Journal of Pain Research

Dove

REVIEW

Acupuncture for Paclitaxel-Induced Peripheral

Neuropathy:

Yu-Xue Zhao ®'
Xiao-Chun Yu'
Jun-Hong Gao'
Ming-Jiang Yao??
Bing Zhu'

'Institute of Acupuncture and
Moxibustion, China Academy of Chinese
Medical Sciences, Beijing, 100700,
People’s Republic of China; Znstitute of
Basic Medical Sciences, Xiyuan Hospital
of China Academy of Chinese Medical
Sciences, Beijing, 100091, People’s
Republic of China; *Key Laboratory of
Pharmacology of Chinese Materia
Medica, Beijing, 100091, People’s
Republic of China

Correspondence: Yu-Xue Zhao; Bing Zhu
Institute of Acupuncture and Moxibustion,
China Academy of Chinese Medical
Sciences, No. |6 Dong-zhi-men-nei South
Street, Dongcheng District, Beijing, 100700,
People’s Republic of China

Tel +86-10-64089363

Email claricezhao@live.cn; zhubing@mail.
cintcm.ac.cn

A Review of Clinical and Basic Studies

This article was published in the following Dove Press journal:
Journal of Pain Research

Abstract: Paclitaxel-induced peripheral neuropathy (PIPN) is a common and intractable side
effect of the conventional chemotherapeutic agent paclitaxel. Acupuncture has been reported as
an effective alternative therapy in treatment of PIPN in both basic studies and clinical trials.
However, there is a lack of comprehensive surveys to summarize the action of acupuncture in
management of PIPN. In this review, we briefly demonstrate the basic pathology of PIPN, which
includes the activation of ion channels, mitochondrial dysfunction, disruption of axonal transport
and also neuro-inflammatory involvement. Meanwhile, we review both the clinical and basic
studies as an emphasis to give a general overview of the therapeutic effect of acupuncture against
PIPN. Finally, we summarize the current known mechanisms underlying the action of acupunc-
ture against PIPN mainly at peripheral and spinal levels, which include various neurotransmit-
ters, multiple receptors, different types of enzymes and molecules. In conclusion, acupuncture
could be considered as a potential alternative therapy in treatment of PIPN, and further clinical
and experimental studies are called for in the future.
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Introduction
Chemotherapy-induced peripheral neuropathy (CIPN) is a common and severe adverse
effect of modern chemotherapy and affects long-term quality of life."* Approximately
up to 40% of cancer patients treated with neurotoxic chemotherapeutic agents develop
CIPN, which can be a significant disability and a common cause of dose reductions
and/or early discontinuation of chemotherapy.** The most frequent substances causing
CIPN include the commonly used taxanes (paclitaxel, docetaxel), vinca alkaloids
(vincristine, vinblastine), platinum compounds (cisplatin, oxaliplatin, carboplatin), as
well as the rarely used thalidomide and bortezomib.> Paclitaxel, the first taxane in
clinical practice, is used actively against a broad spectrum of cancers (including breast
cancer, ovarian cancer, cervical cancer, lung cancer and pancreatic cancer) that are
generally considered to be intractable to conventional chemotherapy. Up to 80% of
patients develop paclitaxel-induced peripheral neuropathy (PIPN).®’ Unfortunately,
the current existing therapeutic strategies have been shown to be ineffective or unsa-
tisfactory to prevent or minimize PIPN to date.® Therefore, it is highly required to
explore and develop potential effective approaches during paclitaxel chemotherapy to
ameliorate PIPN.

Acupuncture, with a history over 3000 years, is a traditional therapy in which
specially-made acupuncture needles are inserted into specific “acupuncture points”
(acupoints, namely therapeutic points in the human body) to treat various
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disorders.”'® Acupuncture has been proven to be an effec-
tive analgesic intervention in management of diverse types
of pain, such as inflammatory pain, visceral pain, cancer
pain, and neuropathic pain, including chemotherapy-
induced neuropathic pain.'' ' A series of clinical studies
have reported the beneficial effect of acupuncture strategy
on improving the symptoms of CIPN that is induced by
oxaliplatin, thalidomide, bortezomib and taxane.'¢2°
Besides, animal studies have been conducted to investigate
the mechanism underpinning the therapeutic efficacies of
acupuncture in CIPN as well.?'?° As a first-line che-
motherapeutic agent, taxane (particularly paclitaxel) leads
to common and typical CIPN, which is introduced and
investigated in both clinical and basic studies. So far,
there is still a lack of comprehensive surveys to summarize
the action of acupuncture in management of PIPN. Herein,
the scope of the current review is to present an overall idea
on the therapeutic potential of acupuncture against PIPN
along with the related underlying mechanism based upon
the existing clinical and experimental evidence, so as to
better understand the analgesic efficacy of this kind of
traditional medical therapy and to objectively evaluate its
application prospect in clinical practice.

In this review, we first briefly summarize the basic
pathology of PIPN, with a particular emphasis on the
leading pathogenic factors; and then we synthesize both
the clinical and basic studies to give an overview of the
therapeutic effect of acupuncture on alleviating PIPN,
together with the potential mechanisms involved in order
to interpret the analgesic action of acupuncture; finally, we
present the limitations of our current review, and discuss
the future perspectives including clinical application and
basic investigation of acupuncture in the treatment of
PIPN.

