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Abstract

Aims/Background: Oxaliplatin-induced peripheral neuropathy (OIPN) is a common dose-limiting toxic effect of oxaliplatin-based
chemotherapy for colorectal cancer (CRC), severely affecting patients’ quality of life and treatment adherence. Currently, effective
therapeutic options for OIPN are limited. This study aimed to investigate the clinical efficacy and safety of sodium ferulate combined
with methylcobalamin in the treatment of OIPN in CRC patients. Methods: In this retrospective cohort study, 280 CRC patients di-
agnosed with OIPN following oxaliplatin-based chemotherapy at Qianxi People’s Hospital between January 2020 and December 2024
were enrolled. Based on treatment regimen, patients were assigned to an observation group (sodium ferulate combined with methyl-
cobalamin, n = 152) or a control group (methylcobalamin alone, n = 128). All patients received basic nursing care. Treatment duration
was 8 weeks for both groups. Outcomes compared between groups included National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI-CTCAE) neurotoxicity grading, nerve conduction velocity (NCV), and quality of life (QoL) scores assessed
before treatment, at 4 weeks, and at 8 weeks post-treatment. Clinical efficacy was evaluated after 8§ weeks, and changes in hematological
parameters and liver/kidney function indicators were monitored. Results: Baseline characteristics were comparable between the two
groups (p > 0.05). While no significant difference in neurotoxicity grading was observed at 4 weeks (p > 0.05), the observation group
demonstrated significantly better NCI-CTCAE grades than the control group at 8 weeks (p < 0.05). NCV assessments revealed that
motor and sensory NCVs of the median and common peroneal nerves in the observation group were significantly improved compared to
both baseline levels and the control group at 4 and 8 weeks (p < 0.05). After 8 weeks, the overall clinical efficacy rate was significantly
higher in the observation group (89.47%) than in the control group (67.97%) (p < 0.05). QoL scores across all functional domains (phys-
ical, role, cognitive, emotional, and social) were significantly better in the observation group compared to the control group at 8 weeks
(» < 0.05). Hematological and liver/kidney function parameters remained within normal ranges and showed no significant intergroup
differences post-treatment (p > 0.05). Conclusion: The combination of sodium ferulate and methylcobalamin is superior to methyl-
cobalamin monotherapy in alleviating the severity of neurotoxicity, improving nerve conduction function, enhancing clinical efficacy,
and promoting quality of life in CRC patients with OIPN, with a comparable safety profile. It represents a promising clinical treatment
option for OIPN.
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1. Introduction Oxaliplatin-based chemotherapy regimens (e.g., FOL-
FOX [folinic acid, fluorouracil, oxaliplatin] and XELOX
[capecitabine, oxaliplatin]) are important options for ad-
juvant and advanced treatment of CRC [7,8]. Oxali-

Colorectal cancer (CRC) is the third most commonly
diagnosed malignancy and the second leading cause of
cancer-related death worldwide, posing a major public ; 3 . - )
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national Agency for Research on Cancer (IARC), there scription, - inducing tumor cell apoptosis and - signifi-
are over 1.9 million new cases of CRC and approximately cantly improving patient survival [9,10]. However, its
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tinuing to rise, particularly in countries undergoing social ropathy (OIPN)—severely restricts the clinical use of

and economic transition [4]. In China, driven by western- oxaliplatin-based chemotherapy and is a major challenge in
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. Lo ing distal limb sensory disturbances, numbness and pain
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poses a serious threat to public health [6]. [12]. Its toxicity is clearly dose-dependent, worsening pro-
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gressively with each treatment cycle, markedly reducing
patients’ quality of life and potentially resulting in long-
term functional impairment [13,14]. More importantly, to
avoid irreversible nerve damage, clinicians often reduce ox-
aliplatin dose, delay, or discontinue treatment—actions that
can compromise antitumor efficacy and long-term survival
[15]. Therefore, the development of effective strategies for
the prevention and treatment of OIPN represents a key un-
met need in CRC care.

At present, clinical management of OIPN remains
highly challenging due to limited effective therapeutic op-
tions. Notably, the 2020 American Society of Clini-
cal Oncology (ASCO) guideline update identified dulox-
etine as the only agent for the treatment of established
OIPN [16]. In practice, symptomatic and supportive mea-
sures are commonly used, including pharmacologic inter-
ventions (e.g., tricyclic antidepressants, anticonvulsants,
analgesics), nonpharmacologic approaches (e.g., tempera-
ture management, exercise, complementary therapies), and
chemotherapy regimen modification—the latter being the
most frequently used clinical approach [17,18]. These mea-
sures have clear limitations: although duloxetine shows
some benefit, its use is limited by adverse effects such as
nausea, somnolence, and dry mouth, and overall response
rates are suboptimal [19,20]. The calcium-magnesium in-
fusion that has been utilized for OIPN prevention remains
controversial because of potential impacts on tumor out-
comes [21]. This paucity of effective, reliably proven treat-
ments highlights the urgent need to explore novel, effective
interventions.

