
25.32

Variables

Tumor Types

Stage

Concurrent or Previous Surgery
/ Radiotherapy

Metastasis

Chemotherapy Regimen

Standardized Cumulative Dose
of Neurotoxic Agents

RPFS,mean (SD)
SPPB,mean (SD)

SUPPH,mean (SD)

Category

Upper gastrointestinal

cancer

Lower gastrointestinal

cancer

Other gastrointestinal

malignancies
Stage I- 1l
Stage llI- IV
No

Yes
No

Yes

Platinum-based

Taxane-based
Others
Platinum + taxane

<1

>1
423+1.85
6.55+3.113

75.04 +31.425

123

76

34

77
156
56

177
65
168

93

70
26
44
56

177

%

52.79

32.62

14.59

33.05
66.10
24.03

75.97
27.90
72.10

39.91

30.04
11.16
18.88
24.03

75.97

CIPNAT, RPFS, SPPB, and SUPPH scores among patients with gastrointestinal

cancers

The mean RPFS score of participants was 4.23 + 1.85, the mean SPPB score was 6.55 + 3.11, and the mean SUPPH score was 75.04 +
31.42. The CIPNAT scores at time points T1, T2, T3, and T4 were 65.85 + 45.48, 77.43 + 44.45,91.10 + 50.28, and 101.18 + 57.91,
respectively. A significant difference in CIPNAT scores was observed across these four time points (F = 61.955, P < 0.001). Scores for the
sensory and motor impairment subscales are presented in Table 2.
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Table 2

Patient-Reported Occurrence and Severity of CIPN-Related Sensory and Motor Symptoms in Patients With Gastrointestinal Tumors

Dimensions Items T1 T2 T3 T4
Occurrence  Median Occurrence  Median Occurrence  Median Occurrence  Median
(%) (P25, (%) (P25, (%) (P25, (%) (P25,
P75) P75) P75) P75)
Sensory Numbness 40.4 10(7.16) 65.7 12(7,18) 87.7 19(8,26) 90.3 19(8,25)
Nerve in
Impairment  fingers/toes
Numbness 54.4 1055.5, 63.7 13(6,18) 80.6 18(7,25) 91.3 19(7,25)
in 17
hands/feet
Tingling in 32.9 0(0,11) 51.5 9(0,17) 71.2 9(0,18) 76.0 7(4,15.5)
fingers/toes
Tingling in 449 4(0, 15) 455 0(0,15) 76.8 8(4,13.5) 85.0 8(4.5,20)
hands/feet
Discomfort 477 8(7,15) 75.8 14(7,19) 82.6 17(9,23) 92.8 19(8,27)
in
hands/feet
or
arms/legs
Motor Sensitivity 34.4 1(0, 52.8 1(0,15) 74.7 9(0,15) 74.2 9(0,19)
Nerve to cold 12.5)
Impairment
Joint or 27.2 0(0, 13) 55.4 6(0,16) 50.6 4(0,7) 54.5 4(0,7)
muscle pain
Muscle 28.9 2(0,11) 59.7 7(0,14) 78.5 7(4,10) 77.7 12(4,18)
weakness
or loss of
strength
Difficulty 24.5 0(0,0.5) 253 0(0,4) 30.9 0(0,4) 29.6 0(0,4)
maintaining
balance

Note: Occurrence was defined as any patient-reported presence of the corresponding CIPNAT symptom at each assessment point.
Percentages represent symptome-level reporting rates rather than clinically diagnosed CIPN incidence. Each symptom score was
calculated as the sum of occurrence, severity, distress, and frequency ratings, with a possible range of 0-31; higher scores indicate
more severe symptoms. Symptom scores are presented as median (P25, P75).

Heterogeneous CIPN trajectory in patients with gastrointestinal tumors

Latent class growth analysis (LCGA) was conducted to model CIPN trajectories during chemotherapy in patients with gastrointestinal
malignancies. Model evaluation based on AIC, BIC, and aBIC showed that information index values decreased as the number of classes
increased, with all entropy values exceeding 0.80. However, both the VLMR and LMR tests were non-significant for the five-class model (P
>0.05), which indicates that the four-class model provided a better fit than the five-class solution. Considering model fit, classification
accuracy, and clinical interpretability, a four-class model (C1-C4) was selected as the optimal solution. Model fit indices are presented in
Table 3.

