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Abstract
Purpose Neuromuscular electrical stimulation (NMES) may be a pragmatic short-term alternative to voluntary exercise to
augment cancer rehabilitation. However, previous attempts to use NMES as an exercise modality in this cohort have been
unsuccessful, largely due to the use of NMES protocols that were developed for other rehabilitation contexts. We assessed the
effects of a personalised and progressive NMES exercise intervention, designed with early-stage cancer rehabilitation in mind, on
exercise capacity, lower body functional strength and quality of life in (QoL) in patients who are currently undergoing or have
recently completed treatment for cancer.
Methods Ten adult patients were recruited. A personalised and progressive NMES exercise intervention was implemented in
each case over a 4–8-week period. The 30-s sit-to-stand test (STS), 6-min walk test (6MWT) and EORTC QLQ C-30 were
performed pre- and post-intervention. Patients completed semi-structured interviews post-intervention to explore their experi-
ences and views on the intervention and its impact on their daily lives.
Results Six of the 10 recruited patients completed the intervention and completed pre-and post-assessments. Four of 6 patients
improved STS, 5 of 6 patients improved 6MWTand 4 of 6 patients improved Global QoL. Perceived benefits included improved
muscle strength and more confidence when walking.
Conclusion A personalised and progressive NMES exercise intervention appears safe and may improve functional capacity and
QoL in adults who are undergoing or have recently completed treatment for cancer. Replication of these results in a controlled
prospective study is warranted prior to clinical implementation.

Keywords Neuromuscular electrical stimulation . Adult cancer survivors . Rehabilitation . Oncology . Physical function

Background

Most cancer survivors will experience a plethora of physical
and psychosocial side effects during and following antineo-
plastic treatment. Many of these complications can reduce
functional capacity and exacerbate health-related quality of
life (HR-QoL) and limit independence [1, 2]. A large body
of evidence demonstrates the safety and efficacy of voluntary

exercise in adult cancer survivors across the cancer care con-
tinuum for counteracting many of these side effects [3–5]. As
such, international guidelines recommend cancer survivors
avoid inactivity and achieve a weekly exercise prescription
of 150 min of moderate-intensity aerobic exercise and 2–3
resistance training sessions [6]. However, depending on treat-
ment and disease stage, some patients may be excluded from
exercise if deemed to be at risk of harm (e.g. bone metastases)
[7], whilst others may feel incapable of exercising due to pro-
nounced physical deconditioning and chronic fatigue. Thus,
physical inactivity is commonly reported amongst cancer pa-
tients during and following adjuvant cancer treatment.

Neuromuscular electrical stimulation (NMES) could be a
pragmatic alternative to voluntary exercise in these cases.
NMES generates muscle contractions via electrical impulses
which are delivered to motor nerves using surface electrodes
placed over target muscle groups, typically using a handheld
battery powered stimulation unit [8]. Many studies have dem-
onstrated that repeated unsupervised application of NMES in
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healthy and clinical populations may result in improvements
in muscle strength [9, 10]. However, despite a growing body
of evidence in its favour, its clinical implementation still re-
mains difficult [11]. This can, in part, be linked to the discom-
fort associated with electrically evoked muscle contractions.
The use of large electrodes can somewhat attenuate this dis-
comfort by optimising current delivery [12]. In addition, a
slow, progressive and individualised prescription may be
pragmatic in clinical cohorts to habituate users to the unaccus-
tomed sensation [13]. Nevertheless, adherence to home-based
NMES exercise remains poor, highlighting the need for novel
methods of delivering NMES exercise, particularly amongst
clinical populations, which can progressively habituate users
and allow for prolonged application.