Against this background, drug combinations that of-
fer both neuroprotection and neurorepair have attracted at-
tention. Methylcobalamin, an active coenzyme form of vi-
tamin B12, readily enters neural cells, promotes nucleic
acid, protein, and myelin synthesis, and accelerates periph-
eral nerve repair and regeneration [22,23]. Sodium fer-
ulate is the sodium salt form of ferulic acid, which has
multiple pharmacological effects such as antioxidant, anti-
inflammatory, microcirculation improvement, and neural
nutrition [24]. Based on the pathogenesis of OIPN and the
pharmacological profiles of sodium ferulate and methyl-
cobalamin, we hypothesize that combining sodium ferulate
with methylcobalamin may enhance treatment outcomes for
OIPN: sodium ferulate mitigates oxidative stress and mi-
crocirculatory disturbances to create a favorable milieu for
nerve repair, while methylcobalamin promotes regenera-
tion of injured nerve fibers; together, they may synergis-
tically improve nerve function. To test this hypothesis, we
conducted a retrospective analysis comparing the efficacy
and safety of sodium ferulate combined with methylcobal-
amin versus methylcobalamin alone for treating OIPN in
patients with CRC, with the aim of providing a superior
clinical treatment option.

2. Methods
2.1 Study Population

This retrospective cohort study reviewed the medical
records of patients with CRC who developed OIPN after
receiving oxaliplatin-based chemotherapy in the Depart-
ments of Oncology and Gastroenterology at Qianxi Peo-
ple’s Hospital between January 2020 and December 2024.
Patients were assigned to the two treatment groups accord-
ing to the clinical decisions made by attending physicians
during the standard care process, and all neurotoxicity as-
sessments (including National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI-CTCAE)
grading and nerve conduction velocity measurements) were
subsequently performed by pain specialists. Specifically,
the selection of combination therapy (sodium ferulate and
methylcobalamin) versus monotherapy (methylcobalamin
alone) was primarily guided by factors such as the sever-
ity of neuropathic symptoms at presentation, the treating
physician’s clinical judgment and experience with the reg-
imens, and the patient’s overall clinical condition and po-
tential contraindications. A total of 350 patients were ini-
tially identified. After applying the predefined inclusion
and exclusion criteria, 280 eligible patients were enrolled in
the final analysis. Among them, 152 patients who received
sodium ferulate combined with methylcobalamin were as-
signed to the observation group, whereas 128 patients who
received methylcobalamin monotherapy were assigned to
the control group. The study was approved by the medical
Ethics Committee of Qianxi People’s Hospital (Approval
Number: 20220803). Fig. 1 presents a flow diagram illus-
trating the steps of subject screening, exclusion, and final
group assignment.

2.2 Inclusion Criteria and Exclusion Criteria

Inclusion criteria of this study are as follows: (1) age
>18 years; (2) histological or cytological confirmation of
CRC; (3) development of peripheral neuropathic symptoms
following oxaliplatin-based chemotherapy. The diagnosis
of OIPN was based on typical chemotherapy-induced pe-
ripheral neuropathy (CIPN) manifestations, including sym-
metrical distal numbness, tingling, hypoesthesia, and neu-
ropathic pain [16]. Neurotoxicity severity was graded us-
ing the NCI-CTCAE (version 5.0) peripheral sensory neu-
ropathy criteria, and patients with grades 1-4 were included
[25]; (4) availability of complete clinical data; and (5) no
exposure to other chemotherapy regimens within 3 months
before enrollment.

Exclusion criteria of this study are as follows: (1)
peripheral neuropathy attributable to other causes; (2) im-
paired liver function, defined as alanine aminotransferase
(ALT) or aspartate aminotransferase (AST) >2.5x the up-
per limit of normal, or impaired renal function, defined as
serum creatinine (Scr) >1.5x the upper limit of normal; (3)
allergy to sodium ferulate, methylcobalamin, or oxaliplatin;
(4) presence of concomitant severe infection, cardiovascu-
lar or cerebrovascular disease, or another malignancy; (5)
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Patients with CRC who developed OIPN after receiving oxaliplatin-based chemotherapy

between January 2020 and December 2024 (n=350)

v

[ According to the inclusion criteria (n=350) ]

-

.

Exclusion (n=70)
® Peripheral neuropathy attributable to other causes (n=29)
® Significant hepatic or renal dysfunction (n=17)
® Allergy to the study medications (n=8)
® Concomitant
cerebrovascular disease, or other malignancies (n=11)
® Pregnancy or breastfeeding (n=3)

® Treatment interruption or incomplete follow-up data (n=2)

severe  infection, cardiovascular  or

\ 4

[ Final inclusion of research subjects (n=280) ]

!

[ Grouping according to the actual clinical treatment regimen ]

Observation group (n=152)

Patients who received sodiuum ferulate

Control group (n=128)

Patients who received methylcobalamin alone

combined with methylcobalamin

Fig. 1. Flow diagram depicting patient selection and grouping process. The figure was created using EdrawMax software (Ver-

sion 14.0.0, Wondershare Technology Co., Ltd., Changsha, China). Abbreviations: CRC, colorectal cancer; OIPN, oxaliplatin-induced

peripheral neuropathy.

treatment interruption during the study period or incomplete
follow-up data; and (6) pregnancy or breastfeeding.

