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Abstract  
Stereotactic Ablative Radiotherapy (SABR) is increasingly re-
placing thoracotomy for resection of lung cancers and oligometa-
static lung lesions but it is not known whether exercise can be 
maintained during SABR, the major side-effect of which is fa-
tigue. This case study describes a 57-year-old male who exercised 
regularly (above American College of Sports Medicine minimum 
weekly exercise guidelines) and continued to exercise during 
SABR for a renal cell metastasis in his left lung. His exercise pro-
gram included 5x60-minute moderate intensity aerobic exercise 
sessions and 3x45-minute resistance exercise sessions per week 
for 12 weeks post-treatment. Cardiorespiratory fitness and 
strength, as well as self-reported fatigue, depression, anxiety, 
physical wellbeing and sleep quality were assessed at baseline 
and fortnightly. Exercise adherence was 98% and no adverse 
events occurred. Fatigue was elevated from Weeks 2-8, which ad-
versely impacted exercise intensity perception. Minimal changes 
were observed in cardiorespiratory fitness, depression, anxiety 
and sleep quality, but strength decreased, and physical wellbeing 
was improved above baseline levels. This is the first reported clin-
ical case of exercise during SABR for a lung carcinoma. The data 
suggest that exercise may be feasible for patients undergoing 
SABR and may improve physical wellbeing. Larger controlled 
studies are needed to confirm these findings.  
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Introduction 
 

In the United States in 2015 it was estimated that there 
were 221,220 new lung cancer diagnosis and 158,040 lives 
lost, with a 5-year relative survival rate reported to be as 
low as 18.0% (Siegel et al., 2015). Stereotactic Ablative 
Radiotherapy (SABR) is increasingly being used as a pri-
mary treatment for early stage lung carcinoma as well as in 
the treatment of oligometatstic lesions in selected patients. 
SABR involves the delivery of a small number of large, 
highly focused doses of radiation over few fractions using 
multiple small fields or arcs. A major proposed advantage 
of SABR over conventional external beam radiotherapy is 
reduced radiation toxicity as a result of a sharp dose gradi-
ent fall off beyond the tumour, and it has recently been re-
ported to be as effective as surgery for early lung cancer 
with regard to treatment tolerance and survival outcomes 
(Chang et al., 2015; Videtic et al., 2013; Zimmermann et 
al., 2005). 

A growing body of research has demonstrated nu-
merous health benefits from exercise participation during 
and after cancer treatment (Fuller et al., 2018; Speck et al., 
2010). In 2010, the American College of Sports Medicine 
(ACSM) released a roundtable consensus on exercise 
guidelines for cancer survivors that included evidence for 
the introduction or maintenance of exercise during treat-
ment (Schmitz et al., 2010). These guidelines suggest that, 
unless specifically contraindicated, the goal for cancer pa-
tients and survivors should be the same as for age-matched 
healthy adults. Exercise can improve outcomes for cancer 
survivors by preserving muscle mass (Winters-Stone et al., 
2011; Galvao et al., 2009) and cardiovascular health 
(Courneya et al., 2007; Courneya et al., 2003), attenuating 
fatigue (Fuller et al., 2018) and enhancing quality of life 
(Schneider et al., 2007; Courneya et al., 2003). However, 
while the ACSM guidelines recommend that cancer survi-
vors aim to complete at least 150 minutes per week of 
moderate-intensity exercise or 75 minutes of vigorous-in-
tensity exercise (Speck et al., 2010), they also point out that 
given the diversity of cancers and treatment regimens, 
some of which may impact on the capacity to engage in 
exercise, a “one size fits all” approach to exercise prescrip-
tion is not appropriate. As SABR is a newer treatment ap-
proach there are no published data indicating whether ex-
ercise can be maintained whilst undergoing treatment, the 
major side effect of which is fatigue (Lagerwaard et al., 
2012; Haasbeek et al., 2011). The aim of this case study 
was to determine whether the ACSM exercise guidelines 
could be adhered to during SABR to the lung, and secondly 
to report on any changes in physiological or psychological 
function or wellbeing. 

