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Medical University of Graz, Graz, Austria, ®Red Bull Athlete Performance Center, Thalgau, Austria

Background: Electrotherapy has been investigated in chronic pain and
diabetic peripheral neuropathy, however prospective trials in patients with
chemotherapy-induced peripheral neuropathy (CIPN) are scarce.

Methods: Fifty-one patients with CIPN > grade 1 subsequent to receiving
platinum- and/or taxane-based chemotherapy types were randomized to
8 weeks of high tone external muscle stimulation (HTEMS) or transcutaneous
electrical nerve stimulation (TENS). The primary outcome were changes in the
EORTC-QLQ-CIPN20 questionnaire. Secondary outcomes included clinical
examinations, a classification of CIPN according to CTCAE v 4 and the EORTC-
QLQ-C30 questionnaire. A control group (n = 17) receiving no intervention was
recruited retrospectively.

Results: The EORTC-QLQ-CIPN20 sensory and motor scales improved in
both intervention groups (TENS: —-12.3pts and — 8.2pts; HTEMS: —14.7pts
and — 8.2pts) with no significant changes in the control group —3.3pts; —2.8pts.
The changes in the sensory scale differed significantly between the HTEMS
and the control group. In the EORTC-QLQ-C30 questionnaire, there was
a significant improvement for physical functioning in the HTEMS group only
(+7.9pts) with no between group differences. CIPN classification according to
CTCAE v4 improved significantly in both intervention groups.

Conclusion: Home-based electrotherapy with HTEMS or TENS were successful
in improving CIPN-related sensory impairment and could therefore provide a
powerful treatment for this side-effect of chemotherapy.

Clinical trial registration: https://clinicaltrials.gov/ct2/show/NCT03978585
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1 Introduction

Continuous advancements in diagnosis and treatment of
cancer lead to rising numbers of cancer survivors and to increasing
life expectancy (1). However, the progress in systemic therapy also
brings challenges in the management of side effects.
Chemotherapy-induced peripheral neuropathy (CIPN) is one
major complication of several anti-cancer therapies, especially of
taxanes and platinum salts (2). Additionally, the problems may
increase with novel drug types like antibody-drug conjugates and
checkpoint inhibitors (3, 4). In a meta-analysis of studies
investigating taxanes and platinum salts, the average prevalence
of CIPN was >60% in the first 3 months after cessation of
chemotherapy and about 30% after 6 months and beyond (5). The
severity of CIPN depends on the chemotherapeutic agent, the
cumulative dose, and the treatment regime. Symptoms usually
begin during chemotherapy at a lower intensity and tend to
increase if chemotherapy is continued. As a result, dose reductions
and ultimately discontinuation of chemotherapy are frequently
necessary in order to avoid high-grade CIPN, that hampers daily
activities and diminishes quality of life (6). Unfortunately, there is
still no effective pharmacological or non-pharmacological
of CIPN with

antidepressants, antiepileptics, magnesium, calcium, vitamins E

treatment available. Several approaches
and B6, glutamine, glutatione, N-acetyl-ysteine, omega-3 fatty
acids, alpha lipoic acid, topical ketamine, acupuncture, or
magnetic field therapy failed to show reproducible and significant
relief of symptoms (7-9).

Electrotherapy is a potential approach for alleviating
symptoms in this population. Transcutaneous electrical nerve
stimulation (TENS) has shown analgesic effects in various chronic
pain conditions by increasing opioid receptor activation and
restoring central inhibition (10-13). A single-arm, uncontrolled
trial including 29 patients with CIPN showed that 6 weeks of
TENS reduced sensory and motor impairments as well as pain
(14). However, high level evidence is missing (15). Similarly,
treatment with high-tone external muscle stimulation (HTEMS)
seems a promising approach in the therapy of CIPN. Compared
to TENS, HTEMS works with higher frequencies and might
therefore also enhance blood circulation and cellular metabolism
rather than only suppressing pain perception (16). This method
is successfully used in the treatment of diabetic neuropathy (17,
18) and shows better results in the reduction of pain compared to
TENS (16). To the best of our knowledge, there is one very recent
(2024) placebo-controlled trial using HTEMS as treatment for
CIPN indicating its potential by improving paresthesia and mental
stress after 3 weeks of electrotherapy with no changes for the
placebo group. However, this study was underpowered (n = 7 per
group) and changes in sensory or motor impairments assessed
with the EORTC QLQ-CIPN20 questionnaire did not reach
significance (19). Hence, the objective of this randomized
controlled clinical trial was to investigate the effectiveness of
home-based electrical therapy in the treatment of
CIPN. We hypothesized that both interventions (HTEMS and
TENS) would mitigate CIPN symptoms and increase quality of
life, with superior results for HTEMS.
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2 Materials and methods

2.1 Setting

This was a single-blinded, randomized controlled trial with an
observation time of 8 weeks. The trial was conducted at the
University Hospital Salzburg from September 2019 until March
2023. The study protocol was approved by the ethics committee of
Salzburg County (ID 415-E/2376/7-2018). All processes were
performed in accordance with the 1964 Helsinki declaration and all
patients gave their written informed consent. The study was
registered in Clinical Trials, available at https://clinicaltrials.gov/
ct2/show/NCT03978585. The study protocol was previously
published in detail (20). However, after publication of the protocol
the following amendments have been made: (1) in addition to
patients with breast and colorectal cancer, individuals with other
types of cancer were allowed to participate; (2) patients with CIPN
> grade 1 at baseline were included and (3) a control group fulfilling
the same inclusion and exclusion criteria, but receiving no
intervention for CIPN was recruited retrospectively. The reporting
of this clinical trial follows the CONSORT guidelines (see
CONSORT checklist in Supplementary material S5).

2.2 Study-flow

For the original study, CIPN patients were recruited, randomized
and treated either with HTEMS or TENS therapy from September 2019
until October 2021. The control group, where patients received no
intervention, was recruited in retrospect from July 2022 to March 2023.