2.3 Treatment Regimen

All patients received basic nursing care and contin-
ued to receive their oxaliplatin-based chemotherapy regi-
men during the 8-week study intervention period. The dose
and cycles of oxaliplatin were adjusted as necessary by the
treating physicians based on clinical assessment of neuro-
toxicity and standard oncology care. Patients in the con-
trol group received methylcobalamin monotherapy (CSPC
Ouyi Pharmaceutical Co., Ltd., Shijiazhuang, China; Cat-
alog No.: H20050168) at a dose of 0.5 mg, adminis-
tered once daily via intravenous injection. In addition to
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the aforementioned treatment, subjects in the observation
group were supplemented with sodium ferulate (Jiangsu
Shenlong Pharmaceutical Co., Ltd., Yancheng, China; Cat-
alog No.: H32026219) at a dose of 300 mg, administered
once daily via intravenous infusion. Each course of treat-
ment consisted of consecutive administration for 4 weeks,
with a total of 2 courses completed. The overall treatment
duration was 8 weeks.

2.4 Baseline Data Collection

Baseline patient data were extracted through the hos-
pital’s electronic medical record (EMR) system and labo-
ratory information system (LIS). Demographic and general
clinical information included age, gender, body mass index
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Table 1. Baseline characteristics between the control and observation groups.

Characteristic Control group (n =128)  Observation group (n=152)  t/x%/Z p
Age (years), mean &+ SD 56.46 + 8.74 57.15 £7.65 -0.70 0.484
BMI (kg/m?), mean + SD 23.68 +2.04 23.37 £2.56 1.12 0.264
Chemotherapy cycles, M (Q1, Q3) 4.00 (4.00, 5.00) 4.00 (3.00, 4.00) -1.60 0.109
Gender, n (%) 0.04 0.836
Male 70 (54.69) 85(55.92)
Female 58 (45.31) 67 (44.08)
Tumor stage, n (%) 0.03 0.867
Stage 11 100 (78.12) 120 (78.95)
Stage IV 28 (21.88) 32 (21.05)
Pathological type, n (%) - 0.845
Mucinous adenocarcinoma 14 (10.94) 13 (8.55)
Adenocarcinoma 110 (85.94) 134 (88.16)
Signet ring cell carcinoma 4 (3.12) 5(3.29)
Primary tumor site, n (%) 0.14 0.713
Colon 73 (57.03) 90 (59.21)
Rectum 55(42.97) 62 (40.79)
Surgical treatment, n (%) 0.26 0.878
Radical resection 77 (60.16) 95 (62.50)
Palliative resection 23 (17.97) 24 (15.79)
No surgery 28 (21.88) 33 (21.71)
Chemotherapy regimen, n (%) 0.22 0.898
FOLFOX4 36 (28.12) 46 (30.26)
FOLFOX6 58 (45.31) 65 (42.76)
XELOX 34 (26.56) 41 (26.97)
Previous chemotherapy history, n (%) 22 (17.19) 17 (11.18) 2.09 0.148
Smoking history, n (%) 18 (14.06) 20 (13.16) 0.05 0.826
Alcohol drinking history, n (%) 19 (14.84) 25 (16.45) 0.13 0.713
Hypertension, n (%) 36 (28.12) 33 (21.71) 1.54 0.215
Diabetes mellitus, 7 (%) 8(6.25) 20 (13.16) 3.68 0.055
Hyperlipidemia, n (%) 18 (14.06) 31(20.39) 1.93 0.165

Notes: Data are expressed as n (%), mean + SD, or M (Q1, Q3). Categorical variables were analyzed using x2 test or

Fisher’s test. Continuous variables were analyzed using independent-samples #-test or Mann-Whitney U test.

[T}

indi-

cates no specific statistical value. Tumor staging was performed according to the American Joint Committee on Cancer

(AJCC) 8th edition [28].

Abbreviations: BMI, body mass index; FOLFOX, folinic acid, fluorouracil, oxaliplatin; XELOX, capecitabine, oxali-

platin; SD, standard deviation.

(BMI), smoking history, and alcohol consumption. Tumor-
related data, such as pathological type, tumor stage, primary
tumor site, history of surgical treatment, chemotherapy reg-
imen, and chemotherapy cycles, were gathered. Informa-
tion regarding comorbidities and medical history was col-
lected, such as the presence of comorbidities (hypertension,
diabetes, hyperlipidemia) and prior chemotherapy history.
Results of laboratory tests, such as baseline complete blood
count (white blood cell count, platelet count, hemoglobin),
liver and renal function (ALT, AST, Scr, blood urea nitro-
gen [BUN]), were gleaned from the information system.
Results of pre-treatment neurotoxicity grade and nerve con-
duction velocity (NCV), which constitute the neurological
baseline assessment, were also obtained.

