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Abstract

Taxane-induced peripheral neuropathy (TIPN) is a dose-limiting adverse effect of chemotherapy without any

specific treatment. The aim of this paper is to evaluate the effects of natural products and supplements on
TIPN. PubMed, Google Scholar and Web of Science databases were searched through August 2022 regarding
TIPN and effects of natural products and supplement therapy. Data consists of preclinical studies, randomized

controlled trials and case reports. After screening of 230 papers, we found 13 relevant animal and human studies

regarding possible benefits of vitamin E, glutamine, omega-3, acetyl-L-carnitine and group of B vitamins on
TIPN. Results demonstrated that vitamin E can be helpful on prevention and duration of TIPN. Glutamine
and B vitamins showed hopeful results on reducing pain sensation. Omega-3 also shows promising results

on incidence of TIPN. However, acetyl-L-carnitine might develop and worsen neuropathy. Although some

supplements revealed promising effects on prevention and treatment of TIPN, researches are still limited and

we need further long-term large sample size trials to confirm clinical efficacy of these supplements.
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Introduction

Chemotherapy-induced peripheral neuropathy (CIPN)
is a nerve-damaging side effect of many common
chemotherapy drugs. Neuropathy is an important
complication of chemotherapy that causes a decrease in
the quality of life of cancer survivors, either negative effect
on cancer treatment due to the mandatory dose reduction
or stopping of some drugs from the treatment regimen.
About 30 to 40% of patients will experience CIPN in the
course of chemotherapy (1, 2). Among chemotherapy
agents, peripheral neuropathy with platinum drugs,
taxanes, vinca alkaloids, and bortezomib is more common.
Taxanes including paclitaxel, docetaxel, cabazitaxel and
nabpaclitaxel belong to the family of antineoplastic drugs
classified as microtubule-stabilizing agents. They can be
used as a part of chemotherapy regimens for different
cancers. They can be used as an option in neoadjuvant,
adjuvant or metastatic settings (3, 4).

Incidence of taxane-induced peripheral neuropathy
(TIPN) for paclitaxel treatment is 57 to 83% and with

docetaxel is 11 to 64%. The incidence of neuropathy with
cabazitaxel and nabpaclitaxel is lower than other taxanes.
Peripheral neuropathy with cabazitaxel occurs in 13 to
17% of cases and is mostly mild in severity (5-7). The
risk of neuropathy depends on multiple factors including
the drug itself, cumulative dose , co-administered drugs,
comorbidities such as diabetes mellitus, patient age, route
of administration and duration of therapy (3). Among
these, the most important risk factor is cumulative
dose of taxanes. The threshold of cumulative dose of
paclitaxel and docetaxel for neuropathy is 1000 mg/m2
and 400 mg/m2, respectively (8). However, neuropathy
is even common in lower doses (9, 10). TIPN is bilateral
and symmetric and mainly involved in a “stocking and
glove” pattern. First numbness occurs in distal of lower
extremity. Mostly begins from toes symmetrically and
develops ascendingly to involve feet and legs, and
also distal of upper extremity and then hands. Pain and
paranesthesia are more common in patients with TIPN.
However, in severe cases weakness of limbs might
occur due to large fiber nerve involvement. Symptoms
usually improve or dissolve three to six months after the
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end of treatment, but it may persist in some cases (11,
12). One sign of peripheral nerve damages of taxanes is
acute pain syndrome which occurs within 24 hours after
the first treatment. The incidence of acute pain syndrome
is lower with docetaxel than paclitaxel (47% and 97%
respectively) (13, 14).

Management of the TIPN is very challenging because
there is not reliable and definite treatment, so we need to
evaluate new agents for interventions. Multiple modalities
and medications have been used; gabapentin, pregabalin,
duloxetine, tricyclic antidepressants, baclofen, opioids,
ketamine, and growth factors have been used in
neuropathy management. Gabapentin and duloxetine are
most common drugs used in TIPN (11, 15, 16). Also, there
are some non-pharmacological techniques which are safe
and may be beneficial such as exercise, acupuncture and
scrambler therapy. None of these interventions proved to
be effective in large clinical trials.

On the other hands, some natural products and
supplements have been shown hopeful results to improve
TIPN in several studies. So, these products might help as
additional agent to mitigate taxane-induced neuropathy.
In this review, we aim to investigate the effectiveness of
these supplements on TIPN.

Methods

This review was conducted by using the PubMed, Google
Scholar and Web of Science databases to find relevant
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studies about TIPN and effects of natural products and
supplement therapy. Following keywords were included
first: “chemotherapy-induced peripheral neuropathy” OR
“CIPN” OR “taxane-induced peripheral neuropathy” OR
“TIPN” OR “paclitaxel-induced peripheral neuropathy”
OR “docetaxel-induced peripheral neuropathy” AND
“supplements” OR “cancer supplements” OR “natural
products” OR “biological products”. General related
keywords were primarily chosen so that the search results
become wide enough not to miss out on any related title.
Then the most relevant articles were retrieved among
them. Afterwards, a second search was specifically
conducted with each yielded supplement name(s). Studies
were identified from their inception up to August 2022.
No limitation was exerted in the advanced searching.