2.3 Patient identification and recruitment

All patients receiving systemic tumor treatment at the IIIrd
Medical Department of the Paracelsus Medical University Salzburg
underwent screening for neuropathy complaints by using a
standardized admission form or by collecting medical history orally.
For inclusion, patients had to have completed chemotherapy with a
taxane or platinum salt for a confirmed invasive cancer 4 to 24 weeks
before, have a clinical diagnosis of CIPN > grade 1 according to
Common Terminology Criteria for Adverse Events version 4
(CTCAE v 4), be at least 18 years of age and have an Eastern
Cooperative Oncology Group (ECOG) performance score of 0 tol.
The CTCAE v 4 questionnaire includes the limitations of the activities
of daily living and has 5 categories: 0 = no impairment, 1 = loss of
deep tendon reflexes and paresthesia, 2 = limiting instrumental
activities of daily living, 3 =limiting self-care ADL, 4 = life-
threatening consequences. Exclusion criteria contained an ongoing
or planned treatment with antitumor treatments with potentially
neurotoxic side effects, preexisting peripheral neuropathy, peripheral
arterial occlusive disease > grade 1, skin conditions preventing proper
application of electrodes or implanted medical electronic devices
(e.g., pacemaker).
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2.4 Randomization and blinding

Participants were randomly allocated to either HTEMS or
TENS. Randomization was performed centrally. The random
allocation sequence was generated using the random number
generator available online.! Subjects were stratified according to the
respective chemotherapeutic agent: taxane or platin. Physicians
responsible for the clinical examinations and outcome assessment
were blinded. Due to the technical design of the intervention,
participants and device instructors could not be blinded. Patients in
the control group were not randomized or blinded and did not receive
any electrotherapy for CIPN symptoms. For this group, the statistician
analyzing the data was blinded to the patient’s allocation.

2.5 Intervention and control

Participants of the intervention groups received instructions on
the proper use of the electrical device and the first treatment under
supervision. The further applications were carried out at home. After
1 week of use, a therapist called the patients to ensure proper use.
Patients of both groups were instructed to use the electrical device
daily for at least 30 min for 8 weeks. The minimum requirement of use
for the per protocol analysis was at least 5 days a week corresponding
to a total usage time of >1,200 min. To ensure the minimum
requirement, frequency and duration of use were recorded in a diary
filled out by the patients and on the electrical device.

HTEMS was administered using a HiTOP 191 device (gbo
Medizintechnik, Rimbach, Germany). The conductive rubber
electrodes were placed on the lower limbs (one at the calf and one on
the sole of the foot). If the hands were also affected, patients were
additionally allowed to perform the electrical therapy on the hands
with electrodes placed on the frontal side of the forearm and on the
back of the hand. The principle of HTEMS is based on muscle
contraction in intervals. An interval comprised 3 sec of ramp-up time
(where intensity increases to the pre-set maximum level), followed by
3 sec of holding time (where intensity remains at maximum), and
finally, 3 sec of pause (with no stimulation). The applied frequencies
varied in the same predefined order from 4,096 to 32,768 Hertz over
three octaves in 72 quarter-tone steps of 1 sec each for each patient.
The maximum intensity of the stimulation was initially set by a
medical technician to a level that elicited tolerable muscle contractions
without causing any pain or discomfort and was continually adjusted
by the patient in order to maintain this effect.

Patients in the TENS group placed the rubber electrodes of the
electric device (DoloBravo, MTR GmbH, Berlin, Germany) on the
same body areas as described for the HTEMS electrodes. The
manufacturer’s predefined applied frequency was 80 Hertz. The
maximum intensity of the stimulation was set the same way as
described for the HTEMS therapy.

A control group was recruited retrospectively to control for time-
dependent symptom relief and to avoid overestimation of intervention
They EORTC-QLQ-CIPN20 and

effects. completed the

1 https://www.sealedenvelope.com/simple-randomiser/v1/lists
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EORTC-QLQ-C30 questionnaires twice, with an interval of 8 weeks
and did not receive any electrotherapy within this period.

2.6 Outcomes

All outcome parameters were evaluated at baseline (T0) and at the
end of the study, after 8 weeks of treatment (T1). The primary
endpoint was the improvement in the disease specific EORTC-QLQ-
CIPN20 questionnaire. This questionnaire contains 20 items assessing
sensory (9 items), motor (8 items), and autonomic symptoms (3
items), using a 4-point Likert scale (1 = “not at all;” 2 = “a little,”
3 = “quite a bit,” and 4 = “very much”). All scale scores are linearly
converted to a 0 to 100 scale (0 = no sensory impairment, 100 = worst
sensory impairment) (21). A difference of >5.9 points was considered
clinically significant (22). Secondary endpoints were improvements of
the patient quality of life (EORTC-QLQ-C30) and the classification of
CIPN grade according to National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE) version 4 (23).
Clinician-reported secondary outcomes were assessed in the HTEMS
and the TENS group with a standardized clinical test battery
containing the following assessments: Vibration sensibility measured
with a semi-quantitative tuning fork (24), Achilles and patellar tendon
reflexes (25), temperature sensibility (26), perception of touch, by
symmetrically stroking the patient’s thighs, lower legs and feet with
the physician’s fingers (27) and strength of the lower leg muscles (by
performing toe standing/walking and heel standing/walking on both
feet; possible, not possible). A detailed description of the clinical
assessments can be found in the Supplementary Tables S4-S6.

Patients in the control group did only complete the EORTC-QLQ-
CIPN20 and EORTC-QLQ-C30 questionnaires. No other outcome
parameters were recorded.

2.7 Statistical analysis

Sample size was calculated a priori for a power of 80%, a = 0.05
and f = 0.20, proposing a 5.9 point difference in pre-post changes of
the EORTC-CIPN20 scores between both treatment groups. Using an
estimated standard deviation of 5.5, a sample size of 42 patients (21
per arm) would be required. Considering an estimated drop-out rate
of 15%, we defined a recruitment goal of 50 patients.

The analysis for the primary endpoint was based on the
intention-to-treat principle, secondary endpoints were analyzed
per protocol. Normal distribution of data was assessed by the
Shapiro-Wilk test. Between-group differences at baseline were
analyzed using a student’s t-test for independent and normal
distributed data and a Mann-Whitney U-Test or a Chi-square test
for nonparametric data. Within-group differences were calculated
using a student’s t-test for paired samples if data was normally
distributed, otherwise a Wilcoxon signed-rank test was used.
p-values were Bonferroni corrected. Pre-post changes between
groups were analyzed using a Kurskal Wallis test for the EORTC-
QLQ-CIPN20 and EORTC-QLQ-C30 questionnaires (all data not
normally distributed). If a significant effect was found, Mann-
Whitney U-Tests were performed post-hoc with Bonferroni
corrected p-values. Within-group differences for all other
secondary endpoints were analyzed using a Wilcoxon signed-rank
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test or a McNemar test, respectively. Pre-post differences between
groups for the CTCAE v4 CIPN grade were analyzed using a
Mann-Whitney U-Test test. All tests were 2-tailed, and a 5%
probability level was considered as significant. All statistical
analyses were performed with IBM SPSS Statistics 23.0 (IBM,
Enhingen, Germany). Figures were created using GraphPad prism
v.9 (GraphPad Software, Boston, United States).

3 Results

In total, 51 patients were included between September 2019 and
October 2021 and randomized to the TENS or HTEMS group. One
patient in the HTEMS group died during the study period due to his
cancer and was not included in the intention-to-treat analyses for the
primary outcome EORTC-QLQ-CIPN20 questionnaire (1 = 50).