Interpretation of classes was based on the CIPNAT scores, the intercepts, the slopes, and clinical relevance. In Class 1, CIPNAT scores
were low at T1 but increased markedly throughout chemotherapy (I = 46.451; S = 42.495; P < 0.001). This class was labeled the “Worsening
CIPN Group” (Group 1,n =71, 30.5%). In Class 2, baseline scores were low and the rate of increase was minimal (I =26.806; S = 5.869; P <
0.001), and this class was designated the “Mild Stable CIPN Group” (Group 2, n =81, 34.8%). In Class 3, CIPNAT scores were high at T1, but
showed substantial improvement over time before stabilizing (1= 112.446; S = - 16.317; P < 0.001). This class was labeled the “Improving
CIPN Group” (Group 3, n=42,18.0%). In Class 4, baseline CIPNAT scores were high and remained persistently elevated with minimal
change (1=132.908; S = - 0.474; P <0.001). This class was named the “Severe Stable CIPN Group” (Group 4, n =39, 16.7%).The four CIPN
trajectory patterns are illustrated in Fig. 2.
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Table 3
Model selection criteria of the Latent Class Growth Model (LCGM) analysis

Class AIC BIC aBIC Entropy VLMR BLRT LMR Class probability

C1 9917.252  9937.959 9918.942 - - - 1
C2 9378.297 9409.356 9380.831 0.970 < < < 0.51502/ 0.48498
0.001 0.001 0.001

C3 9152.485 9193.898 9155.864 0.992 0.0002 < 0.0004  0.30472/0.34764/0.34764
0.001

(6%) 8960.896 9012.662 8965.119  0.982 < < < 0.30472/0.34764/0.18026/0.16738

0.001 0.001 0.001

C5 8933.590 8995.709 8938.657 0.963 0.0927 < 0.1010  0.34764/0.30472/0.08155/0.12017/0.14592
0.001

Predictors of heterogeneous CIPN trajectory

Univariate analysis indicated that eight variables were significantly associated with heterogeneous CIPN trajectories during chemotherapy
in patients with gastrointestinal malignancies (p < 0.05), including age, smoking history, chronic diseases, chemotherapy regimen,
cumulative dose of neurotoxic agents, cancer-related fatigue, physical performance, and self-management efficacy (Table 4).

Multinomial logistic regression was performed using the Mild Stable CIPN Group (C2) as the reference category to identify factors
associated with different CIPN trajectory classes (Table 5). Compared with C2, patients in the Worsening CIPN Group (C1) were more likely
to report higher levels of fatigue (OR = 3.583, 95% Cl: 2.311-5.557, p < 0.001) and lower self-management efficacy (OR = 0.969, 95% ClI:
0.948-0.991, p = 0.006). Younger patients were less likely to be classified into C1 (< 40 years: OR=0.171, 95% CI: 0.035-0.831, p = 0.028;
40-60 years: OR=0.155,95% Cl: 0.038-0.630, p = 0.010). This finding indicates that older individuals have a higher likelihood of symptom
worsening. Additionally, compared with current smokers, the likelihood of being classified into C1 was significantly lower among never
smokers (OR=0.091,95% Cl: 0.018-0.453, p = 0.003). Patients with fewer chronic conditions (0—1 condition: OR = 0.005, 95% CI: 0.001~
0.048, p =0.002; 2-3 conditions: OR = 0.095, 95% Cl: 0.021-0.433, p = 0.002) and those with lower standardized cumulative neurotoxic
doses (=1 mg/m? OR=0.176,95% Cl: 0.033-0.940, p = 0.042) were also less likely to be classified into C1. Furthermore, compared with
patients receiving platinum—-taxane combination therapy, those treated with platinum alone were associated with a substantially lower
probability of experiencing worsening CIPN symptoms (OR = 0.066, 95% Cl: 0.012-0.352, p = 0.001).

In the Improving CIPN Group (C3), better physical performance (OR =1.216, 95% CI: 1.048-1.411, p = 0.010) and higher self-efficacy in self-
management (OR =1.013, 95% Cl: 1.000-1.025, p = 0.046) were positively associated with symptom improvement.