Early attempts to implement NMES exercise into the reha-
bilitation of cancer survivors have been largely unsuccessful.
A recent review [14] reported that NMES exercise in adult
cancer survivors, although potentially beneficial for improv-
ing HR-QoL, had no significant effect on functional and
strength outcomes. The authors associated this with poor ad-
herence to home-based interventions and inappropriate
NMES exercise prescription [14]. Much of the recent focus
in the literature relating to NMES exercise for cancer survi-
vors has been on application/adaptation of NMES protocols
that have been commonly used to promote muscle strength-
ening in orthopaedic and neurological rehabilitation settings.
These protocols, which use high-frequency NMES (> 20 Hz,
HF-NMES) to induce tetanic isometric contractions, are effec-
tive for improving muscle strength, yet have a negligible ef-
fect on cardiorespiratory fitness [15].

Recently, low-frequency NMES (3–12 Hz, LF-NMES)
has emerged as an effective means of augmenting cardio-
vascular fitness in healthy and clinical populations [16,
17]. In those clinical populations with low functional ca-
pacity such as chronic heart failure, modest improvements
in muscle strength have also been observed despite the
NMES prescription not being designed to target this as-
pect of fitness [18]. Considering the marked and signifi-
cant impairment in the neuromuscular and cardiovascular
systems following cancer treatment [2, 6], a concurrent
approach which considers muscle strength and cardiovas-
cular fitness equally is warranted. Concurrent NMES, in-
volving a LF-NMES and HF-NMES phase, has previously
been evaluated in a healthy older adult population with
improvements in strength and aerobic exercise capacity
reported [19]. However, to date, no studies have incorpo-
rated a personalised and progressive concurrent NMES
exercise programme in cancer survivors.

Therefore, this case series was aimed at determining the
feasibility, safety and effects of a personalised and progressive
concurrent NMES exercise programme on functional capacity
and HR-QoL in patients who are undergoing or have recently
finished adjuvant cancer treatment.

Methods

Design and patients

This was a pilot case series in which we followed patients
for a period of 4–8 weeks, with two measurement time
points. Measurements of functional capacity and HR-QoL
were recorded at baseline and post NMES exercise interven-
tion. The user experience of NMES exercise was recorded
after the intervention.

Following institutional ethical approval, ten patients (6
female, 4 male) were recruited between February 2018 and
July 2018, from those referred by their treating physicians at
Clinica Oncoavanze: a private oncology clinic in Seville,
Spain. The patients recruited included (1) those with an
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of > 1 and deemed by their oncology care
teams to have impaired physical function, (2) those whose
participation in voluntary exercise was contraindicated, (3)
those who felt unable to participate in voluntary exercise
programmes or (4) those who had physical limitations
which affected instrumental activities of daily living
(ADLs) (e.g. tasks such as doing household chores, grocery
shopping, using public transportation) [20]. Patients were
excluded if (1) they had serious cardiac arrhythmias, (2) any
cognitive impairment which may affect their ability to apply
NMES safely unsupervised, (3) deep vein thrombosis with-
in the last 6 months or (4) metastatic lesions to the femur.
Although a cardiac pacemaker is considered a contraindica-
tion, emerging evidence suggests patients with a pacemaker
can use lower limb NMES safely [21]. Therefore, pacemak-
er patients were considered if given clearance from their
cardiologist. Patients were fully informed of all experimen-
tal procedures prior to giving written informed consent.

NMES intervention

A personalised and progressive concurrent NMES exercise
programme was designed which could target functional mus-
cle strength and aerobic exercise capacity. Stimulation was
delivered using a battery powered, handheld muscle stimula-
tion unit (INKO RS, BioMedical Research Ltd., Galway,
Ireland) and four adhesive gel electrodes (17 × 10.3 cm)
placed on each leg (× 2 proximal and distal quadriceps, × 2
proximal and distal hamstrings) and applied via a pair of neo-
prene garments which were secured by Velcro straps (Fig. 1).