Literature Search Strategy

The following databases were searched from
January 2010 to December 2020: PubMed, Web of
Science, CNKI and Wan-Fang Database. The search key
words related to “acupuncture”, “electroacupuncture”,
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“electro-acupuncture”, “transcutaneous electrical stimula-
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tion”,
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paclitaxel”, “taxane”,
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pain”,
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neuropathy”, “ani-
mal studies”, and “clinical trials”. Literature inclusion
criteria were as follows: 1. Clinical studies and experi-
mental studies on neuropathy/pain after paclitaxel/taxane
administration; and 2. Treatment using acupuncture ther-
apy (including manual acupuncture, electroacupuncture,
point injection, etc.).

Pathology of PIPN

The underlying mechanism leading to the occurrence and
development of PIPN is complex, with multiple pathological
factors, and has not been fully elucidated. In general, pacli-
taxel causes damage to distal nerve fibers and lead to painful
peripheral neuropathy mainly by affecting ion channels,
mitochondrial function, and axonal transport and also by
interfering with the neuro-immune response (Figure 1).

lon Channels
PIPN is related to abnormal sensitization of peripheral
sensory neurons, which could be induced by initial activa-

tion of ion channels 26,27

after paclitaxel treatment.
Paclitaxel administration has been reported to activate
both voltage-gated and ligand-gated ion channels, which
was discovered by application of the corresponding selec-
tive ion channel antagonists in rodent models of PIPN. It is
well documented that lack of intracellular cation home-
ostasis is a major cause in the development of PIPN.?*3°
Prominent down-regulation of potassium channels in dor-
sal root ganglion (DRG) that potentiated the increased
spontaneous activity of primary sensory neurons has
been shown with paclitaxel chemotherapy.”® Besides,
altered sodium channel expression in sensory fibers con-
duces to neuropathic pain, and administration of the
sodium channels blocker tetrodotoxin inhibited paclitaxel-
induced hyperalgesia in mice, indicating sodium channel
contributes to PIPN.*’ An almost complete reversal of
paclitaxel-induced mechanical allodynia/hyperalgesia was
elicited by a selective calcium channels inhibitor ethosux-
imide, suggesting the involvement of calcium channels in
PIPN.*® Ligand-gated ion channels, including transient
receptor potential (TRP) channels (TRPA1, TRPMS,
TRPV1, and TRPV4).>'3* Toll-like receptors (TLRs)
channels (TLR4 and TLR9),’*° and purine receptors
channels (P2X7 and adenosine A1),***’ have been found
to contribute to PIPN
mechanical allodynia/hyperalgesia were attenuated by

in rodents. Paclitaxel-induced
selective blockage of the TRPs, TLRs, and purine
receptors.

Mitochondrial Dysfunction

Mitochondria are double-membrane-bound intracellular
organelles that produce adenosine triphosphate (ATP)
mainly through oxidative phosphorylation to provide cel-
lular energy. Neuronal cells require high energy for neu-
ronal activities and are susceptible to be disrupted in
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Figure | Pathology of paclitaxel-induced peripheral neuropathy (PIPN). The underlying mechanism leading to the occurrence and development of PIPN. Paclitaxel causes
damage to distal nerve fibers and lead to painful peripheral neuropathy mainly by affecting ion channels, mitochondrial function, axonal transport and also by interfering with

the neuro-immune response.

mitochondrial function by the administration of che-
motherapeutic agents.>®>° Dysfunctional mitochondria
lead to abnormal accumulation of reactive oxygen species
(ROS) resulting in oxidative stress, which in turn increases
mitochondrial damage and this vicious cycle of oxidative
damage exists during the development of CIPN.***' In
rodent models, paclitaxel-induced painful peripheral neu-
ropathy and nociceptive sensation are in connection with
the increased incidence of swollen and vacuolated mito-
chondria in the affected nerve axons. In DRG, paclitaxel
treatment usually causes abnormal morphology of mito-
chondria with a typical swollen shape and altered cristae.**
The atypical (swollen and vacuolated) mitochondria are
also seen in C-fibers and myelinated axons in rodent
models of PIPN, which is probably associated with open-
ing of the mitochondrial permeability transition pore.** In
addition, impaired mitochondrial respiration and ATP pro-
duction induced by paclitaxel are shown in rat sciatic
nerve samples, which may potentiate paclitaxel-evoked
sensory peripheral neuropathy.** Moreover, the develop-
ment of paclitaxel-induced mechanical hyperalgesia was
limited by a potent antioxidant melatonin through reducing
mitochondrial damage in a rat model of PIPN.*

Disruption of Axonal Transport
Paclitaxel binds along the microtubules of neurons, stabi-

lizes the microtubule lattice, affects their dynamic

adaptation of the cytoskeleton, and blocks the polymeriza-
tion of tubulin, leading to the inhibition of tubulin
dynamics, axonal degradation and loss of epidermal
innervation.***’ Paclitaxel significantly reduces the axonal
outgrowth, with distinctive morphological changes of
axons.*” Peripheral nerve biopsy indicated the pathological
state of sensory axonal degeneration, secondary demyeli-
nation, and peripheral nerve fibers loss caused by pacli-
taxel. In addition, long-term paclitaxel treatment causes
polar reconfiguration of microtubules, which in turn results
in diverse degrees of alterations in organelles
transport.****4° In brief, PIPN is commonly characterized
by axonal degeneration that is closely associated with

distal sensory or sensorimotor fibers.

