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Abstract

As cancer therapies advance and patient survival improves, there has been growing concern about the long-term adverse
effects that patients may experience following treatment, and concerns have been raised about such persistent, progressive,
and often irreversible adverse effects. Chemotherapy is a potentially life-extending treatment, and chemotherapy-induced
peripheral neuropathy (CIPN) is one of its most common long-term toxicities. At present, strategies for the prevention and
treatment of CIPN are still an open problem faced by medicine, and there has been a large amount of previous evidence that
oxidative damage is involved in the process of CIPN. In this review, we focus on the lines of defense involving antioxidants
that exert the effect of inhibiting CIPN. We also provide an update on the targets and clinical prospects of different anti-
oxidants (melatonin, N-acetylcysteine, vitamins, a-lipoic acid, mineral elements, phytochemicals, nutritional antioxidants,
cytoprotectants and synthetic compounds) in the treatment of CIPN with the help of preclinical and clinical studies, empha-

sizing the great potential of antioxidants as adjuvant strategies to mitigate CIPN.
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Introduction

As advances in cancer therapies have improved patient sur-
vival, there are growing concerns about the long-term side
effects of cancer therapy, and chemotherapy-induced periph-
eral neuropathy (CIPN) can persist for months or even years
after the completion of treatment [1]. CIPN occurs in up to
80% of cancer patients receiving cytotoxic chemotherapeutic
agents, in which the class of antineoplastic agents, thera-
peutic dose and duration affect the severity and pathophysi-
ology of the disease [2, 3]. Common symptoms of CIPN
include persistent stinging, burning, and loss of sensation
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in the absence of noxious stimuli, usually manifested as a
“stocking and glove” distribution [4]. The quality of life of
patients with CIPN can be greatly impaired, sometimes even
leading to the delay or suspension of cancer treatment [5].
Therefore, it is suggested to researchers and clinicians that
seeking the means to prevent or treat CIPN may become
the key to effectively controlling cancer and improving the
quality of life of cancer survivors.

There are two main symptoms of peripheral neuropathy
in patients with CIPN: one is a gain of function manifesta-
tion (characterized by burning pain, pinprick sensation, and
sensitivity to cold and touch), and the other is a loss of func-
tion manifestation (characterized by loss of proprioception,
diminished vibration and pinprick sensation, accompanied
by numbness) [6—8]. When assessing the presence and extent
of neuropathy in cancer patients, the type of administration,
cumulative dose, clinical symptoms and time course of
CIPN need to be analyzed.

The first step is to determine whether the patient has
received chemotherapy with neurotoxic chemotherapy.
Taxanes (e.g., paclitaxel, docetaxel), platinum agents (e.g.,
oxaliplatin, cisplatin, carboplatin), vinca alkaloids (e.g.,
vincristine), thalidomide, epothilone (e.g., ixabepilone),
and bortezomib have high potential to induce CIPN. How-
ever, for some other agents, such as cyclophosphamide or
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methotrexate, the likelihood of inducing CINP is low, and
only a single case has been reported in the literature [9].
Second, the route of administration of chemotherapeutics
is also important for neuropathy. Intrathecal methotrexate
increases the occurrence of neurotoxicity compared with
other routes, whereas subcutaneous bortezomib decreases
CIPN [10, 11]. Next, the dose of chemotherapy patients
received was also associated with the development of
CIPN, mostly in a dose-dependent manner, with symptoms
typically starting in the first 2 months of treatment and
worsening as chemotherapy progressed. However, there
are other drug-specific features, such as acute neurotoxic
effects of paclitaxel and oxaliplatin or persistence of neu-
ropathy after discontinuation of cisplatin. Affected sites
of chemotherapy toxicity in the peripheral nervous system
are shown in Fig. 1.

A 2014 study by the American Society of Clinical Oncol-
ogy reviewed 48 randomized clinical trials of CIPN, and
the committee found that no drug was effective for CIPN
prevention [12]. In addition, there are no FDA-approved
treatments for chemotherapy-induced neuropathic pain,
while currently, only one drug, duloxetine, is recommended
to treat existing CIPN with “moderate confidence” based
on the Brief Pain Inventory-Short Form [13]. Chemother-
apy is a treatment that may prolong the patient’s life, so it
is exceptionally difficult to discontinue chemotherapeutic
agents in antitumor therapy. Moreover, patients may not
admit or report their neurotoxic symptoms to their physi-
cians because of concerns about losing an effective way to
treat their tumor. Therefore, it has become a research hotspot
to minimize adverse reactions such as CIPN while ensuring
the efficacy of chemotherapy and thus improving the quality
of life of patients.

Inflammation and injury of Ion channels:

Oxidative Stress and Damage: A Vital
Pathogenic Mechanism of CIPN

It is well established that the production of reactive oxygen
species (ROS) by antineoplastic agents induces apoptosis in
cancer cells [14]. However, ROS generated during chemo-
therapy may be associated with events such as cardiotoxic-
ity, nephrotoxicity, and neurotoxicity and may interfere with
normal cells and tissues. In addition, studies have shown
that structural and functional damage caused by anticancer
agents can enhance mitochondrial free radical production
[15]. The resulting oxidative stress causes damage to neu-
rons by inducing mitochondrial dysfunction, microtubule
damage with demyelination, and apoptosis [16]. Certain
functional and structural attributes of the peripheral nerv-
ous system (PNS) make it more susceptible to the accumu-
lation of chemotherapeutic agents and some neurotoxins,
and mammals are more susceptible to oxidative stress due
to their high phospholipid content, abundant mitochondrial
axoplasm, and weak cellular antioxidant defenses [17, 18].
Moreover, some antioxidant agents have been tested in ani-
mal models for CIPN treatment, ameliorating neurotoxicity
by reducing oxidative stress [19].

Research evidence shows a relationship between oxaliplatin-
induced neuropathy and oxidative stress. The oxidative stress
byproducts after its exposure (such as H,O,, hypochlorite,
nitroleic acid and other endogenous molecules) can regulate
transient receptor potential A1 (TRPA1) [20-22]. Simulta-
neously, oxaliplatin significantly increases superoxide anion
production, followed by high levels of intracellular ROS
that may in turn lead to enzyme, lipid and protein damage,
which leads to structural changes in peripheral nerves [23,
24]. Apoptotic changes following oxidative stress were also
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Fig. 1 Chemotherapy toxicity and putative sites of CIPN in the peripheral nervous system
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observed in the sciatic nerves of cisplatin-treated mice [25].
However, paclitaxel-induced mechanical hypersensitivity is
due to central (spinal) oxidative stress maintaining central
sensitization and abnormally processing Ab fiber inputs as
nociceptive [26]. Other evidence has shown that MnSOD,
CuZnSOD and GPx activities are significantly increased at
the peak of paclitaxel-induced painful neuropathy (PIPN),
accompanied by an insufficient endogenous antioxidant
enzyme response and neuron-derived mitochondrial ROS
[27]. Unlike platinum-induced mitochondrial dysfunction,
vincristine may alter mitochondrial Ca®* signal transduc-
tion [5, 6] and promote signal expression in the process of
inducing oxidative damage (including NOX1, NOX2 and
iNOS), leading to oxidative stress of sciatic nerve tissue, and
antioxidants such as HO-1 and NQO-1 are highly decreased
[28]. In addition, bortezomib treatment can also lead to
mitochondrial damage, causing mitochondria to produce
a large amount of reactive oxygen species (ROS), thereby
damaging mitochondrial function and producing cytotoxic
effects [29].

