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Abstract

The plethora of treatment complications associated with cancer can be offset by regular
exercise participation; however, adherence to current guidelines is poor, in particular in those
unable or not allowed to participate in voluntary exercise due to their underlying disease.
Alternative therapies such as neuromuscular electrical stimulation (NMES) are promising
although previous results in cancer survivors have been equivocal. This is likely in response to
methodological issues such as inappropriate NMES prescription. Therefore, the aim of this
commentary is to propose three key areas which should be addressed to increase NMES
effectiveness in cancer rehabilitation; 1) NMES exercise should target both the neuromuscular
and cardiovascular systems through low and high frequency modalities, 2) technological
advancements such as mobile app based systems should be leveraged to improve at-home
monitoring of home-based NMES exercise, and 3) prescription and progression should follow
the fundamental principles of exercise to overcome the heterogeneity in daily physiological,
functional and psychological factors faced by survivors. Addressing these three key areas in
future studies may help improve NMES exercise effectiveness and accelerate patient

rehabilitation.

Key Words: neuromuscular electrical stimulation, rehabilitation, physical function,

technology
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Annual cancer diagnosis rates (> 10 million per year) are estimated to rise by 50% by 2030 [1].
Current antineoplastic treatments are effective, with a year-on-year decline in cancer mortality
rates reported in men (-8%) and women (-3%) since 2011 [2]. However, cancer treatments are
associated with a plethora of side effects which negatively impact on activities of daily living

and quality of life.

Exercise performed under regular medical supervision is currently recommended to help offset
cancer treatment complications such as the loss of muscle strength and cardiorespiratory fitness
(CF). Current exercise guidelines recommend 150mins/week of moderate intensity exercise
coupled with 2-3 resistance training sessions per week for all cancer survivors [3]. However,
only 35% of patients achieve these recommendations [4]. The reduced participation rates
among cancer survivors are exacerbated by treatment complications which make voluntary
exercise difficult [5] and some patients (e.g. brain and bone metastases) may be excluded from

exercise if determined to be at risk of harm [6]

Alternative therapies such as neuromuscular electrical stimulation (NMES) have the potential
to provide an exercise stimulus to such individuals. Studies in patients with advanced disease
have demonstrated functional and strength benefits and concluded that NMES is safe and best
suited to those unable to perform voluntary exercise [7]. As such, NMES can be performed
under regular medical supervision, even in those with severe concomitant disease, with a recent
report suggesting physician supervised NMES to be safe even in those with implantable
cardioverter defibrillators when delivered to the lower limbs [8]. This makes NMES uniquely

placed for cancer survivors.
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Over the past decade there has been a paucity of research investigating the implementation of
NMES into cancer rehbailitation. A case study involving a female patient with extensive
metastatic cancer which contraindicated voluntary exercise participation, showed
improvements in endurance capacity (+44%), functional muscle strength (+20%), self-
confidence and independence [9]. However, studies that have implemented home-based NMES
exercise have generally had low adherence rates and minimal improvements in functional and
strength outcomes [ 10—12]. The reasons for these findings are unclear, but may be partially due
to methodological issues such as inappropriate NMES prescription and a lack of appropriate
monitoring. Therefore, the aim of this commentary is to propose key issues which if addressed
may help to increase the effectiveness of NMES in these populations. As such, three key areas

have been identified:

1. The use of NMES to target the neuromuscular and cardiovascular systems (termed
concurrent NMEES): Research in cancer to date has only implemented high frequency
NMES exercise (>50Hz) which is recommended for gains in muscle strength and size,
but has negligible effect on CF [13]. Therefore, NMES exercise which can target both
strength and CF is required to meet current exercise guidelines. Aerobic NMES
exercise protocols incorporating continuous rhythmical contractions at low frequency
(4Hz) have been shown to improve CF (VOamax: +10%) in patient groups after 8 weeks
[14]. In addition, concurrent protocols involving both a strength (30Hz, 15mins) and an
aerobic (4Hz, 45mins) phase within a 60min session have led to improvements in
muscle strength (15%) and aerobic exercise capacity (3.5%) over 8 weeks in the elderly
[15]. By utilising both high and low frequency NMES exercise, this form of NMES

prescription has the potential to meet exercise guidelines, ensure that an unmet clinical
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need is addressed and possibly accelerate rehabilitation and patient return to voluntary

exercise through improved muscle strength and exercise tolerance.

