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Abstract

Transcutaneous electrical nerve stimulation (TENS) is primarily used for pain, but
might be useful for various other physical symptoms, including nausea, fatigue,
dyspnea, and constipation. However, few studies have used TENS for treating the
physical symptoms of patients with advanced cancer. In this crossover trial, we assess
the effects of TENS on pain and other physical symptoms in 20 in-patients with
advanced cancer receiving palliative care. For 5-day phases between wash out periods
of 5 days, patients received TENS or non-TENS. TENS was delivered at four points: the
center of the back for mainly nausea and dyspnea, on the back at the same dermatomal
level as the origin of the pain (100 Hz), and on both ankle joints for constipation (10
Hz). The intensity of pain and the total opioid dose used during phases were recorded.
Physical symptoms were evaluated using the European Organization for Research and
Treatment of Cancer (EORTC) Quality of Life Questionnaire Core 15 Palliative Care
(QLQ-C15-PAL). Hematological and biochemical data were recorded before and after
the TENS phase. The average pain and total number of opioid rescue doses were
significantly reduced by TENS. TENS tended to improve nausea and appetite loss, but
not constipation. There were no effects on hematological and biochemical parameters.
Use of TENS could safely improve pain, nausea, and appetite loss in patients with
advanced cancer. Although it cannot be used as a substitute for opioids and other

pharmaceutical treatment, it may be useful to support palliative care.
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Introduction

Patients with advanced cancer usually have many symptoms that impair their quality
of life. Pain can become unbearable and markedly reduces their quality of life (QOL)
(Gordon, 1997). Opioids are a cornerstone of treatment for moderate to severe cancer pain
(Caraceni et al., 2012). In most cases, cancer pain is persistent and requires chronic opioid
treatment, and therefore management is extremely important. However, opioid side
effects, such as nausea, vomiting, and constipation, may be the limiting factors in opioid
use and could lead to early discontinuation and inadequate analgesic efficacy (Yamada et
al., 2018). Therefore, to achieve good pain management in patients with cancer, it is
necessary to minimize both pain and opioid side effects. Moreover, other physical
symptoms, including fatigue, appetite loss, insomnia, and dyspnea, which are due to the
tumor, chemotherapy (Yamagishi et al., 2009), and/or psychological distress (Chen and
Chang, 2004), are frequent problems in advanced cancer patients. To manage these
physical symptoms, pharmacotherapy and non-pharmacotherapy are provided as
palliative care.

In terms of non-pharmacotherapy, the effects of massage (Wang et al., 2018),
aromatherapy (Blackburn et al., 2017), relaxation and guided imagery (Baider €t al.,
1994), and music therapy (Gallagher et al., 2017) have all been reported, although the
evidence for these treatments are not yet clear. Transcutaneous electrical nerve
stimulation (TENS) can potentially also be used as an adjunct for the treatment of cancer
pain. TENS is beneficial in the treatment of pain, including acute (Rakel et al., 2014)
and chronic (Zeng et al., 2014) pain, in orthopedics. In terms of cancer pain, a few reports
have shown the beneficial effect of TENS (Ahmed et al., 1998; Robb et al., 2007; Bennett
et al., 2009; Loh and Gulati, 2013) against pain due to cancer in various organs. However,
no conclusive evidence has been obtained as studies to date have used insufficient sample
sizes (Loh and Gulati, 2014); thus, the accumulation of data is imperative.

The usefulness of TENS for cancer patients may involve not only pain reduction, but
also alleviation of other physical symptoms during palliative care. For example, the effect
of TENS on fatigue, nausea, and vomiting in cancer patients has been reported (Xic et al .,
2017; Guo and Wang, 2018; Lee et al., 2019). The effect of TENS on other symptoms
have also been reported, although not in cancer patients. Lau and Jones (Lau and Jones,
2008) reported that TENS improved dyspnea in patients with chronic obstructive
pulmonary disease, while Igbal et al. (2015) reported that TENS was effective in patients
with chronic constipation. Yet, it has not been examined whether these effects could be
obtained in advanced cancer patients. Additionally, it is possible that TENS can reduce

further symptoms directly/indirectly, as different symptoms as well as emotions are



interrelated in cancer patients (Zucca et al., 2012; McFarland et al., 2018).
This pilot study assessed the effects of TENS on pain and other physical symptoms,
including pain, fatigue, vomiting/nausea, dyspnea, insomnia, appetite loss, and physical

and emotional function in advanced cancer patients receiving palliative care.

