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Objective: The chemotherapy agent Utidelone (UTD1), as a novel option for drug-resistant breast cancer patients, is prone to cause
severe neurotoxicity. This study aims to evaluate the clinical effects of electroacupuncture (EA) and Mecobalamin (MeCbl) in treating
Utidelone-induced peripheral neuropathy (UIPN), providing preliminary evidence to optimize clinical management strategies.
Methods: A total of 60 eligible breast cancer patients with UIPN were randomly assigned in a 1:1 ratio to either the EA group or the
MeCbl group. Evaluations were conducted after 4 weeks of treatment and again following a 4-week follow-up period (week 8). The
primary outcome was the overall response rate of the Patient Neurotoxicity Questionnaire (PNQ), which was defined as a reduction of
at least one grade in PNQ sensory or motor symptoms at week 4 compared to baseline. Secondary outcomes included the PNQ sensory,
PNQ motor, and NCI-CTCAE grades, the EORTC QLQ-CIPN20 and QLQ-C30 scales.

Results: 28 of 30 participants in the EA group and 29 of 30 participants in the MeCbl group completed the study. The responder rate
of PNQ overall in the EA group was significantly higher than that in the MeCbl group at week 4 (P=0.015) and at week 8 (P=0.01).
EA group exhibited significant improvements in PNQ sensory, PNQ motor, and NCI-CTCAE grades compared to baseline at week 4
(all P<0.05). EA treatment also demonstrated the ability to alleviate UIPN symptoms and improve the quality of life in several aspects,
as indicated by the EORTC QLQ-CIPN20 and QLQ-C30 scales. There were no serious treatment-related adverse events in either
group.

Conclusion: This randomized clinical trial indicated that EA therapy showed a potential benefit to alleviate symptoms of UIPN in
breast cancer patients. Nevertheless, further research involving larger sample sizes and extended follow-up periods is warranted to
elucidate these effects.

Trial registration: No. ChiCTR2200062741.

Keywords: clectroacupuncture, EA, breast cancer, Utidelon-induced peripheral neuropathy, UIPN, Mecobalamin, MeCbl, randomized
controlled trial

Introduction

Breast cancer ranks among the most prevalent malignant neoplasms in China and globally."* Chemotherapy serves an
irreplaceable role in the management of breast cancer, due to its remarkable efficacy in systemic treatment, particularly
for advanced cancers. However, it often brings a series of adverse reactions that harm the physical and mental health of
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patients.” Chemotherapy-induced peripheral neuropathy (CIPN) is a difficult clinical problem that warrants significant
attention.

Utidelone (UTD1) is a chemotherapy drug primarily used to treat patients with advanced metastatic breast
cancer. It belongs to a novel class of non-taxane anti-microtubule polymerization antitumor agents. The antitumor
mechanism of utidelone involves binding to microtubule proteins, which prevents cancer cells from undergoing
normal mitosis, thereby inducing apoptosis in the cancer cells.* Previous studies have demonstrated that UTD]1
combined with capecitabine chemotherapy could extend survival by approximately four months compared to
capecitabine monotherapy.”® However, a prominent side effect of UTDI is inducing severe peripheral neuropathy
(UIPN).” The incidence of peripheral neuropathy (PN) associated with UTD1 in conjunction with capecitabine is
reported to be 85.4%, with the occurrence of grade 3 CIPN reaching as high as 25.1%, in stark contrast to an
incidence of 9.2% for CIPN with capecitabine alone, where the incidence of grade 3 CIPN is less than 1%.> UIPN
not only precipitates severe numbness in patients’ hands and feet, but also manifests as soreness, pain, or
weakness in the limbs. Some patients even reduce or withdraw chemotherapy due to severe UIPN, which affects
the progress of anti-tumor treatment. Currently, effective prevention and therapeutic strategies for UIPN remain
scarce in clinical practice, and pertinent research is also limited. Neuroprotective agents or nutritive agents,
antioxidants, antiepileptic drugs, etc. are commonly used but may have unsatisfactory efficacy or side effects.®