. Leveraging technology for effective home-based monitoring: Supervised NMES

exercise allows for the close monitoring of exercise adherence. However, self-
management interventions may improve patient adherence. In addition, patient
preferences lean towards home-based NMES exercise [5]. Current data on adherence
during home-based NMES has previously been collected using self-report diaries, but
a common limitation to this method is over-reporting of exercise levels [16]. Therefore,
patients may receive an inadequate exercise dose, possibly masking the true potential
of NMES exercise. Home-based NMES exercise could be improved if advancements
in digital technology which have revolutionised how we now communicate, access, and
monitor information [17] are implemented to help monitor and collect patient data, in
addition to providing remote support to patients [18]. Combined with regular physician
supervision which can minimise and avoid exercise side effects, technology has the
potential to help provide safe, monitored home-based NMES exercise which can
improve patient engagement with their own healthcare through self-management and

improve patient outcomes.

. Personalised NMES prescription and progression: A homogenous NMES prescription

which is seen in most NMES exercise studies may mask its potential in some users due
to the considerable inter-individual heterogeneity which exists between users. In
voluntary exercise, four exercise principles (individualisation, specificity, progressive
overload, and rest/recovery) have been outlined to improve exercise prescription in

cancer [19] but are not conventionally applied to NMES exercise protocols. To target
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these principles, voluntary exercise programmes systematically manipulate exercise
variables (i.e. periodisation) to maximise adaptations [20]. In addition, autoregulation,
defined as the ability to alter the magnitude of the exercise stimulus through
manipulation of variables such as exercise volume and intensity to match the
individual’s daily readiness to train [21] has the potential to allow for better monitoring
and personalisation of the daily exercise prescription [22]. Considering the
heterogeneity in daily physiological, functional and psychological factors, cancer
patients may benefit from a similar approach and more personalised NMES protocol
design. Designing individually tailored NMES exercise based on these exercise
principles may help improve the effectiveness, progression and adherence to NMES

exercise.

In conclusion, to improve the delivery of NMES, it is proposed that we address the challenges
mentioned in this commentary. Whilst current NMES exercise demonstrates efficacy in various
pathologies, methodological issues in the current NMES/cancer literature combined with the
heterogeneity of cancer patients potentially masks the true potential of NMES exercise in
patients unable to exercise voluntarily or those in which active exercise is contraindicated.
Digital technologies and the application of exercise principles may help significantly improve
the clinical effectiveness of NMES and accelerate patient return to activities of daily living and

voluntary exercise.

Funding: D O’Connor is supported by a grant from the European Union’s Horizon 2020
research and innovation programme under the Marie Sklodowska-Curie grant agreement no.

722012



151

152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183

Conflicts of interest: The authors declare that no conflicts of interest exist.

References

1.

10.

Askoxylakis V, Thieke C, Pleger ST, et al (2010) Long-term survival of cancer
patients compared to heart failure and stroke: A systematic review. BMC Cancer
10:105 . doi: 10.1186/1471-2407-10-105

Malvezzi M, Carioli G, Bertuccio P, et al (2016) European cancer mortality
predictions for the year 2016 with focus on leukaemias. Ann Oncol 27:725-731 . doi:
10.1093/annonc/mdw022

Schmitz KH, Courneya KS, Matthews C, et al (2010) American college of sports
medicine roundtable on exercise guidelines for cancer survivors. Med. Sci. Sports
Exerc. 42:1409-1426

Sturgeon KM, Fisher C, McShea G, et al (2017) Patient preference and timing for
exercise in breast cancer care. Support care cancer Off J Multinatl Assoc Support
Care Cancer. doi: 10.1007/s00520-017-3856-8

Maddocks M, Armstrong S, Wilcock A (2011) Exercise as a supportive therapy in
incurable cancer: exploring patient preferences. Psychooncology 20: . doi:
10.1002/pon.1720

Crevenna R (2013) From neuromuscular electrical stimulation and biofeedback-
assisted exercise up to triathlon competitions-regular physical activity for cancer
patients in Austria. Eur Rev Aging Phys Act 10:53-55 . doi: 10.1007/s11556-012-
0110-8

