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Abstract

Background: Chemotherapy-induced peripheral neuropathy (CIPN) is a progressive, enduring, and sometimes
irreversible neurotoxic symptom that occurs in 30–40% of chemotherapy-treated cancer patients. CIPN negatively
affects both the patient’s abilities to perform daily activities and their health-related quality of life (HRQOL) after
chemotherapy treatment. Although this neuropathy has been treated with duloxetine and/or gabapentin, limited
therapeutic benefits have been reported, thereby necessitating the development of an integrated approach that
combines pharmacological management and complementary methods such as acupuncture and electric nerve
stimulation. Therefore, this study is designed to examine the effect of a portable, low-frequency electrostimulation (ES)
device on CIPN symptoms and HRQOL of female patients diagnosed with CIPN immediately after chemotherapy for
breast cancer.

Methods: This study is a single-center, randomized, placebo-controlled trial with two parallel groups and a 2-
week follow-up. We will enroll 80 breast cancer patients who are newly diagnosed with CIPN after chemotherapy.
Duloxetine or pregabalin will be prescribed to all participants from the initial assessment. Half of the patients will
be assigned into the experimental group and the other half to the control group. The CarebandR (Piomed Inc.,
Seoul, Korea), a wearable wristband that generates low-frequency electrostimulation, will be administered only
to the experimental group. Electrostimulation will be administered on the unilateral PC6 acupoint. A numerical
rating scale will be used to assess the overall intensity of CIPN symptoms. The key secondary outcome variables
include patient-reported CIPN symptom distress tested by a self-rated questionnaire, physician-rated symptom
severity assessed by the Total Neuropathy Score, and HRQOL.
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Discussion: It is expected that the combination of a low-frequency electrostimulation device and pharmacological
intervention (duloxetine or pregabalin) will produce synergistic effects in breast cancer patients with CIPN after treatment.
To our knowledge, this is the first study to investigate the beneficial effect of a new integrated approach for CIPN
management after breast cancer treatment. The study findings can expand our knowledge and understanding of
the occurrence of CIPN and the efficacy of integrated intervention efforts to ameliorate CIPN symptoms.

Trial registration: Clinical Research Information Service (CRIS), Republic of Korea, ID: KCT0002357. Registered
retrospectively on 13 June 2017.

Keywords: Chemotherapy-induced peripheral neuropathy, Health-related quality of life, Low-frequency
electrostimulation device, Breast cancer

Background
According to the latest national cancer statistics, the
prevalence rate of breast cancer in Korea has increased
more than three times in the past 10 years and the
5-year cancer survival rates have increased from 77.9%
in 1993–1998 to 91.5% in 2008–2013 [1, 2]. It is note-
worthy that the number of premenopausal breast cancer
patients in Korea is significantly higher than those in
Western countries, which can be attributed to the fact
that the highest prevalence rate is found in women aged
40 to 49 years [3]. Women diagnosed with breast cancer
at age 50 years or younger reported to have poorer
health-related quality of life (HRQOL) than their older
counterparts because they may face various HRQOL is-
sues for the entire trajectory of their cancer diagnosis
and treatment [4]. HRQOL has been perceived as an im-
portant clinical outcome for long-term survivorship
among women living longer with cancer. For this reason,
the balance between survival advantages from curative
therapy and HRQOL challenges has received special at-
tention from healthcare professionals as well as breast
cancer patients.
Anticancer treatment, especially chemotherapy, was

associated with acute or late toxicities which affected
post-treatment HRQOL after treatment [5, 6].
Chemotherapy-induced peripheral neuropathy (CIPN) is

a commonly reported symptom affecting HRQOL in
chemotherapy-treated breast cancer patients [7, 8]. This is
referred to as any damage, inflammation, or degeneration
of the peripheral nerves because of the administration of
certain chemotherapeutic agents such as paclitaxel, doce-
taxel, or vincristine [9]. CIPN manifests as sensory, motor,
and autonomic symptoms. Sensory neuropathy is the most
common but motor symptoms and autonomic dysfunctions
may occur [10]. Symptoms of sensory neuropathy include
numbness, tingling, burning of hand and feet, loss of sensa-
tion, paresthesiae, and occasionally pain. Motor symptoms
present as impaired motor nerves, weakness of muscles,
and muscle atrophy. Symptoms associated with autonomic
nervous system dysfunction include constipation, ortho-
static hypotension, and urinary incontinence [11]. The