Acupuncture has emerged as a significant modality in the management of cancer-related diseases, especially
those arising from chemotherapeutic agents.> ' Previous studies have validated its efficacy in treating PN caused by
various diseases, demonstrating improvements in peripheral nerve conduction velocity and alleviating sensory
abnormalities or limb pain in affected patients.'"'> Additionally, acupuncture has shown potential in ameliorating
neuropathic symptoms associated with CIPN.'*'* Electroacupuncture (EA), which combines electrical stimulation
with traditional acupuncture can promote nerve regeneration through multiple mechanisms in the treatment of
neurological-related diseases'> and cancer-related diseases.'® EA may facilitate the repair of damaged nerves by
regulating the regeneration and function of Schwann cells. Schwann cells play a crucial role in the regeneration
process following peripheral nerve injury.'” In addition, EA stimulation may further support nerve regeneration by
promoting the expression of nerve growth factors and improving local blood circulation.'® EA has been suggested to
be a potential therapeutic intervention for CIPN, as per guidelines, although larger-scale studies are required to
confirm.'® Mecobalamin (MeCbl) is an endogenous vitamin B12 involved in the synthesis of thymidine during
deoxyribonucleic acid synthesis, thereby promoting nucleic acid and protein synthesis. It also facilitates axonal
transport, axonal regeneration, and myelin sheath formation, contributing to the repair of damaged nerve tissue. As
a neuroprotective agent, it has been suggested to be beneficial in improving peripheral nerve symptoms®’ and
recommended as a medium evidence drug for preventing CIPN in the China clinical guidelines. Numerous clinical
studies have indicated that MeCbl can improve symptoms of peripheral neuropathy?'-*?
effective, and well-tolerated drug in treating CIPN.?*"%° However, the efficacy of MeCbl for UIPN is unclear.
Accordingly, we designed this randomized clinical trial to explore the effects of EA and MeCbl for UIPN in breast

and is regarded as a safe,

cancer patients.

Methods

Study Design

This single-center, randomized, controlled study was conducted at Zhejiang Cancer Hospital from September 1, 2022, to
January 31, 2025. The study adhered to the principles of the Declaration of Helsinki*® and was approved by the Medical
Ethics Committee of Zhejiang Cancer Hospital (license number IRB-2022-425). Written informed consent was obtained
from all participating patients. The study followed the Consolidated Standards of Reporting Trials (CONSORT) reporting
guideline and the Standards for Reporting Interventions in Clinical Trials of Acupuncture (STRICTA) guideline.”” The
study was registered in the Chinese Clinical Trial Registry (17/08/2022, https://www.chictr.org.cn/,
ChiCTR2200062741).
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Participants

Female breast cancer patients aged 18 to 70 years with CIPN symptoms were screened for the following: diagnosis of
CIPN, the National Cancer Institute-Common Terminology Criteria for Adverse Events Version 5.0 (NCI-CTCAE) grade
I or higher occurred after receiving chemotherapy drugs of UTDI.

Patients were included with the following inclusion criteria: No obvious symptoms of peripheral neuropathy before
using UTD1; Ability to perform daily living activities and cooperate in completing all examinations independently; No
serious heart, brain, liver, and kidney diseases and Karnofsky functional status score (KPS) greater than 70; No mental
illness or cognitive impairment; No use any analgesics in the two weeks preceding the study; Voluntary participation and
signed the written informed consent.

Exclusion criteria included: Severe hemorrhagic disorders, severe infections, or severe cardiogenic/renal edema;
Severe mental disorders or cognitive impairment; Diabetic peripheral neuropathy, traumatic peripheral nerve injury, or
HIV-associated neuropathy; Pregnant and lactating women; Alcohol and/or other drug abuse or dependent; Participating

in other clinical trials within the preceding 4 weeks.

Randomization

Eligible patients were randomly assigned to receive EA or MeCbl treatment in a ratio of 1:1 by using the envelope
randomization method. The randomization method was employed to generate two groups of allocation sequences
consisting of 60 non-repeating numbers. The two groups of random serial numbers were randomly placed in opaque
sealed envelopes by an independent researcher to ensure the concealment of distribution. Each envelope was sequentially
numbered and contained the screening sequence number of participants on the outside, while the randomly assigned
groups were indicated on the inside. The envelope was opened corresponding to the subject’s visit order.

Blinding

Due to the significant difference between EA and MeCbl treatment, acupuncturists and participants could not be blinded
to the group assignments. However, they were not involved in the outcome assessments or data analyses. Other
researchers, including the statisticians, outcome assessors, and data analysts, were all blinded to the group assignments.

Interventions

Patients in the EA group received twelve 30-minute sessions of EA treatment, once every other day (3 times a week) for
4 consecutive weeks. The acupuncture treatments were administered by two licensed acupuncturists, each with
a minimum of § years of clinical experience. Prior to the study commencement, both practitioners underwent standar-
dized training on the study protocol and passed a qualification assessment to ensure treatment consistency and quality
control throughout the trial.