2.5 Assessed Parameters
2.5.1 Neurotoxicity Grade

The severity of OIPN in patients was assessed be-
fore treatment, and at 4 and 8 weeks after treatment initia-
tion, with reference to the peripheral sensory neurotoxicity
grading criteria specified in the National Cancer Institute
Common Terminology Criteria for Adverse Events (NCI-
CTCAE v5.0) [25]. All NCI-CTCAE gradings were per-
formed by two attending physicians from the Department
of Anesthesiology who had received standardized training
and had more than 5 years of clinical experience. In cases of
disagreement, the two physicians discussed to reach a con-
sensus; if no consensus could be achieved, a third senior at-
tending physician from the same department was consulted
to determine the final grade.
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Table 2. NCI-CTCAE neurotoxicity grading between two patient groups before and after treatment (n, %).

Time points NCI-CTCAE neurotoxicity grade Control group (7 = 128) Observation group (n=152)  x?2 P
1 0 (0.00) 0 (0.00)
2 65 (50.78) 74 (48.68)
Before treatment 0.18 0913
3 49 (38.28) 62 (40.79)
4 14 (10.94) 16 (10.53)
1 7 (5.47) 12 (7.89)
2 67 (52.34) 85 (55.92)
4 weeks after treatment 1.53  0.675
3 48 (37.50) 50 (32.89)
4 6 (4.69) 5(3.29)
1 21 (16.41) 57 (37.50)
2 71 (55.47) 78 (51.32)
8 weeks after treatment <0.001
3 32 (25.00) 15 (9.87)
4 4(3.12) 2(1.32)

Notes: Data are expressed as n (%). Categorical variables were analyzed using x2 test or Fisher’s test.

statistical value.

@

indicates no specific

Abbreviation: NCI-CTCAE, National Cancer Institute Common Terminology Criteria for Adverse Events.

Table 3. Nerve conduction velocity between the two groups before and after treatment [m/s, M (Q1, Q3)].

Time Points Variables Control group (n=128) Observation group (n = 152) Z p
Median nerve MNCV (m/s) 44.60 (42.50, 46.60) 45.60 (43.10, 47.10) -135 0.176
Median nerve SNCV (m/s) 41.10 (38.60, 42.50) 40.60 (38.20, 42.50) -0.72 0473
Before treatment
Common peroneal nerve MNCV (m/s)  41.80 (39.80, 43.80) 41.30 (39.50, 42.80) -1.27  0.203
Common peroneal nerve SNCV (m/s) 36.20 (34.20, 37.60) 36.90 (35.20, 38.80) -1.49 0.137
Median nerve MNCV (m/s) 47.30 (45.00, 49.30)** 49.80 (47.20, 52.00)** -4.82  <0.001
Median nerve SNCV (m/s) 42.40 (40.30, 44.20)* 43.80 (42.40, 45.90)* —4.05 <0.001
4 weeks after treatment
Common peroneal nerve MNCV (m/s)  44.20 (42.70, 45.80)* 45.70 (43.70, 47.90)** -3.86 <0.001
Common peroneal nerve SNCV (m/s)  37.90 (36.40, 39.30)* 40.70 (39.00, 42.70)** -6.47 <0.001
Median nerve MNCV (m/s) 48.50 (45.90, 50.10)** 52.50 (50.50, 54.50)** -7.67 <0.001
Median nerve SNCV (m/s) 43.30 (41.70, 45.60)* 47.20 (44.40, 48.70)** -6.39 <0.001
8 weeks after treatment
Common peroneal nerve MNCV (m/s)  46.00 (44.60, 47.70)** 48.30 (46.50, 50.50)** -5.42 <0.001
Common peroneal nerve SNCV (m/s)  39.30 (37.80, 40.80)* 42.90 (40.90, 44.60)** -8.01 <0.001

Notes: Data are expressed as M (Q1, Q3). Continuous variables were analyzed using Mann-Whitney U test for between-group comparisons.

*p < 0.05, **p < 0.01 compared with before treatment within the same group.

Abbreviations: MNCV, motor nerve conduction velocity; SNCV, sensory nerve conduction velocity.

2.5.2 Nerve Conduction Velocity

The Keypoint® G4 electromyography (EMG) device
(model G4; Natus Medical Incorporated, Middletown, New
York, USA) was used to measure the motor nerve conduc-
tion velocity (MNCYV) and sensory nerve conduction ve-
locity (SNCV) of the median nerve and common peroneal
nerve in patients. All measurements were conducted under
standardized testing conditions, including a room tempera-
ture of 25-28 °C and a skin temperature >32 °C, and were
operated by the same experienced neurophysiologist.

2.5.3 Clinical Efficacy

Clinical efficacy was evaluated 8 weeks after the start
of treatment. Based on patients’ clinical symptoms and ex-
amination results, therapeutic response was classified into
three categories: markedly effective, effective, and ineffec-
tive [26]. ‘Markedly effective’ was defined as near com-
plete resolution of clinical symptoms (e.g., numbness and
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pain in the fingertips of the extremities, weakness in lower
limbs during walking); restoration of deep and superficial
sensations, as well as tendon reflexes, to near-normal levels;
and an increase in MNCV and SNCV of >5 m/s compared
with baseline (pre-treatment). ‘Effective’ was defined as
alleviation of the aforementioned clinical symptoms; im-
provement in deep and superficial sensations, along with
tendon reflexes, compared with baseline; and an increase
in MNCV and SNCV of <5 m/s compared with baseline.
‘Ineffective’ was defined as no significant improvement
in clinical symptoms, deep or superficial sensations, ten-
don reflexes, or electromyography (EMG) parameters com-
pared with baseline. The overall clinical efficacy rate was
computed using the following formula:

Overall clinical efficacy rate (%) = (Number of pa-
tients with markedly effective response + Number of pa-
tients with effective response) / Total number of patients x
100.
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Table 4. Levels of clinical efficacy between the two groups after 8 weeks of treatment.