neuropathy symptoms affect the patient’s quality of life and
can cause long-lasting complications [11].
Clinically, CIPN has been treated with duloxetine and/

or gabapentin. Duloxetine is a serotonin and norepin-
ephrine dual reuptake inhibitor that can reduce pain due
to the suppression of painful peripheral stimuli transmis-
sion [7]. Gabapentin can inhibit neuronal activity and
thus produces analgesic effects through the reduction of
excitatory neurotransmitter release [12]. The American
Society of Clinical Oncology guidelines suggest that
these agents are useful in managing CIPN during and
after chemotherapy [13]. However, many studies have
demonstrated mixed results on the efficacy of pharma-
cological interventions on CIPN in individuals treated
with chemotherapy for various types of cancer such as
breast and colorectal cancer. Interestingly, one phase 3
randomized crossover trial reported that there was no
significant change in CIPN symptoms between patients
treated with 2700 mg of gabapentin for CIPN and dis-
ease- and treatment-matched controls who received pla-
cebo treatment [14]. Moore et al. reported that about
74% of patients who have painful neuropathic pain can
expect neuropathic pain control [15]. Due to the limited
therapeutic benefits of medication for CIPN treatment, a
number of studies suggest that complementary methods
can be used for the treatment of CIPN in cancer patients
and survivors [16, 17]. These studies have shown that
various types of acupuncture, including manual acu-
puncture, electroacupuncture, and auricular acupunc-
ture, have positive effects on pain symptoms in patients
with cancer [16, 18]. In other studies, acupuncture-like
transcutaneous electric nerve stimulation (TENS) also
produced similar effects on sensory and motor symp-
toms of CIPN through a possible mechanism of
top-down pain regulation of the central nervous system
[19, 20]. Previous experimental studies have demon-
strated that the analgesic effects of electroacupuncture
on neuropathic pain were produced by antinociception,
which involves μ, δ, or κ opioid receptors, spinal
serotonin, and norepinephrine, and changes in the con-
centrations of excitatory and inhibitory amino acid
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neurotransmitters to stop the pain. The actions of
electroacupuncture were also associated with glial
cells and cytokines and other bioactive molecules [21].
Park et al. [22] reported that CIPN-induced pain was
reduced by using electroacupuncture in patients who
were treated with eight cycles of chemotherapy, in-
cluding docetaxel and taxane agents. Smith et al. re-
ported that an electrocutaneous nerve stimulation
device (MC5-A Calmare) reduces CIPN pain by 20%
[20]. Taken together, pharmacological treatment yields
clinically beneficial effects on CIPN management, but
the combination of other supportive interventions
with current conventional treatments is required to
complement the limited efficacy of using medication
alone. Moreover, the aforementioned supportive inter-
ventions require patients to be in a fixed position for a
certain period of time. To ensure that patients comply
with the treatment for CIPN, the development of in-
terventions that allow patients to work while receiving
treatment anywhere and anytime is crucial.
Therefore, the purpose of this study is to examine the

effect of a portable, low-frequency electrostimulation de-
vice on CIPN symptoms and HRQOL of female patients
diagnosed with CIPN immediately after chemotherapy
for breast cancer.

Methods/design
This study is a single-center, randomized, placebo-
controlled trial with two groups and a 2-week follow-up.

The treatment period was determined based on previous
studies [20, 22–27]. The trial will be conducted at the
Chungnam National University Hospital Cancer Center
from March 2017 to December 2018. Trained researchers
will enroll 80 breast cancer patients who are newly diag-
nosed with chemotherapy-induced peripheral neuropathy.
Patients who meet the eligibility criteria will be recruited
and randomly allocated into intervention or control groups
in a 1:1 ratio. The overall flow of the trial is shown in Fig. 1.
The protocol of this study has been reviewed and approved
by the Institutional Review Board of Human Research of
the Chungnam National University Hospital (2016–
11-020). Informed consent will be obtained from all indi-
vidual participants before starting any data collection in this
study. The protocol fulfills the populated Standard Protocol
Items: Recommendations for Interventional Trials (SPIRIT)
Check list and Figure (as Fig. 2) and the SPIRIT Checklist
is attached as Additional file 1.

Participants
Participants will be considered for enrollment if they meet
the eligibility criteria and have a score of at least 5 on a
numeral rating scale(NRS) used to assess overall intensity
of CIPN symptoms after completion of chemotherapy for
primary breast cancer [28]. Inclusion criteria will be deter-
mined by one oncologist and one neurologist. Also, severe
CIPN will be determined by the neurologist. More detailed
eligibility information on the eligibility criteria is presented
in Table 1.