10.3389/fneur.2024.1451456

Three patients in the HTEMS group and five patients in the TENS
group were not included in the per-protocol analysis for secondary
outcomes (n = 42), because they did not achieve the minimal total
usage time for electrical therapy (> 1,200 min). The retrospectively
recruited control group (CON) consisted of 10 male and 7 female (in
total n = 17) patients. The study flow and the baseline characteristics
of patients are demonstrated in Figure 1 and Table 1.

There were no baseline differences between groups except for the
distribution of type of neurotoxic chemotherapy (p = 0.049) with
higher percentage of platinum in the control group (Table 1). Baseline
EORTC-QLQ-CIPN20 values in the autonomic scale also differed
significantly between the three groups: patients in the TENS group
had lower baseline values than patients in the two other groups.
Baseline values for sensory scale showed a large numerical difference
between the control and both intervention groups (CON 36 vs. TENS
47 vs. HTEMS 45), however this was not statistically significant
(p=0.213) (Table 2; Figure 2).

[ Enrollment ]

Assessed for eligibility (n=53)

Excluded (n=2)
- Not meeting inclusion criteria (n=2)

h 4

Randomized (n=51)

l recruited in retrospect

v [
to intervention HTEMS (n=26)
-Received allocated intervention

(n=26)

A 4 A4

Allocation ]

to intervention TENS (n=25) CON (n=26)
- Received allocated intervention - Excluded (n = 3)
(n=25) not meeting

inclusion criteria
- ongoing neurotoxic

[ Follow-Up

Lost to follow-up (n=1, deceased)

[ Analysis

Analyzed (n=25; ITT) (n=22; PP)
- Excluded from analysis (n=3)
minimal usage was not achieved

FIGURE 1

chemotherapy (n=1)

Lost to follow up
(n=5)

Analyzed ITT and
PP (n=17)

Analyzed (n=25;ITT) (n=20;PP)
- Excluded from analysis (n=5)
minimal usage was not achieved

Flow diagram of the study. HTEMS: high tone external muscle stimulation; TENS: transcutaneous electrical nerve stimulation, both groups recruited
and treated from September 2019 until October 2021; CON: control group, recruited in retrospect from July 2022 to March 2023; ITT: intention to
treat analysis for primary outcome; PP: per protocol analysis for secondary outcomes.
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TABLE 1 Baseline tumor and patient characteristics.

10.3389/fneur.2024.1451456

HTEMS n = 25 TENS n = 25 Controls n = 17 p- value
Median age [years] (range) 63 (36-89) 69 (24-81) 63 (47-79) 0.748
Age < 60y 6 (24%) 11 (44%) 4(23%)
Gender 0.832
Male 10 (40%) 12 (48%) 10 (59%)
Female 15 (60%) 13 (52%) 7 (41%)
Tumor entity 0.922
Breast cancer 11 (44%) 10 (40%) 5(29%)
Colorectal cancer 4 (16%) 6 (24%) 5(29%)
Esophageal cancer 2 (8%) 3 (12%) 2 (12%)
Pancreatic cancer 1 (4%) 4 (16%) 2 (12%)
Gastric cancer 2 (8%) 2 (8%) 2(12%)
Other 5 (20%) 0 (0%) 1(6%)
Tumor AJCC stage
I 3 (12%) 3 (12%) 2 (12%) 0.543
11 6 (24%) 8(32%) 4 (23%)
11 8 (32%) 2 (8%) 5 (29%)
v 8(32%) 12 (48%) 6 (35%)
Grade 0.910
1-2 12 (48%) 11 (44%) 6 (35%)
3 7 (28%) 10 (40%) 6 (35%)
Unknown 6 (24%) 4 (16%) 5(30)
Therapeutic setting
Curative 16 (64%) 15 (60%) 11 (65%) 0.939
Palliative 9 (36%) 10 (40%) 6 (35%)
Neurotoxic chemotherapy* 0.049
Taxane 12 (48%) 11 (44%) 6 (35%)
Platinum’ 8(32%) 9 (36%) 8 (47%)"
Taxane and Platinum 5(20%) 5(20%) 3 (18%)
Mean duration of neurotoxic
chemotherapy [days] (SD) 104 (34) 134 (101) 143 (72) 0.193
Median duration [days] 105 (140) 89 (477) 170 (270)
(range)
Early discontinuation 10 (40%) 8(32%) 3 (18%) 0.308
because of CIPN
Mean time after ending of 87(32) 98 (39) 97 (31) 0.473
neurotoxic chemotherapy
[days] (SD)
Dose reduction of neurotoxic 0.193
chemotherapy
Yes 8(32%) 10 (40%) 6 (35%)
No 17 (68%) 15 (60%) 11 (65%)
BMI at baseline
Median (range) 24.2 (19-36) 25.8 (19-35) 23.7 (17-31) 0.215
<20 1 (4%) 2 (8%) 2 (12%)
20-25 14 (56%) 15 (60%) 10 (59%)
(Continued)
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TABLE 1 (Continued)

HTEMS n = 25 TENS n = 25 Controls n = 17 p- value
>25 10 (40%) 8 (32%) 5(29%)
Variation of BMI during
neurotoxic chemotherapy -1.9(7.1) —2.0(6.7) —-2,8(7.3) 0.230
[mean] (SD)
Increase 10 (40%) 11 (44%) 5 (30%)
Loss <10% 12 (48%) 10 (40%) 8 (47%)
Loss of >10% 3 (12%) 4 (16%) 4 (23%)
Known Diabetes/Pre-Diabetes 0.180
(y/n)
Diabetes 6(24%) 4 (16%) 7 (41%)
No diabetes 19 (76%) 21 (84%) 10 (59%)
Therapy during electrotherapy
Yes 15 (60%) 14 (56%) 13 (77%)
No 10 (40%) 11 (44%) 4(23%)
Chemotherapyt 6 (24%) 2 (8%) 7 (41%)
Chemotherapyt and targeted 4 (16%) 4 (16%) 3(18%)
therapy or immunotherapy
Endocrine therapy 2 (8%) 2 (8%) 1(6%)
Targeted therapy + endocrine 3 (12%) 6 (24%) 2 (12%)
therapy

AJCC, American Joint Committee on Cancer; BMI, body mass index; HTEMS, high tone external muscle stimulation; TENS, transcutaneous electrical nerve stimulation; SD, standard
deviation; * stratification factor for both intervention groups; # significant baseline differences between the control and the intervention groups; TNon-neurotoxic chemotherapies only were
allowed (e.g. capecitabine, 5-fluorouracil, and irinotecan etc).

TABLE 2 EORTC QLQ CIPN20.