Neuroinflammation
Neuroinflammation is a complicated pathophysiological
process that involves a series of distinct steps including
infiltration of immune cells, activation of neuroglia, pro-
duction of inflammatory chemokines and cytokines, and
the following cascade reactions of the inflammatory med-
jators in the nervous system.*® Paclitaxel administration
induces robust recruitment and accumulation of macro-
phages into DRG neurons and peripheral afferents,
decreases the number of intraepidermal nerves, and
increases the number of cutaneous Langerhans cells, sug-
that might be

gesting neuro-immune interactions
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involved.’®>! Besides, it is well documented that activa-
tion of spinal neuroglia is strongly linked to PIPN.
Paclitaxel induces robust activation of microglia and astro-
cytes in the spinal cord, which contributes to the release of
proinflammatory cytokines such as TNF-o, IL-1p and IL-
6, leading to spinal central sensitization and pain
behavior.>*>* On the other hand, cytokines such as IL-1
in turn play critical roles in modulating functions of neu-
roglia. PIPN was evoked in wild-type mice but not in mice
that are deficient in IL-1 receptor.54 Of note, TLR4, as
a vital pattern-recognition receptor that mediates immune
pathways, has been implicated as a key factor for initiation
of PIPN.>>*® Administration of TLR4 antagonist blocked
paclitaxel effects on sensory neurons and prevented devel-
opment of PIPN.>”7 In addition, paclitaxel-evoked
mechanical allodynia may be associated with activation
of the NOD-like receptor protein 3 (NLRP3) inflamma-
some pathway which potentiates the innate immunity and

inflammatory responses.”® ¢

Supraspinal Pathophysiology

To date, most fundamental studies investigating mechan-
isms underlying genesis and development of PIPN have
focused on the neural tissues of DRG, primary afferents
and spinal cord, where PTX accumulates with relatively
high concentrations following PTX treatment.®’ In con-
trast, the brain, with the lowest distribution and concentra-
tion of PTX, has studied in the
pathophysiology of PIPN.%"*? Recent studies support that

been rarely
alterations in certain areas of the brain following PTX
administration are implicated in the occurrence and main-
tenance of PIPN.®""®* The anterior cingulate cortex (ACC)
is a brain region involved in sensory perception and mod-
ulation of pain.® During PIPN in rodents, dysregulation of
the y-aminobutyric acid (GABA) neurotransmitter system,
which is involved in the pathogenesis of neuropathic pain,
was confirmed in the ACC via observing a significant

A B

increase in gene expression of GABA transporter-1
(GAT-1).%% GAT-1 is the major transporter responsible
for GABA uptake from the synapses in the brain. It has
been confirmed that blockage of GAT-1 ameliorated PIPN,
indicating a significant role of GAT-1 in the pathophysiol-
ogy of PIPN.® Besides, the activities of some key areas
within the nociceptive neural circuitry in the brain, such as
periaqueductal gray (PAG) and brainstem, were affected
by PTX treatment, which in turn may contribute to the
pathogenesis of PIPN %'

Acupuncture for PIPN

Acupuncture Treatment

Based on the methods of manipulation or stimulation, the
general type of acupuncture in the treatment of PIPN is com-
monly classified as manual acupuncture (MA) and electroa-
cupuncture (EA).
acupuncture points (acupoints) and manually manipulated to

In MA, needles are inserted into
provoke a particular needling sensation of soreness, numbness,
heaviness and distension called “De-Qi” which is essential to
acupuncture analgesia, to achieve optimal therapeutic effects
in patients.'®%"%® Typically used manipulation techniques in
clinical practice mainly include lifting-thrusting (Figure 2A)
and twisting-rotation (Figure 2B). MA-induced analgesia is
mediated by all types of peripheral afferent fibers including
AP, A8, and C-type afferents.'® In EA, transdermal electrical
stimulation with different parameters is delivered to acupoints
through needles connected to an electric stimulus (Figure 2C)
to activate nerve fibers and produce analgesic effects.'®® In
comparison with MA, the key advantage of EA is that it can be
applied consistently with adjustable standardized parameters
(frequency, intensity and duration) to obtain certain therapeu-
tic effect including analgesic action.®”-” The peripheral affer-
ent mechanism underlying EA analgesia is mainly associated
with activation of AB/Ad-type afferents.'® The specific manip-
ulations of MA and the electrical parameters of EA in treat-
ment of PIPN will be explained in detail in the following

Cc
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Figure 2 Acupuncture for paclitaxel-induced peripheral neuropathy (PIPN). (A) Manual acupuncture (MA) with lifting-thrusting method. (B) MA with twisting-rotating

method. (C) Electroacupuncture (EA).
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chapters, as well as the potential mechanism underlying the
action of MA and EA in relieving PIPN.

Clinical Studies

The relevant clinical literature in the past 10 years were
reviewed and a summary of these clinical studies is shown
in Table 1.