In the Severe Stable CIPN Group (C4), higher levels of cancer-related fatigue (OR =1.937, 95% Cl: 1.322-2.838, p < 0.001) were associated
with an increased likelihood of remaining in the persistently severe trajectory. Additionally, poorer physical performance (OR = 0.828, 95%
Cl: 0.703-0.974, p = 0.023) and lower self-efficacy in self-management (OR =0.967, 95% Cl: 0.950—-0.986, p < 0.001) were also linked to this
increased likelihood. Compared with patients who had = 4 chronic conditions, those with 0-1 chronic condition (OR = 0.069, 95% Cl: 0.013-
0.354, p=0.001) or 2—3 chronic conditions (OR =0.147,95% CI: 0.034-0.630, p = 0.010) were significantly less likely to be classified in the
C4 group. Additionally, relative to patients receiving platinum-taxane combination therapy as reference, those treated with platinum alone
had a reduced probability of belonging to the Severe Stable trajectory (OR = 0.098, 95% Cl: 0.022-0.431, p = 0.002).To ensure transparency,
the full model results are provided in Supplementary Table 1.
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Table 4
Univariate analysis of predictive factors for heterogeneous CIPN trajectories (n = 233)

Variables C1(n=71) C2 (n=81) C3(n=42) C4 (n=39) X2/F P
Age (year) 278010 5
<40 9(12.68) 22(27.16) 12(28.57) 8(20.51)

40-60 15(21.13) 34(41.98) 17(40.48) 20(51.28)

>60 47(66.20) 25(30.86) 13(30.952) 11(28.21)

Gender 56671 0.132
Male 38(53.52) 49(60.49) 29(69.05) 29(74.36)

Female 33(46.48) 32(39.501) 13(30.95) 10(25.64)

BMI(kg/m2) 10.209" 0.116
<185 36(50.70) 35(43.21) 14(33.33) 20(51.28)

18.5-23.9 26(36.62) 24(29.63) 21(50.00) 13(33.33)

>24 9(12.68) 22(27.16) 7(16.67) 6(15.38)

Educational Levels 31761 0.792
Primary education 32(45.07) 38(46.91) 19(45.24) 17(43.59)

Secondary education 31(43.66) 28(34.57) 14(33.33) 15(38.46)

Higher education 8(11.27) 15(18.52) 9(21.43) 7(17.95)

Marital status 2 5403 0.474
Divorced/widowed 6(8.45) 9(11.11) 6(14.29) 7(17.95)

Married 65(91.55) 72(88.89) 36(85.71) 32(82.05)

Smoking History 24.399") 8.001
Never smoked 9(12.68) 38(46.91) 18(42.86) 13(33.33)

Former smoker 35(49.30) 29(35.80) 16(38.10) 18(46.15)

Current smoker 27(38.03) 14(17.28) 8(19.05) 8(20.51)

Chronic Diseases 59 674" (<J.001
0-1 type 7(9.86) 33(40.74) 20(47.62) 8(20.51)

2-3 types 27(38.03) 43(53.09) 19(45.2) 17(43.59)

> 4 types 37(52.11) 5(6.17) 3(7.14) 14(35.90)

Tumor Types 4.708"  0.588
Upper gastrointestinal cancer 32(45.07) 46(56.79) 26(61.90) 19(48.72)

Lower gastrointestinal cancer 25(35.21) 25(30.86) 12(28.57) 14(35.90)

Other gastrointestinal malignancies 14(19.72) 10(12.35) 4(9.52) 6(15.38)

Stage 71120 0.069
Stage I- Il 15(21.12) 30(37.04) 18(42.86) 14(35.90)

Footnotes: 1) X?= chi-square test; 2) F = one-way ANOVA; 3) Fisher = Fisher’s exact test.
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Variables

Stage llI- IV

Concurrent or Previous Surgery /
Radiotherapy

No
Yes

Metastasis

No
Yes

Chemotherapy Regimen

Platinum-based
Taxane-based
Others

Platinum + taxane

Standardized Cumulative Dose of
Neurotoxic Agents

<1
>1
RPFS,mean (SD)

SPPB,mean (SD)

SUPPH,mean (SD)