Since there is substantial evidence that oxidative dam-
age is involved in the processes of CIPN, it is not surpris-
ing that enormous efforts have been made to mitigate the
impact of chemotherapy regimens on the quality of life of
patients by using antioxidants as potential protective inter-
ventions during chemotherapy-based treatment. This article
aims to provide an updated review of the therapeutic targets
and clinical prospects of different antioxidants (melatonin,
N-acetylcysteine, vitamins, a-lipoic acid, mineral elements,
phytochemicals, nutritional antioxidants, cytoprotectants
and synthetic compounds) in CIPN with reference to pre-
clinical and clinical studies.

Antioxidants in the Treatment of CIPN:
Classification and Lines of Defense

The most comprehensive current definition of antioxidants
is described as direct scavenging of free radicals, inhibi-
tion of free radical generation or indirect upregulation of
antioxidant defenses [30]. The mechanism of antioxidant
protection in humans occurs through three lines of defense:
(1) preventive antioxidants; (2) radical-scavenging antioxi-
dants and repair; and (3) de novo antioxidants. There is also
an adaptive mechanism of antioxidant defense, known as
“the fourth line of defense” [31-33].

Antioxidants can be divided into enzymatic and nonen-
zymatic ROS scavengers according to their biological func-
tions. The first line of defense prevents biomolecular dam-
age by preventing the formation of free radicals and their
derivatives, which involves the action of enzymatic antioxi-
dants that catalyze the disproportionation of ROS, including
superoxide dismutase (SOD), catalase (CAT), glutathione

reductases (GRs), glutathione peroxidases (GPxs) and glu-
tathione-S-transferases (GSTs). In addition, the first line of
antioxidant defense is also composed of proteins in plasma
and represents nonenzymatic antioxidants that bind multi-
valent metal ions, participate in redox reactions and pro-
duce free radicals; these antioxidants include myoglobin,
albumin, metallothionein, ceruloplasmin, lactoferrin, ferritin
and transferrin [34]. The second line of defense consists of
nonenzymatic antioxidants that act as intermediate defend-
ers to scavenge ROS or reactive nitrogen species (RNS);
these mainly include vitamins (vitamins A, C, E and K),
melatonin, coenzyme Q10 (CoQ10), uric acid, bilirubin,
carotenoids, alpha-lipoic acid (ALA), glutathione (GSH) and
its precursor N-acetylcysteine (NAC) [33]. Next, the third
line of defense (de novo antioxidants) is mainly responsible
for repairing or eliminating biomolecular structural dam-
age caused by free radicals and inducing the regeneration
of damaged biomolecules from oxidative damage, includ-
ing DNA repair enzyme systems, lipases, and proteolytic
enzymes that can repair damaged molecules [33, 35]. In
addition, “the fourth line of defense” may be activated by
the reaction and generation of free radicals, which in turn
induces the production and transport of corresponding anti-
oxidant enzymes to the effective site and causes the forma-
tion of catalase and superoxide dismutase [32, 35].

Nonenzymatic and enzymatic antioxidants act comple-
mentarily to each other in different cellular compartments
and against different oxidative species and function syner-
gistically with exogenous antioxidant systems. However,
considering that the human body’s endogenous antioxidant
system is not sufficient, the human body can hardly pro-
duce nonenzymatic antioxidants, so it depends on exogenous
nonenzymatic antioxidants, such as mineral elements, nutri-
tional antioxidants, phytochemicals, cytoprotectants and
synthetic compounds (Table 1) [34, 36]. Given this, based
on the above antioxidant classification and defense catego-
ries, we selected antioxidants that are more studied in CIPN
and have a more significant role in a systematic review to
provide a reference for the future application and continued
research of antioxidants in CIPN.

Preclinical and Clinical Evidence of CIPN:
Major Antioxidants in Lines of Defense

Melatonin

Melatonin, which is synthesized by all kinds of cells, is
principally secreted by the pineal gland and is known for
maintaining aging, reproductive function, circadian rhythm
and antioxidant activity [37]. As the second line of defense,
it is considered to be an effective antioxidant that can pen-
etrate cell membranes and concentrate within mitochondria
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Table 1 Classification and lines of defense of antioxidants

Lines of defense

Antioxidant sources
(Enzymatic/Non-Enzymatic)

Antioxidants

The first line

The second line

The third line

The fourth line

Other exogenous
supplements

Endogenous antioxidants
(Enzymatic)

Endogenous antioxidants
(Non-Enzymatic)

Endogenous antioxidants
(Non-Enzymatic)

Exogenous antioxidants Vitamins
(Non-Enzymatic)

Nutritional

Supplements
De novo antioxidants

Reaction and generation of free
radicals

Exogenous antioxidants Mineral elements
(Non-Enzymatic)

Phytochemicals

Nutritional antioxidants

Cytoprotectants

Synthetic compounds

Superoxide dismutase (SOD)
Catalase (CAT)

Glutathione reductases (GRs)
Glutathione peroxidases (GPxs)
Glutathione-S-transferases (GSTs)
Myoglobin

Albumin

Metallothionein
Ceruloplasmin

Lactoferrin

Ferritin

Transferrin

Melatonin

Coenzyme Q10

Uric acid

Bilirubin

Glutathione

N-acetylcysteine

Vitamin A (retinoic acid)
Vitamin C (ascorbic acid)
Vitamin E (tocopherols)
Vitamin K

Carotenoids

Alpha-lipoic acid

DNA repair enzyme systems
Lipases

Proteolytic enzymes
Antioxidant enzymes

Selenium
Zinc
Manganese
Magnesium
Curcumin
Hesperidin
Omega-3 fatty acids
Carnosine
Polyphenol
Taurine
Amifostine

Calmangafodipir

7-Chloro-4-(phenylselanyl) quinoline (4-PSQ)

Donepezil

to modulate mitochondrial function by interacting with mito-
chondrial MT1 receptors [38, 39], and many of its reaction
products and metabolites (e.g., 6-hydroxymelatonin) also
have antioxidant activity [40, 41]. As a neurohormone,
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melatonin has antioxidant effects [42], and it also exerts
potential antitumor effects through different properties,
with signs of antiproliferative and proapoptotic effects and
induction of rapid processing of both caspases (3 and 9)
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[43]. Therefore, melatonin is believed to reduce the status
of CIPN by limiting the development of mechanical hyper-
sensitivity and altering peripheral nerve function.