In a retrospective service evaluation, 18 patients were
treated with MA for CIPN, and 2 of them with peripheral
neuropathy induced by paclitaxel or docetaxel.”!
Acupuncture was performed on these patients for 6
weeks using acupoints among SP6, ST36, LV3, LI4,

BL60, and Ba-Feng/Ba-Xie, in which SP6, ST36, and

LV3 were the most commonly used. 82% of patients
showed improvement in symptoms following their course
of acupuncture, and some of them derived additional ben-
efits from acupuncture treatment including less analgesic
medication and better sleep. With regard to the patients
suffering from neuropathy due to paclitaxel/docetaxel, all
of them showed improved symptoms.

A pilot controlled nonrandomized study evaluated the
therapeutic effect of acupuncture on 6 patients suffering
from CIPN.”? They received a standard 10-week MA
treatment on acupoints of ST34, Qi-Duan, and Ba-Feng.
After acupuncture treatment, most of the patients (5 out
of 6) including those with CIPN by docetaxel showed

Table | Characteristics of the Clinical Studies Involving the Use of Acupuncture in Taxane-Induced Peripheral Neuropathy

Reference Cancer Type Neurotoxic Intervention Acupoints Duration Outcome Results
(Number of Agent of
Patients) Treatment
Donald et al. Breast (2) Docetaxel/ MA SPé, ST36, LV3, 6 weeks Evaluation on Improved
(2011)" paclitaxel LI4, BL60, Ba-Feng, efficacy symptoms
Ba-Xie
Schroeder Breast (1) Docetaxel / MA ST34, Qi-Duan, 10 weeks NCS Improved
etal. 2011)7? doxorubicin / Ba-Feng NCV
cyclophosphamide
Lu et al. Ovarian (6) Paclitaxel / MA and EA LI, LI4, PCé, Over 4 QLQ-C30, Improved
(2012)7 carboplatin GV20, SP10, ST36, weeks QLQ-OV28 scores
SPé, K3, LR3
Greenlee Breast (48) Paclitaxel, or EA GB34, ST36, LI4, 12 weeks BPI-SF, NPS, Unidentified
etal. 2016)™ combined with LIIO, L3, L5, C5, FACT-NTX efficacy
docetaxel Cc7
Ben-Horin Breast (2) Docetaxel/ MA and Jing-Well About Neuropathy Improved
etal. (2017)® paclitaxel Reflexology 5.4-10.8 grade symptoms
weeks
Bao et al. Breast (27) Paclitaxel MA Auricular points, Not known CIPN grade, Prevention
(2018)7 LI4, TES, LI, FACT/GOG- | of high CIPN
ST40, Ba-Feng, Ntx, NPS grade
Jeong et al. Breast (10) Taxane MA LI4, LII1, ST36, 4 weeks NPSI, NCS, Attenuated
(2018)”7 LV3, Ba-Feng, Ba- SF-36 neuropathy
Xie
Molassiotis Breast, colorectal, Paclitaxel/ MA L4, LIl 1, PC7, 8 weeks BPI, NCS Improved
etal. 2019)"® head and neck, docetaxel TES, SP6, ST36, FACT/GOG- symptoms
ovarian, myeloma LV3, ST41, Ba- Ntx, TNSc,
(24) Feng, Ba-Xie CTCAE

Abbreviations: MA, manual acupuncture; EA, electroacupuncture; NCS, nerve conduction studies; NCV, nerve conduction velocity; QLQ-C30, quality of life ques-
tionnaire-core 30 item; QLQ-OV28, quality of life questionnaire-ovarian module-28 item; BPI-SF, brief pain inventory-short form; FACT-NTX, functional assessment of
cancer therapy-taxane neurotoxicity subscale; CIPN, chemotherapy-induced peripheral neuropathy; FACT/GOG-Ntx, functional assessment of cancer therapy/gynecologic
oncology group-neurotoxicity; NPS, neuropathic pain scale; NPSI, neuropathic pain symptom inventory; SF-36, the 36-item short form healthy survey; BPI, the brief pain
inventory; TNSc, total neuropathy score-clinical version; CTCAE, common toxicity criteria for adverse events.

Journal of Pain Research 2021:14

submit your manuscript

997

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhao et al

Dove

improved nerve conduction velocity (NCV) and mean
amplitude of nerve conduction studies (NCS) which
revealed the improvement in the impaired axon and myelin
sheath of the sensory nerve caused by CIPN.

In a pilot randomized sham-controlled trial, 21 patients
receiving chemotherapy (primarily carboplatin and pacli-
taxel) accepted either verum or sham acupuncture (11
were in the verum arm and 10 were in the sham arm)
with 10 sessions over 4 weeks.”” In verum acupuncture
group, patients received both MA and EA with selected
acupoints among LI11, LI4, PC6, GV20, SP10, ST36,
SP6, K3, and LR3 accordingly. For the sham acupuncture
protocol, 5 non-acupuncture points in the proximity of
verum points but off the meridians were used and manipu-
lated by the same acupuncturists in the verum acupuncture
group. Scores from the European Organization for
Research and Treatment of Cancer-Quality of Life
Questionnaire-Core 30 Item (EORTC-QLQ-C30) revealed
that patients in the verum acupuncture group had slightly
better scores in relieving pain, insomnia, and constipation
than patients in the sham acupuncture arm, of which con-
stipation was remarkably different between the two arms.
Scores from Quality of Life Questionnaire-Ovarian
Module-28 Item (QLQ-OV28) showed significantly better
subscores in hormonal and peripheral neuropathy in the
verum acupuncture arm than the sham. The results from
both questionnaires above indicate the improved quality of
life in patients with CIPN after acupuncture treatment.