C1(n=71)

56(78.87)

15(21.13)
56(78.87)

23(32.39)
48(67.61)

19(26.76)
19(26.76)
14(19.72)
19(26.76)

7(9.86)
64(90.14)
5.79+2.03

5.30+2.302

61.55%
20.613

C2(n=81)

51(62.96)

24(29.63)
57(70.37)

20(24.69)
61(75.31)

43(53.09)
25(30.86)
4(4.94)
9(11.11)

31(38.27)
50(61.73)
3.35+1.10

7.17 £3.197

83.16
33.099

C3 (n=42)

24(57.14)

9(21.43)
33(78.57)

10(23.81)
32(76.19)

21(50.00)
14(33.33)
3(7.14)
4(9.52)

13(30.95)
29(69.05)
3.29+0.97

8.76 +2.555

9545+
35.069

Footnotes: 1) X?= chi-square test; 2) F = one-way ANOVA; 3) Fisher = Fisher’s exact test.

C4 (n=39)

25(64.10)

8(20.51)
31(79.49)

12(30.77)
27(69.23)

10(25.64)
12(30.77)
5(12.82)

12(30.77)

5(12.82)
34(87.18)
4.26+1.60

5.18+3.119

60.74 +
21.496

X2/F

2.139"

1.637"

28.055"

20.594"

39.7472

17.6372

18.0092

0.555

0.657

0.001

<
0.001

<
0.001
<
0.001

<
0.001
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Table 5
Multivariate analysis of predictors for heterogeneous CIPN trajectories

B S.E. Wald x2 p-value OR 95%ClI
Lower limit  Upper limit

C1vs C2

Constants 3.880 1.650 5.532 0.019

RPFS 1.276  0.224 32.512 <0.001 3.583 2.311 5.557
SUPPH -0.031 0.011 7.669 0.006 0.969 0.948 0.991
Age (year):<40 -1.764  0.805 4.799 0.028 0.171  0.035 0.831
40-60 -1.866 0.716  6.789 0.009 0.155 0.038 0.630
Smoking History:Never smoked -2.395 0.818 8.579 0.003 0.0917 0.018 0.453
Chronic Diseases:0-1 type -5.231  1.124  21.652 <0.001 0.005 0.001 0.048
2-3 types -2.351 0.773 9.253 0.002 0.095 0.021 0.433
Chemotherapy Regimen:Platinum-based -2.724 0.858 10.088 0.001 0.066 0.012 0.352
Standardized Cumulative Dose of Neurotoxic Agents:<1  -1.737 0.855 4.128 0.042 0.176  0.033 0.940
C3vsC2

Constants -2.668 1.376 3.761 0.052

SPPB 0.196 0.076 6.637 0.010 1.216 1.048 1.411
SUPPH 0.012 0.006 3.972 0.046 1.013  1.000 1.025
C4vs C2

Constants 3.926 1.463 7.197 0.007

RPFS 0.661  0.195 11.519 0.001 1937 1.322 2.838
SPPB -0.189 0.083 5.188 0.023 0.828 0.703 0.974
SUPPH -0.034 0.01 10.935 0.001 0.967 0.948 0.986
Chronic Diseases:0-1 type -2.68 0.837 10.246 0.001 0.069 0.013 0.354
2-3 types -1.917 0.742  6.667 0.010 0.147 0.034 0.630
Chemotherapy Regimen:Platinum-based -2.319 0.754  9.455 0.002 0.098 0.022 0.431

C1: Worsening CIPN group; C2: Mild Stable CIPN group; C3: Improving CIPN group; C4: Severe Stable CIPN group. Reference group: C2.

Reference categories: Age > 60 years; Smoking History: Current smoker; Chronic Diseases: =4, Chemotherapy Regimen: platinum + taxane;
Standardized Cumulative Dose of Neurotoxic Agents: >1.