Methods
Study design

This study employed a crossover design involving TENS and non-TENS phases in
inpatients with advanced cancer who were undergoing palliative treatment at Nagasaki
University Hospital. The Nagasaki University Hospital Ethics Committee approved this
study (approval number: 17082103). Written informed consent was obtained from all
participants before they participated in this study.

Any participants meeting the eligibility criteria for palliative care were recruited.
After screening and enrolment, the participants were randomly allocated to groups A and
B. Treatment sequence was assigned at random by using a randomized envelope method.
The two-arm crossover trial consisted of a first period, wash-out period, and a second
period. The TENS intervention (TENS phase) lasted 5 days and was administered during
the first period in group A and during the second period in group B. Both groups received
the usual care and palliative care during all periods in the study. The wash-out period was

5 days. Evaluations were performed before and after each phase.

Participants

Twenty-four patients were recruited from the Nagasaki University Hospital. Patients
were eligible for inclusion if they had advanced cancer and cancer-related pain and were
receiving palliative care; cancer affecting any organ was included. Cancer-related pain
was defined as cancer-related nociceptive, neuropathic pain, but not orthopedic and dental
pain. Patients were excluded if they refused participation in this study, were younger than
20 years, had a pacemaker, ischemic heart disease, electrical hypersensitivity, epilepsy, or
skin lesions on the treatment sites (back and ankle), were considered to be unsuitable for
participation in the study by the attending doctor, or were unable to communicate with

the study evaluator.

TENS application protocol
TENS was applied to four sites by a medical researcher depending on the patient’s
pain and physical symptoms. The TENS device (Cefar Complex rehab 400, DJO France

SAS, Mouguerre, France) had a 4-channel stimulator and there were 4 pairs of self-



adhesive TENS stimulating electrodes (Dura-Stick plus, 5 x 9 cm, DJO Global, Vista, CA,
USA). For placement of the gel pads, a neurotomal pattern was utilized (Loh and Gulati,
2013). For treatment of pain, one pair of gel pads were placed on the back at the
dermatomal level that corresponded to the painful part or internal organ. Two pairs of gel
pads were placed on the back at the C7 to Th8 dermatomal level, with a view to obtaining
a relaxation effect that might relieve physical symptoms, such as nausea, vomiting, and
dyspnea (Lau and Jones, 2008). All pairs of gel pads were placed so as to sandwich the
spinal column. One pair of gel pads was placed behind the medial malleolus around the
ankle joint, with a view to relieving constipation by stimulating the tibial nerve (Igbal et
al., 2015). When there was metastatic spinal tumor on the vertebra, the gels pads were
placed longitudinally, to avoid stimulating the tumor directly. In TENS, high-frequency
(100 Hz) stimulation was used for all treatments except for constipation (Loh and Gulati,
2013; Loh and Gulati, 2014). For constipation, low-frequency (10 Hz) was offered (Lau
and Jones, 2008; Igbal et al., 2015). Intensity was increased until the electrical sensation
was strong but still comfortable. TENS was delivered for 30 minutes, once a day, by a

physical therapist.

Outcome measures

Pain and physical symptoms were evaluated 1 day before and after the TENS and
non-TENS phases. Researchers evaluated the patient at similar times of the day to ensure
that the time from last dose of analgesia did not vary between the before and after period.
Patients were given two pain questionnaires that incorporated a numerical rating pain
scale (NRS): 1) the pain intensity at the actual time of evaluation, 2) the average pain
intensity during the day. Additionally, on the first day of the TENS phase, the immediate
effect of TENS was examined: current pain was evaluated by NRS immediately before
TENS (baseline) and at 0 min, 60 min, and 120 min after TENS administration.