Previous preclinical studies showed that in paclitaxel-
induced CIPN models, oral melatonin pretreatment sig-
nificantly reduced paclitaxel-induced mechanical aller-
gic reactions in male and female animals by decreasing
paclitaxel-induced 8-isoprostane F2a levels and C-fiber
activity-dependent slowing (ADS) in peripheral nerves,
and importantly, melatonin cotreatment with breast or
ovarian cancer cells alleviated mitochondrial damage
without affecting paclitaxel cytotoxicity [44].

In oxaliplatin-induced CIPN models, melatonin prevented
the loss of mitochondrial membrane potential (¥m), pro-
moted nerve regeneration in oxaliplatin-challenged Neuro-
2a cells and prevented the loss of nitrosation of proteins
and antioxidant enzymes by improving nitrooxidative stress
mediated by the chemotherapeutic agent oxaliplatin [45]
without interfering with oxaliplatin cytotoxic activity in
human colon cancer cell lines. In addition, it has been shown
that melatonin can prevent oxaliplatin-induced neuronal
apoptosis in rats by increasing the LC3A/3B autophagy
pathway in peripheral nerves and dorsal root ganglia (DRG),
limit oxaliplatin-induced mitochondrial dysfunction and
exert neuroprotective effects by inducing autophagy [45]. At
the same time, it also has the unique characteristics of acting
as an anti-apoptotic agent in normal cells but inducing dam-
age in tumor cells [46]. In vitro studies showed that pretreat-
ment of human neuroblastoma cells (SH-SY5Y) with mel-
atonin-inhibited oxaliplatin-induced proteolytic activation
of caspase-3, inactivation of poly (ADP-ribose) polymerase
and DNA damage, thereby rendering resistant apoptotic cells
dead, suggesting that melatonin plays a significant role in
reducing oxaliplatin-induced neurotoxicity [47]. According
to Areti et al. [45], systemic injection of melatonin (3 and
10 mg/kg, i.p.) can prevent oxaliplatin-induced cold and
mechanical dysalgesia. In addition, another study reported
that both mechanical hyperalgesia and thermal hyperalgesia
due to oxaliplatin can be reduced by the use of a higher dose
of melatonin (20 mg/kg, i.p.) in rats [48]. At the same time,
melatonin treatment significantly inhibited the oxaliplatin-
induced increase in the mRNA expression of cytokines such
as interleukin-1p (IL-1f), tumor necrosis factor-o (TNF-a),
monocyte chemoattractant protein-1 (MCP-1), and mono-
cyte inflammatory protein-1 (MIP-1a) in the spinal dorsal
horn [48].

In vincristine-induced CIPN models, one of the interest-
ing properties of melatonin is that it can rely on its anti-
oxidant properties to enhance the effects of chemothera-
peutic drugs (e.g., VCR) [49]. In addition, melatonin could
increase catalase (antioxidant enzyme) activity to exert anti-
oxidant effects, protect the sciatic nerve from vincristine-
induced degeneration, and enhance the anticancer effect

of vincristine; in addition, when melatonin and pregabalin
are combined, they have protective and analgesic effects,
respectively, and synergistically inhibit vincristine-induced
neuropathic pain [50]. Another study showed that a syner-
gistic antitumor effect of melatonin in combination with
vincristine or ifosfamide was observed in Ewing sarcoma,
the second most frequent type of bone cancer, with sig-
nificantly elevated activation of caspase-3, -8, -9, and Bid
[51]. Preclinical studies have shown that melatonin treat-
ment is well tolerated and has no effects on weight gain,
general well-being, and sedation levels in experimental ani-
mals [44]. The above studies suggest that melatonin may
be an effective prophylactic treatment for patients with
chemotherapy-induced painful neuropathy.

Next, in several small clinical studies, melatonin treat-
ment did not affect the effectiveness of chemotherapy in
cancer patients [52, 53]. A meta-analysis of 10 randomized
controlled trials that included 643 patients with advanced
solid tumors using melatonin as the sole therapy or adjuvant
therapy reported that melatonin treatment reduced the risk of
death at 1 year [54]. Another meta-analysis (8 trials and 761
patients) similarly reported that melatonin as an adjuvant
treatment for solid tumor cancers substantially improved
tumor remission, 1-year survival, neurotoxicity, and fatigue
and alleviated radiochemotherapy-related side effects [55].

In general, short-term use of melatonin is safe, even at
extreme doses; similarly, randomized clinical studies have
shown that long-term melatonin treatment causes only mild
adverse effects comparable to placebo, such as dizziness,
nausea, and drowsiness [56]. A randomized, double-blinded,
placebo-controlled trial showed that 20 mg of melatonin for
breast cancer before and during the first cycle of adjuvant
chemotherapy modulated serum levels of brain-derived
neurotrophic factor (BDNF) and its receptor tropomyosin
kinase B (TrkB), suggesting a neuroprotective effect of
melatonin [57]. The results of another randomized, double-
blinded, placebo-controlled trial suggest that oral melatonin,
combined with the first adjuvant chemotherapy for breast
cancer (ACBC), can counteract dysfunction of the inhibi-
tory descending pain regulatory system (DPMS) and reduce
serum levels of neuronal and astrocyte neuroplasticity mark-
ers (i.e., BDNF, S100B proteins, and TrkB), thus improv-
ing pain perception indicators [58]. Thus, further large-
scale randomized clinical trials (RCTs) are urgently needed
at various clinical sites to verify the therapeutic effect of
melatonin in combination with chemotherapeutic drugs and
whether melatonin can intervene in chemotherapy-induced
neuropathy (Fig. 2).

N-acetylcysteine

N-acetylcysteine (NAC), the acetylated form of l-cysteine,
is a sulfhydryl antioxidant [59]. As an antioxidant of the
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Fig.2 Available preclinical and clinical evidence for melatonin intervention in CIPN

second line of defense, it may have a protective effect on
CIPN by reducing oxidative stress and having free radical
elimination activity. Moreover, cysteine is the precursor of
hepatic glutathione synthesis, which is able to enter the syn-
thesis pathway of glutathione (a potent natural antioxidant)
to increase its whole blood concentration [59, 60]. At pre-
sent, NAC is a convenient, safe, oral drug that can increase
the glutathione content in the blood while also reducing
homocysteine levels, and an increase in the latter can lead
to neuronal degeneration and severe neuropathy [61].