HTEMS n = 25 TENS n =25 Controls (CON) n = 17
T1 A (CI) T1 A (CI) TO T1 A (Cl) Between
group
differences!
Sensoryscale | 450+21.2  327+154 —123% 9= 4734175 3264177 | —147%%%4=18 | 364+217 332+224  —-33  TENSvs.CON
(~19.6; —5.0) (—21.5;-7.8) (=9.7; | p=0.0204;

3.1) | HTEMS vs. CON
p=0039

TENS vs. HTEMS

p=10
Motor scale | 324+182 | 242%157 = —82%#9® | 2594206 = 177+17.3 @ —82%913 2944227  266+247  -28 | TENSvs.CON
(-13.5,-2.6) (-13.7; -2.7) (=79, | p=10

23)  HTEMS vs. CON
p=0.726;

TENS vs. HTEMS

p=10
Autonomic 10.0 £12.7% | 10.7 + 12.6 0.7 27.3 £25.9% 22.7+£249 —4.7 27.5+31.7 27.5+£26.3 0.0
scale (—4.8;6.1) (—14.7;5.4) (=9.6;
9.6)

Significant different baseline values compared to HTEMS $$ p < 0.01; significant within group differences ***p < 0.001; **p < 0.01; *p < 0.05; 1 Mann-Whitney-U-Test, d Cohan’s d for effect
size.
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FIGURE 2

HTEMS

EORTC-QLQ-CIPN20 questionnaires before (TO, gray) and after (T1, white) the intervention in the transcutaneous electrical nerve stimulation (TENS),
the high-tone external muscle stimulation (HTEMS) and the control (CON) groups, respectively. Significant within group differences: # p < 0.05, ##

p < 0.01, ### p < 0.001; significant between group differences: * p < 0.05; significant baseline differences: $S p < 0.01; d: effect size Cohan'’s d. Values
are presented as means and 95% confidence intervals with plotted individual values.

CON TENS HTEMS

3.1 Feasibility

Eight patients (16%; 3 in the HTEMS group and 5 in the TENS
group) reported adverse events related to the therapy. Two patients in
the HTEMS group complained about pain caused by too high intensity
and one reported an increase of symptom intensity. Three patients of
the TENS group reported that the electrodes were overly adhesive, one
patient complained about an increase of symptom intensity and for
one patient the electrodes could not be ideally fixed on the skin. There
was no difference in therapy compliance between TENS and HTEMS
groups. Eighty-eight percent of patients randomized to HTEMS and
80% of patients randomized to TENS patients fulfilled the minimal
duration of electrical therapy (> 1,200 min).

3.2 Primary endpoint

The primary endpoint for this study were changes in the
EORTC-QLQ-CIPN20 questionnaire. Values of patients in the
TENS and HTEMS groups improved significantly in the sensory
(TENS: —12.3 + 17.7, p = 0.006; HTEMS: —14.7 + 16.5, p < 0.001)
and motor scale (TENS: —8.2 + 12.9, p = 0.012; HTEMS; —8.2 + 13.4,
p=0.015), but not for the autonomic scale (Figure 2;
Supplementary Table S2). There were no significant changes in the
control group for any scale (sensory scale: —3.3 + 12.4, p = 0.294,
motor scale: —2.8 +10.0, p = 0.264 autonomic scale: 0.0 £ 18.6,
p =1.000). According to the Kurskal-Wallis test the groups differed
significantly when comparing pre-post differences in the sensory
scale (p = 0.048). By performing pairwise comparisons post-hoc,
there were significant differences between the HTEMS and control
group (p = 0.039). There were no further between group differences
(Figure 2; Table 2).

3.3 Secondary endpoints

All secondary endpoints were analyzed after the per protocol

principle. Twenty, 22 and 17 patients completed the
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EORTC-QLQ-C30 questionnaire in the TENS, the HTEMS and the
control groups, respectively. Results of the EORTC-QLQ-C30
questionnaire are presented in Tables 3, 4. There was a tendency
for an increase in the global health status (+8.7 £ 15.7, p = 0.054)
and a significant improvement for physical functioning (7.9 + 11.8,
p=0.018) from TO to T1 in the HTEMS group only (Table 3).
There were no further within group differences. Pre-post
differences did not differ between groups in any variable
(Tables 3, 4).

There were significant improvements in the CIPN grading
according to CTCAE v4 from TO to T1 in both intervention groups
(TENS: from 3 to 1, p = 0.004; HTEMS from 2 to 1, p = 0.012) with no
between group differences (Supplementary Figure S3). There were no
within or between group differences in any clinical assessment
(Supplementary Tables S2-S4).

4 Discussion

In cancer patients, peripheral neuropathic disorders often occur
after the application of certain cytotoxic drugs, especially after taxanes
and platinum salts (5). Patients are particularly affected by
impairments in sensory functions, e.g., with tingling and numbness
of the feet and fingers, which can be still present years after completion
of chemotherapy (28, 29). After 8 weeks of home-based electrotherapy,
our study showed a significant improvement in sensory and motor
functions (Figure 2; Table 2). The CIPN grade according to CTCAE
v4 also improved significantly in the TENS group from grade 3
(restricted basic functions; e.g. dressing and personal hygiene) to
grade 1 (loss of deep tendon reflexes or paresthesia) and in the
HTEMS group from grade 2 (impaired functional tasks; e.g. preparing
food or housekeeping) to grade 1 (Figure 3; Supplementary Table S1).
These changes are clinically relevant and have a direct impact on the
everyday skills of affected patients.

At baseline, patients in our study showed considerably
compromised sensory functions according to the EORTC-QLQ-
CIPN20 questionnaire (TENS: 45/100, HTEMS: 47/100, CON:
36/100). Eight weeks of electrical therapy led to a significant relief of
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TABLE 3 EORTC QLQ C30 symptom scales.