For patients with UIPN symptoms in the upper limbs, the acupoints selected were Quchi (LI11), Waiguan (TES),
Hegu (LI4), Houxi (SI3), and Baxie (EX-UE9) bilaterally. EA was connected between Quchi (LI11) and Waiguan (TES)
points. For lower limbs symptoms, the acupoints chosen were Yanglingquan (GB34), Zusanli (ST36), Yinlingquan (SP9),
Sanyinjiao (SP6), Taichong (LR3), and Bafeng (EX-LE10) points bilaterally. EA was connected between Yanglingquan
(GB34) and Sanyinjiao (SP6) points (Figure 1). If patients with UIPN symptoms in all limbs, both the upper and lower
limb acupoints were selected and the EA treatment method mentioned above was applied. The location of all selected
acupoints followed the national standards of China (GB/T 123456-2021) as outlined in the trial protocol.”® The above-
mentioned acupoints were routinely punctured with disposable acupuncture needles, with a depth ranging from 1 cm to
3.5 cm. The EA frequency was 2Hz and the stimulation intensity ranged from 0.5 to 4 mA, based on the patient’s
tolerance, with clear feeling, but no discomfort. All the patients were followed up for 4 weeks after the last intervention.
(The acupuncture needles were Hwato brand needles produced by Suzhou Medical Apparatus Plant, with a model of 0.25
* 40mm. The EA equipment adopted the HANS acupoint nerve stimulator, model HANS-200E, produced by Nanjing
Jisheng Medical Technology Co., Ltd).
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Figure | Location of acupoints.

Patients in the MeCbl group received treatment with MeCbl tablets orally (produced by Misato Plant of Eisai Co.,
Ltd). They were instructed to take 0.5 mg at a time, three times daily, a total of 1.5 mg a day for 4 consecutive weeks.
And were also followed up for 4 weeks after the last intervention.

Outcomes
The primary outcome was the overall response rate of the Patient Neurotoxicity Questionnaire (PNQ), which was defined
as a decline of at least one grade in either PNQ sensory or motor symptoms at week 4 compared to baseline. The scale of

2939 which most widely used

PNQ is a questionnaire for diagnosis and quantification of CIPN in cancer patients,
assessment for peripheral neuropathy.'**' It evaluates both sensory and motor nerve functions, grading symptoms
from grade A (no neuropathy) to grade E (very severe neuropathy). Additionally, we also analyzed the sustained
response, defined as patients maintaining at least a one-grade decline in symptoms from baseline at week 8.

Secondary outcomes included changes in PNQ sensory, PNQ motor, and NCI-CTCAE grades over time, which were
construed as a comparison to the baseline within each group and also a comparison between the two groups at different
time points. The NCI-CTCAE grade ranges from grade I (slight) to grade IV (severe)*’ and was assessed by
a professional neurologist. The secondary outcomes also included the change of the European Organization for
Research and Treatment of Cancer Quality of Life Questionnaire-CIPN 20-item (EORTC QLQ-CIPN20) scale*® and

the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30 (EORTC QLQ-

3596 https://doi.org/10.2147/JPR.S526405 Journal of Pain Research 2025:18



Lu et al

C30) scale.*® These two scales were linearly converted into standardized scores ranging from 0 to 100 for comparative
analysis.*

All kinds of adverse reactions were recorded during the study period, including the occurrence time, manifestations,
treatment measures, results, and follow-up, and indicated whether the participant withdrew from the trial. Additionally, if
patients required analgesics for pain management during the study, the type and dosage of the medication were recorded.

Sample Size

This was a pilot exploratory study. The sample size calculation was based on the research by Sam,*® which suggested that
a minimum of 25 participants per group is required to detect a medium effect size. Considering a potential dropout rate of
15% and a 1:1 allocation ratio between groups, the adjusted sample size was calculated to be 30 participants per group,
resulting in a total of 60 participants.

Statistical Analysis

De-identified outcome data were analyzed by a statistician who was blinded to group allocations, utilizing the SPSS
statistical software (Version 26.0, IBM, USA). Baseline characteristics were described as mean (standard deviation, SD)
or median (interquartile range, IQR) for continuous variables and frequencies and percentages for discrete variables. The
analysis was based on the intention-to-treat (ITT) principle, including all randomized patients with baseline data. The
response rate of PNQ and NCI-CTCAE, the use of analgesics, and the incidence of adverse events were evaluated with
the chi-square test, nonparametric test, or Fisher’s exact test described by frequencies and percentages. Pairwise analysis
was performed using an adjusted Bonferroni or nonparametric test. For EORTC QLQ-CIPN20 and QLQ-C30 scales
scores, independent #-test was used to analyze the differences for continuous variable data that conforms to a normal
distribution between groups. Paired t-tests were used to analyze differences from baseline after intervention and during
the follow-up period. For continuous variable data that did not follow a normal distribution, nonparametric test or
Fisher’s exact test was used to compare within-group and between-group comparisons. All statistical analyses were two-
sided tests and the level of significance was established at 0.05. Data were analyzed from February 2025 to May 2025.

Results

From September 1, 2022, to January 31, 2025, we screened 131 participants, and 71 were excluded due to various
reasons (detailed in Figure 2). A total of 60 participants (mean [SD] age, 54.2 [8.8] years; all women [100%]) were
enrolled and randomly assigned to receive either EA or MeCbl treatment, with 30 in each group, all delivered baseline
data. Among the randomized participants, 28 (93.3%) in the EA group completed the study, and 29 (96.7%) in the MeCbl
group completed the study. The study flow chart was shown in Figure 2. Baseline characteristics were similar between
groups, as shown in Table 1.