Oral NAC was effective in preventing oxaliplatin-induced
mechanical and cold allodynia in mice and significantly
reduced liver, kidney, and spinal cord peroxidation, kidney
protein carbonylation, and spinal IL-1b and TNF-a expres-
sion induced by oxaliplatin but did not affect the antitumor
activity or hematological toxicity of oxaliplatin in vivo [62].
Research data suggest that NAC requires multiple doses
to achieve efficacy in oxaliplatin-induced CIPN. Another
study pointed out that pretreatment with 100 mg/kg NAC
eliminated paclitaxel-induced allodynia in the CIPN mouse
model, while in RAW264.7 cells, 50 mM NAC completely
blocked the paclitaxel-induced release of high mobility
group box 1 (HMGB1) and upregulation of CREB-binding
protein (CBP) and p300/CBP-associated factor (PCAF)
[63]. According to Nakano et al. [64], NAC can rescue cells
from bortezomib-induced peripheral neuropathy (BIPN),
and delayed administration of these agents could achieve
neuroprotection. In addition, NAC (20 mg/kg) inhibited
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doxorubicin-induced cold and mechanical hyperalgesia,
improved sciatic nerve injury, and reversed plasma malon-
dialdehyde (MDA) levels and total antioxidant capacity
(TAC) in CIPN rats [65]. An in vitro experiment using a
mouse dorsal root ganglion neuron-neuroblastoma hybrid
cell line (N18D3) was performed to investigate the patho-
logical mechanism of cisplatin-induced peripheral neuropa-
thy. The results showed that NAC preincubation exerted a
neuroprotective effect against cisplatin-induced neurotoxic-
ity in hybrid neurons mainly by inhibiting the accumulation
of p53 but not Fas/Fas-L [66].

Some clinical randomized controlled studies have also
assessed the impact of NAC on the incidence and sever-
ity of CIPN in patients and its potential preventive role.
N-acetylcysteine has been reported to be used at doses rang-
ing from 1200 to 8000 mg/day for 4 weeks to 6 months,
with no significant safety issues reported [67]. A prospec-
tive randomized controlled open trial of 75 breast cancer
patients showed that oral NAC (1200 mg once and twice
daily) was effective in reducing the incidence and severity
of paclitaxel-induced peripheral neuropathy, accompanied
by increased serum nerve growth factor (NGF) levels and
decreased malondialdehyde (MDA) levels, which could pre-
vent grade 3 neurotoxicity [68]. In addition, no paclitaxel
dose reduction occurred in the NAC group, which is impor-
tant to improve patient survival and quality of life. Simi-
larly, a small clinical study conducted by Lin et al. on 14
colon cancer patients receiving oxaliplatin-induced adjuvant
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chemotherapy reported a lower incidence of peripheral neu-
ropathy in patients receiving daily oral NAC (1200 mg) [59].
In another randomized, double-blind, placebo-controlled
clinical trial, 32 patients with colorectal cancer and gastric
cancer were randomly given NAC (two 600 mg tablets) or
placebo tablets, and NAC was found to reduce the incidence
of oxaliplatin-induced neuropathy and delay its occurrence
after oxaliplatin chemotherapy [69]. Based on the above
research results, it is recommended that larger-scale clini-
cal studies be conducted using different doses of NAC or
extending the duration of use to confirm this potential effect
of NAC in alleviating CIPN (Table 2).

Vitamins
Vitamin E

It is well known that vitamin E (alpha-tocopherol) is a scav-
enger of lipid peroxyl radicals, which are widely found in
various vegetable oils, nuts and green leafy vegetables, espe-
cially in lipophilic microenvironments such as phospholipid
membranes [70, 71]. As one of the most widely studied anti-
oxidants (the second line of defense), vitamin E contains
tocotrienol and tocopherol, and its most biologically active
component is a-tocopherol [72]. It is regarded as a neuro-
pathic treatment and can be used to alleviate chemotherapy-
related toxicities [73].

Vitamin E at 50 mg/kg can be a good candidate for the
treatment of oxaliplatin-induced CINP (such as mechani-
cal and cold allodynia) in a tumor-bearing mouse model
[62]. In addition, indicators of protein oxidation and lipid
peroxidation in rats after oxaliplatin treatment showed an
increase in carbonylated proteins and thiobarbituric acid
reactive substances in plasma, and the same oxidation pat-
tern also reflected in the sciatic nerve and spinal cord reached
the DNA level [74]. The study proposed that oxaliplatin-
dependent pain induced by mechanical and thermal stimuli
was reduced in rats receiving natural antioxidant compounds
such as vitamin E and silibinin and that the application of
antioxidants was also able to improve motor coordination in
CINP rats [74]. These results led the researchers to hypoth-
esize the relationship between the preventive activity of oxi-
dative stress and the anti-hyperalgesic properties of both mol-
ecules. Furthermore, another study conducted by the research
team in the following year showed that neither vitamin E nor
silibinin on neurological-derived cells altered oxaliplatin-
induced apoptosis in the human colon adenocarcinoma cell
line (HT29), indicating that these antioxidant compounds
have different anti-apoptotic characteristics in normal cells
versus tumor cells and that data obtained in in vitro cell mod-
els parallel in vivo studies [23].

The results of the above animal experimental studies
proved the positive effect of vitamin E, which prompted

more researchers to seek its effectiveness in clinical trials.
It has been proposed that the severity of peripheral neuropa-
thy is inversely proportional to the level of vitamin E, while
chemotherapy-induced vitamin E deficiency makes the nerv-
ous system more vulnerable. Previous studies showed that
vitamin E exhibited beneficial effects in preventing CIPN
with a valid and reliable measurement tool [71]. A network
meta-analysis pointed out that compared with patients using
placebo, patients treated with vitamin E exhibited a lower
risk of overall neurotoxicity (though with a considerably
large 95% Crl), suggesting that vitamin E should be rec-
ommended for the treatment of overall neuropathy [75].
However, vitamin E did not decrease the incidence of CIPN
in another meta-analysis of clinical trials, and studies also
proposed the need for additional randomized controlled tri-
als using large samples to confirm the effect of vitamin E
supplementation [76].

Cancer patients who developed severe neuropathy had
significantly lower plasma levels of vitamin E after 2 and 4
cycles of cisplatin treatment. A recent meta-analysis of ran-
domized controlled trials (8 RCTs, involving 488 patients)
showed that treatment with vitamin E supplementation at
600 mg/day significantly reduced the incidence of peripheral
neuropathy in the cisplatin chemotherapy group; in particu-
lar, the gastrocnemius amplitude was significantly reduced
in patients treated with vitamin E after 3 rounds of chemo-
therapy (rather than the 6th round of chemotherapy) and
improved the incidence of chemotherapy-induced neurotox-
icity, reflexes, and distal paresthesia, which moderately pre-
vented CIPN [77]. Another meta-analysis of 9 randomized
controlled trials (RCTs) with 486 patients who compared the
vitamin E group with the control group showed a beneficial
effect of vitamin E on the incidence and symptoms of CIPN
but also proposed that routine prophylactic use of vitamin
E is still not recommended [78]. In addition, studies have
indicated that vitamin E can be used safely and effectively
for CIPN caused by paclitaxel, and routine administration of
such supplements without specific side effects may enhance
the quality of life in chemotherapy patients [79].