10.3389/fneur.2024.1451456

TENS (n = 20) HTEMS (n = 22) Controls (n = 17)
Symptom Tl A (CI) T1 (o)) TO T1 A (CI)
scales
-1.7 =8.1 =59
Fatigue 38.9+29.8 372+31.7 433 +37.1 35.4+29.6 52.3+26.3 46.4 +28.1
(—13.7;10.4) (—18.3;2.1) (—18.8;7.1)
—17.5(—32.8;- —6.1 -1.0
Pain 38.3+334 20.8 +31.0 30.3 +36.6 242 +29.0 26.5+20.5 25.5+28.9
2.2) (—15.6;3.5) (=17.2;15.2)
Nausea and -1.5 -39
33+6.8 5.0+109 1.7 (=2.6;6.0) 9.1+24.0 7.5+18.3 12.7 £25.4 8.8+18.7
vomiting (—5.4;2.4) (—15.9;8.0)
0.0 1.5 -39
Dyspnoea 10.0 £ 15.7 10.0 £21.9 13.6 £28.5 15.2 £26.7 27.5+£29.4 23.5+£257
(—11.3;11.3) (-7.0;10.0) (—15.9;8.0)
—-12.1 -5.9
Insomnia 30.0 +35.7 33.3+375 3.3 (=9.0:15.6) 39.4 +40.7 27.3+£319 41.2+344 353+27.6
(—31.8;7.5) (=22.2;10.4)
—4.5 -11.8
Appetite loss 16.7 £27.6 16.7 £29.6 0.0 (=7.2;7.2) 27.3+£39.4 22.7+£332 353+41.6 23.5+£32.8
(=27.7:4.2) (=27.4;4.2)
—-83 -3.0 -5.9
Constipation 20.0£31.3 11.7 £24.8 9.1+25.6 6.1 £19.6 19.6 £29 13.7 £23.7
(—18.3;1.6) (=7.4;1.3) (—16.8;5.0)
0.0 —-12.1 -15.7
Diarrhea 15.0 £29.6 15.0 £27.5 19.7 £32.0 7.6+228 39.2+31.7 23.5+£36.8
(—14.3;14.3) (=25.5;1.2) (=31.9;0.5)
Financial —6.7 —4.5
11.7 £+ 24.8 50+16.3 15.2 +£28.6 10.6 £ 26.0 17.6 £23.9 17.6 £23.9 0.0 (—8.6;8.6)
difficulties (—17.5;4.2) (=9.7;0.64)

HTEMS, high tone external muscle stimulation; TENS, transcutaneous electrical nerve stimulation.

TABLE 4 EORTC QLQ C30 global health status and functional scales.

TENS (n = 20) HTEMS (n = 22) Controls (n = 17)

Tl A (CI) TO T1 A (Cl) TO T1 A (ClI) Between
group
differences®

Global 55.8 +24.0 62.9 +20.9 7.1 523 +13.7 61.0+17.7 8.7 613+174 60.8 £22.6 -0.5

health (=3,1517.2) (1.7;15.7) (—12.6;11.6)

status

Physical 72.7 £20.5 77.0 £22.8 4.3 72.7 +24.8 80.6 + 20.9 7.9%kr =06 68.2+229 67.8 £20.2 —04 HTEMS vs. CON

functioning (=2.411.1) (2.7;13.1) (10.3;9.6) p=0432
HTEMS vs. TENS
p=1.000

Role 59.2 +23.7 64.2+£29.3 5.0 59.1 +37.7 68.2 +£30.4 9.1 50.0 +26.4 58.8 +32.3 8.8

functioning (—8.9;18.9) (=7.0;25.2) (—6.4;24.0)

Emotional 78.8 +21.5 80.8 +20.1 2.1 67.0 +26.7 75.0 £20.1 8.0 60.3 £25.3 65.2+29.8 4.9

functioning (=7.1;11.3) (-1.3;17.2) (—6.8;16.6)

Cognitive 80.0 +27.4 80.1 £21.1 0.8 81.8+27.2 81.1+27.4 —0.8 65.7 £34.6 70.6 £22.5 4.9

functioning (—8.5;10.1) (—8.1;6.6) (—5.9;15.7)

Social 69.2£29.3 77.5+22.5 8.3 63.6 +34.4 70.5 +27.7 6.8 63.7 £27.8 70.6 + 24.0 6.9

functioning (—3.9;20.6) (—5.2;18.8) (—7.4;21.1)

Significant within group difference *p < 0.05; 'Mann-Whitney-U-Test; *Wilkoxon-Test; "Pearson’s r as effect size.

—12 points (38%) after TENS and — 15 points (45%) after HTEMS
therapy, compared to the control group (=3 points, 10%). These
improvements were far beyond the minimal clinical important
difference of 5.9 points defined by Yeo et al. (22) and did not differ
between the two intervention groups. However, only the pre-post
changes between HTEMS and the control group differed statistically
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significantly. A comparison with previous research in electrotherapy
as treatment for CIPN is challenging, since the few existing studies are
very heterogeneous regarding the population, outcome measures and
treatment delivery. One study, where patients received TENS therapy
during chemotherapy, reported no beneficial effects (30) while
improvements of 10-20% in sensory symptoms were observed by
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FIGURE 3

Chemotherapy-induced polyneuropathy (CIPN) grade according to
CTCAE v 4 in the transcutaneous electrical nerve stimulation (TENS)
and the high-tone external muscle stimulation (HTEMS) groups at
baseline (TO) and after the intervention (T1). ADL: Activities of daily
living; significant within group differences: ** p < 0.01, * p < 0.05; r:
effect size Pearson’s r; values are presented as median and 95%
confidence intervals.

other authors when TENS was performed at least 3 months after
stopping chemotherapy (14, 31, 32).

Deterioration of sensory and motor functions after chemotherapy
are associated with reduced quality of life and a lower global health
status (e.g., according to the EORTC-QLQ-C30), which worsens with
symptom intensity (28, 33). A tendency for an increase in the global
health status and an improvement for physical functioning after
HTEMS were observed in our study. It is nevertheless surprising that
the meaningful improvements of sensory impairments after HTEMS
in our population were not reflected by clearer increases in quality-of-
life domains or the global health status.

Short and easy to perform questionnaires like the CTCAE v4 to
assess the CIPN grade are important in clinical routine. This
questionnaire includes the limitations of the activities of daily living, is
strongly correlated with the EORTC-QLQ-CIPN20 scores and shows
a good convergent validity with the EORTC-QLQ-CIPN20
questionnaire (23). After 8 weeks of electrotherapy patients showed a
significantly lower CIPN grading in the CTCAE v4 with no differences
between intervention groups. However, it should be noted that the
improvements after the CTCAE v4 questionnaire have to be viewed
with caution since this data was not collected in the control group.
Longitudinal studies assessing the course of CIPN show an increase of
the incidence of CTCAE grade > 1 and sensory impairments together
with successive worsening of symptoms up to 1 year after chemotherapy
(34). Spontaneous improvements in sensory impairments or the
CTCAE grading without intervention seem therefore unlikely and
empbhasize the found effects of electrotherapy in our study.

Interestingly, we did not observe changes in any clinical
assessment (e.g., cold/warm sensibility, reflexes, tuning fork test, etc.;
see Supplementary Tables S2-54). This is in line with other research
reporting only slight changes in quantitative sensory parameters after
exercise programs (35). The difference between clinically relevant
improvements in CIPN scores vs. the lack of objective improvements
by clinical examinations remains to be explained. Insensitivity of
clinical evaluations regarding individual neuropathic symptoms but
their interplay toward reduced complex neurological functions might
be one explanation. Assessments that relate more to daily life activities,
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like closing buttons or walking on an uneven surface, may be more
relevant for patients and may better illustrate impaired sensory and
motor functions. Similarly, it is well-known that even relevant
differences in specific adverse events of anticancer therapies like
nausea or diarrhea do not always cause differences in quality of life in
clinical trial patients (36).