 
Case report 

 
Patient 
A 57-year-old male (height: 1.87m; mass: 93kg) presented 
for an opinion regarding treatment for a metastatic renal 
cell carcinoma situated in the superior lobe of the left lung. 
The metastasis was detected on routine follow-up Com-
puted Tomography imaging. It developed at the site of pre-
vious metastectomy for pathologically proven renal cell 
carcinoma. Aside from the renal metastasis, the patient 
presented in good health, had professional qualifications in 
exercise science and was completing 435 minutes of gym-
based moderate-intensity exercise per week, which is 
above the minimum threshold of the ACSM guidelines for 
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healthy populations and cancer survivors. Weekly exercise 
included 5 x 60 minutes of cycling on a stationary bike at 
a moderate intensity (rating of perceived exertion [RPE] = 
13) and 3 x 45 minutes of resistance exercise. 

The patient’s previous oncology history included a 
parotidectomy to remove pleomorphic adenomas (January 
2010), a thyroidectomy via full neck dissection for papil-
lary thyroid cancer (October 2010), a simple left nephrec-
tomy to treat stage 1 renal cell carcinoma (November 
2010), radioactive iodine treatment to treat papillary thy-
roid cancer (December 2010), external beam radiotherapy 
(30 fractions over 6 weeks) to treat thyroid cancer N1b- 
spread to lymph nodes at other cervical levels on the sides 
of the neck (February 2011), a robotic-assisted laparo-
scopic radical prostatectomy for stage 1 prostate cancer  
(June 2013), and a metastectomy for pathologically proven 
renal cell carcinoma to the superior lobe of the left lung 
(December 2013). The stage 2 renal carcinoma reoccurred 
in the superior lobe of the left lung at the time of this case 
study (June 2015). 

The renal cell metastasis in the left lung was treated 
with a course of SABR that consisted of 48 Gy in four frac-
tions on alternate days (i.e. over an 8-day period) dosed to 
the 74% isodose line using a 3D conformal SABR tech-
nique. Outcome measures were assessed prior to SABR 
treatment and then fortnightly for 12 weeks. All 
measurements were recorded at least 4 hours fasted and 24 
hours after any exercise. The patient’s treating medical 
team were made aware of all symptoms throughout the 
study. The patient provided written informed consent prior 
to participation. The University of South Australia Human 
Research Ethics Committee indicated that ethical approval 
was not required for this study because the patient is an au-
thor of the case study and consents to its publication. All 
procedures conformed to the Declaration of Helsinki.  
 
Exercise program 
The exercise program was advised and monitored by an 
Accredited Exercise Physiologist (AEP; Exercise and 
Sport Science Australia, QLD, Australia). The patient 
maintained his pre-diagnosis exercise regime throughout 
the observation period. Aerobic exercise was performed on 
a stationary bicycle at 60-70% maximum heart rate (HR 
max), which was equivalent to the patient’s pre-treatment 
aerobic exercise intensity of RPE 13. HR based intensity 
was used instead of RPE because the patient’s high fatigue 
made it difficult for him to perform any exercise at all with-
out exceeding RPE 13.  

Resistance training involved 6 exercises (chest 
press, upright seated row, triceps extension, biceps curl, 
chest fly, shoulder extension) performed using 3 sets of 8-
10 repetitions for each exercise. Progression of resistance 
training focused on increasing resistance and then repeti-
tions whereby once three sets of ten repetitions could be 
accomplished weight was increased to the next increment. 
Exercise progression took into consideration degenerative 
changes in the shoulder of the patient. Progression was de-
layed if increasing the exercise resistance caused large in-
creases in shoulder pain. 
 