For the primary outcome, 16/30 (53.3%) participants in the EA group and 6/30 (20.0%) participants in the MeCbl
group declined at least one grade in PNQ sensory or motor symptoms at week 4 compared to baseline, and 14/30 (46.7%)
participants in the EA group and 4/30 (13.3%) participants in the MeCbl group still declined at week 8. The responder
rate of PNQ overall in the EA group was significantly higher than that in the MeCbl group at week 4 (EA, 53.3% [95%
Cl, 34.3% to 71.7%] vs MeCbl, 20.0% [95% CI, 7.7% to 38.6%]; P=0.015), and this difference still persisted at week 8
(EA, 46.7% [95% CI, 28.3% to 65.7%] vs MeCbl, 13.3% [95% CI, 3.8% to 30.7%]; P=0.01). Shown in Figure 3.

For the secondary outcomes, the EA group showed significant improvements in the PNQ sensory, PNQ motor, and
NCI-CTCAE grades compared to baseline at week 4 (PNQ sensory, Z=—2.887, P=0.004; PNQ motor, Z=2.887,
P=0.006; NCI-CTCAE, Z=-2.496, P=0.02;), while the MeCbl group did not show significant changes over time.
Additionally, there were no significant differences observed between the two groups at all time points (Figure 4).

The QLQ-CIPN20 in total score, sensory, motor and autonomic scores declined significantly in the EA group at week
4 (compared to baseline, total score, 7.65 [95% CI, 5.19 to 10.11], P<0.001; sensory score, 7.53 [95% CI, 4.85 to 10.21],
P<0.001; motor score, 7.14 [95% CI, 4.20 to 10.09], P<0.001; autonomic score, 10.00 [95% CI, 4.68 to 15.32],
P=0.001), and still declined at week 8 (compared to baseline, total score, 4.63 [95% CI, 1.94 to 7.32], P=0.001; sensory
score, 4.44 [95% CI, 1.55 to 7.34], P=0.004; motor score, 4.29 [95% CI, 1.04 to 7.53], P=0.011; autonomic score, 6.67
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131 Patients screened

71 Excluded
28 Did not meet inclusion criteria
8 Unable to contact/screen

A\ 4

A\ 4

12 Declined to participate
23 Other reasons

60 Randomized

!

30 Allocated to electroacupuncture group

v

28 Completed 4-week treatment
2 Discontinued treatment
2 Lost to follow-up

v

28 Completed follow-up at week 8
2 Lost to follow-up

'

30 Included in analyses

}

30 Allocated to Mecobalamin group

v

29 Completed 4-week treatment
1 Discontinued treatment
1 Lost to follow-up

v

29 Completed follow-up at week 8
1 Lost to follow-up

'

30 Included in analyses

Figure 2 Flow chart of the study process.

[95% CI, 0.87 to 12.47], P=0.026). While the MeCbl group only showed a decrease in QLQ-CIPN20 total score at week
4 (compared to baseline, total score, 2.84 [95% CI, 0.19 to 5.49], P=0.037). Another hand, the QLQ-C30 score in
physical function, cognitive function, and fatigue symptom improved significantly in the EA group at week 4 (compared
to baseline, physical function, 8.44 [95% CI, 3.92 to 12.97], P=0.001; cognitive function, 5.56 [95% CI, 1.13 to 9.98],
P=0.016; fatigue, 8.15 [95% CI, 1.53 to 14.77], P=0.018), and physical function still improved at week 8 (compared to
baseline, physical function, 5.56 [95% CI, 0.36 to 10.75], P=0.037). However, there were no significant changes in the

Table | Baseline Characteristics of Participants in ITT Analysis

Characteristic Participants, No. (%)
Electroacupuncture (n=30) | Mecobalamin (n=30) | P-value ©
Age, mean (SD), years 55.40 (8.20) 53 (9.41) 0.296
BMI, mean (SD), kg/m? 22.31 (4.95) 22.03 (3.41) 0.798
The affected side of breast 0415
Left side, No. (%) 12 (40.00%) 14 (46.67%)
Right side, No. (%) 14 (46.67%) 15 (50.00%)
Both side, No. (%) 4 (13.33%) I (3.33%)
Course, mean (SD), month 5.87 (4.13) 5.30 (3.60) 0.578
KPS, mean (SD), score 87.33 (4.87) 88.83 (4.29) 0.210
(Continued)
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Table | (Continued).