4.1 Limitations and strengths

When interpreting the results of this study, some limitations have
to be considered. One limitation is the decision not to implement a
placebo group. The selected intensity of electrotherapy should produce
muscle contractions, which would not be achievable using a placebo
device. It is therefore possible that patient reported outcomes were
biased by the placebo effect. Another limitation is the retrospective
recruitment of the control group, which occurred approximately
7 months after the original study protocol. This group was not
stratified according to the neurotoxic agent, causing a slight imbalance
in the use of platinum compared to the randomized groups, and only
completed the EORTC-QLQ-CIPN 20 and C30 questionnaires. The
retrospective nature of the control group is a major limitation of our
study, but supports the improvements of the sensory scale, especially
after HTEMS. Increases in the CTCAE grading after electrotherapy
on the other hand, must be interpreted with caution. Deviating from
the original study protocol, patients were included with a CIPN
grade > 1 according to CTCAE v4. This is in contrast with other
research where only patients with CIPN grade > 2 were included.
However, despite this difference in the inclusion criteria, patients in
our study showed remarkable impairments of sensory and motor
functions at baseline measured with the EORTC-QLQ-CIPN20
questionnaire. Finally, ongoing chemotherapy is potential confounder
in our trial, since it could have weakened the effect of electrotherapy.
Self-evidently, only non-neurotoxic chemotherapies were allowed and
the number of patients who received further chemotherapy did not
differ between the two groups. As ongoing treatments are common in
oncology, prohibiting additional therapies would have not accurately
reflected real-world practice. One of the strengths of this clinical trial
was - aside from the prospective design and the randomization - the
home-based intervention approach. After one extensive training
session, patients were able to perform the electrotherapy
independently. The treatment was easy and quick to comprehend and
travel to a therapy center was not necessary. This was mirrored by a
good acceptance and compliance (read from the records of the
devices) of 88% (HTEMS) and 80% (TENS). The electrotherapy
procedures could be performed safely and there were only a few (16%)
unpleasant side effects such as pain caused by too high intensity or
discomfort caused by overly adhesive electrodes.

5 Conclusion

Electrotherapy, especially the HTEMS intervention, seems to be a
successful treatment strategy to mitigate the impairment of sensory
functions in CIPN patients. Further investigation is necessary to
explore the impact of electrotherapy on everyday tasks and activities.
Using a larger sample size and a multicenter approach, the influence
of different neurotoxic agents on TENS and HTEMS therapy effects
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could also be clarified. Although more studies are desirable, HTEMS
and TENS can be considered as treatment options for CIPN after
completion of neurotoxic chemotherapy since they are easy to
administer and have negligible side effects.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics
committee of Salzburg County. The studies were conducted in
accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study.

Author contributions

RS: Writing - original draft, Writing - review & editing,
Conceptualization, Funding acquisition, Project administration,
Supervision. SG: Conceptualization, Supervision, Writing - original
draft, Writing - review & editing. FR: Writing - original draft,
Writing - review & editing, Formal analysis, Methodology,
Visualization. TJ: Conceptualization, Data curation, Funding
acquisition, Methodology, Validation, Writing - original draft,
Writing - review & editing. GR: Conceptualization, Supervision,
Writing - original draft, Writing - review & editing. VC: Data
curation, Writing - original draft, Writing - review & editing. KL:
Investigation, Writing — original draft, Writing - review & editing. JH:
Conceptualization, Investigation, Writing — original draft, Writing -
review & editing. YK: Writing - original draft, Writing - review &
editing. MF: Conceptualization, Resources, Writing — original draft,
Writing - review & editing. DS-S: Conceptualization, Funding
acquisition, Supervision, Validation, Writing - original draft,
Writing - review & editing. RG: Conceptualization, Resources,
Supervision, Writing - original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study was
funded by the Paracelsus Medical University PMU FFF with the grant
no. T-18/03/144-SAS.

References

1. Jemal A, Torre L, Soerjomataram I, Bray F. The cancer atlas. 3rd ed. Atlanta, GA:
American Ancer Society, Atalanta Georgia (2023).

2. Banach M, Juranek JK, Zygulska AL. Chemotherapy-induced neuropathies-a
growing problem for patients and health care providers. Brain Behav. (2017) 7:e00558.
doi: 10.1002/brb3.558

3. Man J, Ritchie G, Links M, Lord S, Lee CK. Treatment-related toxicities of immune
checkpoint inhibitors in advanced cancers: a meta-analysis. Asia Pac J Clin Oncol. (2018)
14:141-52. doi: 10.1111/ajco.12838

Frontiers in Neurology

10.3389/fneur.2024.1451456

Acknowledgments

We would like to thank the Paracelsus Medial University for
financially supporting this study and the involved oncology doctors
and nurses.

Conflict of interest

SG receives honoraria from MSD, Novartis, Astra Zeneca, Eli
Lilly, Seagen Daiichi Sankyo Europe GmbH and Gilead Sciences and
has a consulting role for these companies and Stemline Therapeutics.
The institution of SG receives funding (for projects not related to this
paper) and travel expenses from Roche, Daiichi Sankyo Europe
GmbH, Novartis, Pfizer, Caris Life Sciences, Eli Lilly, Seagen, Gilead
Sciences, Janssen and AstraZeneca. GR receives honoraria from
Amgen, AstraZeneca, Daiichi Sankyo GmBH, Eli Lilly, Gilead
Sciences, MSD, Novartis, Seagen, Stemline Therapeutics, Roche and
BMS and has a consulting role for these companies and Pfizer. RG
holds a stock in Novo Nordisk and Eli Lilly and receives honoraria
from Celgene, Roche, Merck, Takeda, AstraZeneca Novartis, Amgen,
BMS, MSD, Sandoz and Abbvie. RG also is consultant for Celgene,
Novartis, Roche, BMS, Takeda, Abbvie, Astra Zeneca, Janssen, MSD
and Amgen and expert testimony for Roche, Amgen, Janssen, Astra
Zeneca Novartis, MSD, Celgene, Gilead Sciences and BMS. RG
receives funding for projects not related to this paper from Celgene,
Roche, Merck, Takeda, AstraZeneca Novartis, Amgen, BMS, MSD,
Sandoz and Abbvie.