Fig. 1 Flow chart of the trial
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Sample size
Sample size will be decided by the primary outcome.
According to the published study on low-frequency elec-
troacupuncture treatment for CIPN, the overall change
in mean scores between baseline and 2-week follow-up
was − 4.0 with a significant decrease in pain over time
[27, 29]. However, there was no previous study that
could provide data to compute standardized differences
between two means of two groups in calculating the
sample size for this trial. Accordingly, this study will
evaluate the efficacy and feasibility of the low-frequency
wristband intervention for patients with CIPN [30].
With consideration for the maximum number of sub-
jects needed in pilot studies and the central limit
theorem, a total sample size of 40 per group was calcu-
lated [31]. The sample size was calculated based on the
changes in the NRS between baseline (visit 2) and the
end of the study (visit 3). Based on two previous studies
[26, 29], the mean and standard deviation are conserva-
tively assumed. We calculated that 32 patients per group
would be required to achieve a power of 95% with a
two-sided significance level of p < 0.05 for detecting the
superiority of treatment with Careband R by a t test.
Here, the assumed effect size (d) was 2.33. To account

for possible dropouts (10%), the target number of pa-
tients was, therefore, set at 40 per group (80 in total)
(see below):

n ¼ 2
Z1−α=2 þ Z1−β
� � � σ

Δ

� �2

n ¼ 2
1:96þ 1:64ð Þ � 2:57

2:33

� �2

n ¼ 31:63

H0: dt = dc; H1: dt ≠ dc; dt: the changes in the NRS be-
tween baseline (visit 2) and the end of the study (visit 3)
of the intervention group; dc: the changes in the NRS
between baseline (visit 2) and the end of the study (visit
3) of the control group; Δ; dt − dc.

Randomization
A total of 80 participants who meet the eligibility criteria
will be randomly assigned in a ratio of 1:1 to the inter-
vention or the placebo control group. The concomitant
use of neuropathy medications during the study is a con-
founding factor that can influence the outcomes of the
study. For this reason, the randomization will be strati-
fied according to the use of medication administered for

STUDY PERIOD

Screening 
&

Allocation
Baseline Post-allocation End of Treatment

TIMEPOINT** Visit 1 Visit 2 Day1 Day7 Day13 Visit 2

ENROLMENT:

Eligibility screen X

Informed consent X

Allocation X

INTERVENTIONS:

Portable low-frequency
electrostimulation apply

Telephone monitoring X X X

ASSESSMENTS:

NRS X X X

TNS
X X

FACT-B
X X

EORTC QLQ-CIPN20
X X

The instrument of pattern 
identification and 

evaluation for CIPN
X X

NRS; Numeral Rating Scale, TNS ; Total Neuropathy Score, FACT-B; The Functional Assessment of Cancer 

Therapy-Breast, EORTC QLQ-CIPN20; The European Organization for Research and Treatment of Cancer Quality 

of Life Chemotherapy-Induced Peripheral Neuropathy 20, CIPN; Chemotherapy-induced peripheral neuropathy

Fig. 2 Measures
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neuropathy. A randomization code list was generated
using SAS version V9.4 (SAS Institute Inc., Cary, NC,
USA) by a statistician who is not involved in this study.
The randomization procedure will be conducted by a
research assistant who will not take part in the inter-
view, data collection, intervention, or statistical ana-
lysis. Obtaining informed consent and baseline data
will be completed before randomization. A link be-
tween the randomization code and the corresponding
treatment will remain blinded for all other members
in the study team.

Recruitment strategies
Potential candidates will be invited by a physician in the
study team and will be given the details of this clinical
trial. A secondary recruiting strategy, such as advertise-
ments in the cancer center, will also be applied at the
same time. Participants who meet the eligibility criteria
and are willing to participate will be enrolled after they
read and sign an informed consent form.