Results

After screening of 230 papers, we found 13 relevant
articles regarding possible benefits of vitamin E,
glutamine, glutamate, omega-3, acetyl-L-carnitine
and group of B vitamins on TIPN. All these agents are
supplement preparations but no natural or herbal products
was found to be studied against TIPN alone. Among 13
relevant papers, we found 10 clinical trials (17-26), one
case study (27) and two animal studies on rat (28, 29).
Herein, details of each study were described according
to the supplement that is used. Results also have been
summarized in Table 1.

Table 1. Characteristics of the included studies.

Author, Year  Type of Chemotherapy  Type of Sample Intervention(s) Control  Duration Result(s) Exclusion
study regimen cancer size criteria
Vahdat et al, Clinical Paclitaxel Breast 45 Glutamine - During Severity and Central
2001 trial cancer chemother-  incidence of ~ nervous system
(825 mg/m2
over 24 hours (Stage 4) apy and neuropathy metastase.s,
single dose) (10 g t.i.d) at least 2 reduced in compromised
weeks after  glutamine organ. .
. function, prior
suspension  group (P < '
progression
(mean=30  0.05 and .
with taxanes.
days) P=0.04,
respectively).
Loven et al, RCT Paclitaxel Advanced 43 Glutamate Placebo  During 6 Glutamate Known
2009 epithelial supplementation
(175 mg/ ovarian (500 mg t.i.d) cycles of . | neuropathy,
m2 every 3-4 cancer or chemotherapy ~ ““7 ¢ diabetes
weeks for at primary and 3 pain sensation -
least 6 cycles) + peritoneal compared to mellitus,
carboplatin carginoma- weeks after placebo group history of
tosts suspension (P=0.011). .
using drugs
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Supplemental Preparations in Taxane-Induced Neuropathy Management

Table 1. Continued

Author, Year  Type of Chemotherapy  Type of  Sample Intervention(s) Control  Duration Result(s) Exclusion
study regimen cancer size criteria
Flatters et al, Animal  Paclitaxel --- - Acetyl-l-car- Placebo 41 days Significant ---
2006 study nitine different
(Rat) (2mg/kg) to me-
(50 mgkg and regard o me
100 mg/kg) chanical sen-
sitivity were
observed in
rats between
two groups
that showed
preventively
effect of ACL
(P<00.1).
Investigations
on established
TIPN also
showed that
ACL can be
effective on
pain sensation
of TIPN (P <
00.5).
Badary et al, RCT Paclitaxel Breast 40 Acetyl-l-car-  Placebo 12 weeks Incidence Previously ex-
2014 cancer nitine of sensory posed to CIPN,
(135 mg/m2 . h
weekly for 3 (1000 mg and motor conditions wit
cycles) t.i.d) neuropathy risk factors for
significantly neuropathies,
reduced in End Stage Re-
ACL group nal Disease.
(P<0.001
and P<0.001,
respectively).
Also, NGF
increased in
ACL group
unlike control
group.
Hershman etal, RCT Docetaxel Breast 409 Acetyl-l-car-  Placebo 2 years Average Prior history of
2018 cancer nitine difference of peripheral neu-
(75 mg/m2 NTX-score ropathy from
every-three- (Stage 1-3) (1000 mg onifi pathy
weeks for 4 or 6 t.i.d) was signiti- other causes,
cycles) cantly differ- seizure disor-
ent between .
i der, Patients
paclitaxel two groups o
_ with history of
80 me/m2 (P=0.01) o
&eeﬁi ?(;r b and was usmlg Vlta@ln
cycles or 175 lowerinACL  E. g uta@lne,
mg/m2 every- group. This gabapentin,
two-weeks for long-term nortriptyline,
4 cycles or 6 follow-up amitriptyline,
cycles) showed ACL  guloxetine
worsen TIPN  p¢y or other
and patients nutritional
are in more
risk of com- supplements to
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Table 1. Continued

Sanei, et al.

Author, Year  Type of Chemotherapy  Type of  Sample Intervention(s) Control  Duration Result(s) Exclusion
study regimen cancer size criteria
Ghoreishi etal, RCT Paclitaxel Breast 57 Omega-3 Placebo  During Incidence of  Prior history of
2012 cancer ) chemother-  TIPN was sta- chemotherap_y
E:nst hr;lege/ aieelzs y (640 mg t.i.d) apy and 1 tistically sig- ~ treatment, prior
f?r/ 4 cycles) month after  nificant lower gzzrt(z)pg?all})/etes
suspension  in patients .
R mellitus,
who received HIV, alcohol
omega-3 abuse, thyroid
supplements  disfunction,
(P=0.029). hereditary
peripheral
neuropathy and
take any form
of nutritional
supplements
at least three
months before
entering the
study.
Anoushirvaniet RCT Taxol-based Solid tu- 63 Omega-3 Placebo  During Omega-3 can  Prior history of
al, 2018 mor (lung, chemother-  reduce the chemotherapy,
breast, apy and incidence of  prior neurop-
Z::;les, (640 mg t.i.d) 3 months TIPN (P = athy due t(? dia-
after sus- 0.0001). betes mellitus,
pension AIDS, alcohol
abuse, thyroid
disfunction,
hereditary
neuropathy,
take any form
of nutritional
supplements
at least three
months before
entering the
study, smoking
and drug use,
low back
pain and the
use of other
chemotherapy
drugs.
Argyriou et al, RCT Paclitaxel Solid or 32 Vitamin E - During Incidence and  Prior history
2006 non-my- chemother-  severity of of neuropathy
(175 mg/m2 ev-  eloid tumor apy and neuropathy or systemic
ery-three-weeks 3 months . : :
for 6 cycles) + (300 mg b.i.d) afier sus. 51gn1ﬁcan'tly ' dlsease% associ-
carboplatin (or pension decrease in vi- ated with nerve
epirubicin) tamin E group  injury and
(P=0.03, prior history of
P=0.01 re- chemotherapy
spectively). treatment.
Shamsaei etal, RCT Taxol-based Breast 70 Vitamin E Placebo  During Vitamin E can  History of
2017 cancer chemother-  prevent sural  peripheral
(180 mg b.i.d) apy and nerve damage  neuropathy
3 months (P=0.007). and systemic
after sus- However, it diseases (dia-
pension is ineffective  betes mellitus,
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Table 1. Continued