Information about prescription opioid and evacuation were copied from the clinical
record. The drug name and total daily dose of prescribed opioid (/day) were recorded and
the dose was converted to morphine-equivalents (mg/day) (Treillet et al., 2018) at the
time point of evaluation. For opioid rescue dose, the number of times that opioid needed
to be taken for breakthrough pain was recorded during the intervention phase, regardless
of the dose per time: the total number of times of using an opioid rescue dose in the
TENS/non-TENS phase was examined. The total number of times of evacuation during
the TENS/non-TENS phase was also counted to evaluate the effect on constipation.

To evaluate physical symptoms, the European Organization for Research and
Treatment (EORT) of Cancer Quality of Life Questionnaire-Core 15-Palliative Care



(QLQ-C15-PAL) was used (Groenvold et al., 2006). The QLQ-C15-PAL includes
questions to evaluate pain, fatigue, nausea/vomiting, appetite loss, dyspnea, insomnia,
constipation, and physical and emotional function. The scores of all symptoms and
functions were calculated whereby higher symptom scale scores (0—100) indicate worse
status and higher functional scores (0—100) indicate better status. Patients filled out the
question papers for themselves.

To confirm the safety of TENS for patients with cancer, blood data, including white
and red blood cell counts, platelet count, lymphocyte count, and C-reactive protein,

hemoglobin, and albumin levels, were recorded.

Statistical analyses

Data were expressed as mean and standard deviation (SD), or number and percentage
of participants, as appropriate. The Wilcoxon signed-rank test was used to analyze pre-
and post-intervention changes in pain, fatigue, nausea/vomiting, appetite loss, dyspnea,
insomnia, and constipation, daily dose of prescribed opioid, total number of times of using
opioid rescue dose, and number of evacuations. To examine the immediate effect of TENS
on pain, we used one-way repeated-measures ANOVA for differences across time,
followed by Sidak's multiple-comparison test. P < 0.05 was considered statistically
significant. Data were analyzed using the Statistics version 23 software (IBM SPSS, New
York, USA).

Results
Subjects

Between October 2017 and January 2019, 24 patients with advanced cancer receiving
palliative care were recruited. Four subjects withdrew during the study due to discharge
(n = 2), death (n = 1), and deteriorating performance status (n = 1). Finally, 20 patients
completed the study. The baseline characteristics of these 20 patients are shown in Table
1.

Effect of TENS on pain and opioid

The immediate effect of TENS on pain is shown in Figure 1. One-way repeated
measures ANOVA for time revealed a significant effect of time (F1,57= 8.9; p < 0.01).
Pain immediately after TENS was significantly reduced compared with immediately
before TENS (baseline) (95%CI = 0.9, 4.2; p < 0.01). However, this effect disappeared
after 60 and 120 min (p = 0.26; p = 0.99, respectively).

The average and maximum pain NRS score during the day, the total dose of prescribed



opioid per day, and the total number of rescue doses required during the TENS and non-
TENS phases are shown in Table 2. When the average pain NRS score during the day
were compared between pre- and post- intervention, there was a significant reduction in
the score during the TENS-phase (95%CI: -3.14, -0.7; p<0.01), but not in the non-TENS
phase. The change in average of pain during the TENS phase was significantly greater
than during the non-TENS phase (95%CI: -4.0, -0.1; p = 0.04). The carryover effect
(95%CI: -4.9, 1.4; p = 0.25) and period effect (95%CI: -3.6, 2.7; p = 0.78) was not
observed. In terms of the maximum pain during the day, there was no significant change
between pre- and post-intervention in either the TENS or non-TENS phases. The daily
dose of prescribed opioid was also not changed significantly in the TENS and non-TENS
phases. However, the total number of times of requiring opioid rescue during the TENS
phase (11.7 + 11.6 times) was reduced significantly as compared with that during the non-
TENS phase (16.3 + 15.8 times) (Figure 2).