Characteristic Participants, No. (%)

Electroacupuncture (n=30) | Mecobalamin (n=30) | P-value ©

PNQ Sensory grade * No. (%)

Grade A 0 (0%) 0 (0%) 0743
Grade B 2 (6.67%) 5 (16.67%)

Grade C 10 (33.33%) 8 (26.67%)

Grade D 17 (56.67%) 15 (50.00%)

Grade E | (3.33%) 2 (6.67%)

PNQ Motor grade, No. (%)

Grade A | (3.33%) | (3.33%) 0.664
Grade B 8 (26.67%) 9 (30.00%)

Grade C 14 (46.67%) 15 (50.00%)

Grade D 7 (11.67%) 4 (13.33%)

Grade E 0 (0%) | (3.33%)

NCI-CTCAE grade ®, No. (%)

Grade | 4 (13.33%) 7 (23.33%) 0.505
Grade Il 18 (60.00%) 16 (53.33%)

Grade Ill 7 (23.33%) 6 (20.00%)

Grade IV | (3.33%) | (3.33%)

EORTC QLQ-CIPN20 €, mean (SD)

Total score 30.93 (11.34) 29.44 (13.80) 0.651
Sensory score 31.60 (11.46) 30.99 (14.18) 0.853
Motor score 31.43 (14.23) 28.89 (16.16) 0.519
Autonomic score 26.11 (19.42) 24.44 (15.62) 0.715

EORTC QLQ-C30 ¢

Physical function, mean (SD) 59.33 (18.47) 61.56 (20.84) 0.664
Role function, mean (SD) 50.00 (17.51) 50.56 (21.21) 0912
Emotional function, mean (SD) 77.50 (14.38) 76.67 (15.69) 0.831
Cognitive function, mean (SD) 68.33 (17.70) 72.78 (18.30) 0.343
Social function, mean (SD) 37.22 (23.02) 34.44 (19.54) 0.616
Fatigue, mean (SD) 59.26 (19.43) 58.15 (19.51) 0.826
Nausea and vomiting, median (IQR) 0.00 (0.00, 16.67) 0.00 (0.00, 16.67) 0.685
Pain, median (IQR) 33.33 (16.67, 33.33) 33.33 (16.67, 50.00) 0.646
Dyspnea, median (IQR) 0.00 (0.00, 33.33) 3.33 (0.00, 33.33) 0.797
(Continued)
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Table | (Continued).

Characteristic Participants, No. (%)
Electroacupuncture (n=30) | Mecobalamin (n=30) | P-value ©

Insomnia, median (IQR) 33.33 (0.00, 33.33) 33.33 (0.00, 33.33) 0.930
Appetite loss, median (IQR) 33.33 (0.00, 33.33) 33.33 (0.00, 33.33) 0.944
Constipation, median (IQR) 0.00 (0.00, 33.33) 0.00 (0.00, 33.33) 0.783
Diarrhea, median (IQR) 0.00 (0.00, 33.33) 0.00 (0.00, 33.33) 0.964
Financial difficulties, mean (SD) 61.11 (26.38) 62.22 (25.87) 0.870
Global QOL, mean (SD) 60.28 (11.09) 62.50 (11.94) 0.458

Notes: 2PNQ grades symptoms from grade A (no neuropathy) to grade E (very severe neuropathy). °®NCI-CTCAE grades symptoms from
grade | (slight) to grade IV (severe). ‘EORTC QLQ-CIPN20 contains 20 items, including 9 items in the sensory subscale, 8 items in the
motor subscale and 3 items in the autonomic subscale. The higher scores indicate a worse quality of life. All items are scored with 4 levels,
“no, a little, quite, and very” respectively, with |—4 points. Each subscale is linearly transformed from a 0 (no neuropathy) to 100 (severe
neuropathy) point scale (the formula standard score was SS=[(RS-1)/R]x100). “EORTC QLQ-C30 includes 5 functional subscales (body,
function, cognition, emotion and Society), 3 symptom subscales (fatigue, pain, nausea and vomiting), 6 single symptom measurement items
(dyspnea, loss of appetite, insomnia, constipation, diarrhea and economic difficulties) and | overall health subscale. To enable the scores of
various fields to be compared with each other; a range-based method was further used for linear transformation, converting the coarse
scores into standardized scores with values ranging from 0 to 100. The 5 functional subscales (the formula standard score was SS=[1-(RS-1)/
R]*100) and | overall health subscale (the formula standard score was SS=[(R-1)/R]x 100) with higher scores indicate better functional
status and quality of life. The 3 symptom subscales and 6 single symptom measurement items (both the formula standard score was SS=
[(R-1)/R]*100) with higher scores indicate worse quality of life. P-value less than 0.05 was considered statistically significant.
Abbreviations: ITT, Intention-to-Treat; SD, Standard deviation; IQR, Interquartile range; BMI, body mass index (calculated as
weight in kilograms divided by height in meters squared); PNQ, Participant Neurotoxicity Questionnaire; NCI-CTCAE, National
Cancer Institute-Common Terminology Criteria for Adverse Events (Version 5.0); EORTC QLQ-CIPN20, European Organization
for Research and Treatment of Cancer Quality of Life Questionnaire-CIPN 20-item; EORTC QLQ-C30, European Organization for
Research and Treatment of Cancer Quality of Life Questionnaire-Core 30; QOL, quality of life.

score of the QLQ-C30 scale in the MeCbl group when compared to the baseline. There was also no significant difference

in QLQ-CIPN20 and C30 scores between the two groups at week 4 and week 8 (Figure 5).