Maddocks M, Gao W, Higginson 1J, et al (2016) Neuromuscular electrical stimulation
for muscle weakness in adults with advanced disease. Cochrane Database Syst Rev
1:CD009419 . doi: 10.1002/14651858.CD009419.pub3

Cenik F, Schoberwalter D, Keilani M, et al (2016) Neuromuscular electrical
stimulation of the thighs in cardiac patients with implantable cardioverter
defibrillators. Wien. Klin. Wochenschr. 128:802—-808

Crevenna R, Marosi C, Schmidinger M, Fialka-Moser V (2006) Neuromuscular
electrical stimulation for a patient with metastatic lung cancer - A case report. Support
Care Cancer 14:970-973 . doi: 10.1007/s00520-006-0033-x

Maddocks M, Lewis M, Chauhan A, et al (2009) Randomized controlled pilot study of

neuromuscular electrical stimulation of the quadriceps in patients with non-small cell



184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

lung cancer. J Pain Symp Manag 38: . doi: 10.1016/j.jpainsymman.2009.05.011
Maddocks M, Halliday V, Chauhan A, et al (2013) Neuromuscular electrical
stimulation of the quadriceps in patients with non-small cell lung cancer receiving
palliative chemotherapy: A randomized phase II study. PLoS One 8:1-8 . doi:
10.1371/journal.pone.0086059

Windholz T, Swanson T, Vanderbyl BL, et al (2014) Correction: The feasibility and
acceptability of neuromuscular electrical stimulation to improve exercise performance
in patients with advanced cancer: a pilot study. BMC Palliat Care 13:33-35 . doi:
10.1186/1472-684X-13-33

Minogue CM, Caulfield BM, Reilly RB (2007) What are the electrical stimulation
design parameters for maximum VO 2 aimed at Cardio-Pulmonary rehabilitation? In:
Annual International Conference of the IEEE Engineering in Medicine and Biology -
Proceedings. pp 2428-2431

Banerjee P, Caulfield B, Crowe L, Clark AL (2009) Prolonged Electrical Muscle
Stimulation Exercise Improves Strength, Peak VO2, and Exercise Capacity in Patients
With Stable Chronic Heart Failure. J Card Fail 15:319-326 . doi:
10.1016/j.cardfail.2008.11.005

Caulfield B, Prendergast A, Rainsford G, Minogue C (2013) Self directed home based
electrical muscle stimulation training improves exercise tolerance and strength in
healthy elderly. Conf Proc . Annu Int Conf IEEE Eng Med Biol Soc IEEE Eng Med
Biol Soc Annu Conf 2013:7036-7039 . doi: 10.1109/EMBC.2013.6611178

Prince S, Adamo K, Hamel M, et al (2008) A comparison of direct versus self-report
measures for assessing physical activity in adults: a systematic review. Int J Behav
Nutr Phys Act 5:56 . doi: 10.1186/1479-5868-5-56

Absolom K, Holch P, Amir Z (2017) Introduction to special section on digital
technology and cancer survivorship. J Cancer Surviv 3-5 . doi: 10.1007/s11764-017-
0644-x

Chughtai M, Piuzzi N, Yakubek G, et al (2017) Use of an App-Controlled
Neuromuscular Electrical Stimulation System for Improved Self-Management of Knee
Conditions and Reduced Costs. Surg Technol Int 31:221-226

Sasso JP, Eves ND, Christensen JF, et al (2015) A framework for prescription in
exercise-oncology research. J Cachexia Sarcopenia Muscle 115-124 . doi:
10.1002/jcsm.12042

Rhea MR, Alderman BL (2004) A meta-analysis of periodized versus nonperiodized



218
219
220
221
222
223
224
225
226
227

21.

22.

strength and power training programs. Res Q Exerc Sport 75:413—422 . doi:
10.1080/02701367.2004.10609174

Mann JB, Thyfault JP, Ivey PA, Sayers SP (2010) The Effect of Autoregulatory
Progressive Resistance Exercise vs. Linear Periodization on Strength Improvement in
College Athletes. J Strength Cond Res 24:1718-1723 . doi:
10.1519/JSC.0b013e3181def4a6

Fairman CM, Zourdos MC, Helms ER, Focht BC (2017) A Scientific Rationale to
Improve Resistance Training Prescription in Exercise Oncology. Sport Med 47:1457—
1465 . doi: 10.1007/s40279-017-0673-7