Another randomized sham-controlled pilot trial was
conducted to investigate the effect of EA on CIPN in
breast cancer patients undergoing taxane chemotherapy.”*
Patients were scheduled to receive standardized protocols
of true EA or sham EA weekly for 12 weeks. Acupuncture
needles were inserted into acupoints including GB34,
ST36, LI4, LI10, L3, L5, C5, and C7, and connected to
an electro-stimulator with 2 Hz of mixed electrical
impulse. In the sham EA group, needles were placed to
touch but not penetrate the skin where none of any true
acupoints were included. The therapeutic effect of EA and
sham EA was assessed by using Brief Pain Inventory-
Short Form (BPI-SF), Neuropathic Pain Scale (NPS), and
Functional Assessment of Cancer Therapy-Taxane neuro-
toxicity subscale (FACT-NTX). The conclusion of this
study was that patients receiving EA had a slower recov-
ery in CIPN symptoms than those in the sham EA group.
But it is important to recognize that this trial focused on
the prevention of PIPN, which was different from others
that placed emphasis on the management of post-

chemotherapy PIPN. In the study, there was no difference
in neuropathy symptoms between true EA and sham EA
before or at 12 weeks, namely, during the period of EA
treatment. Nevertheless, the difference in pain between
treatment arms occurred only at the 16th week, when the
EA treatment had been over for 4 weeks. Furthermore, the
trial is limited by small sample size. Therefore, it remains
hard to draw conclusions concerning the effect of EA here,
and more studies are needed.

A retrospective analysis was performed to evaluate the
efficacy of acupuncture and reflexology in the treatment of
CIPN in patients with breast cancer.”” Two of the 28
patients in total enrolled into the study were given che-
motherapy protocol involving paclitaxel and docetaxel.
Patients received a therapeutic protocol called the
Acupuncture and Reflexology Treatment for Neuropathy
(ART-N) protocol which included 1 to 2 weekly sessions
of MA with 10.8 sessions on average and reflexology
therapy. The major acupoints in application were Jing-
Well points in hands and feet. Different grades classified
based on severities of sensory and motor neuropathies
were used to assess the therapeutic efficacy of ART-N.
After treatment, 93% of patients had complete resolution
of CIPN symptoms, indicating the potential of the joint
protocol of acupuncture and reflexology to improve CIPN
symptoms in breast cancer patients.

Bao et al.”® conducted a phase ITA single-arm clinical
trial to evaluate the preliminary efficacy of acupuncture in
relieving PIPN in breast cancer patients receiving pacli-
taxel. MA was performed in patients with an acupoints
protocol consisting of auricular points, Ba-Feng points,
and body points (LI4, TES, LI11, ST40). To assess acu-
puncture’s effects in attenuating PIPN, some evaluation
indexes were collected weekly during the intervention
which included National Cancer Institute-Common
Toxicity Criteria for Adverse Events (NCI-CTCAE)
CIPN grade, Functional Assessment of Cancer Therapy/
Gynecologic Oncology Group-Neurotoxicity (FACT/
GOG-Ntx), and NPS. The result showed that most of the
patients (26 out of 27) that developed grade II CIPN
completed paclitaxel chemotherapy without developing
higher CIPN grade after MA treatment. Besides, FACT/
GOG-Ntx and NPS scores were stable during acupuncture
treatment while continuing weekly paclitaxel.

A prospective single-arm pilot trial and an observa-
tional study explored the feasibility and safety of acupunc-
ture in the
neuropathy in

treatment of taxane-evoked peripheral

10 patients with breast cancer.”’

submit your manuscript

998

Dove

Journal of Pain Research 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Zhao et al

Acupuncture needles were gently manipulated on a total of
6 acupoints (LI4, LI11, ST36, LV3, Ba-Feng, and Ba-Xie)
to achieve De-Qi sensation. Twelve MA sessions were
delivered for 4 weeks. The severity of CIPN was measured
by using the Neuropathic Pain Symptom Inventory (NPSI)
and Nerve Conduction Study (NCS) of extremities. The
quality of life was evaluated by using the 36-Item Short
Form Healthy Survey (SF-36). 42.9% of patients showed
attenuated sensory neuropathy. In addition, all of the
patients assessed by the SF-36 showed improved quality
of life at the end of acupuncture treatment. There were no
serious side effects during the entire treatment period.

The last study included was a randomized assessor-
blinded wait-list-controlled trial of 48 cancer patients
who endured neurotoxic chemotherapy which contained
24 patients suffering from PIPN due to paclitaxel and
docetaxel.”® The acupuncture intervention was carried
out twice a week for 8 weeks in total with a collection
of acupoints located in upper limbs (LI4, LI11, PC7, TES,
and Ba-Xie) and/or lower limbs (SP6, ST36, LV3, ST41,
and Ba-Feng). The Brief Pain Inventory (BPI), FACT/
GOG-Ntx, the 7-domain Total Neuropathy Score-Clinical
Version (TNSc), the National Cancer Institute-Common
Toxicity Criteria for Adverse Events (CTCAE) and NCS
were applied to measure pain intensity, quality of life,
neuropathy scores, CIPN grade and nerve function, respec-
tively. Patients receiving acupuncture therapy obtained
improved symptoms in pain, neurotoxicity and distress
which suggested that acupuncture could be a promising
intervention in the treatment of CIPN.