Patients were instructed to train with NMES, unsupervised,
at home. Patients were instructed to complete sessions seated
or lying down, with light knee flexion to increase comfort.
Session frequency was progressed weekly, from 2×/week in
week 1, to 5×/week in week 4 remaining constant thereafter.
Due to day-to-day variability in physiological, functional and
psychological factors [22], patients were instructed to try and
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achieve the prescribed number of sessions and record reasons
for missed sessions. Each patient used a training diary to re-
cord session data (date, time, maximum intensity reached,
session rating of perceived exertion (RPE)). The stimulator
was programmed to deliver two separate phases (termed con-
current NMES) [13]. The current waveform for phase 1 (LF-
NMES programme) was designed to generate rhythmical sub-
tetanic isometric contractions using bursts of four pulses
(pulse width 620 μs) delivered at a fixed frequency of 4 Hz
for a duration of 13–45 min. Phase 2 (HF-NMES programme)
was designed elicit a series of tetanic strengthening isometric
contractions using a burst of four pulses (pulse width 500 μs)
delivered at a fixed frequency of 20 Hz, for a duration of
15 min. The on:off duty cycle for the HF-NMES programme
progressed weekly over 4 weeks (Table 1). Patients were
instructed to achieve the maximum tolerable intensity and

increase intensity throughout the session if possible. Patients
were instructed not to co-contract the target muscles during
stimulation.

Personalised and progressive NMES

Due to tolerability being a major determinant of the re-
sponse to NMES [23], a progressive and personalised
prescription was developed. A standard session progres-
sion was used as a guide and individualised weekly in
response to information gathered from face-to-face meet-
ings with each patient. This included subjective feedback
and training diary information (sessions completed, stim-
ulation intensity progression, session RPE). The standard
progression guides of both phases and individualised pa-
tient progressions are reported in Table 1. An intermittent
delivery of the LF-NMES programme (Fig. 2a) was used
for each patient in week 1 (phase 1). In week 2, patients
progressed to either an extended intermittent protocol
(phase 2), or to continuous delivery (phase 3). This oc-
curred when the patient felt they had become suitably
habituated to the stimulation and indicated they could tol-
erate continuous LF-NMES. Reduction of the pulse width
from 620 to 300 μs was used as the means of introducing
relative ‘rest’ periods to the intermittent programme (Fig.
2a). Progression in the LF-NMES session protocol in-
volved increased weekly session duration (5–10 min per
week). In the HF-NMES protocol, the duty cycle (on:off
cycle) increased weekly from 2 s:15 s to 5 s:15 s to
5 s:10s and constant thereafter as previously reported
(Fig. 2b) [24]. To maximise the compliance with the in-
tervention, weekly phone calls were completed to identify
and solve problems and prompt continued increase in
stimulation intensities as tolerated.

To determine the initial stimulation intensity, patients per-
formed a ten-stage incremental NMES protocol during which
the stimulation intensity was increased every 3 min in equal
increments of 14 mA from a starting point of 14 mA. This
session also acted as a familiarisation session whereby the safe
and correct use of the units was demonstrated.

Fig. 1 Wearable neoprene
garments and electrode placement

Table 1 Standard prescription and progression guidelines

Time Phase Standard progression
(duration/on:off)

Session frequency
(No./week)

Week 1 LF-NMES 3 × 3-min ramp 2

HF-NMES N/A 2

Week 2 LF-NMES 3 × 5-min ramp* 3

HF-NMES 2 s on:15 s off 3

Week 3 LF-NMES 25 min continuous 4

HF-NMES 5 s on:15 s off 4

Week 4 LF-NMES 30 min continuous 5

HF-NMES 5 s on:10 s off 5

Week 5 LF-NMES 35 min continuous 5

HF-NMES 5 s on:10 s off 5

Week 6 LF-NMES 35 min continuous 5

HF-NMES 5 s on:10 s off 5

Week 7 LF-NMES 40 min continuous 5

HF-NMES 5 s on:10 s off 5

Week 8 LF-NMES 45 min continuous 5

HF-NMES 5 s on: 10 s off 5

*Ramp protocol: 3 × 5 min, 4 Hz, 1.5 min RU, 5 min at 620 μs, 1 min at
100 μs, 5 min at 620 μs, 1 min at 300 μs, 5 min at 620 μs, 30 s RD. RU
ramp up, RD ramp down
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Physical and psychological outcomes