Intervention
At baseline, the interventional medical devices and
placebo medical devices will distributed to the participants
allocated in the electrostimulation (ES) group and the
placebo control group, respectively. The device that is
used to manage CIPN symptoms is CarebandR
(Piomed Inc., Seoul, Korea), which is a wearable wrist-
band that generates low-frequency electrostimulation.
The placebo wristband device, which does not gener-
ate an electrical stimulus and has an identical appear-
ance, will be administered to the placebo control
group. Both interventional and placebo devices are la-
beled identically for blinding of participants. The par-
ticipants will be educated to use the devices on the
second stage (100 μA, 40 Hz) or above for 14 days, at
least twice a day, for at least 120 min, which includes
one consecutive hour of use. Electrostimulation will
be administered on the unilateral PC6 acupoint, which
is located approximately three finger breadths above
the wrist crease between the palmaris longus tendon
and flexor carpi radialis tendon [32]. The PC6

Table 1 Patient eligibility criteria

Inclusion criteria Exclusion criteria

Female, at least 19 years old Patients with a history of receiving chemotherapy
for cancer before this diagnosis was made

Patients diagnosed with primary breast cancer Patients with symptoms of peripheral neuropathy
that are severe and need to be immediately treated
with surgical procedures or acute management

Patients with a diagnosis of CIPN presenting within
the first week of an average pain score of at least 5
on a visual analogue scale of pain after completion
of chemotherapy

Patients with pre-existing peripheral neuropathy due
to trauma or intercurrent illness

Patients who do not take any medication to prevent
or treat neuropathy before screening

Patients with skin inflammation at the attachment site

Patients with an ECOG performance status of 2 or less Patients with a history of previous use of an acupressure
wristband over a week.
Patients with a history of cardiovascular disorders including
the use of a pacemaker

Patients who are willing and able to comply with the
requirements of the study

Patients with known hypersensitivity to metal or any medication

Patients who are willing and able to provide written
informed consent

Patients with uncontrolled hypertension (systolic blood pressure
≥ 170 mmHg or diastolic blood pressure≥ 100 mmHg)
or uncontrolled diabetes

Patients with hepatic insufficiency or dysfunction (three times
higher than normal levels of ALT, AST, creatinine)

Patients who were pregnant or are potentially pregnant and
breastfeeding

Patients with psychiatric disorders or who take medication for
psychiatric illnesses

Patients with a history of receiving investigative, new drugs
within 4 weeks before enrollment

Patients who do not have the ability to read, understand, or
respond to questionnaires

Patients with other reasons not to comply with this study protocol

CIPN chemotherapy-induced peripheral neuropathy, ECOG Eastern Cooperative Oncology Group, AST aspartate transaminase, ALT alanine aminotransferase
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acupoint was selected for its applicable location and
therapeutic effects of regulating qi, tranquilizing, and
relieving pain.

Data collection methods and record-keeping
Data obtained from all participants will be recorded in
the case report form. Researchers who are involved in
data collection will be trained to ensure standardized
procedures and guidelines for data collection. All data
will be stored in a locked cabinet and then coded using
a unique numerical identification system. The data will
be entered into an electronic database by the researchers
who will receive permission to access the database for
this study. Logical checks will be performed to find
missing data and inconsistencies.

Measurements of outcomes
Measures are presented in Fig. 2.

Primary outcome
The primary outcome measure of this study is the over-
all intensity of CIPN symptoms in women treated with
adjuvant chemotherapy for breast cancer. A NRS will be
used to assess the overall intensity of CIPN symptoms.
This scale is the most widely used clinical tool and its
validity has been assessed in studies on patients with
cancer [33, 34]. Patients will be asked to rate their symp-
tom intensity on an 11-point scale ranging from 0 (no
symptoms) to 10 (worst possible symptoms).

Secondary outcomes
The key secondary outcome variables include physician-
rated symptom severity assessed by the Total Neuropathy
Score (TNS), patient-reported CIPN symptom distress level
tested with a self-rated questionnaire and, and perceived
HRQOL, and the instrument for pattern identification and
evaluation for CIPN.
The TNS will be used to assess the presence, severity,

and location of symptoms. This scale was originally de-
veloped to evaluate diabetic neuropathy and later vali-
dated in cancer patients with peripheral neuropathy [35,
36]. The TNS can provide combined information ob-
tained from pin-prick, vibration threshold, and nerve
conduction studies. The TNS (range 0 to 40) combines
10 items of symptom scores, including sensory, motor,
autonomic symptoms, pin sensibility, vibration sensibil-
ity, and deep tendon reflexes [37, 38]. Each neuropathy
item will be scored by a neurologist on a 0 to 4 scale.
The reliability and validity of this scale were determined
in various studies in patients with CIPN [36, 37, 39].
The Functional Assessment of Cancer Therapy-Breast