In addition, we also compared the change scores from baseline in QLQ-CIPN20 and C30 scales to further analyze the

differences in the effects of EA and MeCbl treatment. The result showed that the EA group had better improvements in
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Figure 3 The primary outcome of PNQ response rate. (A) PNQ overall responder rate at week 4; (B) PNQ overall responder rate at week 8. Bonferroni was used to

compare and adjust P-values. *implies a statistical difference compared to baseline data within the same group.
Abbreviations: PNQ, Participant Neurotoxicity Questionnaire; EA, Electroacupuncture; MeCbl, Mecobalamin.
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Figure 4 Change in PNQ and NCI-CTCAE grades over time. (A) PNQ sensory grade; (B) PNQ motor grade; (C) NCI-CTCAE grade. Fisher’s exact test was used to
compare and adjust P-values. * implies a statistical difference compared to baseline data within the same group.

Abbreviations: PNQ, Participant Neurotoxicity Questionnaire; NCI-CTCAE, National Cancer Institute-Common Terminology Criteria for Adverse Events; EA,
Electroacupuncture; MeCbl, Mecobalamin.

the QLQ-CIPN20 total score and sensory score compared to the MeCbl group at week 4 (EA vs MeCbl, total score, Z=
—2.931, P=0.003; sensory score, Z=—2.548, P=0.01); and the EA group had better improvement in the QLQ-C30 physical
function score compared to the MeCbl group at week 4 (EA vs MeCbl, Z=—2.528, P=0.011) and week 8 (EA vs MeCbl,
7=-2.279, P=0.022). Shown in Figure 6.

During the study period, 8/30 (26.7%) participants in the EA group and 7/30 (23.3%) participants in the MeCbl group
used analgesics, with no difference between groups (EA, 16.7% [95% CI, 5.6% to 34.7%] vs MeCbl, 23.3% [95% CI,
9.9% to 42.3%], P=0.748). Adverse events also occurred similarly in frequencies in the two groups (EA, 30.0% [95%
CL,14.7% to 49.4%] vs MeCbl, 10.0% [95% CI, 2.1% to 26.5%]; P=0.104). EA-related treatment mainly resulted in pain,
subcutaneous bruising, or slight bleeding. The MeCbl group mainly occurs in other events (Supplementary Table 1).

Discussion
In this randomized clinical trial comparing the effects of EA and MeCbl treatment for UIPN in breast cancer patients,

both therapies could reduce CIPN-related scale scores and relieve numbness and pain symptoms in limbs after 4 weeks of
treatment. However, EA therapy demonstrated superior efficacy compared to oral MeCbl tablets. Both therapies were
delivered safely with only mild adverse events.

CIPN is a neurological disorder caused by direct damage to peripheral nerves from chemotherapy agents. Commonly
associated drugs include platinum compounds, vinblastine, paclitaxel, and others.*”*®* Symptoms of CIPN often include
numbness in the limbs, sensory abnormalities (such as stabbing pain, electric shock sensations, crawling sensations, and
the feeling of a foreign body, etc)., as well as decreased tendon reflexes and sensory ataxia.'” The underlying mechanisms
of CIPN are not yet fully understood, but they may involve several factors, including oxidative stress responses triggered
by chemotherapeutic agents, damage to nuclear and mitochondrial DNA, disruption of ion channels, and axonal
degeneration.'” UTD1, a novel microtubule inhibitor derived from epomycin through genetic engineering, demonstrates
broad anti-tumor activity in various solid tumors.>* However, there is still a notable lack of effective prevention and
treatment strategies for UIPN. Only one study®® has suggested that ganglioside monosialic acid GM1 might alleviate
symptoms of UIPN in patients with metastatic breast cancer, but further studies are warranted to corroborate these
findings. Given the pressing need for effective treatment options to improve the quality of life for advanced cancer
patients suffering from UIPN, our trial seeks to explore the clinical efficacy of EA and MeCbl for this purpose. To
enhance the potential efficacy of acupuncture, we specifically selected high-frequency acupoints known to be effective
for treating CIPN based on existing literature*' and consultations with professional acupuncturists to optimize the
combination of acupoints used in our study. This approach aims to provide a more targeted and effective intervention