Discussion

This study demonstrated marked heterogeneity in CIPN symptom trajectories among patients with gastrointestinal malignancies
undergoing chemotherapy, identifying four distinct patterns: the Worsening CIPN Group, Mild Stable CIPN Group, Improving CIPN Group,
and Severe Stable CIPN Group. Accurate characterization of these trajectories is essential for symptom management and prognosis, as
they reflect not only the dynamic progression and individual variability of CIPN, but also the associations of these symptom trajectories
with chemotherapy tolerance, decline in quality of life, and risk of treatment interruption.Importantly, the study further identified age,
smoking history, chronic conditions, chemotherapy regimen, standardized cumulative neurotoxic dose, cancer-related fatigue, physical
performance, and self-management efficacy as independent predictors of CIPN trajectory membership. These findings elucidate the
temporal patterns and interindividual differences in CIPN during chemotherapy and highlight the multifactorial determinants underlying its
heterogeneity. Moreover, they underscore the importance of early identification and individualized management strategies for CIPN.By
delineating distinct CIPN trajectories, this study provides a scientific foundation for developing more targeted clinical interventions.
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Effective stratified approaches may help reduce neurotoxic burden during chemotherapy and ultimately enhance treatment tolerance,
functional status, and overall quality of life.

This study identified significant heterogeneity in CIPN symptom trajectories among patients with gastrointestinal malignancies undergoing
chemotherapy, which could be categorized into four distinct patterns. The number of trajectory classes identified was consistent with the
number reported by Wang et al.’®, but exceeded the number found in the CIPN trajectory study of breast cancer patients by Xu et al.’®.
These differences may be attributable to variations in tumor types, chemotherapy regimens, and levels of exposure to neurotoxic agents;
as well as differences in sample size, follow-up intervals, and the sensitivity of measurement tools. Collectively, these findings reinforce
that CIPN progression is neither linear nor uniform across individuals; instead, patients exhibit divergent pathways of symptom trajectories
and recovery, underscoring the need for stratified and dynamic monitoring throughout rehabilitation and follow-up.

In this study, the Worsening CIPN Group (30.5%) and the Mild Stable CIPN Group (34.8%) accounted for the largest proportions among the
four identified trajectories. This indicates that nearly one-third of patients undergoing chemotherapy followed a pattern of progressively
worsening symptoms, whereas another one-third maintained mild and relatively stable symptom levels. These findings highlight the
marked heterogeneity in CIPN progression. Not all patients experience rapid symptom escalation, and some remain at a low or stable level
throughout treatment. Teng et al.’#reported that CIPN prevalence decreased by approximately 28% annually during the first three years
after chemotherapy, indicating a gradual decline. Such evidence suggests that with neurological support and functional interventions,
symptom stabilization may occur in some patients as treatment progresses. However, in the present study, approximately 30.5% of
patients showed a clear trajectory of worsening CIPN. Although some research indicates that CIPN may gradually diminish over time, long-
term clinical studies have shown that symptoms can persist beyond 12 months and may be more common and severe than previously
expected®®’. Several factors may contribute to a worsening trajectory. First, variability in pretreatment status, chemotherapy regimens, pre-
existing neuropathy, or metabolic conditions—such as diabetes, nutritional status, vitamin D levels, and physical function—can influence
tolerance to neurotoxic exposure'®. Second, early or subclinical abnormalities in nerve function may predispose patients to greater
symptom progression. Lower compound muscle action potential (CMAP) or sensory nerve action potential (SNAP) values before
chemotherapy have been shown to predict more severe symptoms during and after treatment?°. Third, inflammatory profiles, such as
elevated IFN-y and reduced IL-10 levels before chemotherapy, have been linked to CIPN exacerbation?These results underscore the clinical
importance of CIPN trajectory classification. Rather than focusing solely on the presence of CIPN, greater emphasis should be placed on
its developmental pattern. For patients in the Worsening CIPN Group, early identification of high-risk factors and implementation of
individualized neuroprotective and functional interventions are warranted. For those in the Mild Stable CIPN Group, although symptoms
remain mild and stable, continued monitoring and preventive care are recommended, as stability may shift with time or cumulative
neurotoxic exposure.