(FACT-B) will be administered to measure the primary
domains of wellbeing (i.e., physical, social/family, emo-
tional, and functional wellbeing) and a breast cancer-

specific subscale that assesses symptoms and concerns
related to breast cancer [40]. The FACT-B is a 37-item
measure and has demonstrated good reliability, validity,
sensitivity, and suitability for use in various international
studies [41–43].
The European Organization for Research and Treatment

of Cancer Quality of Life (EORTC-QLQ) Chemotherapy-
Induced Peripheral Neuropathy 20 (CIPN20) will be used
to evaluate patients’ experience of symptoms and functional
limitations related to CIPN. This instrument consists of
three subscales: (1) sensory (nine items), (2) motor (eight
items), and (3) autonomic (three items) symptoms and
functioning. Each item is rated on a 4-point Likert scale
ranging from 1 (not at all) to 4 (very much) [8]. The
CIPN20 was established as a reliable and valid measure-
ment tool for individuals with CIPN [44, 45].
The instrument of pattern identification and evalu-

ation for CIPN will be used to diagnose and evaluate
CIPN based on the perspective of traditional oriental
medicine [46]. This instrument includes 30 items, which
can be divided into four patterns such as wind arthralgia,
cold arthralgia, dampness arthralgia, and arthralgia of
the deficiency type. All items are scored by an oriental
medicine physician on a 5-point Likert scale and higher
scores indicate greater distress in each CIPN pattern.

Safety and adverse events
Patients will be interviewed at each visit for assessment
and asked about the occurrence of any adverse events. All
adverse events related to this clinical trial will be recorded
and presented in the case report form in detail. The study
investigator will report serious adverse events, including
death, a life-threatening event, inpatient hospitalization or
prolongation of existing hospitalization, and persistent or
significant disability, to the Institutional Review Board of
Human Research of the Chungnam National University
Hospital. In addition, a safety analysis will be performed
to identify the incidence of adverse events, serious adverse
events, and the number and percentage of patients report-
ing at least one adverse event in each group.

Withdrawals
Participants will be free to withdraw from the study at
their own request at any time without giving reasons for
their decision. Withdrawals will be documented in the
case report forms and an active follow-up will be con-
ducted to monitor the occurrence of serious adverse
events throughout the entire planned period of study.

Data analysis
Statistical analysis will be performed using SPSS version
22 (IBM SPSS Inc., Chicago, IL, USA) software by a statis-
tician blinded to patient allocation. The efficacy of the
intervention will be analyzed using a full analysis set
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approach with the last-observation-carried-forward
method for primary outcome. Demographic and clinical
characteristics will be described as frequency and compos-
ition ratio. Categorical data will be described as frequency
and percentage. Continuous data will be presented by
mean and standard deviation or median and interquartile
range according to whether the data are normally distrib-
uted. For comparison with the baseline outcomes between
groups, continuous data will be analyzed by using inde-
pendent t tests or Wilcoxon rank sum tests and categor-
ical data will be analyzed by the chi-squared or Fisher’s
exact test. Mean differences from baseline to post treat-
ment in each group will be calculated to evaluate the effi-
cacy of treatment. Analysis of covariance will be used to
analyze a difference in primary and secondary outcomes
between groups if the residuals are normally distributed,
otherwise the Wilcoxon rank sum test will be conducted.
Clinically relevant covariates will be included in these ana-
lyses. A comparison between responders and
non-responders will be conducted to explore heterogen-
eity of any key variables. A p level of 0.05 (two-tailed test)
will be considered to indicate statistical significance for all
analyses.

Discussion
CIPN is a chemotherapy-induced complication that is
underestimated by healthcare professionals and even pa-
tients themselves, possibly due to a lack of concern or
awareness. Scholarly attention has been paid and better
understanding has been established with the publication
of empirical findings about the impact of chemotherapy-
related symptom management on quality of life [47, 48].
However, no promising interventions for CIPN preven-
tion or treatment exist to date.
The prevalence rate of peripheral neuropathy has in-

creased, ranging from 19 to 85% in chemotherapy-
treated cancer patients. Seretny et al. reported the pat-
tern of CIPN incidence during and after chemotherapy.
Specifically, this type of peripheral neuropathy emerged
after the initiation of chemotherapy in 1960 (46.9%) out
of 4179 cancer patients and was observed in more than
half of patients, with 68.1% showing it immediately after
completion of chemotherapy and 60% 3 months after
chemotherapy. Although the rate of CIPN decreased
after 3 months, 30% of patients still suffered from CIPN
symptoms 6 months after chemotherapy [10]. This result
showed that CIPN is a persistent problem that can act
as a risk factor for an impaired quality of life after
chemotherapy.
It is well known that CIPN might be caused by particular

types of chemotherapeutic agents including microtubule-
targeting agents, mainly vinca alkaloids and taxanes [11,
49]. According to recently published studies, epothilone
and ixabepilone are also associated with the occurrence of