Author, Year Type of Chemotherapy Type of Sample Intervention(s) Control Duration Result(s) Exclusion
study regimen cancer size criteria
Ali Heiba RCT Docetaxel Solid or 140 Vitamin E - During Incidence and  Pre-existing
' non-my- ) chemother-  onset of neu-  peripheral
etal, 2021 (M(ledlian cu- e_101d ma- (400 mg b.i.d) apy and ropathy shows neuropathy
r:nzuzgtxz /(rjr?ss lignancy 3 months no significant I(Z'fdany cauls_e,
after sus- different 1dney or fiver
. . disfunction, se-
Paclitaxel pension between vere dyspnoea,
. two groups mental health
(Median cumu- (P=10 disabilities
lative dose > and P =0.24 ior hi ’ £
683 mg/m2) s prior history o
respectively).  using chemo-
However, re-  therapy agents
sults indicated ~ (Platinums,
that vitamin taxanes or vin-
Ecanreduce 2 qlkalmds),'
. Patients receiv-
duration of -
ing any neu-
neuropathy (P opathic pain
=0.01). medications
and pregnant
women.
Anoushirvani et RCT Taxol-based Solid tu- 63 Vitamin E Placebo  During Vitamin E Prior history of
al, 2018 mor (lung, chemother-  can reduce chemotherapy,
gr?ﬁ; apy and the incidence  prior neurop-
varies, . 3 months of TIPN (P=  athy due to dia-
etc.) (300 mg bii.d) after sus- 0.0001). betes mellitus,
pension AIDS, alcohpl
abuse, thyroid
disfunction,
hereditary
neuropathy,
take any form
of nutritional
supplements
at least three
months before
entering the
study, smoking
and drug use,
low back pain,
the use of other
chemotherapy
drugs and kid-
ney and liver
disfunctions.
Schloss et al, RCT Oxaliplatin, Tumors 71 Vitamin B Placebo 36 weeks B group Prior history
2016 Ta}(a_nes Vin- complex vitamin of peripheral
cristine showed no neuropathy,
significance previous
(50 mg B1, 20 difference chemother-
mg B2, 100 with placebo  apy with a
mg B3, 163.5 and could not  neurotoxic
mg B5, 30 protect TIPN.  agent, pregnant
mg B6, 500 or breastfeed-
ug B9, 500 Some ing, cognitive
pg B12, 500 tents with - o e
ug B7, 100 patients w1 impairment,
mg of choline developed alcohol abuse,
and 500 ug of neuropathy in - mental disorder
inositol) placebo group  and using
showed lower  putritional or
blood level of  herbal supple-
vitamin B12 ments.
than base.
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Table 1. Continued

Sanei, et al.

Author, Year  Type of Chemotherapy  Type of  Sample Intervention(s) Control  Duration Result(s) Exclusion
study regimen cancer size criteria
Hamity et al, Animal  Paclitaxel --- Vitamin B3 Placebo 7 days Vitamin B3 ---
2017 study before che-  was effective
(Rat) (3 intravenous motherapy  on prevention
injections of and during  of tactile hy-
6.6 mg/kg (200 mg/kg/ chemother-  persensitivity
paclitaxel over day) apy and and blunted
5 days) continued place escape—
for 21 days  ayoidance
behaviors
(P<0.05).
Schloss et al, Case Docetaxel Breast Vitamin Placebo 6 months After che- -—-
2015 report cancer B12 + motherapy,
(75 mg/m2) vitamin B12
B complex blood level
+ Cyc_lophos— decreased
phamide comparing
(600 mg/m2) (B complex to baseline
and patient
every-three- capsule and develoned
weeks for 4 1000 pg IM cvelope
cycles. B12) ér&ﬁilfl 2\-/3ita
min B12 and
B-complex
administration
resulted to
improve CIPN
to grade 1.
Glutamine

Glutamine is an important non-essential amino acid that
stored primarily in skeletal muscle (75%) and liver (25%).
Glutamine is naturally found in eggs, beef, white rice,
milk, and corn. Among its many functions, glutamine
serves as a primary carrier of nitrogen between tissues
and is the main energy source for rapidly proliferating
cells such as activated lymphocytes and fibroblasts. It is
also essential for maintenance of intestinal epithelium
for patients on total parenteral nutrition as its omission
hastens villous atrophy. Glutamine is depleted in stress
states such as major surgery, sepsis, and cancer. (30, 31).