In this study, the Improving CIPN Group represented patients whose CIPN symptoms gradually alleviated after the onset of symptoms
during chemotherapy, accounting for 18.0% of the sample. Therefore, this proportion suggests that symptom improvement during
chemotherapy is relatively uncommon among patients with gastrointestinal malignancies. Notably, patients in this group exhibited high
CIPN scores at T1, followed by a steady decline during subsequent assessments. The elevated T1 score may reflect acute neurotoxic
reactions during the early phase of chemotherapy, and the subsequent improvement could be associated with adjunctive pharmacological
interventions, such as anticonvulsants or antidepressants®, or psychological adaptation mechanisms3°.Prior evidence from Teng'#, and
Lemanska® have described neurotoxicity as comprising acute and chronic forms. Approximately 90% of patients receiving platinum-based
therapy experience acute neuropathy that peaks within the first three days after infusion and typically resolves within one week; this acute
phase is characterized primarily by cold-induced distal sensory disturbances such as paresthesia and dysesthesia. In contrast, patients in
the Severe Stable CIPN Group demonstrated persistently moderate-to-severe symptoms with little evidence of improvement or recovery.
This trajectory suggests that CIPN may evolve into a long-term residual condition in a subset of patients. For example, in a colorectal
cancer FOLFOX cohort, 36.5% of patients continued to report severe neuropathic pain five years after treatment, with minimal symptom
resolution'®. Persistent CIPN severity—associated with adverse outcomes such as functional impairment and increased fall risk'®,
indicates that these patients may require more intensive, individualized symptom management strategies. Moreover, long-lasting CIPN has
been shown to substantially increase annual healthcare costs*’, and negatively affect disease control and treatment adherence’3. These
findings underscore the need for early identification and proactive intervention to mitigate both clinical and economic burdens associated
with chronic CIPN.

This study identified age, smoking history, chronic conditions, chemotherapy regimen, standardized cumulative neurotoxic doses, cancer-
related fatigue, physical performance, and self-management efficacy as independent predictors of heterogeneous CIPN trajectories among
patients with gastrointestinal malignancies undergoing chemotherapy. These findings provide an empirical foundation for developing
targeted clinical intervention strategies. First, patients aged = 60 years had a lower likelihood of belonging to the Worsening CIPN Group
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(C1) than those older than 60 years, suggesting that CIPN worsens with increasing age. This observation is consistent with prior research
indicating that patients over 65 years who receive neurotoxic agents—such as platinum compounds, taxanes, and vinca alkaloids, which

are at higher risk for more severe CIPN%2Aging is associated with a variety of peripheral-nerve changes, including slower nerve conduction
velocity and increased sensory fibres with signs of damage or degeneration; this may put older patients at increased risk for developing
CIPN*' However, the relationship between age and CIPN severity remains inconclusive in the literature. Some studies have reported no
significant differences in the incidence or severity of CIPN between patients = 65 years and their younger counterparts, suggesting that age
may not serve as an isolated predictor but rather interacts with other factors to influence CIPN progression?. Therefore, age should be
considered as part of a multidimensional risk framework rather than a single determining factor.

In this study, current smokers were more likely to be classified in the Worsening CIPN Group (C1), suggesting that smoking may be an
important risk factor for CIPN progression. Previous research has also reported a positive association between smoking and the
development of CIPN'3. Mechanistically, nicotine and other harmful constituents of tobacco smoke can induce peripheral vasoconstriction,
reducing blood flow to nerve tissues. This reduction impairs neuronal repair capacity following chemotherapy-induced injury*2. In addition,
smoking may increase oxidative stress and disrupt neurotrophic support systems, making peripheral nerves more susceptible to
neurotoxic damage. These findings underscore the importance of smoking cessation guidance for patients undergoing chemotherapy.
Enhanced monitoring of CIPN symptoms, such as more frequent neurological assessments and the implementation of targeted
neuroprotective interventions should be considered for individuals who continue to smoke, with the aim of reducing the risk of symptom
progression.

In this study, patients with a greater number of chronic conditions were more likely to belong to either the Worsening CIPN Group (C1) or
the Severe Stable CIPN Group (C4), suggesting that a higher comorbidity burden may increase the risk of CIPN. Johnson et al.**noted that
metabolic comorbidities such as diabetes'® and obesity*can trigger chronic low-grade inflammation and oxidative stress, impair
mitochondrial function, and exacerbate microvascular neuropathic changes. Hypertension may contribute to inadequate perfusion and
ischemia—reperfusion injury, thereby promoting axonal degeneration and demyelination*®. Moreover, multimorbidity is frequently
accompanied by polypharmacy and altered drug metabolism, which may increase effective neurotoxic exposure and cumulative nerve
damage. This, in turn, increases patients’ likelihood of entering the “worsening” or “severe stable” trajectories (C1 or C4).