Nevertheless, long-term use of vitamin E and sele-
nium supplements was associated with an increased risk
of prostate cancer induction in a prospective multicenter
randomized blinded controlled trial of 35,533 men (hazard
ratio, 1.17; p=0.008) [80]. Furthermore, a recent study
also proposed that if the potential benefits of vitamin E
supplementation are further demonstrated in future stud-
ies, it is necessary to take into account the risk factors for
whether vitamin E supplementation promotes the develop-
ment of cancer [81]. Numerous CIPN interventions were
declared ineffective based on the results of phase III trials.
Nonetheless, the internal validity threat of these studies
may lead to Type II errors and subsequent dismissal of
potentially effective interventions. A systematic review
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to exert apoptotic effects on tumor cell lines and has been
extensively studied in the treatment of diabetic neuropathy
[92, 93]. ALA can neutralize free radicals, increase glu-
tathione synthesis; moreover, this cofactor can regenerate
other important antioxidants through dihydrolipoic acid
(DHLA), preventing the formation of glycation end prod-
ucts (AGEs) as well as mitochondrial damage by oxidative
stress [94, 95].

In a previous study, primary cultures of dorsal root gan-
glion (DRG) sensory neurons were exposed to paclitaxel
and cisplatin in an in vitro chemotherapy-induced peripheral
neuropathy model; it was found that ALA exerted neuro-
protective effects by inducing the expression of frataxin, an
essential mitochondrial protein with antioxidant properties,
rescuing chemotherapy-induced mitochondrial toxicity [96].
In rat tumor xenograft models, ALA significantly amelio-
rated nab-paclitaxel (nab-PTX)-induced CIPN through the
Nrf2 signaling pathway (p < 0.05) without promoting tumor
growth or reducing chemotherapy efficacy [97].

Promising results were obtained in an exploratory study
in which ALA in combination with Boswellia and bromelain
significantly reduced CIPN in patients over a 12-week regi-
men [98]. In another study involving 14 cancer patients
(10 patients with CIPN grade 2 and 4 patients with CIPN
grade 3), a median cumulative docetaxel dose of 400 mg/
m? was given. ALA 600 mg was administered i.v. weekly
for 3—5 weeks, followed by 1800 mg td p.o., until complete
recovery of neurological symptoms, with 8 patients having
a significant reduction in CIPN grade and a median time to
remission of 4 weeks [99]. However, another study evaluat-
ing the role of oral ALA in preventing neurotoxicity induced
by oxaliplatin or cisplatin showed different results. Of the
243 patients, 70 (29%) completed the study (24 weeks), and
no statistically significant difference in CIPN pain assess-
ments was found between the ALA and placebo groups
[100]. However, the authors of this study also concluded
that the high attrition rate due to poor patient compliance
and mode of administration indicated the lack of feasibility
of this intervention and suggested another view that ALA
should be neglected as a future study of potential prevention
of CIPN if innovative methods and trial designs can be iden-
tified and pursued. Undoubtedly, future studies should better
assess the effect of ALA in preventing or treating CIPN at
the experimental level to fully pave the way for any further
randomized clinical trials.

In fact, phenomena such as insufficient stability in the
stomach, reduced solubility, and hepatic degradation result
in a bioavailability of approximately 30% and a short half-
life of ALA, whereas intravenous injection of ALA in other
models achieves higher bioavailability. The new oral for-
mulation of ALA has been reported to have the potential to
overcome these pharmacokinetic limitations because it uses
only the R-ALA enantiomer as a liquid solution, making it
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more soluble and stable in the gastric environment [101,
102]. All these studies suggest that ALA may be beneficial
for CIPN, but more in-depth studies are needed (Table 2).

Other Exogenous Antioxidant
Supplements: Preclinical and Clinical
Perspectives on CIPN Management

Mineral Elements

An in vitro experimental study showed that magnesium
(Mg), manganese (Mn), and zinc salts were able to pre-
vent oxaliplatin-induced microglial alterations by reducing
oxidative and endoplasmic reticulum stress [103]. Zinc,
as a transition metal, has a long history of use as an anti-
inflammatory agent. Additionally, its exogenous applica-
tion has antihyperalgesic effects in multiple inflammatory
and neuropathic pain model systems [104, 105]. Recently,
zinc has been found to be involved in a novel mechanism
of paclitaxel-induced CINP; that is, TRPV1-mediated pain
perception can be inhibited by extracellular zinc entry into
cells via transient receptor potential A1 (TRPA1) channels
or zinc transporters [106].

Selenium, as a trace element, has been shown to have an
important role in cellular redox regulation and protection
of cellular components from oxidative damage. Selenium
administration partially reversed the amplitude of compound
action potential, nerve conduction velocity, and the number
of axons in rats receiving chemotherapy, which in turn had
a moderate neuroprotective effect against cisplatin-induced
neurotoxicity [107]. Furthermore, intravenous administra-
tion of high-dose selenium enhances the effects of selenium
with acceptable toxicity, with adverse events rarely occur-
ring where intravenous selenium was administered at up
to 5000 pg/day [108, 109]. Based on this, an investigator-
initiated, phase III, double-blind, randomized controlled
trial was performed to evaluate the efficacy and safety of
high-dose selenium (2000 pg/day) intravenously in a 1:1
ratio for the prevention of CIPN in 68 platinum-sensitive
cancer patients treated with paclitaxel, carboplatin, and
bevacizumab [110]. The results of this clinical study are not
available at present, and further follow-up will be performed.

The hypothesis that increased extracellular Ca/Mg
might ameliorate or prevent oxaliplatin-induced neurotox-
icity has been confirmed in cell- and animal-based stud-
ies without reducing the antitumor activity of oxaliplatin
[111, 112]. The results of a systematic review demon-
strated the non-beneficial effect of CaMg infusions for the
prevention of oxaliplatin-induced peripheral neuropathy.
However, the results of a systematic review demonstrated
the nonbeneficial effect of Ca/Mg infusion in preventing
oxaliplatin-induced CIPN [113]. According to Gamelin
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et al. [114], Ca/Mg infusions reduced the intensity and
incidence of acute symptoms of oxaliplatin-induced neu-
ropathy in patients. Nevertheless, later studies did not con-
firm this observation. A phase III, randomized, placebo-
controlled, double-blind study of 353 patients with colon
cancer receiving adjuvant FOLFOX (leucovorin, fluoro-
uracil and oxaliplatin) randomly assigned to intravenous
calcium/magnesium before and after oxaliplatin showed
no significant reduction in oxaliplatin-induced acute neu-
ropathy, and the results of this study did not support the
use of calcium/magnesium to prevent CIPN [115]. Inter-
estingly, a subsequent study conducted a methodological
study analysis of this clinical result. The examination of
prior studies resulted in different findings for the same
treatment received due to potential confounding variables
or biases not considered or not statistically controlled for,
as well as considerations of statistical power and analysis,
in conjunction with missing data that can affect the out-
comes of clinical trials [116] (Fig. 3).