Effect of TENS on physical symptoms and functions

When the scores of physical symptoms were compared between pre- and post-
intervention, a significant reduction in pain (95%CI: 14.0, 35.1; p < 0.01),
nausea/vomiting (95%CI: 0.6, 24.3; p = 0.04), and appetite loss (95%CI: 2.5, 20.8; p =
0.02) was shown in the TENS-phase, although symptoms were not changed in the non-
TENS phase. For pain and nausea/vomiting, mean differences in the change value were
confirmed. Functional scales in both physical and emotion functions were not changed in
the TENS and non-TENS phases (Table 2).

The total number of evacuations in the TENS phase was not changed compared with
that in the non-TENS phase (TENS: 6.8 £+ 4.9 times; non-TENS: 6.9 + 4.9 times; p =
0.92). Because laxative was prescribed for four patients, the analysis was repeated after

excluding their data, but the results were not statistically significant.

Change of blood data

There was no change in white and red blood cell counts, platelet count, lymphocyte
count, or C-reactive protein, hemoglobin, albumin, or total protein levels between pre-
and post-TENS phase. Additionally, no significant changes in other items of blood tests
after TENS were found (data not shown).

Discussion
This randomized, crossover, pilot study assessed the effects of TENS on pain and

other physical symptoms of advanced cancer patients undergoing palliative treatment.



TENS significantly reduced the average pain and total number of times that opioid rescue
treatment was required, and tended to improve nausea and appetite loss, without affecting
hematological and biochemical parameters.

Generally, TENS is used for acute and chronic pain of muscles and joints (Rakel et
al.,2014; Zeng et al., 2014). However, we sought to investigate the efficacy of TENS not
only for pain, but also for other physical symptoms in advanced cancer patients, as there
are some indications that TENS also has effects on fatigue, nausea/vomiting, constipation,
and dyspnea (Cekmen et al., 2007, Lau and Jones, 2008; Igbal et al., 2015; Lee et al.,
2019). To this end, TENS was administered simultaneously to multiple areas of the body.
This has not been reported previously, and could help to identify an optimal TENS method
for multiple symptoms in advanced cancer patients.

We expected that TENS would at least reduce cancer pain. Although the mechanism
underlying pain reduction by TENS has not been completely clarified, it is thought that
TENS produces anti-hyperalgesia through opioid receptors, based on animal experiments
(Sluka et al., 1999). Therefore, both nociceptive and neuropathic pain, including visceral
pain, should be reduced, similar to the response to opioids. The opioid receptor that
responds to TENS differed according to the frequency of electrical stimulation. The 100
Hz frequency used in this study might stimulate the & opioid receptor (Sluka et al., 1999).
Current pain was reduced by TENS immediately, but the effect did not persist for longer
than 1 hour. The average pain during the day was also reduced significantly. Because the
total daily dose of prescribed opioid was not changed, the reduction in the average pain
during the day may be due to the effect of TENS.

These results support the findings of a previous study that showed the effect of TENS
on cancer pain (Bennett et al., 2009; Loh and Gulati, 2013; Lee et al., 2019). Additionally,
although the maximum pain during the day, which might reflect breakthrough pain due
to the tumor, remained unchanged, the total number of times a rescue dose of opioid was
required during the TENS phase (5 days) was decreased significantly. The pain symptom
scale in the QLQ-C15-PAL also decreased significantly. We considered that these results
showed that TENS treatment might lead to pain improvement partly based on
psychological or emotional factors. The pain symptom is strongly correlated to
psychological distress factors, such as anxiety and depression (Hassanein et al., 2005;
Nicklasson and Bergman, 2007). However, it remains possible that TENS had a placebo
effect, because we did not perform sham TENS during the non-TENS phase. Nevertheless,
our results suggested that TENS was efficacious against pain in advanced cancer patients,
even if it was due to a placebo effect. This supports the use of TENS as adjunctive

treatment during palliative care in advanced cancer patients.