This study found that patients receiving a combined platinum-paclitaxel regimen were more likely to follow the worsening CIPN (C1) or the
severe stable CIPN (C4) trajectory, suggesting that concurrent exposure to two highly neurotoxic agents within the same treatment course
may amplify cumulative peripheral nerve injury. A large-scale study by Argyriou et al.23, involving 500 cancer patients, similarly reported an
increased risk of CIPN with platinum—paclitaxel combination therapy. These findings are consistent with the present study.Platinum-based
chemotherapeutic agents are associated with the highest CIPN prevalence, affecting approximately 70% of patients. Their primary
anatomical target is the dorsal root ganglia, where these agents disrupt ion channel function, induce mitochondrial damage, and promote
neuroinflammation, leading to cold allodynia and distal sensory axonopathy’”#®. Moreover, Studies have identified an increase in the
incidence of abnormal axonal mitochondria in C-fibres when compared to controls after ~ 1 month of paclitaxel treatment*’. Paclitaxel
interacts with the mitochondrial permeability transition pore, leading to mitochondrial dysfunction, decreased mitochondrial respiration and
disruption of neuronal ATP generation, with disruption of the axonal microtubule network'”#8. When administered together, these agents
exert synergistic neurotoxic effects, making recovery from axonal degeneration and repair of myelin more difficult.

This study found that patients with a standardized cumulative neurotoxic drug dose > 1 unit were more likely to follow the Worsening CIPN
trajectory, indicating that cumulative neurotoxic exposure is an important driver of progressive CIPN phenotypes. Clinically, cumulative
oxaliplatin dose has been strongly associated with long-term CIPN; patients receiving = 842 mg/m? of oxaliplatin are more likely to report
toe and foot paresthesia®. Similarly, the incidence of paclitaxel, induced CIPN has been shown to increase markedly when cumulative
doses approach 1,000 mg/m?’Therefore, these findings suggest that standardized cumulative dose monitoring should be incorporated into
routine practice as an early warning indicator. In such cases, proactive measures, such as dose adjustments, regimen modifications, or
treatment delays should be actively implemented to prevent CIPN trajectories from shifting toward worsening patterns.

This study found that higher levels of cancer-related fatigue were associated with an increased likelihood of belonging to the Worsening
CIPN (C1) and Severe Stable CIPN (C4) trajectories. This suggests that fatigue is not merely a co-occurring symptom during chemotherapy
but may also contribute to the progression and persistence of CIPN. Longitudinal evidence has shown that elevated fatigue prior to
chemotherapy predicts more severe subsequent CIPN%?7. Cancer-related fatigue has been closely linked to chronic low-grade
inflammation and oxidative stress. These factors can disrupt hypothalamic—pituitary—adrenal axis function, impair mitochondrial
bioenergetics, and alter sensory nerve metabolism. Consequently, this reduces the nervous system'’s capacity for recovery following
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chemotherapy-induced injury and increases the susceptibility of both peripheral and central nerves to neurotoxic insults?’Furthermore,
cancer-related fatigue is often accompanied by reduced physical activity and sleep disturbances**, both of which may exacerbate
neuroinflammatory cascades and pain sensitization. These findings highlight the importance of incorporating repeated fatigue monitoring
into clinical management alongside routine assessments of neurotoxicity.

This study further found that patients with higher physical performance and greater self-efficacy in self-management were more likely to
belong to the Improving CIPN Group (C3), whereas those with lower physical performance and reduced self-efficacy in self-management
tended to fall into the Severe Stable CIPN Group (C4). Taken together, these findings suggest that patients’ “functional reserve” and “self-
regulatory capacity” may serve as important protective factors against CIPN progression. The Short Physical Performance Battery (SPPB)
is a well-established tool for assessing lower-extremity function and physical reserve®2. In this study, higher SPPB scores likely reflected
greater muscle strength. This muscle strength may support peripheral nerve perfusion and improve the local metabolic microenvironment
through regular muscle activity, thereby mitigating neurotoxic injury*Conversely, lower SPPB scores often indicate muscle weakness, gait
instability, and reduced mobility, all of which may contribute to impaired peripheral perfusion and delayed neural repair, increasing the
likelihood of persistent CIPN. Prior studies have similarly shown that higher levels of physical activity are significantly associated with
reduced CIPN risk, as regular physical activity can activate antioxidant pathways and enhance neurotrophic factor expression, thereby
improving neural function*®. Better baseline physical performance has also been found to predict improvement in CIPN symptoms during
chemotherapy?'. These findings underscore the importance of routinely assessing SPPB scores during chemotherapy and implementing
early exercise-based rehabilitation interventions for patients with lower physical performance.