for patients experiencing UIPN.
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Figure 5 Changes in EORTC QLQ-CIPN20 & C30 scores over time. (A) QLQ-CIPN20 Total score; (B) QLQ-CIPN20 Sensory score; (C) QLQ-CIPN20 Motor score; (D) QLQ-
CIPN20 Autonomic score; (E) QLQ-C30 Global quality of life score; (F) QLQ-C30 Physical function score; (G) QLQ-C30 Role function score; (H) QLQ-C30 Emotional function score;
(I) QLQ-C30 Cognitive function score; (J) QLQ-C30 Social function score; (K) QLQ-C30 Fatigue score; (L) QLQ-C30 Financial difficulties score; (M) QLQ-C30 Nausea and vomiting
score; (N) QLQ-C30 Pain score; (O) QLQ-C30 Dyspnea score; (P) QLQ-C30 Insomnia score; (Q) QLQ-C30 Appetite loss score; (R) QLQ-C30 Constipation score; (S) QLQ-C30
Diarrhea score. Data that conforms to a normal distribution is represented by mean and standard deviation (A-L). The highest of the bar chart represents the mean value and the vertical
line indicates the standard deviation. Data that does not follow a normal distribution is represented by the median and interquartile range (M-S). The bold horizontal line in the boxplot
represents the median, the low bottom of the box represents the 25% interval value, and the top bottom represents the 75% interval value. The low bottom of the vertical line represents
the minimum value, and the top of the vertical line represents the maximum value. *implies a statistical difference compared to baseline data within the same group.
Abbreviations: EORTC QLQ-CIPN20 & C30, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-chemotherapy-induced
peripheral neuropathy 20-item and Core 30; EA, Electroacupuncture; MeCbl, Mecobalamin; SD, standard deviation; IQR, interquartile range.
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Figure 6 The change scores in EORTC QLQ-CIPN20 & C30 scales from baseline to week 4 and week 8. (A) The change score from baseline to week 4 of QLQ-CIPN20
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boxplot represents the median, the low bottom of the box represents the 25% interval value, and the top bottom represents the 75% interval value. The low bottom of the
vertical line represents the minimum value, and the top of the vertical line represents the maximum value. *implies a statistical difference compared to MeCbl group.
Abbreviations: EORTC QLQ-CIPN20 & C30, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-chemotherapy-induced
peripheral neuropathy 20-item and Core 30; EA, Electroacupuncture; MeCbl, Mecobalamin; SD, standard deviation; IQR, interquartile range; QOL, quality of life.

In this trial, we found that EA therapy significantly reduced the PNQ sensory and motor nerve symptoms grades after
4 weeks of treatment, while MeCbl did not demonstrate comparable efficacy. Although there was no difference between
the two groups at any time point, the overall responder rate of PNQ was markedly higher in the EA group than in the
MeCbl group. Furthermore, EA therapy led to a significant reduction in both the NCI-CTCAE grade and the QLQ-
CIPN20 scores. Numerous animal experiments have suggested that EA therapy possesses potential therapeutic benefits
for CIPN. For instance, Meng, et al** reported that EA therapy effectively inhibited mechanical allodynia and
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hyperalgesia in a rat model of paclitaxel-induced peripheral neuropathy, through mechanisms involving spinal opioid
receptors. Similarly, Zhang, et al*® discovered that low-frequency EA could activate 5-HT 1A receptors in the spinal cord
and inhibit p-CaMKII to alleviate both allodynia and hyperalgesia associated with paclitaxel-induced peripheral neuro-
pathy in rats. In our previous clinical research,** we observed that low-frequency (2Hz) EA therapy had better
advantages for treating paclitaxel-induced peripheral neuropathy in breast cancer patients. Additionally, Chan, et al*®
indicated that low-frequency EA could effectively reduce symptoms associated with oxaliplatin-induced peripheral
neuropathy in patients with colorectal cancer. While, the mechanisms by which electroacupuncture improves nerve
injury-like disorders are currently unclear. Electrical stimulation may enhance nerve repair by modulating miRNA,*¢ it
has been shown that electroacupuncture can significantly increase the number of myelinated fibers, axonal and fiber
diameters, and the thickness of the myelin sheath in our rat model of sciatic nerve injury.*’ In addition, we observed that
MeCbl alleviated some symptoms of UIPN), as measured by the QLQ-CIPN20 scale, when compared to baseline;
however, its overall efficacy was limited. Zhang, et al*® demonstrated that high-dose intravenous MeCbl exhibited
marked efficacy in the prophylaxis of bortezomib-induced peripheral neuropathy without causing serious adverse effects.
Furthermore, Hiramoto, et al***® indicated that although evidence supporting the efficacy of MeCbl is insufficient, it
remains a commonly used treatment for preventing and managing peripheral neuropathy induced by paclitaxel and
oxaliplatin in Japan. Based on our findings, MeCbl may be appropriate for patients with mild UIPN but is not
recommended for those exhibiting severe UIPN symptoms due to its limited therapeutic impact.