The clinical studies described above have several lim-
itations. Some trials were conducted without control of
variables,”! as well as no baseline data and validated
questionnaires. Thus, the findings demonstrated in such
trials were the subjective opinions from patients at one
time point and the placebo effect may play a role here.
Moreover, the clinical assessment tool in some studies is
not fully appropriate to evaluate PIPN. For instance, using
the QLQ-OV28 to measure numbness and tingling in the
extremities is less comprehensive compared with the
FACT-NTX subscale used in another studies.”>’*7¢7%
Likewise, using CTCAE as one of the objective assess-
ments can misdiagnose CIPN.”* Some studies are single-
arm trials and deficient in randomization and control
which can generate uncontrolled biases and cannot elim-
inate placebo effects.””””” In addition, since all of the
studies are limited by small sample size, it is difficult to

obtain definite, solid and firm conclusions from the avail-
able data.

Basic Studies

Acupuncture attenuated paclitaxel-evoked painful periph-
eral neuropathy in animal models. A summary of these
basic studies is shown in Table 2.

A study in a PIPN model in male Sprague-Dawley rats
shows that EA at bilateral GB30 for 30 min every
other day relieved paclitaxel-evoked mechanical allodynia
and hyperalgesia.” EA at a low frequency (10 Hz) elicited
more potent analgesic effects than EA at a high frequency
(100 Hz). The application of three spinal opioid receptors
(p, 8 and «) antagonists reversed the EA-induced analgesic
effect, which indicated that the activation of these spinal
opioid receptors may potentiate the anti-nociceptive action
of EA at low frequency. It is also in accord with a previous
study which demonstrated that different EA frequencies
determined different types of opioid peptide released in the
central nervous system.*

In another PIPN model, male ICR mice with neuro-
pathic pain received EA treatment at bilateral ST36 acu-
points for 30 min once every 2 days for a total of 14
days.®! Repeated EA stimulation significantly ameliorated
paclitaxel-induced mechanical allodynia and thermal
hyperalgesia, and suppressed phosphorylation of the
N-methyl-D aspartate (NMDA) receptor NR2B enhanced
by paclitaxel in the spinal cord, suggesting the potent
analgesic effect elicited by EA. Respective spinal admin-
istration of opioid receptor antagonist (naloxone),
o2-adrenoceptor antagonist (idazoxan), B-adrenoceptor
antagonist (propranolol), but not al-adrenoceptor antago-
nist (prazosin) blocked EA-evoked antinociceptive effect
against neuropathic pain, indicating the important roles of
the spinal opioid receptor, a2- and B-adrenoceptors in
mediating EA analgesic actions. Besides, bee venom acu-
puncture (BVA), a special type of acupuncture used in
traditional Korean medicine, significantly relieved
mechanical hyperalgesia caused by paclitaxel via subcuta-
into LIl11 or ST36

The analgesic effect of BVA was also

neously injecting bee venom
acupoints.®?
mediated by spinal a2 adrenoceptor, which was verified
by the application of the a2-adrenoceptor antagonist
idazoxan.

The therapeutic efficacy of a combination therapy con-
sisting of gabapentin (GBT) and EA against PIPN was
investigated in young male adult C57BL/6 mice with

neuropathic pain produced by paclitaxel administration.®®
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Table 2 Characteristics of the Basic Studies Involving the Use of Acupuncture in Paclitaxel-Induced Peripheral Neuropathy

Reference Animals (Body Agent Intervention | Acupoints Stimulus Results
weight/Age) (Injection) Parameters

Meng et al. Rats (250-270 g) Paclitaxel EA GB30 10 or 100 Hz, 2 mA, | EA at 10 Hz inhibits painful response

(011”? (IP) 0.4 ms, 30 min better than 100 Hz

Choi et al. Mice (2025 g) Paclitaxel EA ST36 2 Hz, 2 mA, 0.15 ms, Attenuated painful response

(2015)® (IP) 30 min

Choi et al. Rats (180-210 g) Paclitaxel BVA LI, ST36 BV was injected at Relieved hyperalgesia, suppressed

(2017)® (IP) LIl or ST36 SWDRN

Kim et al. Mice (6-8 weeks) Paclitaxel GBT, EA ST36 GBT: IP; EA: 2 Hz, The combination of GBT and EA has

(2017)% (IP) 0.3 ms, 20 min a better analgesic action

Zhang et al. Rats (250-270 g) Paclitaxel EA GB30 10 Hz, 2 mA, 0.4 ms, | Alleviated mechanical allodynia and

(2017)% (IP) 30 min hyperalgesia

Zhang et al. Mice (18-22 g) Paclitaxel EA GB30 2 Hz, | mA, 30 min Alleviated neuropathic pain

(2018)% (IP)

Li et al. Rats (180220 g) Paclitaxel EA ST36, BL60 | 2 Hz, 0.5-1.5mA, 0.2 Alleviated pain hypersensitivities

(2019)8 (IP) ms, 30 min

Zhao et al. Rats (200-250 g) Paclitaxel EA PCé6, PC5 2 Hz, 2 mA, 0.5 ms, | Attenuated mechanical and thermal

(2019)** (IP) 20 min hypersensitivity

Zhao et al. Rats (120150 g) Paclitaxel EA ST36 10 Hz, 1 mA, 30 min Attenuated mechanical allodynia

(2020)% (IP)

Abbreviations: IP, intraperitoneal; EA, electroacupuncture; BVA, bee venom acupuncture; SWDRN, spinal wide dynamic range neurons; GBT, gabapentin.