Subsequently, it is necessary to further explore whether
mineral elements play an important role in CIPN. Although
their efficacy in the treatment of neuropathy is still con-
troversial, the current data indicate that these metals can
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effectively prevent chemotherapy-induced neurotoxic-
ity in preclinical studies. Sample interference needs to be
excluded, and more in-depth and perfect clinical trials need
to be verified in the future.

Phytochemicals
Curcumin

Curcumin, a phenolic compound derived from Curcuma
longa L. (turmeric), can act as an antioxidant to ameliorate
chemotherapy-induced demyelination by reducing oxida-
tive stress while alleviating the structural and functional
defects observed in CIPN [117]. A safety evaluation study
indicated that curcumin did not have any toxic effects and
was well tolerated in the high dose range. In addition,
despite some studies on its toxicity, the FDA declared
curcumin to be “generally safe” [118, 119]. Furthermore,
curcumin tends to accumulate in hydrophobic regions after
application, for example, cell membranes, where it acts as
a hydrophobic degrader (antioxidant) to scavenge various
reactive oxygen species (ROS) and is better than vitamin
E in inhibiting oxidative stress [120].
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Fig.3 Schematic diagram of the analgesic effect of other exogenous
antioxidant supplements in CIPN. Mg, Magnesium; Mn, Manga-
nese; Zn, Zinc; Se, Selenium; TRPA1, Transient receptor potential
Al; ERK1/2, Extracellular signal regulated kinase 1/2; NO/NOS/
nNOS, Nitric oxide/Nitric oxide synthase/Neuronal nitric oxide syn-
thase; COX-2, Cyclooxygenase-2; LPO, Lipid peroxidation; BDNF,
Brain-derived neurotrophic factor; PPAR-y, Peroxisome proliferator-

activated receptor-y; MDA, Malondialdehyde; NF-xB, Nuclear fac-
tor kappa-B; IL-1p, Interleukin-1f; TNF-a, Tumor necrosis factor-o;
JAK2, Janus kinase 2; STAT3, Signal transducer and activator of
transcription 3; GFAP, Glial fibrillary acidic protein; ERS, Endoplas-
mic reticulum stress; EPA, Eicosapentaenoic acid; DHA, Docosahex-
aenoic acid; Nrf-2, Nuclear factor E2-related factor 2
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According to Babu et al. [121], in the vincristine-
induced CIPN model, curcumin at doses of 30 and 60 mg/
kg significantly increased the nociceptive threshold and
levels of endogenous antioxidant enzymes, decreased vin-
cristine-induced calcium accumulation, nitric oxide (NO),
and lipid peroxidation (LPO) levels in the sciatic nerve of
mice, and exerted analgesic, calcium inhibitory, neuropro-
tective, and antioxidant effects in a dose-dependent man-
ner, which in turn ameliorated vincristine-induced neu-
ropathy in mice. In addition, curcumin has been shown in
studies to significantly decrease LPO and NO and increase
endogenous antioxidant enzyme levels better than prega-
balin (a selective Cav2.2 channel antagonist) [121]. The
antinociceptive effect of curcumin in the delayed phase
(peripheral action) and hot plate model (central activity)
may be attributed to either the metabolite (tetrahydrocur-
cumin, THC) or the inhibitory effect on cytokine produc-
tion or both. Moreover, it has been reported that tetrahy-
drocurcumin reduces the levels of inducible NOS and
cyclooxygenase-2 (COX-2) by downregulating extracellu-
lar signal regulated kinase 1/2 (ERK1/2) activation and has
better activity than curcumin [122]. Another study pointed
out that 80 mg/kg THC significantly reduced vincristine-
induced neuropathic pain in rats, and the mechanism may
be related to its antinociceptive, anti-inflammatory, neuro-
protective, TNF-a inhibitory, calcium inhibitory, and anti-
oxidant activities [123]. The above studies indicate that
curcumin and its metabolite THC can be used as promis-
ing candidates for CIPN prevention by chemotherapeutic
agents.

In CIPN in vivo models induced by cisplatin, postmi-
totic sensory neurons in the dorsal root ganglion (DRG) are
particularly sensitive to cisplatin injury, and axonal damage
induced by cisplatin involves multiple events, including ROS
generation, suggesting that antioxidants may help reduce
the neurotoxicity of cisplatin [124, 125]. In addition, in an
in vitro model of PC12 cell neurotoxicity, studies have dem-
onstrated that curcumin can protect PC12 cells from the inhi-
bition of cisplatin without compromising cisplatin’s antican-
cer activity [126]. While loss of p53 function may weaken
the apoptotic signaling response mediated by DNA damage
related to chemotherapy resistance [127], thinking about
strategies to reduce side effects without compromising p53
function will be of widespread value in cancer treatment.
Curcumin neither inhibits the transcription of p5S3 mRNA
nor protects tumor cells against the cytotoxic effect of cis-
platin on HepG2 cells [126]. Therefore, subsequent clinical
studies using curcumin to reduce peripheral neuropathy in
patients receiving chemotherapy should be considered.

Curcumin was reported to improve the functional and
structural abnormalities of cisplatin-induced neuropathy in
rats, such as improving the reduction in sciatic nerve mye-
lin thickness in cisplatin-treated rats and partially blocking
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nucleolar atrophy [128]. In addition, a similar study reported
that curcumin attenuated pain behavior induced by cisplatin
and oxaliplatin in rats, reversed the alterations in plasma
neurotensin and sciatic nerve platinum concentrations, and
significantly improved the histology of the sciatic nerve in
rats; these findings indicated that concomitant treatment
with curcumin (administered as an added anticancer therapy
and neuroprotective agent) may not reduce the therapeutic
effect of these platinum agents [129]. Other studies have
shown that curcumin attenuated cisplatin-induced nephro-
toxicity and enhanced its anticancer activity in SD rats, dem-
onstrating its potential role in breast cancer chemotherapy,
and cumulative treatment augmented peroxisome prolifera-
tor-activated receptor-y (PPAR-y) expression while lessen-
ing BDNF expression in mammary tumors [130]. Therefore,
the use of curcumin and cisplatin in combination for breast
cancer treatment may have profound clinical implications,
but further studies are still needed to ensure the effectiveness
of this combination therapy in different breast cancer models
and clinical treatments.