In a study, 12 patients with stage 4 breast cancer received
glutamine (10 g orally three times daily) one day after the

completion of paclitaxel (825 mg/m2 over 24 hours) for a
duration of four days and 33 patients did not get supplement
therapy. Neurologic evaluation was done by a neurologist
at baseline and at least two weeks after administration of
paclitaxel. In patients who received glutamine, only one
patient (8%) had moderate-to severe dysesthesia in fingers
or toes in comparison with 14 patients (40%) who did not
received glutamine. Also, patients in glutamine group
experienced less symptoms including vibration sense at
the toes, interference with daily living activities, gait, and
sensory deficits to pinprick compared to non-glutamine
group. The results suggested that glutamine may reduce
incidence and severity of peripheral neuropathy induced
by paclitaxel (17).
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3.2. Glutamate

Glutamate supplies the amino group for the biosynthesis
of other amino acids, is a substrate for glutamine and
glutathione synthesis, and is an important excitatory
transmitter in the brain. Glutamate taken up by astroglial
cells can be metabolized and converted to glutamine.
Glutamate also can be ingested by dietary protein or with
foods containing glutamate like soy, fish and oyster (32).

Randomized, placebo-controlled, double-blinded
pilot study by Loven et al., investigated the protective
effect of glutamate supplementation on paclitaxel-
induced peripheral neuropathy. On the first day of
chemotherapy, 43 participants (age range: 35-80 years)
with advanced epithelial ovarian cancer or primary
peritoneal carcinomatosis received glutamate 500 mg
three times daily half an hour before or two hours after a
meal, and 20 patients got placebo. This supplementation
intervention was continued throughout the period of six
cycles of chemotherapy until three weeks after the end
of chemotherapy. Patients received at least six cycles of
175 mg/m2 paclitaxel given over a three hours infusion
and carboplatin over a 30 minutes infusion on same
day every three or four weeks. Complete neurological
examination is done by using a Dantec Keypoint or
Nicolet Voyager electromyograph (EMG) and self-
evaluation questionnaire (pain, numbness, tingling and
muscle weakness) and clinical evaluations at beginning
of chemotherapy, before each cycle and three weeks after
completion of the sixth cycle. Electrodiagnostic evidence
showed 30.4% of glutamate group and 30% of placebo
group developed neuropathy, indicative of no significant
difference between two groups. Also Results showed that
there was no significant difference in the frequency of
signs and symptoms between the two groups. However
there was a significance difference regard to pain sensation
and patients who received glutamate supplements
experienced less pain sensation (P =0.011) (18).

Acetyl-L-carnitine

L-carnitine is an amino acid that is made in the human
brain, liver, and kidneys. It helps the body turn fat
into energy and used for weight loss and may have an
impact on brain function, heart, muscle contraction and
peripheral nervous system. L-carnitine converts to acetyl-
L-carnitine and propionyl-L-carnitine in the body, but the
benefits of these compounds have not been identified
clearly. Generally, L-carnitine uses for L-carnitine
deficiency and disorders of heart and blood vessels, and
serious kidney disease (33).

Flatters etal., investigated the efficacy of acetyl-1-carnitine
(ALC) to prevent and treat paclitaxel-induced pain in an
animal study. Twenty rats received either 50 or 100 mg/
kg ALC and 10 rats received distilled water orally for 21
days in the prophylactic model. Paclitaxel administration
occurred on days 7, 12, 16, 21, 23, 25, 27, 30, 33, and
36. Results of von-frey test showed that ALC prevented
the development of mechanical hypersensitivity. In the
treatment model when paclitaxel-induced pain is clearly
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visible, 13 rats received 100 mg/kg ALC and 14 rats
received distilled water for 10 days. Treatment model
also showed decrease of pain in ALC group. This study
shows that ALC may be useful in the prevention and
treatment of chemotherapy-induced painful peripheral
neuropathy (28).

Randomized, controlled study by Badary et al., was
investigated ALC effects on incidence and severity of
paclitaxel induced peripheral neuropathy. Patients with
breast cancer (age range: 20-65 years) received paclitaxel
at 135 mg/m2 every week. Twenty patients received
ALC (1000 mg three times daily) during three paclitaxel
courses. In other group, 20 patients received placebo
during three paclitaxel courses. For follow-up, incidence
and severity of sensory and motor TIPN was evaluated.
Also, patients received weekly follow-up card and for
self-evaluation and reporting of the frequency and the
severity of sensory and motor TIPN. Also, serum nerve
growth factor (NGF) was estimated at baseline and end
of the study. In first course of chemotherapy, 11 patients
in ALC group and 16 patients in placebo group developed
sensory neuropathy (second course: 10 in ALC group vs.
17 in placebo group, third course: 6 in ALC group vs.
18 in placebo group). Six patients in ALC group vs. 11
in placebo group developed motor neuropathy (second
course: 3 in ALC group vs. 12 in placebo group, third
course: 3 in ALC group vs. 17 in placebo group). At
baseline, NGF levels in ALC group were lower than
placebo group (1.9 vs. 9.5 respectively). At the end of
study NGF level in ALC group increased despite of
decrease in placebo group (5.4 vs. 2.4 respectively).
Delta NGF level change was significantly different
between two arms. Results showed that in the first course
of chemotherapy there was no significant difference in
incidence of sensory and motor neuropathy but in second
and third course there was a significant difference in both
sensory and motor neuropathy incidence (26).