Moreover, significant improvement in nausea/vomiting were shown in the TENS
phase, as expected from previous studies (Xie et al., 2017; Guo and Wang, 2018).
Additionally, TENS resulted in a significant improvement in regaining appetite between
pre- and post-intervention, although there was no significant difference in change
between the TENS and non-TENS phases. Improvement in appetite loss might be a
secondary effect due to the reduction in nausea/vomiting, because there is a marked
correlation between appetite loss and nausea/vomiting (Bener et al., 2018).
Nausea/vomiting and appetite loss are important issues in advanced cancer patients
receiving opioid and chemotherapy. In terms of the mechanism, it could be postulated
that TENS affects nausea/vomiting via the same mechanism as opioid antiemetics and
endogenous opioid peptides (Cekmen et al., 2007). Saller et al. further proposed that
endogenous neuropeptides and serotoninergic mechanisms may be involved in the
antiemetic effects of TENS because of their impact on gastrointestinal activity (Saller et
al., 1986).

The expected improvements on physical symptoms, such as fatigue, dyspnea, and
constipation, were not shown in this study. Only one previous study has reported a
reduction of fatigue by TENS in head and neck cancer patients (Lee €t al., 2019); this
effect was not seen in the present study, for unclear reasons. This discrepancy may be due
to differences in the frequency of electrical stimulating: this study adopted 100 Hz, given
the TENS machine used, while the previous study used TENS at 4 Hz (Lau and Jones,
2008); the influence of TENS on the central nervous system differs between low- and
high-frequency stimulation (Sluka et al., 1999). In terms of constipation, several reports
have shown the benefit of tibial or sacral nerve stimulation by TENS for chronic
constipation (Igbal et al., 2015; Ng et al., 2016; Yik et al., 2016). However, other reports
have found no effect of TENS on chronic constipation (Kumar et al., 2016; Ng et al.,
2016). In this study, the effect of TENS on constipation, a side effect of opioid treatment
in advanced cancer patients, was investigated, but no effect was found. Because advanced
cancer patients who had constipation were prescribed laxative during palliative care, the
effect of TENS was not clear. However, even when the influence of laxative was excluded,
no effect of TENS on constipation was observed. The period of TENS might be too short
to note an effect on constipation, as it has been reported that a short-term period of TENS
treatment was ineffective against chronic constipation (Igbal et al., 2016).

This study had some limitations. First, the sample size was small. This study was
conducted at a single hospital, which may affect the generalizability of the results. Second,
the primary cancer and pain type varied among participants; However, the crossover

design might reduce the resulting bias (Wu and Anthony, 2000). Third, the analgesic



benefits of TENS are also greatest during stimulation (Desantana et al., 2008) and have a
limited duration (similar to pharmacologic approaches), which was also confirmed in this
study. The effect of TENS differs with the frequency of stimulation and the location of
the electrode pads (Sluka et al., 1999). Future studies should avoid these limitations.

In summary, our results showed the positive effect of TENS on not only pain, but also
physical symptoms, such as nausea/vomiting and appetite loss, when applied
simultaneously to multiple areas of the body in advanced cancer patients, and it was also
performed safely. However, no benefits were found in terms of fatigue, dyspnea, and
constipation, even though such effects were expected. There may be more effective TENS
administration methods in terms of electrical frequency and area of stimulation. Although
TENS may not be suitable as a substitute for opioids and other pharmaceutical treatment,

it may be useful tool for supporting palliative care.
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Table 1. Characteristics of participants.

BMI: body mass index; ECOG: Eastern Cooperative Oncology Group

Table 2. Comparison in the outcomes of pain and physical symptoms between pre-
and post-intervention

The European Organization for Research and Treatment of Cancer Quality of Life
Questionnaire-Core 15-Palliative Care (QLQ-C15-PAL): higher symptom scale
scores (0—100) indicate worse status and higher functional scores (0—100) indicate
better status.

Fig. 1 The immediate effect of TENS for pain (NRS)
TENS: transcutaneous electrical nerve stimulation. NRS: numerical rating pain scale. *:
significant difference compared with Pre-TENS (p < 0.05)

Fig. 2 Comparison in total number of the rescue dose between pre- and post-
intervention

TENS: Transcutaneous electrical nerve stimulation.
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Table 1. Characteristics of participants.