The remaining authors declare that the research was conducted in
the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1451456/
full#supplementary-material

4. Tilly H, Morschhauser F, Sehn LH, Friedberg JW, Trneny M, Sharman JP, et al.
Polatuzumab Vedotin in previously untreated diffuse large B-cell lymphoma. N Engl J
Med. (2022) 386:351-63. doi: 10.1056/NEJMoa2115304

5. Seretny M, Currie GL, Sena ES, Ramnarine S, Grant R, MacLeod MR, et al. Incidence,
prevalence, and predictors of chemotherapy-induced peripheral neuropathy: a systematic
review and meta-analysis. Pain. (2014) 155:2461-70. doi: 10.1016/j.pain.2014.09.020

6. Bhatnagar B, Gilmore S, Goloubeva O, Pelser C, Medeiros M, Chumsri S, et al.
Chemotherapy dose reduction due to chemotherapy induced peripheral neuropathy in

frontiersin.org


https://doi.org/10.3389/fneur.2024.1451456
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2024.1451456/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2024.1451456/full#supplementary-material
https://doi.org/10.1002/brb3.558
https://doi.org/10.1111/ajco.12838
https://doi.org/10.1056/NEJMoa2115304
https://doi.org/10.1016/j.pain.2014.09.020

Sassmann et al.

breast cancer patients receiving chemotherapy in the neoadjuvant or adjuvant settings:
a single-center experience. Springerplus. (2014) 3:1-6. doi: 10.1186/2193-1801-3-366

7. Hwang MS, Lee HY, Choi TY, Lee JH, Ko YS, Jo DC, et al. A systematic review and
meta-analysis of the efficacy of acupuncture and electroacupuncture against
chemotherapy-induced peripheral neuropathy. Medicine (Baltimore). (2020) 99:e19837.
doi: 10.1097/MD.0000000000019837

8. Hershman DL, Lacchetti C, Dworkin RH, Lavoie Smith EM, Bleeker ], Cavaletti G,
et al. Prevention and management of chemotherapy-induced peripheral neuropathy in
survivors of adult cancers: American Society of Clinical Oncology clinical practice
guideline. J Clin Oncol. (2014) 32:1941-67. doi: 10.1200/JC0O.2013.54.0914

9. Jordan B, Jahn F, Sauer S, Jordan K. Prevention and Management of Chemotherapy-
Induced Polyneuropathy. Breast Care (Basel). (2019) 14:79-84. doi: 10.1159/000499599

10. Carbonario F, Matsutani L, Yuan S, Marques A. Effectiveness of high-frequency
transcutaneous electrical nerve stimulation at tender points as adjuvant therapy for
patients with fibromyalgia. Eur | Phyical Rehabil Med. (2013) 49:197-205.

11. Dailey DL, Rakel BA, Vance CGT, Liebano RE, Amrit AS, Bush HM, et al.
Transcutaneous electrical nerve stimulation reduces pain, fatigue and hyperalgesia while
restoring central inhibition in primary fibromyalgia. Pain. (2013) 154:2554-62. doi:
10.1016/j.pain.2013.07.043

12. Kumar D, Alvaro M, Julka I, Marshall H. Diabetic peripheral neuropathy:
effectiveness of electrotherapy and amitriptyline for symptomatic relief. Diabetes Care.
(1998) 21:1322-5. doi: 10.2337/diacare.21.8.1322

13. Yarnitsky D, Volokh L, Ironi A, Weller B, Shor M, Shifrin A, et al. Nonpainful
remote electrical stimulation alleviates episodic migraine pain. Neurology. (2017)
88:1250-5. doi: 10.1212/WNL.0000000000003760

14. Gewandter JS, Chaudari J, Ibegbu C, Kitt R, Serventi J, Burke J, et al. Wireless
transcutaneous electrical nerve stimulation device for chemotherapy-induced peripheral
neuropathy: an open-label feasibility study. Support Care Cancer. (2019) 27:1765-74.
doi: 10.1007/500520-018-4424-6

15. Gibson W, Wand BM, Meads C, Catley MJ, O'Connell NE. Transcutaneous electrical
nerve stimulation (TENS) for chronic pain - an overview of Cochrane reviews. Cochrane
Database Syst Rev. (2019) 4:CD011890. doi: 10.1002/14651858.CD011890.pub2

16. Reichstein L, Labrenz S, Ziegler D, Martin S. Effective treatment of symptomatic
diabetic polyneuropathy by high-frequency external muscle stimulation. Diabetologia.
(2005) 48:824-8. doi: 10.1007/s00125-005-1728-0

17. Humpert PM, Morcos M, Oikonomou D, Schaefer K, Hamann A, Bierhaus A, et al.
External electric muscle stimulation improves burning sensations and sleeping
disturbances in patients with type 2 diabetes and symptomatic neuropathy. Pain Med.
(2009) 10:413-9. doi: 10.1111/§.1526-4637.2008.00557.x

18. Klassen A, Racasan S, Caprioara MG, Kiirner B, Blaser C, Bahner U, et al. High-
tone external muscle stimulation in endstage renal disease: effects on quality of life in
patients with peripheral neuropathy. Clin Nephrol. (2012) 18:46-51. doi: 10.5414/
CNX77S107

19. Wakolbinger-Habel R, Reinweber M, Alakraa M, Riener I, Scheffold BE, Racz K,
et al. Home-based high tone therapy may alleviate chemotherapy-induced neuropathic
symptoms in patients with colorectal cancer: a randomized double-blind placebo-
controlled pilot evaluation. Support Care Cancer. (2024) 32:134. doi: 10.1007/
500520-024-08331-7

20. Schaffler-Schaden D, Sassmann R, Johansson T, Gampenrieder SP, Rinnerthaler
G, Lampl K, et al. Comparison of high tone therapy and transcutaneous electrical nerve
stimulation therapy in chemotherapy-induced polyneuropathy. Medicine (Baltimore).
(2020) 99:€20149. doi: 10.1097/MD.0000000000020149

21. Postma TJ, Aaronson NK, Heimans JJ, Muller MJ, Hildebrand ]G, Delattre JY, et al.
The development of an EORTC quality of life questionnaire to assess chemotherapy-
induced peripheral neuropathy: the QLQ-CIPN20. Eur ] Cancer. (2005) 41:1135-9. doi:
10.1016/j.ejca.2005.02.012

Frontiers in Neurology

11

10.3389/fneur.2024.1451456

22.Yeo E, Ng CC, Loh KWJ, Molassiotis A, Cheng HL, Au JSK, et al. Minimal clinically
important difference of the EORTC QLQ-CIPN20 for worsening peripheral neuropathy
in patients receiving neurotoxic chemotherapy. Support Care Cancer. (2019) 27:4753-62.
doi: 10.1007/s00520-019-04771-8

23. Le-Rademacher J, Kanwar R, Seisler D, Pachman DR, Qin R, Abyzov A, et al.
Patient-reported (EORTC QLQ-CIPN20) versus physician-reported (CTCAE)
quantification of oxaliplatin- and paclitaxel/carboplatin-induced peripheral neuropathy
in NCCTG/Alliance clinical trials. Support Care Cancer. (2017) 25:3537-44. doi:
10.1007/s00520-017-3780-y