Hershman et al., randomized, double-blind trial also
compared ALC (1000 mg three times daily) with placebo
in 409 women (median age: 52-53 years) undergoing
adjuvant taxane-based chemotherapy for breast cancer.
Patients received one of the following regimens: paclitaxel
at 80 mg/m2 for 12 cycles every week; paclitaxel at 175
mg/m?2 for four cycles every two weeks; paclitaxel at 175
mg/m?2 for six cycles every two weeks; docetaxel at 75
mg/m?2 for four cycles every three weeks; or docetaxel at
75 mg/m2 for six cycles every three weeks. FACT-NTX
scale (11-item neurotoxicity component of the Functional
Assessment of Cancer Therapy-Neurotoxicity/Taxane)
was measured at the weeks 12, 24, 36, 52, and 104.
For both treatment groups, 104-week NTX scores were
statistically significantly different compared to baseline
and NTX scores were reduced from baseline in both
groups. NTX scores for acetyl-L-carnitine group was
lower than placebo in all follow-up weeks that showed
TIPN worsening. This large RCT shows that despite
evidence from preclinical and phase II studies, ALC is
not effective in prevention of TIPN (19).
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Omega-3

Omega-3 fatty acids such as eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) are found in fatty fish,
fish oil, flaxseed, and canola oil. The omega-3 fatty acids
are antithrombotic and anti-inflammatory and shown
beneficial cardioprotective and anti-arrhythmic effects
(34).

In a randomized controlled trial study, the efficacy
of omega-3 in reducing the incidence and severity of
paclitaxel-induced peripheral neuropathy was investigated.
Patients with breast cancer (age range: 30-70 years) were
randomized to receive either the omega-3 fatty acid pearls,
640 mg three times a day or placebo during chemotherapy
with paclitaxel and one month after the end of the
treatment. Patients received four cycles of paclitaxel at
175 mg/m2 on over 3 hours infusion every three weeks.
Incidence of neuropathy and severity was measured one
month after chemotherapy by reduced total neuropathy
score (rTNS) and nerve conduction study. Twenty-one
patients from 30 patients taking omega-3 fatty acid
supplement did not develop neuropathy and 11 patients
from 27 patients in the placebo group did not developed
neuropathy. In omega-3 group, four patients developed
mild neuropathy (score 1-10), five patients developed
moderate neuropathy (score 10-20) and severe neuropathy
(score 20-28) did not develop in any patient. In placebo
group, 10 patients developed mild neuropathy, five patients
developed moderate neuropathy and one patient developed
severe neuropathy. Incidence of peripheral neuropathy was
significantly lower in the omega-3 group but paclitaxel-
induced peripheral neuropathy severity did not show
significant difference between two arms of the study. So,
the study revealed that omega-3 fatty acids can be a good
neuroprotective agent for prophylaxis against paclitaxel-
induced peripheral neuropathy (20).

In a clinical trial by Anoushirvani et al., the effects of
omega-3 on the incidence and severity of peripheral
neuropathy in  patients receiving taxol-based
chemotherapy were evaluated. Twenty-one patients with
a solid tumor (age range: 30-70 years) received 640 mg
omega-3 three times a day and 21 patients with same
inclusion criteria received placebo after the onset of
chemotherapy and up to three months after its suspension.
Electrophysiological evaluation was measured by a
neurologist before the onset of chemotherapy and at
months one and three. 28.6% of patients who received
omega-3 supplement developed peripheral neuropathy
in comparison with 71.4% of patients in the placebo
group. In omega-3 group, four patients developed mild
neuropathy and one patient developed medium and one
with severe neuropathy. Placebo group consisted of
seven patients with mild neuropathy, four with medium
neuropathy and four with sever neuropathy. There was
a significant difference between omega-3 groups and the
placebo group regard to the incidence of TIPN but the
severity of TIPN between two groups was not significantly
different. This study shows that omega-3 may be effective
to reduce the incidence of paclitaxel-induced peripheral
neuropathy (21).
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Vitamin E

Vitamin E or tocopherol is a fat-soluble compound. It is an
important vitamin that is essential for proper function of
organs in body and found in a variety of foods including
almonds, vegetable oils, and cereals (35).

A phase II trial of vitamin E supplementation on
prevention of paclitaxel-induced peripheral neuropathy
in patients with solid or non-myeloid malignancy showed
beneficial effects. The intervention group consisted of 16
patients (median age: 56.8) receiving chemotherapy with
synthetic DL-alfa-tocopheryl acetate supplementation
(300 mg twice daily) during chemotherapy and up to three
months after chemotherapy. Control group consisted of
16 patients (median age: 57.2) treated with chemotherapy
without vitamin E. Patients received paclitaxel at 175 mg/
m?2 plus carboplatin (or epirubicin) every three weeks for
six cycles. Electrophysiological and clinical evaluation
was measured by a neurologist. NSS (Neurological
Symptom Score) and NDS (Neurological Disability
Score) was used for clinical evaluation. Neurological
tests assessed at baseline, after third and sixth courses of
chemotherapy and three months after its suspension. In
vitamin E group, one patient developed minor neuropathy
(placebo group=3), two patients with moderate
neuropathy (placebo group=4) and no one developed
a severe neuropathy (placebo group=3). Peripheral
neuropathy was occurred in 18.7% of patients in vitamin
E supplementation group and in 62.5% of patients in
control group. The incidence of peripheral neuropathy
was significantly different however the severity of
neuropathy was not significantly different between two
groups (22).