According to the QLQ-C30 scale, EA therapy not only alleviates patients’ UIPN symptoms but also enhances their
quality of life in several dimensions. The result indicate that EA therapy provides a significantly greater improvement in
physical function compared to oral MeCbl tablets. Physical function encompasses everyday activities such as walking,
lifting, and other daily tasks. Improvements in physical function are associated with enhanced peripheral nerve function
in the extremities, thus, as UIPN symptoms improve, EA therapy can yield favorable therapeutic outcomes. Chan, et al*’
reported that low-frequency EA positively impacted physical, cognitive, and social functions in colorectal cancer patients

experiencing CIPN. Similarly, Mao, et al®'

demonstrated that 2Hz EA significantly alleviated symptoms of fatigue, sleep
disturbances, and psychological distress in breast cancer patients suffering from aromatase inhibitor-related arthralgia
when compared to usual care. These studies collectively suggest that EA offers benefits in improving the quality of life
for cancer patients from several aspects. Conversely, our results did not show a definitive effect of EA on pain symptoms.
This lack of clarity may be attributed to the fact that many patients in both groups were concurrently taking analgesics
during the study period due to peripheral neuralgia or other forms of pain, and there was no significant difference in
analgesic use between the two groups. Additionally, EA was generally well tolerated, as only a few patients reported
minor adverse events, such as needle discomfort, subcutaneous hematoma, and slight bleeding, all of which resolved
quickly.

During the follow-up phase, we noted that the symptoms of UIPN and quality of life of patients were
significantly worse than they were after treatment. This decline is likely attributed to the fact that most participants
had advanced breast cancer and were undergoing continuous chemotherapy as part of their anti-tumor regimen. For
early-stage breast cancer patients who had completed UTD1 chemotherapy treatment appeared to derive more
substantial benefits from EA therapies, with significant improvements observed in their UIPN symptoms following
a period of treatment. However, for advanced breast cancer patients undergoing continuous chemotherapy, the
effects of EA were comparatively poor. Nonetheless, EA therapy still demonstrated the capability to alleviate
certain symptoms, such as limb numbness, pain, and weakness, to some extent. Additionally, it appeared to help
maintain the patient’s current symptom levels, potentially preventing the further deterioration of UIPN symptoms.

Limitations

This trial had several limitations that should be acknowledged. First, it was a single-center study with a relatively small
sample size in each treatment group, which may limit the generalizability of the results. Second, while sham EA controls are
widely adopted in contemporary acupuncture research,’ this exploratory pilot study intentionally omitted such a control
group due to its preliminary nature. However, we acknowledge that the absence of a sham EA arm limits our capacity to
differentiate the specific effects of EA from those of manual acupuncture, representing an important limitation in the current
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study design. Third, the acupuncturists were not blinded to group assignments due to the nature of the treatment procedures,
which could introduce bias. Additionally, the outcomes relied on subjective reporting from participants, which raises the
possibility of reporting bias. While incorporating objective measures, such as nerve conduction velocity (NCV), could have
strengthened the data, patient reluctance to undergo such testing limited its inclusion. Considering ethical principles, patients
were not required to complete NCV testing. Finally, the observation period of the study was relatively short, consisting of
only 4 weeks of treatment followed by 4 weeks of follow-up. This limited timeframe precluded any assessment of the long-
term effects of EA. Another important limitation is that the number of prior treatment lines in multi-line chemotherapy may
serve as a significant confounding factor influencing both the development of peripheral neuropathy and the therapeutic
efficacy of interventions. However, since the study design did not systematically document patients’ specific chemotherapy
lines and medication history, we were unable to perform stratified analysis or subgroup comparisons for this potential
influencing factor. This methodological limitation may affect the accurate assessment of the true treatment effects of the
interventions. Despite these limitations, the findings from this trial provide valuable insights and can serve as a reference for
future clinical research and treatment of UIPN.

Conclusions
This randomized clinical trial demonstrated that EA therapy showed potential superiority over MeCbl tablets in
alleviating symptoms of UIPN and improving physical function in breast cancer patients. However, further large-scale,
multicenter studies incorporating sham controls and long-term follow-up are needed to definitively establish its
therapeutic effects.

Abbreviations

UTDI, Utidelon; PN, Peripheral Neuropathy; UIPN, Utidelon-induced Peripheral Neuropathy; EA, Electroacupuncture;
MeCbl, Mecobalamin; ITT, Intention-to-Treat; PNQ, Patient Neurotoxicity Questionnaire; NCI-CTCAE, National
Cancer Institute-Common Terminology Criteria for Adverse Events; EORTC QLQ-CIPN20, European Organization
for Research and Treatment of Cancer Quality of Life Questionnaire-CIPN 20-item; EORTC QLQ-C30, European
Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30.
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