To assess the effectiveness of NMES, we carried out
physical and psychological assessments before the start
of home-based NMES training and after the intervention.
Physical assessments included functional muscle strength
and aerobic exercise capacity assessment. Psychological
assessment measured HR-QoL. Feasibility and safety
and user experience were determined following the inter-
vention using semi-structured interviews.

Physical assessment

Functional muscle strength

Lower limb functional muscle strength was assessed using
the 30 s repeated sit-to-stand test (STS). The STS required
patients to stand up from and sit down on a 45-cm padded

chair with no armrests as many times as possible in 30 s.
Patients could use their hands to help them stand if re-
quired [25] and were provided standardised verbal en-
couragement to continue to sit and stand throughout the
test. Patients completed two trials separated by 1 min of
rest. The average of both attempts was recorded.

Functional exercise capacity

xFunctional exercise capacity was assessed using a 6-min
walk test (6MWT) along a 20-m indoor corridor. Patients were
instructed to walk as far as possible in 6 min, back and forth
along the corridor, turning briskly around the markers at each
end. Patients could slow down, stop and rest if necessary.
Standardised moderate verbal encouragement was provided
every 2 min by the same investigator to each patient. The
distance walked in 6 min was recorded to the nearest meter.

PHASE 1 

PHASE 2

PHASE 3

PHASE 1 

PHASE 2

PHASE 3

a

b

REPEATED 
15 MINS

Fig. 2 Schematic representation
of LF-NMES intermittent deliv-
ery (a) and HF-NMES duty cycle
(b) progressions
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Psychological assessment

HR-QoL

The multidimensional European Organisation for the
Research and Treatment of Cancer Quality of Life
Questionnaire Core 30 (EORTC QLQ-C30) was used to as-
sess HR-QoL. Using the EORTC scoring manual, a linear
transformation was used to standardise the raw score, so that
scores ranged from 0 to 100. A higher score represents a
higher level of Global QoL and functioning. A change in
subscale score of 5–10 was considered the minimal clinically
meaningful change [26].

User experience

Patients were invited to complete semi-structured interviews
to explore their experiences and views on the intervention and
its impact on their daily lives. Questions were open ended and
were tape-recorded. Recordings were transcribed verbatim.

Data management and analysis

Due to the limited number of patients included in this study,
data are presented individually and trends in outcomes are
narratively summarised. Descriptive statistics (% change) are

used for functional muscle strength and aerobic exercise ca-
pacity to describe changes in the functional status of patients.

Results

Completion of the study was achieved by 6 of the 10 recruited
patients (Table 2). Nine patients received baseline assessments
and 8 began the home-based intervention. One patient who
had an implanted pacemaker received initial clearance to par-
ticipate from his cardiologist, however, withdrew after base-
line assessments due to further concerns expressed by the
cardiologist. One patient withdrew after 1 week, citing lack
of time, whilst a further patient withdrew after 2 weeks of the
NMES exercise intervention, citing muscle discomfort fol-
lowing stimulation. One patient reported muscle soreness the
day after NMES use, which subsided within 2 days. No seri-
ous adverse events were reported. Three patients completed
4 weeks, and 3 patients completed 8 weeks. Measurement
time points for 8-week patients included 4-week functional
testing; however, this is not reported.