In another study by Shamsaei et al., preventive effect
of vitamin E on patients with taxol-induced neuropathy
was investigated. Patients (age >18 years) with breast
cancer were randomized into two groups. Treatment
group consisted of 35 patients who received vitamin
E (400 units twice daily) and 35 patients took placebo
in the control group. Clinical and electrophysiological
assessment conducted by a neurologist. Results indicated
that vitamin E can reduce amplitude of sural nerve action
potential. However, there was no statistically significant
differentiation on preventing the peroneal and tibial nerve
involvement between two groups in the study. These
findings suggested that vitamin E is less effective on
motor neuron involvement but can decrease the risk of
sensory nerve damage (23).

Anoushirvani et al., investigated effects of vitamin E on
the incidence of TIPN. In this clinical trial, 21 patients
with a solid tumor (age range: 30-70 years) received
vitamin E (300 mg two times a day) and 21 patients with
same inclusion criteria received placebo after the onset
of chemotherapy until three months later. Before onset
of chemotherapy and at first and third months, patients
undergo an electrophysiological and clinical evaluation
by a neurologist. 33.3% patients who received vitamin
E and 71.4% of control group develop TIPN. Vitamin E
group consisted of three patients with mild neuropathy,
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three patients with moderate neuropathy and one patient
with severe neuropathy. Placebo group consisted of
seven patients with mild neuropathy, four with moderate
neuropathy and four with severe neuropathy. There was
statistically significant difference between two groups
regarding to the incidence of TIPN however severity was
not significantly different (22).

A phase II, open-label randomized controlled study
was conducted in patients receiving taxane-based
chemotherapy to estimate effects of vitamin E supplement
on preventing TIPN. 140 patients (age > 18 years) with
solid or non-myeloid malignancy were randomly divided
equally to a group using vitamin E at a dose of 400 mg
twice daily and a group without feeding vitamin E at start
of chemotherapy and for one month after its completion.
Patients received paclitaxel (with or without carboplatin)
median cumulative dose over 683 mg/m2 or docetaxel
(with or without cyclophosphamide) median cumulative
dose at 225 mg/m?2. National Cancer Institute-Common
Toxicity Criteria for adverse events (CTCAE v. 5.0) and
Clinician-judged peripheral neuropathy assessment used
for evaluation purposes. Fifty-two patients of each group
developed grade 2 or higher neuropathy. Time to onset
neuropathy was eight weeks for vitamin E group vs. five
weeks for control group and duration of neuropathy was
five weeks for vitamin E group vs. 12.5 weeks for control
group. Results showed that vitamin E is effective on
reducing duration of neuropathy while fails to decrease
the incidence and time to onset of neuropathy (24).

B vitamins

Vitamin B comprises a class of water-soluble complexes.
They have very important molecular functions in human
body. There are eight major types of vitamin B denoted
as vitamin B1 (thiamine), B2 (riboflavin), B3 (niacin),
BS5 (pantothenic acid), B6 (pyridoxine), B7 (biotin), B9
(folate), and B12 (cobalamin). Each of these vitamin B
types perform different functions in the human body (36).

A randomized, placebo-controlled trial by Schloss
et al,. investigated efficacy of vitamin B complex in
prevention of CIPN. The study included 71 participants
(age >18 years) on chemotherapy regimen that included
oxaliplatin, taxanes or vincristine. Participants were
divided to a B group vitamin (one capsule of 50 mg of
thiamine, 20 mg of riboflavin, 100 mg of niacin, 163.5
mg of pantothenic acid, 30 mg of pyridoxine, 500 pg of
folate, 500 pg of cyanocobalamin, 500 pg of biotin, 100
mg of choline and 500 pg of inositol daily) or placebo
taken with or after meals. Primary outcome was a change
in the TNS including pre-chemotherapy commencement,
after chemotherapy (two to four weeks) and 12 weeks
post-chemotherapy completion. Secondary outcomes
included serum vitamin B levels, quality of life, pain
inventory and the patient neurotoxicity questionnaires
that recorded at baseline, 12, 24 and 36th weeks. Results
showed no statistical significance for B group vitamin
compared with placebo in prevention of CIPN (p = 0.73)
(29).
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The animal study by Hamity et al., evaluated vitamin
B3 effect on paclitaxel-induced peripheral neuropathy.
Nicotinamide riboside (third form of vitamin B3) at
a dose of 200 mg/kg daily began seven days before
paclitaxel administration and continued for 24 days.
Nicotinamide riboside prevented the development
of tactile hypersensitivity and blunted place escape—
avoidance behaviors, while did not interfere with the
myelosuppressive effects of paclitaxel (29).

A case study by Schloss et al., showed a hopeful result for
B12 administration on decrease of TIPN. Neurological
conduction studies and Total neuropathy score (TNS) was
used for evaluation. After administration of docetaxel
(75 mg/m2) and cyclophosphamide (600 mg/m2) every
three weeks for four cycles, the patient’s neurological test
shows TIPN grades 2 to 3 on NCI-CTC scales (National
Cancer Institute- Common Toxicity Criteria). Patient
received vitamin B12 (1000 pg intramuscularly and 1000
pg orally daily) and B complex vitamins continued for
two months. The patient TIPN reversed to grade 1 on
NCI-CTC scales (27).