Either GBT injection with low, median, high dose, or EA
alone produced an analgesic effect against cold and
mechanical allodynia. The combined use of EA and GBT
with low dose exerted a synergistic anti-nociceptive effect
which resulted in a greater and longer analgesic action
than separate treatment with each agent alone. In addition,
spinal administration of an opioid receptor antagonist
(naloxone) or o2 adrenoceptor antagonist (idazoxan)
blocked the analgesic effect of the combination treatment
with EA and GBT, implying the important role of opioid
and/or a2 adrenergic receptors in mediating the therapeutic
action produced by the combined therapy.

Moreover, EA has been reported to attenuate paclitaxel-
induced neuropathic pain by activating 5-hydroxytryptamine
1A (5-HTI1A) receptors whereas inhibiting Ca®"/calmodulin-
dependent protein kinase IT (CaMKII) in the spinal cord.** EA
stimulation (10 Hz, 2 mA, 0.4 ms) was applied in a rat model
of PIPN for 30 min once every other day. The PIPN was
significantly alleviated by EA treatment and the alleviation
of mechanical allodynia/hyperalgesia lasted up to 3 weeks
after the end of EA. The potential mechanism underlying
EA’s analgesic action may be associated with its down-

regulation of CaMKII and up-regulation of 5-HT1A receptors
in the spinal cord, since EA inhibited the spinal phosphoryla-
tion of CaMKII which is involved in pain at the spinal cord,
whereas both EA-produced analgesic effect and the inhibited
CaMKII by EA were reversed by using 5-HT1A receptor
antagonist.

A study using both wild-type and type 2 cannabinoid
receptor (CB2R) receptor gene knockout (KO) mice
revealed the role of CB2R in mediating EA’s anti-
nociceptive effect.®> The PIPN models established in wild-
type and CB2R KO mice respectively were intervened by
EA stimulation (2 Hz, 1 mA) at bilateral GB30 for 30 min
once a day for a total of 7 days. EA treatment significantly
increased mechanical pain threshold, meanwhile it up-
regulated CB2R expression, but down-regulated levels of
NLRP3, Caspase-1 and IL-1B in sciatic nerve tissue.
Whereas in terms of CB2R KO mice, EA exerted effects
neither on mechanical hypersensitivity nor on related pro-
tein expressions that are mentioned above, indicating that
the analgesic action of EA could be mediated by periph-
eral CB2R and might be related to the regulation of
NLRP3 inflammasome signal pathway as well.
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Of note, the suppression of specific ligand-gated ion
channels, such as TLR4 and TRPV1, potentiated the alle-
viated effect of EA against paclitaxel-induced pain
hypersensitivities.*® In a rat model of paclitaxel-produced
neuropathic pain, EA at bilateral ST36 and BL60 acu-
points (2 Hz, 0.5-1.5 mA, 0.2 ms) for 30 min once daily
for 7 consecutive days robustly and persistently attenuated
paclitaxel-induced hyperalgesia. At the same time, EA
inhibited the TRPV1 and TLR4 activities in DRG neurons
and downstream signaling MyD88 that was enhanced by
paclitaxel, as well as suppressed neuroglia activation in the
spinal cord. In addition, the analgesic effects of EA on
hyperalgesia was mimicked by pharmacological blocking
of TRPV1, but was reversed by TRPV1 agonist capsaicin.
These results are consistent with another study which gave
special attention to the role of spinal glia and TLR4/NF-
«B pathway in EA-induced analgesic effect.®” In the study,
EA treatment (10 Hz, 1 mA, 30 min) was applied at
bilateral ST36 acupoints in a rat model of PIPN once
every other day for 2 weeks. EA therapy significantly
ameliorated the mechanical allodynia produced by pacli-
taxel in both hind paws of rats, along with the inhibition of
spinal microglia and astrocytes, as well as the down-
regulation of both TLR4/NF-kB signals and pro-
inflammatory cytokines (TNF-o and IL-1B) by EA in the
spinal cord.

The transcription factor nuclear factor-like 2-antioxi-
dant response element (Nrf2-ARE) regulates antioxidant
proteins and protects against oxidative stress which is
involved in PIPN.?* Zhao et al. showed that EA (2 Hz, 2
mA, 0.5 ms) at PC6 and PCS5 acupoints in a rat model of
paclitaxel-produced neuropathic pain attenuated mechan-
ical and thermal hypersensitivity through largely restoring
levels of Nrf2-ARE/superoxide dismutases (SOD), inhibit-
ing oxidative stress (e.g. inhibition of 8-iso PGF2a,

8-OHdG) and down-regulating pro-inflammatory cyto-
kines in the DRG, thereby indicating the beneficial role
of EA in regulation of neuropathic pain evoked by pacli-
taxel and also providing potential alternative options to
combine EA with therapeutic medications to manage pain
symptoms in future clinical practice.