Variables Control group (n=128)  Observation group (n = 152) x? P
Ineffective 41 (32.03) 16 (10.53)

Clinical efficacy  Markedly effective 39 (30.47) 74 (48.68) 21.69 <0.001
Effective 48 (37.50) 62 (40.79)

Overall clinical efficacy rate 87 (67.97) 136 (89.47) 19.82  <0.001

Notes: Data are expressed as 7 (%). Categorical variables were analyzed using x? test.

2.5.4 Quality of Life Assessment

The European Organization for Research and Treat-
ment of Cancer Quality of Life Questionnaire Core 30
(EORTC QLQ-C30) was used to assess the quality of life of
patients before treatment, at 4 weeks, and at 8 weeks dur-
ing the treatment period [27]. This scale includes five func-
tional dimensions (physical function, role function, cogni-
tive function, emotional function, and social function), all
scored on a percentage scale, and the score is directly pro-
portional to the quality of life.

2.5.5 Blood Routine and Liver and Kidney Function
Indicators

Fasting venous blood (5 mL) was collected from
patients before treatment, at 4 weeks, and at 8§ weeks
post-treatment. Blood routine indicators (white blood cell
[WBC] count, platelet [PLT] count, hemoglobin [Hb]) were
measured using an XN-9000 fully automatic blood cell
analyzer (model XN-9000; Sysmex Corporation, Kobe,
Hyogo, Japan), and liver and kidney function indicators
(ALT, AST, Scr, BUN) were measured using a cobas®
8000 fully automatic biochemical analyzer (model cobas®
8000; Roche Diagnostics GmbH, Mannheim, Baden-
Wiirttemberg, Germany).

2.6 Statistical Analysis

Statistical analysis was performed using SPSS 26.0
(IBM Corp., Armonk, NY, USA). Prior to formal analy-
sis, the Shapiro-Wilk test was used to assess the normal-
ity of continuous variables. For continuous variables that
conformed to a normal distribution, data are presented as
mean + standard deviation (SD), and between-group com-
parisons were conducted using independent-samples z-test.
For continuous variables that did not follow a normal dis-
tribution, data are expressed as median (interquartile range)
[M (Q1, Q3)], with between-group comparisons performed
using the Mann-Whitney U test and within-group compar-
isons using the Wilcoxon signed-rank test. Categorical vari-
ables are presented as numbers (percentages) [n (%)], and
comparisons between groups were carried out using the 2
test; Fisher’s exact test was adopted when the expected fre-
quency of any cell was <5. Rank sum test was used for
comparing grade data. A p < 0.05 was considered statisti-
cally significant.

3. Results
3.1 Baseline Characteristics of the Two Patient Groups

A total of 280 CRC patients with OIPN were enrolled
in this study, with 152 patients in the observation group and
128 in the control group (Table 1, Ref. [28]). No statisti-
cally significant differences were observed between the two
groups in terms of demographic characteristics, disease-
related characteristics, lifestyle habits, or comorbidities at
baseline (p > 0.05 for all comparisons), indicating that the
baseline characteristics of the two groups were generally
comparable.

3.2 NCI-CTC Neurotoxicity Grade of the Two Patient
Groups

A comparison of NCI-CTCAE neurotoxicity grades
between the two patient groups before and after treatment
is shown in Table 2. At baseline, the distribution of neu-
rotoxicity grades was comparable between the two groups
(p > 0.05). At 4 weeks after treatment, the difference in
grade distribution between the two groups was not statis-
tically significant (p > 0.05). However, by 8 weeks after
treatment, the intergroup difference in neurotoxicity grade
distribution became statistically significant (p < 0.05), with
the observation group showing a notably more favorable
grade distribution compared to the control group.

3.3 Nerve Conduction Velocity of the Two Groups

As detailed in Table 3, the MNCYV and SNCV of the
median and common peroneal nerves were comparable be-
tween the two groups before treatment (p > 0.05). After
treatment, both groups showed significant improvement in
all NCVs compared to their respective baseline levels (p <
0.05). Importantly, at both 4 and 8 weeks after treatment,
all NCV parameters in the observation group were signifi-
cantly higher than those in the control group (p < 0.05 for
all comparisons).

3.4 Clinical Efficacy of the Two Groups

As shown in Table 4, after 8 weeks of treatment, the
overall clinical efficacy rate in the observation group was
significantly higher than that in the control group (89.47%
vs. 67.97%, p < 0.05). The distribution of patients across
the specific clinical efficacy categories also differed signif-
icantly between the groups.
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Table 5. Quality-of-life assessment between the two groups at baseline, 4 weeks, and 8 weeks after treatment.