Discussion

To the best of our knowledge, this is the first review look
into prevention and management of TIPN with natural
products exclusively. Many patients who receive taxane-
based chemotherapy develop a disabling and painful
neuropathy. In most times, CIPN is limited to treatment
course but sometimes, it can be long term and continued
after. Understanding mechanism of taxene-induced
neuropathy is necessary to find an effective intervention.
TIPN is a length-dependent axonal sensory injury that
is related to dosage, infusion time, comorbidity and
other chemotherapy drugs that patient might receive
(37). Taxanes binding to polymerized tubulins and
interrupting the G2 phase of the cell cycle in cancer cells
but microtubules stabilization also happens in peripheral
nervous system and it causes damages to dorsal root
ganglia, axons, neuronal transport of organelles, nutrients
and neurotransmitters through the axons which leads to
axonal degeneration and peripheral neuropathy. (38, 39).
Taxanes also bind to mitochondrial B-tubulin, causing
morphological and functional mitochondrial damage by
increasing permeability and calcium efflux. These events
trigger cancer cell apoptosis and necrosis mitochondria
is damaged by taxane and decrease in level of adenosine
triphosphate (ATP). Mitochondrial damages increased
production of reactive oxygen species (ROS) that leads
to a state of oxidative stress. Oxidative stress is occurred
by taxane damages also causes ATP reduction and this
increases pain sensation in patients (38, 40, 41). Another
mechanism for pain induced by taxane is inflammation
and transporter-mediated uptake of taxane. Most common
cytokines participate in taxane-induced inflammation are
IL-1B, IL-8 and TNF-a (42, 43). Furthermore, taxanes
changing the activity of voltage-gated ion channels (Cav,
Nav and Kv) and transient receptor potential (TRP)
channels which leading to hyperexcitability of neurons
and nerve injuries (44, 45).
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Until now, there is no certain therapy and intervention
for taxane-induced neuropathy. Acupuncture, massage,
medications, and complementary therapies also can
be used (46). Duloxetine is a selective serotonin and
norepinephrine reuptake inhibitor (SNRI) antidepressant
which consider as most common intervention but
shows some complications and have high drop-out
rate (47). Somnolence, dizziness, nausea, dysgeusia
and constipation are most common adverse effects of
duloxetine in patients with paclitaxel-induced peripheral
neuropathy (48). Gabapentin and other drug interventions
have adverse effects that may lead to cut off drugs.
Considering all of this, we need to find a safe and effective
intervention. Focus of this study was the effectiveness
of complementary therapies on TIPN (Figure 1).
Supplementary therapies are safe and probably do not
interfere with chemotherapy drugs. Furthermore, we do
not worry about drop-out the interventions. Although
the data for effectiveness of supplementary therapies is
limited and we need more clinical trials to use them as an
option in clinical situations.

This review indicates that supplementary therapies can
be effective to reduce pain and duration of TIPN and
also may prevent TIPN in some degrees; although these
findings need further investigations to use in clinical
therapies. Glutamine seems to be effective (17) but
its single article is not reliable because lack of control
group and small sample size and we need further
investigations. Glutamine mechanism in peripheral
neuropathy is unknown but there are some proposed
mechanisms. The severity of chemotherapy induced
neuropathy is related to reduction of serum levels of
nerve growth factor (NGF) and glutamine demonstrated
that can increase NGF mRNA in animal models (49,
50). Another suggested mechanism is that glutamine
can enhance the microtube stability (51). Glutamine is
a precursor amino acid for excitatory neurotransmitters
like glutamate. In most tissues, glutamine is converted
to glutamate by glutaminase and glutamate converted to
glutamine by glutamine-synthetase (52-54). Glutamine
and glutamate may change the understanding of pain
in cerebral cortex and it can be possible mechanism for
comfort pain (52). Long-term glutamate supplementation
can reduce pain sensation but it seems ineffective on
other aspects of TIPN. Conclusion of this article do not
suggest glutamate as an effective supplement for TIPN
(18). Glutamine and glutamate are closely related amino
acids and they can turn to each other (55), so results
between glutamine study (17) and glutamate study (18)
is conflicting. The method for each article is different.
Glutamine study evaluated short-term period after high
dose of paclitaxel but in glutamate study, lasted for six
months. Also, glutamine study had no placebo group and
the neurological assessments was limited and insufficient.