Prior studies have shown that higher levels of self-efficacy in self-management during cancer treatment are closely associated with better
quality of life, improved functional maintenance, and fewer complications 28. This study further demonstrated that greater self-efficacy in
self-management was linked to reduced cumulative neurotoxic effects and enhanced functional recovery®®. From a physiological
perspective, patients with higher self-efficacy often engage in more active health behaviors, which may improve endothelial function,
enhance mitochondrial antioxidant capacity, and reduce chronic inflammation, thereby mitigating oxidative damage—a major contributor to
neurotoxicity—to peripheral nerves caused by chemotherapy®'. From a psychological standpoint, patients with higher self-efficacy tend to
exhibit stronger perceived control and greater initiative in managing adverse effects of chemotherapy. They are more likely to monitor
symptoms in a timely manner, seek appropriate support, and maintain treatment adherence®2. Conversely, individuals with low self-efficacy
often lack engagement in health-promoting behaviors and may delay symptom reporting, contributing to the accumulation of neurotoxic
injury and limited recovery. These findings highlight the importance of incorporating physical function assessment and self-efficacy in self-
management into CIPN risk screening. Moreover, early initiation of exercise-based rehabilitation, self-management education, and
supportive interventions should be considered for patients with low physical performance or inadequate self-efficacy during chemotherapy.

Limitations

Despite the valuable insights provided by this study, several limitations should be acknowledged. First, this was a single-center cohort
study conducted in mainland China, which may limit the generalizability of the findings. The demographic characteristics and treatment
practices of patients in this institution may not fully represent those in other regions or healthcare systems. Future multicenter studies
involving diverse populations are warranted to enhance the external validity and applicability of the results. Second, the assessment of
chemotherapy-induced peripheral neurotoxicity (CIPN) primarily relied on patient-reported outcome measures, such as symptom
questionnaires and self-rated scales. Although these tools are widely used and validated, they are subject to subjective reporting bias, as
patients may underreport or overreport their sensory symptoms depending on their perception, tolerance, or psychological status.
Combining patient-reported measures with objective clinical or electrophysiological evaluations in future research could provide a more
comprehensive assessment of CIPN trajectories. Finally, while several demographic, clinical, and treatment-related variables were included
in the model, other important factors, such as genetic susceptibility, nutritional status, and sleep quality were not assessed. These
unmeasured confounders may influence the development and progression of peripheral neurotoxicity. Future prospective studies
incorporating biological markers and multidimensional data are needed to further clarify the mechanisms and predictors underlying
heterogeneous CIPN trajectories in gastrointestinal cancer patients.

Conclusion

This study identified distinct heterogeneous trajectories and predictors of chemotherapy-induced peripheral neurotoxicity (CIPN) among
patients with gastrointestinal malignancies during chemotherapy. The findings highlight the importance of continuous monitoring and
individualized management of CIPN throughout the treatment course. Specifically, age, smoking history, number of chronic conditions;
chemotherapy regimen; cumulative neurotoxic drug dose; cancer-related fatigue; physical performance; and self-management efficacy
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were found to play critical roles in shaping CIPN trajectories. Moreover, recognizing and managing these factors early in the treatment
process may support the development of more effective intervention strategies. These strategies aim to reduce neurotoxic burden and
improve treatment tolerance and quality of life, both in future research and clinical practice.
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Flow chart summarizing study sample recruitment and inclusion and exclusion for longitudinal data analysis.
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Figure 2
Trajectories of CIPN during chemotherapy in patients with gastrointestinal tumors
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