Time points

Variables

Control group (n = 128)

Before treatment

Physical functioning
Role functioning
Cognitive functioning
Emotional functioning
Social functioning

53.10 (49.40, 57.60)
47.60 (43.90, 53.00)
55.00 (50.10, 60.70)
48.90 (44.90, 52.70)
49.30 (42.50, 54.30)

4 weeks after treatment

Physical functioning
Role functioning
Cognitive functioning
Emotional functioning
Social functioning

60.20 (55.80, 64.10)*
55.80 (51.50, 59.60)*
58.90 (54.20, 63.50)
56.40 (52.10, 60.80)*
54.70 (49.80, 59.20)*

8 weeks after treatment

Physical functioning
Role functioning
Cognitive functioning
Emotional functioning
Social functioning

67.60 (62.80, 70.40)**
62.30 (58.50, 66.50)**
66.50 (60.80, 70.80)**
64.20 (59.50, 68.30)**
61.10 (56.10, 66.70)**

Observation group (n = 152) Z p
52.20 (48.10, 55.80) -0.83 0.404
48.90 (44.90, 53.40) -0.86 0.387
55.70 (51.60, 59.70) -0.29 0.769
50.10 (46.20, 54.40) -1.53 0.127
48.50 (44.00, 54.10) -0.05 0.961

68.90 (64.20, 72.50)%** -7.92 <0.001
65.30 (61.20, 69.50)** -8.45 <0.001
70.10 (65.80, 74.20)** -9.13 <0.001
67.20 (63.00, 71.50)** -8.76 <0.001
65.50 (61.10, 69.80)** -8.21 <0.001
79.90 (74.00, 83.70)%** -9.45 <0.001
74.80 (70.50, 79.80)** -9.69 <0.001
80.30 (75.30, 83.80)** -10.00  <0.001
77.00 (71.80, 81.60)** -9.65 <0.001
73.80 (69.20, 78.50)** -9.30 <0.001

Notes: Data are expressed as M (Q1, Q3). Between-group comparisons of continuous variables were analyzed using Mann-Whitney

U test. *p < 0.05, **p < 0.01 compared with before treatment within the same group.

3.5 Quality of Life Assessment of the Two Groups

The quality-of-life assessment results are summarized
in Table 5. At baseline, no significant differences were ob-
served between the two groups across all functional do-
mains (p > 0.05). At the 4-week assessment, the ob-
servation group demonstrated statistically significant im-
provements in quality-of-life scores compared to the control
group across all functional domains (all p < 0.05). After 8
weeks of treatment, the between-group differences further
increased, with the observation group maintaining signifi-
cantly superior scores compared to the control group in all
functional domains (all p < 0.05).

3.6 Complete Blood Count and Liver and Kidney Function
of the Two Groups

The hematological and liver/kidney function parame-
ters for both groups are summarized in Table 6. At baseline,
there were no statistically significant differences in any of
the measured indicators between the control and observa-
tion groups (p > 0.05). Within-group comparisons showed
that none of the parameters exhibited statistically signifi-
cant changes from baseline at either the 4-week or 8-week
time points (p > 0.05). Between-group comparisons re-
vealed no statistically significant differences in any of these
indicators at 4 or 8 weeks after treatment (p > 0.05), indicat-
ing a comparable safety profile of the combination therapy
versus the monotherapy.

4. Discussion

This study retrospectively analyzed the efficacy and
safety of sodium ferulate combined with methylcobalamin
versus methylcobalamin monotherapy in the treatment of
OIPN in CRC patients. The results demonstrated that the
combination therapy exhibited significant superiority over

&% IMR Press

the monotherapy in terms of neurotoxicity grading, NCV,
overall clinical efficacy, and multiple dimensions of qual-
ity of life, with comparable safety and no increased risk of
adverse reactions.

Although most baseline characteristics were well bal-
anced, the prevalence of diabetes mellitus was higher in
the observation group than in the control group (13.16%
vs. 6.25%), with a p-value approaching statistical signif-
icance (p = 0.055). This near significant difference may
reflect clinician preference for combination therapy in pa-
tients with diabetes—a known risk factor for neuropathy—
or be due to the non randomized, retrospective design.
The study found that patients in the observation group
demonstrated improvements in NCI-CTCAE neurotoxic-
ity grades at both 4 and 8 weeks post-treatment, with
the difference between groups reaching statistical signif-
icance at 8 weeks post-treatment. Specifically, the pro-
portion of patients with Grade 1 neurotoxicity in the ob-
servation group was notably higher than that in the con-
trol group (37.50% vs. 16.41%), while the proportion of
Grades 3—4 neurotoxicity was significantly lower (11.19%
vs. 28.12%). These findings indicate that the combina-
tion of sodium ferulate with methylcobalamin can substan-
tially mitigate the severity of neurotoxicity, with effects
becoming more pronounced over time. This synergistic
action stems from the complementary multi-target mech-
anisms of the two drugs: mecobalamin, as an active form
of vitamin B12, promotes myelin synthesis and axonal re-
generation [29]; while sodium ferulate exerts antioxidant,
anti-inflammatory, and microcirculation-improving effects
[30]. Together, these beneficial effects address the core
pathological processes of OIPN. The development and pro-
gression of OIPN are primarily associated with oxidative
stress, mitochondrial dysfunction, and subsequent neuroin-
flammation, ultimately leading to neuronal damage and im-
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Table 6. Complete blood count and liver and kidney function between the two groups at baseline, 4 weeks, and 8 weeks after

treatment.