Physical function

After NMES exercise, lower limb functional muscle strength
had improved in 4 of 6 patients (Table 3). Percentage increase

Table 2 Characteristics, socio-demographics and medical history of patients who completed the study

Patient 1 2 3 4 5 6

Characteristics

Age (years) 67 67 46 68 67 63

Height (m) 1.61 1.58 1.62 1.63 1.59 1.56

Weight (kg) 67 60 77 85 58 59

BMI (kg/m2) 25.9 24.0 29.3 32.0 22.9 24.2

Socio-demographics

Marital status Married Divorced Married Divorced Married Married

Education High school University University College College University

Employment Working Retied Working Working Retired Working

Medical history

Cancer type Ovarian Liver Glioblastoma Bladder HER2+ Breast NSCLC

Cancer
stage/grade

IV IV IV IV IV IIIB

Date of
diagnosis

Nov 2015 Oct 2017 Feb 2018 Jul 2017 Apr 2018 Feb 2018

Treatment Chemotherapy Chemotherapy Radiotherapy +
Chemotherapy

Immunotherapy Chemotherapy +
immunotherapy

Chemotherapy

Treatment
status

Active Active Active Active Active Complete

Comorbidities RA Depression/anxiety; previous cancer
diagnosis (Ovarian, 2005)

None Spinal stenosis None None

HER2+ human epidermal growth factor receptor 2 positive, NSCLC non-small cell lung cancer, BMI body mass index (weight [kg] height [m2 ]), RA
rheumatoid arthritis
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in STS score ranged from 13 to 67%. Patient 3 was the excep-
tion to this observation and showed an 8% decrease. Patient 5
STS score did not change. Improvements in aerobic exercise
capacity were observed in 5 of 6 patients. Percentage increases
in 6MWT distance ranged from 2 to 160%. Patient 3 distance
decreased by 12%. At baseline patient 1 required the use of a
walking aid to complete the 6MWT. After 4 weeks of NMES,
she had shown a 16% increase in 6MWT distance (112 m vs
130 m) (not reported), completing the test unaided, with rest
periods. At 8 weeks, her distance had increased a further
124% (112 m vs 291 m), unaided, with no rest periods.

Quality of life

Global QoL improved in 4 of 6 patients. Score increase ranged
from 7 to 33 points. Patient 1 Global QoL decreased by 100%,
whilst patient 3 Global QoL remained the same after the
NMES intervention. Four of 6 patients reported improved
Physical QoL, with the score increase ranging from 7 to 34.
Role QoL increased in 3 patients, decreased in 1 and remained
unchanged in 2. Scores in the other sub-scales were mostly
unchanged (Table 4).

Acceptability and user experience

One patient completed the prescribed LF-NMES session
frequency, with patient 6 completing more sessions than
prescribed (18 sessions). Patient 1 missed 8 sessions and
patient 2 missed 3 sessions, whilst patients 3 and 4 missed
1 session. Patient 5 missed 17 sessions. No patients pre-
scribed HF-NMES achieved the target number of sessions
prescribed (Table 5). Six patients completed qualitative
interviews. The perceived benefits of the NMES exercise
intervention were as follows: greater muscle strength
which made undertaking activities of daily living (e.g.
climbing stairs) easier and increased ability and confi-
dence when walking alone (Panel). One patient reported
some muscle soreness after initial use, which subsided.
No other negative experiences were reported.

Panel Illustrative quotes from the qualitative interviews about
the perceived effect of the NMES exercise intervention

BI improve little by little…I feel that my legs are
stronger and I can move better…I don’t feel as
fatigued as I used to and I feel safer when walk-
ing…6 weeks ago I always needed to hold onto my
husband when we were out walking…but I don’t
need to know when I go out and I feel safe going
out alone^ (Woman, 63 years)
BI really like it…my legs have more strength, espe-
cially straight after using the unit…I walk better and
more confidently…I have fallen 4 to 5 times before
using the unit…but I haven’t since I started…I have
stumbled, but I have been able to control it and not
fall over…better leg strength has allowed me to
swim better in my pool, something that was difficult
before^ (Woman, 67 years)
BI feel like I have more strength…I feel better but I
experienced some muscle soreness…I feel like I had
done a workout…the pain was not limiting but just