We found one animal study (28) and two RCT about
ALC (19, 26). ALC showed hopeful results in animal
studies and first clinical study but in large sample size
and long-term clinical stages failed to protect neuropathy
development and even may worsen the neuropathy. The
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evaluation method used for study by Badary et al., was
quantitative and self-evaluation which can be confusing.
ALC shows central anti-nociceptive and neuroprotective
results in patients with diabetic neuropathy. These actions
may be related to TIPN improvement mechanisms of ALC
(56, 57). Two RCTs suggested omega-3 supplementation
as an effective intervention in three months follow up
duration but we need long-term RCTs to take a solid
conclusion. Also, EPA and DHA concentration between
omega-3 group and placebo group was evaluated and
was significantly decreased in placebo group (20).
Omega-3 have an anti-inflammatory effect that may be
related to decreasing neuropathic symptoms. Omega-3
regulate the cytokines, chemokines and growth factor
which released by cells to confront with tumor cells (58).
Another possible mechanism for Omega-3 reduction
of pain sensation is related to overexpression of the
free fatty acid receptor 1 (FFA1) receptor in the spinal
cord. FFA1 receptor activation increase [-endorphin,
noradrenaline, and serotonin release which can decrease
neuropathy symptoms (59-61). We investigate two
randomized controlled trials (21, 23) and two clinical
trials without placebo group (22, 24) for vitamin E
and all of them suggested that vitamin E can be useful
in some levels. Vitamin E is shown hopeful effects on
incidence and duration of neuropathy. However, in the
last RCT by Heiba et al., on 140 patients for three months,
reduction of neuropathy duration was the only effective
result of vitamin E. This study is largest study for effect
of vitamin E on TIPN and despite other articles which
used electrophysiological and clinical evaluations, this
study used CTCAE v. 5.0 for evaluation that is closer
to actual clinical situation. One big limitation for this
study was absence of placebo group. Safety of vitamin
E evaluated by recording all adverse effect in patients
and comparing them between two groups. Vitamin E did
not show any possible adverse effect and well tolerated
(22). There is no investigations for mechanism of vitamin
E on chemotherapy related neuropathy, however it is
demonstrated that vitamin E improve diabetic neuropathy
in rat through antioxidant effects and by regulating
inflammatory cytokines (62). Vitamin E acting as a free
radical scavenger which can be helpful in preventing
diseases that are associated with oxidative stress such as
TIPN (22).

One RCT for vitamin B-complex supplements suggested
that it cannot protect from neuropathy (25). Vitamin B3 in
an animal study (29) showed hopeful results but there is no
RCTs that focus on effectiveness of vitamin B3 on TIPN.
Nicotinamide riboside is NAD+ (nicotinamide adenine
dinucleotide) precursor and there is a concern that NAD+
may be related to tumorigenesis. Although nicotinamide
riboside did not interfere with myelosuppressive effects
of paclitaxel. Lower level of vitamin B12 may related
to TIPN. Some patients with developed neuropathy in
placebo group shows lower blood level of vitamin B12
than baseline (25). Blood level of vitamin B12 was
lower than baseline after chemotherapy but other B
vitamins blood level did not reduce (27). A case study
also demonstrated that vitamin B12 can be effective
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against TIPN. Mechanism of action for B group vitamins
is not clear although there is a possible mechanism for
B12 vitamin. Vitamin B12 have an important role in
myelination and neuron repairmen that can improve
neuropathy (63).

In a randomized study by Mondal et al., the efficacy of
vitamin E, ALC, glutamine, and methylcobalamine were
compared. Patients categorized in four groups: vitamin E:
400 mg once daily; ALC: 250 mg once daily; glutamine:
10 mg three times daily and methylcobalamine: 500 pg
daily. All drugs were started at the onset of symptoms
after paclitaxel administration. CTCAE v 4.02 (Common
Terminology Criteria for Adverse Events) was used for
assessments. Changes in scores for sensory, motor and
pain symptoms over the study period were compared.
All four drugs were effective in the alleviation of all
peripheral neuropathy symptoms (pain, motor and sensory
symptoms) while vitamin E and methylcobalamine were
both more effective than glutamine and ALC (64). Exact
cause of beneficial effects in this study cannot be specified
due to absence of placebo group.

There are some limitations that avoid us to reach a solid
result. Most of the articles investigated the effects of
complementary therapies on CIPN as general and number
of articles that investigate on taxane-based chemotherapy
regimen is limited. We try to choose articles with focus on
just taxane-based chemotherapy. In articles that included
to our study, differences in neuropathy evaluation scales
are a major problem and is probably the main reason
for conflicting results. Duration of follow up is also
different. Most of research did not evaluate long-term
results, except glutamate (18) and ALC (19). Also, there
are small sample sizes and patient selection criteria is not
the same in the articles. On the other hands, purposes of
the studies maybe different among some of them. Some
investigate interventions for neuropathy prevention while
others investigate interventions for improvements of
neuropathy.

The result of this article showed that supplements can
be used as an auxiliary intervention in reducing TIPN
symptoms along with other pharmacological and non-
pharmacological interventions. However, before use
them as a clinical option, we need more investigations.
If this effectiveness confirms in further studies, they can
be used as a routine treatment to reduce the severity and
incidence of TIPN and then prevent dose modification of
taxanes, avoiding delay in treatment process.

Conclusion

In this study we have investigated 10 clinical trials, one
case study and two animal studies. Total sample size of
patients that were participated in the RCTs were 1033. In
conclusion, vitamin E, omega 3, glutamine, B3 and B12
vitamin can be effective on preventing and improvement
of TIPN. Paclitaxel at 175 mg/m2 every 3-4 weeks was
the most chemotherapy regimen used in the method of
researches. Also, breast cancer was the most common
type of cancer that used. The duration range of the
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studies was during chemotherapy cycles and for at least
two weeks and at most two years after chemotherapy.
Among supplements studied on TIPN, vitamin E was the
most common researched supplement which four RCTs
have investigated its effectiveness on TIPN. Despite
effectiveness on animal studies, ALC shows that worsen
TIPN outcome. Glutamate cannot prevent TIPN in
long-term although may be effective on pain sensation.
However, we need still large sample size RCTs and further
research to get a solid conclusion to use supplemental
preparations as an actual clinical intervention.
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