Time points Variables Control group (n = 128) Observation group (n = 152) Z P
WBC (x109/L) 5.89 (4.96, 6.82) 5.85(5.00, 6.78) -0.42  0.676
PLT (x10°/L) 239.00 (198.00, 263.00) 229.00 (192.00, 263.00) -0.88  0.380
Hb (g/L) 128.90 (117.10, 137.90) 128.80 (119.60, 139.30) -0.50 0.616
Before treatment ALT (U/L) 23.40 (19.40, 27.60) 23.10 (20.10, 27.20) -0.09  0.929
AST (U/L) 21.80 (18.40, 24.30) 22.80 (18.70, 26.00) -1.13  0.259
Scr (umol/L) 68.50 (61.50, 72.80) 68.70 (59.80, 73.90) -0.41  0.685
BUN (mmol/L) 5.21(4.45,5.76) 5.36 (4.67, 6.25) -1.67  0.095
WBC (x109/L) 5.89 (5.00, 6.60)" 5.67 (4.81, 6.34)1 -0.54  0.588
PLT (x109/L)  237.00 (210.00, 263.00)" 229.00 (199.00, 266.00)"s -0.77  0.443
Hb (g/L) 129.70 (119.80, 138.30)™ 129.70 (122.90, 137.50)"s -0.04  0.966
4 weeks after treatment ALT (U/L) 23.30 (19.00, 27.50)"s 23.20 (20.00, 26.90)"s -0.13  0.894
AST (U/L) 21.10 (18.30, 24.00)"s 21.20 (19.00, 24.70)"s -0.82 0410
Ser (umol/L) 66.80 (59.00, 75.90)"s 66.00 (59.80, 73.20)"s -0.51 0.613
BUN (mmol/L) 5.16 (4.49, 5.54)m 5.35(4.73,5.78)" -1.71  0.087
WBC (x109/L) 5.68 (4.91, 6.48)" 5.69 (4.91, 6.48)"s -0.09  0.926
PLT (x10°/L)  240.00 (207.00, 265.00)" 228.00 (195.00, 261.00)"s -1.46  0.145
Hb (g/L) 127.70 (116.60, 137.20)™ 129.80 (121.10, 135.80)"s -0.43  0.665
8 weeks after treatment ALT (U/L) 23.50 (19.30, 26.50)"s 22.80 (19.90, 25.50)"s -0.92  0.359
AST (U/L) 20.90 (17.50, 24.60)"s 21.60 (18.90, 24.00)" -0.32  0.749
Scr (umol/L) 67.20 (60.40, 72.70)" 68.30 (58.90, 74.50)™ -0.00 0.997
BUN (mmol/L) 5.11 (4.62, 5.52)"s 5.11 (4.66, 5.87)™ -0.60  0.552

Notes: Data are expressed as M (Q1, Q3). Continuous variables were analyzed using the Mann-Whitney U test. The “ns”

denotes not significant when compared with before treatment.

Abbreviations:

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Hb,

hemoglobin; PLT, platelet; Scr, serum creatinine; WBC, white blood cell.

paired signal conduction [15]. Sodium ferulate mitigates
early-stage damage to dorsal root ganglion neurons and
Schwann cells by scavenging free radicals, activating the
nuclear factor erythroid 2-related factor 2/antioxidant re-
sponse element (Nrf2/ARE) signalling pathway, and reduc-
ing the release of pro-inflammatory factors [31]. Mean-
while, mecobalamin, as a key cofactor in nerve repair, di-
rectly contributes to the remyelination and structural regen-
eration of damaged axons by promoting the synthesis of
nucleic acids, proteins, and phospholipids [23,32]. Thus,
the combination therapy exerts a dual effect: sodium fer-
ulate creates a conducive microenvironment for neural re-
pair by suppressing oxidative and inflammatory responses,
while mecobalamin directly facilitates the reconstruction of
neural structure and functional recovery. This multi-target
strategy, which simultaneously addresses both the etiology
and repair mechanisms of OIPN, provides a rational mech-
anistic basis for the superior efficacy of the combination
therapy over monotherapy.