Table 3 Physical performance assessment results at baseline and post
NMES intervention

Patient No. STS (reps) 6MWT (m)

Baseline Post % Change Baseline Post % Change

1** 3 5 67 112* 291 160

2** 10 17 70 407 474 17

3 12 11 − 8 600 530 − 12
4 8 9 13 373 380 2

5** 10 10 0 312 342 10

6 9 13 44 390 433 11

‘*’ indicates walking device used. ‘**’ indicates 8-week intervention
completed

Table 4 Global health QoL and functional scales

Patient No. Global QoL Physical Role Emotional Cognitive Social

Baseline Post Baseline Post Baseline Post Baseline Post Baseline Post Baseline Post

1 50 33 13 53 0 33 83 100 67 67 0 33

2 75 83 80 87 67 100 83 83 83 83 67 67

3 67 67 80 87 67 67 100 100 100 100 100 33

4 42 50 80 80 83 100 58 83 100 67 83 50

5 42 58 93 67 100 33 83 33 67 33 50 67

6 50 83 80 93 67 100 33 67 100 100 50 100
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noticeable. I feel like a can walk more…I would
advise others to use it, especially those with
limits…it’s important for people to exercise and stim
is easy as its minimalist and not a large amount of
equipment^ (Man, 46 years)

Discussion

The results presented in this study support the use of a
personalised and progressive concurrent NMES exercise inter-
vention as a feasible and safe intervention in adult cancer sur-
vivors. A concurrent NMES programme may facilitate im-
provements in functional exercise capacity and functional mus-
cle strength after just 4 weeks. In addition, there appears to be a
dose-response relationship between NMES exercise volume
and functional improvements. The functional improvements
were accompanied by subjective improvements in HR-QoL
and self-report improvements in lower limb strength and in-
creased confidence when walking unaided (Panel).

Similar to previous reports which have demonstrated
NMES exercise to be safe, even in those with metastatic dis-
ease and undergoing intensive chemotherapy and allogenic/
autologous stem cell transplantation [27, 28], we reported no
serious adverse events. Only one patient withdrew due to
muscle discomfort which was reported in her second week
of use. Tolerance toNMES exercise is individual-specific with
around 10% of older adults and those with chronic diseases
being unable to tolerate NMES exercise [29, 30]. In cancer
patients, this estimate may be higher particularly amongst
those undergoing treatment, which may exacerbate tolerance.
Three patients who completed the study reported increased
sensitivity to stimulation for 2–3 days following their cancer
treatment. In addition, the patient who withdrew did so after
2 weeks and shortly after a chemotherapy cycle. Furthermore,

her withdrawal came after informal feedback in week 1 which
highlighted enjoyment of the programme, no muscle discom-
fort and subjective improvements in physical function.
Together, this suggests that although NMES exercise appears
safe during treatment, stimulation intensities in the days fol-
lowing treatment may require greater modification, possibly
to levels below motor threshold or no stimulation on these
days if adherence is a concern.

A progressive deterioration in physical function is com-
monly reported in cancer patients during treatment [1].
Voluntary exercise is a proven strategy for minimising the loss
of aerobic and muscular fitness [6]. NMES exercise to may be
a pragmatic alternative for those unable to exercise, with 4 of
the 6 patients in the current study demonstrating improve-
ments in functional muscle strength and 5 of 6 patients im-
proving aerobic exercise capacity. Patient 4 increased 6MWT
by 7 m, which is below the 14 m considered the minimal
clinically meaningful change [31]. In addition, the STS score
of patient 5 remained the same at 8 weeks of NMES exercise.
Both results can be considered a maintenance in physical
function and viewed as a positive result whilst undergoing
cancer treatment. Patient 1, who was the most deconditioned
at baseline, demonstrated some of the largest improvements in
both outcomes (STS 67% and 6MWT 160%). At baseline, she
required a walking aid to complete the 6MWT. However, at
8 weeks post testing, she was capable of completing the
6MWT unaided. These improvements in patient 1 are not
surprising since previous observations suggest that the most
deconditioned patients are likely to obtain the most benefit
from NMES exercise [32]. These results are encouraging giv-
en that walking and body transfers are two commonly affected
activities of daily living in cancer patients [20].