Hesperidin (HES)

Hesperidin (HES) is a bioflavonoid with antioxidant effects
that are widespread in citrus fruits [131, 132]. Administra-
tion of 100 or 200 mg/kg/b.w. HES (for 10 days) to CIPN
rats significantly reduced PTX-induced increases in MDA,
NF-kB, IL-1p, TNF-a, COX-2, nNOS, JAK2, STAT3, and
GFAP levels with neuropathic pain and alleviated endoplas-
mic reticulum stress (ERS) [133]. This study suggested that
HES administration could alleviate paclitaxel-induced CIPN
and might serve as a promising compound for the treatment
of cancer patients for subsequent development (Fig. 3).

Nutritional Antioxidants
Omega-3 Fatty Acids

The omega-3 fatty acids eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) are incorporated into cellular
phospholipid membranes as polyunsaturated fatty acids in
the central and peripheral nervous systems [134]. Omega-3
fatty acids exert beneficial effects on neurological diseases
by acting on neuronal cells and inhibiting the formation of
proinflammatory cytokines involved in CIPN [135]. Ghoreishi
et al. [136] found that omega-3 fatty acids may be an effective
neuroprotective agent against paclitaxel-induced CIPN. The
results of the randomized, double-blind, placebo-controlled
trial showed that participants randomized to receive omega-3
fatty acids 640 mg (EPA-10% and DHA-54%) three times
daily or placebo throughout the duration of paclitaxel chemo-
therapy and 1 month afterward. Significant between-group
differences were observed in the incidence of CIPN and a
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70% reduction in risk in the omega-3 fatty acid group [136].
Breast cancer patients can achieve longer disease-free survival
rates with the aid of therapeutic agents. In addition, outcomes
not assessed by the study should continue to be validated in
the future. A systematic review of omega-3 supplements in
patients undergoing chemotherapy and/or radiotherapy pro-
posed that omega-3 fatty acid supplements in combination
with conventional chemotherapy would be beneficial only for
high-quality methodological studies [137]. A small narrative
review summarizing nutritional supplements in CIPN also
pointed to the potential of glutamine and omega-3 fatty acids
as treatment options for CIPN [138]. However, the role of
nutritional supplements in CIPN remains controversial due
to the varied mechanisms of neuropathy induced by differ-
ent antineoplastic drugs and the presence of complex drug
interactions, and further research on such drugs is necessary
in the future.

Other Nutritional Supplements

Taurine, 2-aminoethanesulfonic acid, is a free intracellular
amino acid, and the biosynthesis of taurine in the human
body occurs mainly in the liver through the oxidation and
decarboxylation of the amino acid cysteine [139]. Taurine
has been reported to be chemoprotective against cisplatin-
induced cardiotoxicity and renal injury by modulating oxida-
tive and inflammatory damage [140, 141]. Pretreatment with
taurine significantly improved behavioral performance and
brain antioxidant status in cisplatin-treated rats while reduc-
ing acetylcholinesterase activity and the oxidative stress
index and eliminating the mediated decrease in dendritic
arborization and the mean diameter of rat pyramidal neurons
[142]. Studies have suggested that taurine may be a possi-
ble protective supplement to reduce cisplatin-induced side
effects, including neurotoxicity, in cisplatin-treated patients.

Carnosine is an endogenous dipeptide composed of
L-histidine and p-alanine that has antioxidant properties and
acts on free radicals, and previous studies have reported its
potential neuroprotective capability through antioxidant and
anti-inflammatory effects [143]. A prospective randomized
controlled study evaluating the potential preventive effect
of L-carnosine on acute oxaliplatin neurotoxicity in patients
with colorectal cancer enrolled 65 patients and showed that
the levels or activities of NFkB (27%) and TNF-a (36.6%)
were significantly decreased in the group receiving the
FOLFOX-6 regimen (oxaliplatin, SFU, and leucovorin)
with daily oral L-carnosine (500 mg), while L-carnosine as
a supplement for patients with CIPN alleviated neuropathic
symptoms by decreasing oxidative stress (Nrf-2 and NF-xB
pathways) and apoptosis (caspase-3 activity) [144]. Another
study investigated whether the zinc complex of L-carnosine,
polaprezinc (3 mg/kg, p.o), inhibited paclitaxel-induced
mechanical allodynia and migration of macrophages in

dorsal root ganglion cells without affecting the antitumor
activity exerted by paclitaxel in cell lines and tumor-bearing
mice [145] (Fig. 3).

These supplements have very promising results in basic
research, and some clinical trials have also been carried out.
The obtained results also suggest that nutritional supple-
ments can be further investigated in clinical trials as a com-
bination adjuvant therapy in reducing neuropathy symptoms
in CIPN patients.

Cytoprotectants
Amifostine

Amifostine, an analog of cysteamine, is a phosphorylated
aminothiol prodrug. As a cell protective antioxidant, ami-
fostine acts by scavenging free radicals, supplying hydrogen
ions to free radicals, depleting oxygen, accelerating DNA
repair and suppressing Fas/FasL.-mediated apoptosis [146].
Amifostine at a dose of 25 mg/kg significantly reduced
oxaliplatin-induced c-Fos, nitrotyrosine, and activating
transcription factor 3 (ATF3) expression, showing protec-
tive effects against nitrosative stress, neuronal hyperactiva-
tion and neuronal damage to dorsal root ganglion neurons
in mice [147]. The neuroprotective effect of amifostine has
been demonstrated in some clinical trials for platinum- and
paclitaxel-induced neurotoxicity [148, 149]. A double-blind
randomized placebo-controlled trial found that amifostine
(740 mg/m?) improved the sensory neuropathy induced by
platinum/taxane-based treatment of ovarian cancer, but there
was almost no difference in specific sensory or motor symp-
toms of self-estimation [150]. Hypotension, hypocalcemia,
nausea, vomiting, and sneezing are the most common side
effects of amifostine therapy [151], and switching to the sub-
cutaneous route of amifostine at a 1000 mg dose is better
tolerated with minor side effects in patients who are poorly
tolerated with intravenous administration [152]. Therefore,
although amifostine has shown promising findings in pro-
tecting against platinum- and/or taxane-induced neurotox-
icity, it should also be used with caution when combined
with cancer chemotherapeutic agents. Future research needs
to further evaluate the protective effect against CIPN while
considering its side effects.