In terms of neuroelectrophysiological outcomes, the
MNCYV and SNCV of the median and common peroneal
nerves in the observation group were significantly higher
than those in the control group at both 4 and 8 weeks
post-treatment, with the improvement becoming more pro-
nounced over time. These results further confirm the ad-
vantage of combination therapy in promoting neurologi-

cal functional recovery. It is worth noting that signifi-
cant between-group differences were observed as early as 4
weeks, suggesting a relatively rapid onset of benefit, which
may facilitate early intervention in the progression of OIPN.
These findings are consistent with previous experimental
research; for instance, Zhang et al. [33] reported that ferulic
acid significantly improved NCV in a rat model of sciatic
nerve crush injury, an effect associated with the inhibition
of oxidative stress and inflammatory responses. However,
it is important to acknowledge the inherent limitations of
NCV as a primary outcome measure. OIPN is character-
ized primarily as an axonal injury, and while NCV is a use-
ful clinical indicator of large myelinated fiber function, it is
influenced by multiple technical factors such as body tem-
perature, recorded distance, and filter settings [18]. Fur-
thermore, NCV lacks sufficient sensitivity to detect early
or subtle axonal loss, which is a hallmark of OIPN pathol-
ogy [13]. The observed improvements in NCV likely reflect
enhanced function in remaining intact or recovering fibers.
Future studies incorporating more direct and sensitive mea-
sures of axonal integrity, such as skin biopsy for intraepi-
dermal nerve fiber density or corneal confocal microscopy,
could provide complementary and more specific insights
into the structural neuroprotective effects of the combina-
tion therapy.
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Furthermore, the overall clinical efficacy rate in the
observation group was significantly higher than that in
the control group after 8 weeks of treatment (89.47% vs.
67.97%), and quality-of-life scores were significantly im-
proved across all functional domains. This indicates that the
combination therapy is not only effective in objective indi-
cators but also significantly enhances patients’ subjective
well-being and daily living abilities, demonstrating high
clinical utility. Quality-of-life assessment showed that the
observation group had significantly higher scores than the
control group in physical, role, cognitive, emotional, and
social functioning. Previous studies have emphasized that
OIPN often leads to reduced daily living capacity, emo-
tional distress, and impaired social participation [34,35].
The marked improvements in emotional and social func-
tioning observed in the observation group may therefore be
attributed to the alleviation of neuropathic symptoms and
a consequent reduction in psychological burden. In terms
of safety, no significant differences were observed between
the two groups in complete blood count or liver and kidney
function indicators at any time points, indicating that the
combination of sodium ferulate and methylcobalamin has a
favorable safety profile and is suitable for clinical applica-
tion.

Despite the promising results, several limitations of
this study must be acknowledged. Firstly, the retrospec-
tive and non-randomized design inherently introduces the
risk of selection bias and confounding by indication. Al-
though baseline demographic and clinical characteristics
were well-balanced between the two groups, it is possible
that clinicians preferentially assigned patients with more
severe or complex neuropathy symptoms to the combina-
tion therapy group based on clinical judgment. The pres-
ence of such unmeasured confounders (e.g., baseline neu-
ropathic pain intensity, specific OIPN symptom distribu-
tion, or patient-specific pain tolerance) could influence the
outcomes. No statistical methods, such as propensity score
matching, were employed to adjust for these potential bi-
ases, which is a limitation of the present analysis. Sec-
ondly, the assessments for quality of life (EORTC QLQ-
C30) and neurotoxicity grading (NCI-CTCAE) may have
been influenced by subjectivity. These assessments were
conducted by clinicians involved in patient care who were
not blinded to the treatment allocation. This lack of blind-
ing creates a potential for assessment bias, as knowledge
of the treatment group might unconsciously influence scor-
ing. Thirdly, the study’s 8-week treatment and evaluation
period captures only short-term efficacy and safety, limit-
ing insights into long-term outcomes. OIPN often has a
persistent or fluctuating course, and some patients expe-
rience symptoms long after chemotherapy cessation [15].
The lack of long-term follow-up data limits our ability to
draw conclusions about the sustained benefits, potential for
relapse, and long-term safety profile of the combination
therapy. Hence, future prospective, randomized, double-
blind, placebo-controlled trials employing more sensitive

&% IMR Press

and objective outcome measures of axonal integrity, along
with extended follow-up periods, are warranted to confirm
our findings and evaluate the long-term dynamics of OIPN
under this combination regimen.

5. Conclusion

The combination of sodium ferulate with methyl-
cobalamin for treating oxaliplatin-induced peripheral neu-
ropathy in CRC patients significantly reduces neurotoxic-
ity grades, improves neurological function, enhances clini-
cal efficacy and quality of life, and demonstrates a favor-
able safety profile without increasing the risk of adverse
reactions. This combination therapy exhibits a safe and ef-
fective option for the prevention and treatment of OIPN in
clinical practice and merits further evaluation and broader
application.

Key Points

* The combination of sodium ferulate with methyl-
cobalamin demonstrated superior efficacy over methyl-
cobalamin monotherapy in mitigating neurotoxicity sever-
ity and improving nerve conduction velocity in patients
with oxaliplatin-induced peripheral neuropathy.

+ Combination therapy achieved a significantly higher
overall clinical efficacy rate and produced marked improve-
ments across all quality-of-life domains.

* The observed therapeutic synergy is likely attributed
to sodium ferulate’s antioxidant and anti-inflammatory ac-
tions, complementing methylcobalamin’s role in promoting
nerve repair and regeneration.

* The combination regimen exhibited a favorable
safety profile comparable to monotherapy, supporting its
potential for broader clinical application.
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