24. Merkies I, Schmitz P, van der Meché V, van Doorn P. Reliability and responsiveness
of a graduated tuning fork in immune mediated polyneuropathies. ] Neurol Neurosurg
Psychiatry. (2000) 68:669-71. doi: 10.1136/jnnp.68.5.669

25. Walker H, Hall W, Hurst J. The history, physical, and laboratory examinations.
Boston: Butterworths (1990).

26. Viswanathan V, Snehalatha C, Seena R, Ramachandran A. Early recognition of
diabetic neuropathy: evaluation of a simple outpatient procedure using thermal
perception. Postgrad Med ]. (2002) 78:541-2. doi: 10.1136/pmj.78.923.541

27. Streckmann F, Balke M, Lehmann HC, Rustler V, Koliamitra C, Elter T, et al. The
preventive effect of sensorimotor- and vibration exercises on the onset of Oxaliplatin- or
vinca-alkaloid induced peripheral neuropathies - STOP. BMC Cancer. (2018) 18:62. doi:
10.1186/512885-017-3866-4

28. Bonhof CS, van de Poll-Franse LV, Wasowicz DK, Beerepoot LV, Vreugdenhil G,
Mols E. The course of peripheral neuropathy and its association with health-related
quality of life among colorectal cancer patients. ] Cancer Surviv. (2021) 15:190-200. doi:
10.1007/s11764-020-00923-6

29. Selvy M, Pereira B, Kerckhove N, Gonneau C, Feydel G, Petorin C, et al. Long-term
prevalence of sensory chemotherapy-induced peripheral neuropathy for 5 years after
adjuvant FOLFOX chemotherapy to treat colorectal Cancer: a multicenter cross-
sectional study. J Clin Med. (2020) 9:400. doi: 10.3390/jcm9082400

30. Tonezzer T, Caffaro L, Menon K, da Silva F, de Brito C, Sarri A, et al. Effects of
transcutaneous electrical nerve stimulation on chemotherapy-induced peripheral
neuropathy symptoms (cipn): a preliminary case-control study. J Phys Ther Sci. (2017)
29:685-92. doi: 10.1589/jpts.29.685

31. Loprinzi C, Le-Rademacher JG, Majithia N, McMurray RP, O'Neill CR, Bendel
MA, et al. Scrambler therapy for chemotherapy neuropathy: a randomized phase II pilot
trial. Support Care Cancer. (2020) 28:1183-97. doi: 10.1007/s00520-019-04881-3

32. Wong R, Major P, Sagar S. Phase 2 study of acupuncture-like transcutaneous nerve
stimulation for chemotherapy-induced peripheral neuropathy. Integr Cancer Ther.
(2016) 15:153-64. doi: 10.1177/1534735415627926

33. Hung HW, Liu CY, Chen HE, Chang CC, Chen SC. Impact of chemotherapy-
induced peripheral neuropathy on quality of life in patients with advanced lung Cancer
receiving platinum-based chemotherapy. Int ] Environ Res Public Health. (2021) 18:77.
doi: 10.3390/ijerph18115677

34. Trivedi MS, Unger JM, Hershman D, Darke AK, Hertz DL, Brannagan TH, et al.
Abstract PD8-06: incidence of acute and persistent clinically meaningful chemotherapy
induced peripheral neuropathy in patients with early-stage breast Cancer receiving
Taxane therapy: SWOG S1714 (NCT# 03939481). Cancer Res. (2023) 83:PD8-PD06.
doi: 10.1158/1538-7445.SABCS22-PD8-06

35. Schonsteiner SS, Bauder Missbach H, Benner A, Mack S, Hamel T, Orth M, et al.
A randomized exploratory phase 2 study in patients with chemotherapy-related
peripheral neuropathy evaluating whole-body vibration training as adjunct to an
integrated program including massage, passive mobilization and physical exercises. Exp
Hematol Oncol. (2017) 6:5. doi: 10.1186/540164-017-0065-6

36. Kaufman PA, Toi M, Neven P, Sohn ], Grischke EM, Andre V, et al. Health-related
quality of life in MONARCH 2: Abemaciclib plus Fulvestrant in hormone receptor-
positive, HER2-negative advanced breast Cancer after endocrine therapy. Oncologist.
(2020) 25:€243-51. doi: 10.1634/theoncologist.2019-0551

frontiersin.org


https://doi.org/10.3389/fneur.2024.1451456
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1186/2193-1801-3-366
https://doi.org/10.1097/MD.0000000000019837
https://doi.org/10.1200/JCO.2013.54.0914
https://doi.org/10.1159/000499599
https://doi.org/10.1016/j.pain.2013.07.043
https://doi.org/10.2337/diacare.21.8.1322
https://doi.org/10.1212/WNL.0000000000003760
https://doi.org/10.1007/s00520-018-4424-6
https://doi.org/10.1002/14651858.CD011890.pub2
https://doi.org/10.1007/s00125-005-1728-0
https://doi.org/10.1111/j.1526-4637.2008.00557.x
https://doi.org/10.5414/CNX77S107
https://doi.org/10.5414/CNX77S107
https://doi.org/10.1007/s00520-024-08331-7
https://doi.org/10.1007/s00520-024-08331-7
https://doi.org/10.1097/MD.0000000000020149
https://doi.org/10.1016/j.ejca.2005.02.012
https://doi.org/10.1007/s00520-019-04771-8
https://doi.org/10.1007/s00520-017-3780-y
https://doi.org/10.1136/jnnp.68.5.669
https://doi.org/10.1136/pmj.78.923.541
https://doi.org/10.1186/s12885-017-3866-4
https://doi.org/10.1007/s11764-020-00923-6
https://doi.org/10.3390/jcm9082400
https://doi.org/10.1589/jpts.29.685
https://doi.org/10.1007/s00520-019-04881-3
https://doi.org/10.1177/1534735415627926
https://doi.org/10.3390/ijerph18115677
https://doi.org/10.1158/1538-7445.SABCS22-PD8-06
https://doi.org/10.1186/s40164-017-0065-6
https://doi.org/10.1634/theoncologist.2019-0551

	Electrotherapy as treatment for chemotherapy-induced peripheral neuropathy — a randomized controlled trial
	1 Introduction
	2 Materials and methods
	2.1 Setting
	2.2 Study-flow
	2.3 Patient identification and recruitment
	2.4 Randomization and blinding
	2.5 Intervention and control
	2.6 Outcomes
	2.7 Statistical analysis

	3 Results
	3.1 Feasibility
	3.2 Primary endpoint
	3.3 Secondary endpoints

	4 Discussion
	4.1 Limitations and strengths

	5 Conclusion

	References