In brief, the mechanisms of acupuncture on attenuating
paclitaxel-induced neuropathic pain have been studied
mainly at peripheral and spinal levels but not at supra-
spinal level by using rodent models of PIPN to date.
A variety of bioactive substances are involved in the
analgesic action of acupuncture against PIPN, including
various neurotransmitters, multiple receptors, different
types of enzymes and molecules (Table 3).

In addition, the neuroprotective effects of acupuncture
have been demonstrated in many neurological disorders,
involving its regulation of signaling pathways of endogenous
biological mediators, especially the protein family of neuro-
trophic factors.® For instance, in a rat model of depression,
acupuncture treatment significantly up-regulates mRNA and
protein expressions of brain-derived neurotrophic factor
(BDNF) in the frontal cortex and hippocampus of rats
which contributes greatly to the antidepressant action of
acupuncture.®® Besides, in ischemia and reperfusion (I/R)
injured rats, EA increased localized expression of BDNF in
cortex and striatum thus promoting its neuroprotective effect
against I/R injury.”® Although there is no direct evidence
supporting the neuroprotective action of acupuncture in
PIPN, the regulation of neurotrophic factors might be one
of the possible neuroprotective mechanisms potentiating the
therapeutic effect of acupuncture on PIPN, and that requires
further investigations in the future.

In the review, we began with the presentation of the
basic pathology of PIPN, and then briefly made an intro-
duction of acupuncture treatment that was followed by an

Table 3 Summary of Possible Mechanisms Involved in Acupuncture Attenuation of PIPN in Animal Models

Level of Neurotransmitters Receptors Key Enzyme/ Target References
Control Molecules Nerve/
Cell
Peripheral | Caspase-I, TNF-a, IL-If, IL- CB2R, TLR4, TRPVI MyD88, NLRP3, SOD, Sciatic [24,85,86]
6, NOX4, NQOI, Nrf2 8-iso PGF20, 8-OHdG | nerve, DRG
Spinal TNF-o, IL-1B Opioid receptors, adrenoceptors, CaMKIl, NF-kB Astrocytes, | [79,81-84,86,87]
cord NMDA receptors, TLR4, 5-HTIAR microglia

Abbreviations: NOX4, NADPH oxidase 4, NQOI, NADPH quinone oxidoreductase- |; Nrf2, factor nuclear factor-like 2; CB2R, type 2 cannabinoid receptor; TLR4, toll-
like receptor 4; TRPVI, transient receptor potential vallinoid |; MyD88, myeloid differentiation primary response 88; NLRP3, nod-like receptor protein 3; SOD, superoxide
dismutases; 8-iso PGF20, 8-isoprostaglandin F2a; 8-OHdG, 8-hydroxy-2'-deoxyguanosine; DRG, dorsal root ganglion; NMDA, N-methyl-D aspartate; 5-HT I AR, 5-hydro-
xytryptamine |A receptor; CaMKIl, calmodulin-dependent protein kinase II; NF-kB, nuclear factor-kappa B.
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emphasis on the clinical and basic studies concerning the
therapeutic effect of acupuncture in treatment of PIPN and
the potential mechanisms involved. In the following sec-
tion, we present the summary of the current review, as well
as demonstrate the limitations and perspectives to
enlighten further studies in the future.

Conclusion and Perspectives

It is difficult for patients with PIPN to access satisfactory
treatment in the existing mainstream medicine, since effec-
tive therapeutic strategies available for this syndrome are
quite limited. Acupuncture, as one of the alternative com-
plementary therapies, is well-known for its efficacies in
attenuating pain symptoms. Novel attempts using acu-
puncture have been reported to ameliorate paclitaxel-
induced neuropathic pain in both clinical and basic studies.

Based on the clinical findings in existence, acupuncture
remedy used alone or as a co-treatment intervention is
estimated to have potential therapeutic effect in treating
symptoms of PIPN with particular advantages to relieve
pain and improve quality of life. However, the available
clinical studies have limitations of small sample size and
insufficient design, thus, large multicenter, randomized
and controlled clinical trials with optimal designs are
needed to further evaluate the effectiveness and clinical
roles of acupuncture in treating PIPN in future. Of note,
cancer patients receiving chemotherapy often suffer from
mood disorders such as depression and anxiety, which are
also the common comorbidities among patients experien-
cing PIPN. In turn, depression and anxiety can increase
severity of PIPN, resulting in delayed recovery and
reduced therapeutic efficacy. Acupuncture is widely con-
sidered to be a potential effective therapy in treatment of
depression and anxiety but has been involved in very
limited studies concerning emotional disorders during
PIPN, so further exploration is called for.

Animal studies have revealed some possible mechanisms
underlying the analgesic action of acupuncture against PIPN,
but the available evidence is limited and is also restricted to
the peripheral and spinal levels, therefore further basic stu-
dies are required to explore the profound mechanistic under-
pinnings of acupuncture in treatment of PIPN in the future
research. Emerging evidence obtained recently by advanced
detection methods, such as 3-dimensional neuroimaging,
suggests the alterations in certain areas of brain following
PTX treatment are implicated in the pathogenesis of PIPN.
Thus the involvement of brain areas in the pathophysiology
of PIPN may raise more concerns in the future. As far as we

know, no studies have reported the regulatory effect of acu-
puncture on brain function and cerebral pathophysiology
during PIPN, in view of which, more investigations are
required to focus on the action of acupuncture in the brain
following PTX administration.
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