Calmangafodipir

Calmangafodipir[Ca4Mn(DPDP)5, proprietary name:
PledOx®], a derivative of magnetic resonance imaging
contrast agent and cytoprotective agent mangafodipir, is
a mitochondrial MnSOD mimetic that helps degrade tis-
sue ROS and cells to survive oxidative stress [153]. Cal-
mangafodipir could effectively protect BALB/c mice from
oxaliplatin-induced adverse effects and did not negatively
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interfere with oxaliplatin antitumor activity [154]. In a ran-
domized placebo-controlled phase II trial in patients with
metastatic colorectal cancer, calmangafodipir at a dose of
5 umol/kg reduced oxaliplatin-induced delay in the onset
and intensity of CIPN symptoms during and after treatment
and had no negative impact on progression free survival and
overall survival outcomes [155]. Another study showed that
calmangafodipir protected against small fiber neuropathy in
an oxaliplatin-induced BALB/c mouse model, and interest-
ingly, in addition to consistent with previous findings, cal-
mangafodipir showed a U-shaped effect, with the 10 mg/kg
dose less effective than the 2.5 and 10 mg/kg doses [156].
In addition, calmangafodipir blocking both the superoxide
generation pathway and the hydroxyl generation pathway is
likely to contribute to the beneficial therapeutic character-
istics of calmangafodipir [157]. According to the POLAR
study, intravenous administration of calmangafodipir and
oxaliplatin was too close in time, which may lead to unfa-
vorable redox interactions between Mn2 + and Pt%, while
administration of calmangafodipir 10 min before the start
of oxaliplatin infusion in previous mouse studies as well as
in a phase II clinical trial (PLIANT) could avoid destructive
interactions between calmangafodipir and oxaliplatin [158].
Future research needs to pay attention to this point, and
whether calmangafodipir can also protect neuropathy from
other chemotherapy drugs remains to be further explored.

Synthetic Compounds
7-Chloro-4-(phenylselanyl) Quinoline (4-PSQ)

7-Chloro-4-(phenylselanyl) quinoline (4-PSQ), a new qui-
noline derivative containing selenium, has attracted great
attention in the field of drug development, and its phar-
macological effects are related to antioxidant properties
[159, 160]. Several recent studies have shown that 4-PSQ
reversed OXA-induced mechanical and thermal hypersensi-
tivity, ameliorated chemotherapy-induced oxidative imbal-
ance by reducing reactive species (RS) levels, normalizing
glutathione peroxidase (GPx), catalase (CAT), superoxide
dismutase (SOD) and acetylcholinesterase (AChE) activi-
ties in all tissues [161], and reversed aging-aggravated
by reducing ROS and NOx levels [162]. In another pacli-
taxel-induced peripheral neuropathy (PIPN), 4-PSQ was
observed to decrease paclitaxel-induced mechanical and
thermal hypersensitivity, possibly related to modulation
of oxidative stress in the spinal cord, hippocampus, and
cerebral cortex of PIPN mice [163]. Given that 4-PSQ can
act on multiple targets of this pathological change, 4-PSQ
could be used as a promising molecular therapy for CIPN.
However, more studies as well as clinical trials are needed
to determine any long-lasting effects of 4-PSQ as a good
prototype on CIPN.
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Donepezil

In addition, systemic treatment with donepezil, a centrally
active cholinesterase inhibitor, prevented and reversed the
cold and mechanical abnormal pain induced by oxaliplatin
[164]. The analgesic efficacy of donepezil was also dem-
onstrated in several other CIPN rat models (bortezomib,
paclitaxel, and vincristine) and did not alter the viability
of cancer cells or the efficacy of anticancer drugs [165]. It
has been shown to ameliorate oxaliplatin-induced peripheral
neuropathy in rats and effectively attenuate oxaliplatin- and
cisplatin-induced inhibition of neurite outgrowth in cultured
PC12 cells without impairing anticancer efficacy, in which
donepezil recovered oxaliplatin-induced reduction in SOD
activity and exerted antioxidant effects [166]. Meanwhile,
another study also confirmed that the intervention of done-
pezil combination therapy reduced doxorubicin-induced
neuroinflammation and cerebral oxidative stress as well as
restored mitochondrial homeostasis without altering the anti-
cancer properties of doxorubicin in the breast cancer pheno-
type [167]. The DONEPEZOX trial, as a proof-of-concept,
randomized, triple-blind, and multicenter study, will be the
first clinical trial to evaluate the efficacy and safety of done-
pezil in oxaliplatin for gastrointestinal cancer-induced severe
peripheral neuropathy (OIPN), with the response rate in the
donepezil group (neuropathy grade reduction according to
the QLQ-CIPN20 sensory score) as the primary endpoint
[168]. The final results of this study will provide new con-
siderations and basis for the further clinical application of
donepezil, as the analgesic effect of donepezil was verified
in different animal models of CIPN and was associated with
its oncological safety. Next, clinical trials can be initiated for
proof-of-concept validation.

In summary, the protective effects exerted by synthetic
compounds with antioxidant effects in CIPN may provide
new ideas for alleviating CIPN patients. Current research
may be more limited to specific types of CIPN, and further
research and verification are needed to precisely define these
effects.

Limitations

There are some limitations to this review that warrant dis-
cussion. First, it is unfortunate that no clear indication of the
impact of age and gender has been demonstrated in current
studies. Second, some clinical studies have potential limita-
tions due to the limited number of cancer patients partici-
pating in the study and the lack of long-term follow-up of
measured outcomes. Third, the role of some antioxidants
in CIPN remains controversial due to the varied mecha-
nisms of neuropathy induced by different chemotherapeutic
agents, as well as the presence of complex drug interactions.
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In conclusion, the use of antioxidants in combination with
chemotherapeutic agents for cancer therapy may have far-
reaching clinical implications, and preclinical exploration
coupled with larger multicenter clinical studies are urgently
needed in the future to verify the effectiveness of this
therapy.

Conclusions

Overall, with increased overall survival (progression-free)
in cancer patients, CIPN represents an important chal-
lenge that interferes with patients' quality of life and drug
therapy. Interrupting drug therapy in cancer patients due to
the development of CIPN can affect clinically meaningful
chemotherapy doses and further treatment. Unfortunately,
many older agents causing CIPN remain the mainstay of
cancer therapy. For this purpose, we intentionally dem-
onstrate the previously reported effects of various anti-
oxidants in the treatment of CIPN, such as melatonin and
NAC, with current evidence from preclinical and clinical
studies, showing that they can improve mechanical allo-
dynia and related pain perception indicators; however,
more well-designed large-scale RCTs are still needed to
verify that chemotherapy-induced vitamin E deficiency
makes the nervous system more vulnerable. ALA may
rescue chemotherapy-induced mitochondrial toxicity to
exert neuroprotective effects, but because of the differ-
ences in its in vivo experimental findings, future studies
of ALA as a potential prevention of CIPN should not be
ignored, while other exogenous antioxidant supplements,
such as mineral elements, phytochemicals (curcumin and
hesperidin), nutritional antioxidants, cytoprotectants and
synthetic compounds, have very promising results in basic
research. Furthermore, several clinical trials have also been
conducted to confirm their possible efficacy, and multiple
studies have confirmed that these antioxidants are critical
to cancer therapy in alleviating CIPN without compromis-
ing the antitumor efficacy of chemotherapy. In summary,
future studies should analyze the protective effects of spe-
cific antioxidants more precisely to increase the coverage
and precision of prevention and treatment strategies for
adverse effects caused by chemotherapy regimens.
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