Characteristics Value
age, years 70.0 £ 6.3
Sex, n (%)
Male 17 (85.0)
Female 3 (15.0)
Hight (cm) 1602+7.3
Weight (Kg) 53.9+5.7
BMI 20.9 +3.14
Primary cancer, n (%)
Esophagus 5(25.0)
Head and Neck 3 (15.0)
Breast 3 (15.0)
Kidney 2 (10.0)
Lymphoma 2(10.0)
Prostate 1(5.0)
Liver 1(5.0)
Lung 1(5.0)



Other 2 (10.0)

Stage of tumor, n (%)

v 17 (85.0)

I 3 (15.0)

Pain type, n (%)

Nociceptive 17 (85.0)
Neuropathic 3 (15.0)
Disease duration, days 477.0 £534.8
Days since hospitalization, days 27.7+34.0

Treatment, n (%)

Chemotherapy 6 (30.0)
Radiotherapy 2 (10.0)
Chemo + Radiotherapy 12 (60.0)

ECOG Performance status, n (%)

Score 2 5(25.0)
Score 3 12 (60.0)
Score 4 3 (15.0)

BMI: body mass index; ECOG: Eastern Cooperative
Oncology Group



Table 2. Comparison in the outcomes of pain and physical symptoms between pre- and post-intervention

TENS phase non-TENS phase Mean difference of
Pre Post Change Pre Post Change change (95%CI) p-value
Average pain (0-10) 59+£22 38+23 -1.9+£2.6* 5.3+£23 51+19 02+22 -2.1(-4.0,-0.1) 0.04
Maximum pain (0-10) 6.9+22 59+£28 -1.0+23 58+28 57+24 -0.1+£2.5 -0.9 (-2.7,0.9) 0.31
Opioid (mg/day) 25.1+179 30.0+23.5 69+154 225+187 31.6+194 920+19.8 —2.3(-14.0,9.3) 0.69
@oosemow
Pain 584+£239 33.8+263 -246+225*% 546+29.8 512+215 -33£26.0 -21.3 (-40.1,-2.1) 0.03
Fatigue 38.8+£20.3 35.6+22.6 -0.3+245 349+£22.1 41.0+22.1 6.1+285 —6.4 (-26.0, 13.2) 0.50
Nausea/vomiting 28.3+351 158+26.8 —125+253*% 21.7£27.6 242+262 25+19.0 -15.0 (-30.0,-0.1) 0.05
Appetite loss 45.0+31.1 333+306 -11.7+19.6*% 45.0+£333 50.0+£33.3 49+347 -16.7 (-36.0, 2.6) 0.08

Dyspna 25.0+213 20.0+31.3 -5.0+22.3 25.0+30.3 183+17.0 -6.7+£25.6 1.7 (-18.7,22.2) 0.87



Insomnia 16.7+£27.6 15.0+27.5 -1.7+20.2 29.0+38.8 15.0+20.1 -15.0+42.5 13.3 (-10.1,36.7) 0.25

Constipation 45.0+379 383+249 —6.7+27.8 38.3+£292 35.0+350 -3.3+26.2 -3.4(-24.8,18.1) 0.75
Physical function 61.3+26.6 68.6+26.7 73+18.5 60.3+31.8 58.7+302 -1.7+14.7 9.0 (-1.8,19.7) 0.10
Emotion function 71.7+£264 68.8+30.6 -2.9+23.1 67.5+312 74.6+21.0 7.1+£255 -10.0 (-30.4,10.4) 0.32

The European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core 15-Palliative Care (QLQ-C15-

PAL): higher symptom scale scores (0—100) indicate worse status and higher functional scores (0—100) indicate better status.
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Fig. 1 The immediate effect of TENS for pain (NRS)

TENS: transcutaneous electrical nerve stimulation. NRS: numerical
rating pain scale. *: significant difference compared with Pre-TENS
(p < 0.05)
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Fig. 2 Comparison in total number of the rescue dose between
pre- and post-intervention

TENS: Transcutaneous electrical nerve stimulation.
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