At baseline, patient 3 recorded the highest 6MWT distance.
He was prescribed only LF-NMES to try and maintain walk-
ing capacity. However, after 4 weeks, he recorded 70 m less.
Glioblastoma is an aggressive brain cancer which is common-
ly associated with motor deficits such as ataxia and gait im-
pairment [33]. At the time of post testing, the patient reported
weakness and general malaise. Additionally, he had received
one cycle of temozolomide and was receiving regular dexa-
methasone, both of which may have contributed to muscle
weakness [34]. Previous LF-NMES protocols (5 × 1 h ses-
sions/week) evaluated in other clinical populations have led
to significant improvements in 6MWT distance [18].
Therefore, the prescribed training dose and progression in
the current study may have been inadequate to minimise the
progressive physical deterioration which can accompany
treatment for this aggressive tumour type.

In response to treatment side effects, the psychological
condition of cancer patients can significantly deteriorate
[35]. Exercise-based interventions have proven effective in
mitigating reductions in HR-QoL. A recent review has sug-
gested that NMES exercise may be an effective intervention

Table 5 Session completion rates and session intensities

Patient
No.

Intervention
length
(weeks)

Total no.
of
completed
LF-NMES
sessions

Total no.
of
completed
HF-NMES
sessions

LF-
NMES
intensity
during
sessions
(first-last
session)*

HF-
NMES
intensity
during
sessions
(first-last
session)*

1 8 26 of 34 26 of 32 42–60 40–60

2 8 31 of 34 25 of 32 72–99 60–96

3 4 13 of 14 0 of 12 55–76 N/A

4 4 13 of 14 0 of 12 37–74 N/A

5 8 17 of 34 15 of 32 50–75 40–65

6 4 18 of 14 7 of 12 48–49 40–40

*Intensity reported as % of maximum output (140 mA)
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for improving HR-QoL [14]. Our results show that 4 of 6
patients improved Global QoL and Physical functioning
QoL. These results are promising considering cancer patients
can experience day-to-day variations in physiological, func-
tional and psychological factors [22], which may impact on
QoL during treatment. In addition, higher QoL measured at
the end of treatment is associated with higher post treatment
exercise attendance [36]. Patient 6, who exhibited the largest
change in Global QoL (+ 33) was the only patient who was
not on active treatment, having completed her last cycle,
4 weeks previously. It is possible that the completion of her
treatment schedule, the short duration of her illness and the
NMES exercise intervention may have led to a higher im-
provement in QoL. Informal feedback from patient 6 informed
us of her progression into supervised aerobic and resistance
training. Similarly, patients 2 and 4 reported their intentions to
progress into supervised and unsupervised voluntary exercise,
further demonstrating increased motivation to maintain activ-
ity levels after NMES exercise.

Strengths and limitations

The main strength of this study is that to the best of the inves-
tigators’ knowledge, this is the first report of an individually
prescribed and progressed NMES exercise intervention in
cancer patients. The main limitation is the small number of
patients involved which limits the extent to which conclusions
can be drawn. However, these results provide a rationale for
future research.

Conclusions

To our knowledge, this case series is the first report of a suc-
cessful personalised and progressive NMES exercise interven-
tion to augment aerobic and muscular fitness in cancer pa-
tients. The findings indicate that NMES may be an effective
strategy for those who are undergoing or have recently com-
pleted treatment for cancer. Importantly, NMES exercise may
act as a bridge to voluntary exercise for those whose progres-
sive physical deterioration during and following the treatment
limits their voluntary exercise capabilities. Future research in
this area is warranted to confirm these findings prior to clinical
implementation.
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