CIPN after chemotherapy [11, 49]. Of these agents,
5-fluorouracil, etoposide, gemcitabine, and taxane need
to be acknowledged as important agents in patients
with breast cancer because these agents are known to
be associated with CIPN after breast cancer treatment
[50, 51]. Although CIPN does not directly affect overall
survival or recurrence-free survival [52], symptoms of
CIPN may result in patient reluctance to accept
life-saving therapy and changes in treatment strategies,
such as a reduction in chemotherapy dose intensity,
changes in chemotherapy regimen, or even treatment
discontinuance [9, 50].
Although it is recommended to prescribe duloxetine

or pregabalin for CIPN in cancer patients, this clinical
guideline does not work as a definite prevention or treat-
ment modality [9, 13, 50]. Many studies have investi-
gated safe, complementary treatments that have positive
effects on CIPN symptoms, so invasive as well as non-
invasive procedures were introduced. However, mixed
results were obtained due to small sample sizes, an ab-
sence of placebo-controlled study designs, and evalua-
tions done within a limited period [53]. This study has
been designed to resolve the drawbacks of the previous
studies. Specifically, a placebo control group is included
in this study to ensure the effectiveness of the non-
pharmacological intervention that was developed [20]
because CIPN can disappear naturally by discontinuing
chemotherapeutic agents that cause peripheral neur-
opathy [50]. Currently, there are no definite criteria or
tools for evaluating CIPN [10, 37, 39]. In this study,
various tools, such as the TNS [37], an instrument of
pattern identification and evaluation for CIPN [46, 54], a
numeral rating scale, FACT-B [55], and the EORTC
QLQ-CIPN 20 questionnaire (the last item of the EORTC
QLQ-CIPN 20 is omitted because of inappropriateness to
female patients) will be administered to evaluate the
symptoms of CIPN [6]. This study can contribute to a bet-
ter understanding of CIPN-associated distress and its
changing pattern or cancer-specific quality of life for indi-
viduals treated with adjuvant chemotherapy for breast
cancer.
The electrostimulation device used in this study is

non-invasive, portable, and easy to apply. In addition,
this device is not dependent on the specific place that
could be procedure or the ability of the operator. It
can be applied anywhere or anytime and can be effect-
ive for a long duration without serious complications
when compared to electronic acupuncture that only
works for a short time [54]. All participants invited in
both the experimental and sham-control groups will
take either duloxetine or pregabalin as prescribed for
their CIPN, and the electrostimulation device will be
administered only to the experimental group. It is
expected that the combination of a low-frequency
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electrostimulation device and pharmacological inter-
vention (duloxetine or pregabalin) will produce syner-
gistic effects in individuals with CIPN after breast
cancer chemotherapy.
In this study, we set a follow-up period of 2 weeks.

Previously, we reported one case of electroacupuncture
for the treatment of CIPN in breast cancer patient. The
patient was treated with Careband R for 14 days, in the
same clinical settings as our present study. The symp-
toms of CIPN, measured by the Patient Neurotoxicity
Questionnaire (PNQ) and visual analogue scale (VAS),
significantly improved in this case [22]. Various clinical
studies [20, 23–27] have reported the effect of scrambler
therapy on CIPN. The treatment period of scrambler
therapy was 10 days to 2 weeks. The results showed sig-
nificant reduction in score of CIPN-related symptoms,
which was measured by NRS at the end of the treatment
period. Also several studies reported the long-term effect
of scrambler therapy on CIPN, which was maintained to
each follow-up period, at 5 weeks [23], 10 weeks [24],
and 3 months [27].
The purposes of this study are to investigate the effect

of low-frequency electrostimulation on CIPN symptoms
and HRQOL of female patients diagnosed with CIPN
immediately after chemotherapy for breast cancer. The
findings of this study can provide healthcare profes-
sionals with valuable information on CIPN that can be
considered during breast cancer treatment. Moreover,
the results can be used to educate breast cancer patients
and survivors to improve their abilities in monitoring
and managing chemotherapy-related symptoms.

Trial status
Patient recruitment is ongoing at the time of submission.

Additional file

Additional file 1: Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) 2013 Checklist: recommended items to
address in a clinical trial protocol and related documents. (DOC 121 kb)
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