Primary outcome measure 
The primary outcome of interest was continued adherence 
to the patient’s pre-treatment exercise program. Adherence 
was defined as a composite measure comprising scores of 
exercise session attendance, exercise intensity compliance 
and exercise contamination. Attendance referred to the 
number of minutes of exercise achieved per week as a per-
centage of the number of minutes prescribed. The patient 
recorded physical activity using the Godin leisure time in-
dex (Godin and Shephard, 1997). Contamination referred 
to any change in physical activity modes from baseline par-
ticipation (i.e. commencing a new type of exercise pro-
gram). Compliance referred to meeting the prescribed in-
tensity of exercise and was reported as a percentage. Aero-
bic exercise compliance was based on the patient’s ability 
to meet the prescribed intensity of 60-70% HR max. Mean 
aerobic exercise compliance was calculated across exercise 
sessions. Resistance exercise was prescribed in sets and 
repetitions and the percentage of the total prescribed load 
was used to measure compliance. For example, if 3 x 8 rep-
etitions of a 20 kg biceps curl were prescribed the total pre-
scribed load was 480 kg, and if 3 x 6 20 kg repetitions were 
completed, compliance was 360/480 = 75%. This process 
was repeated for each resistance exercise and session to de-
termine the mean resistance exercise compliance. Overall 
compliance was defined as the mean of aerobic and re-
sistance exercise compliance. Overall adherence was cal-
culated as the mean of overall compliance and attendance 
plus or minus any contamination. Exercise test protocols 
performed for the purpose of this case study were not con-
sidered as contamination. 
 
Secondary outcome measures 
Maximal oxygen uptake (V̇O2Max) was measured using an 
indirect calorimeter (ParvoMedics TrueOne 2400, Parvo 
Medics, USA) during an incremental exercise test to ex-
haustion on an electronically braked cycle ergometer (Er-
goselect 200, Ergoline, Germany). HR was recorded 
throughout using a personal HR monitor (RS800CX, Polar 
Electro OY, Finland) to facilitate prescription of relative 
aerobic exercise intensity. A ramp protocol was used where 
power output commenced at 80 watts and increased by 15 
watts per minute until exhaustion. The criteria for a valid 
V̇O2Max test was identified as a plateau in V̇O2

 with increas-
ing exercise intensity and an RER >1.1 based on the most 
commonly used criteria in previous studies (Midgley et al., 
2007). An additional sub-maximal perceptually regulated 
exercise test (PRET) to predict V̇O2Max was performed on 
alternate weeks to the actual V̇O2Max testing and comprised 
4 stages of 3-minute duration at RPE 9, 11, 13, and 15 
based on the Borg 6-20 scale (Borg, 1998). This was con-
ducted in accordance with the validated methodology pub-
lished previously (Eston et al., 2008). The participant ad-
justed the power output of the bike to achieve the necessary 
RPE during the first 30 seconds of each 3-minute exercise 
stage. Power output, HR and V̇O2 were recorded during 
each 3-minute exercise stage to assess effects of SABR on 
the relationship of RPE with power output, HR and V̇O2. 
A difference of 7.5% was considered the minimal detecta- 
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ble change in V̇O2Max based on previous test-retest data col-
lected in older adults (Kohrt et al., 1991). 

The patient’s 8-repetition maximum (8RM) for the  
seated row and biceps curl was used to assess upper body 
muscle strength. Strength testing using 8RM is reliable 
(Taylor and Fletcher, 2012), valid (Taylor and Fletcher, 
2013) and specific to the 3 sets of 8-10 repetitions that were 
used in the patient’s exercise program. A difference of 
10.0% was considered the minimal detectable change in 
8RM based on previous test-retest (Romano et al., 2013) 
and population sample (Segal et al., 2009) data collected 
during upper body exercises. Upper body exercises involv-
ing pushing movements (such as chest or shoulder presses) 
could not be performed at the intensity required for 8RM 
testing without pain due to severe osteoarthritis. Similarly, 
lower body strength was not assessed, due to knee osteoar-
thritis. Grip strength in the dominant hand was measured 
using a hand-grip dynamometer (Jamar, Illinois, USA). A 
difference of 13.2% was considered the minimal detectable 
change in grip strength based on previous test-retest data 
collected in older adults (Wang and Chen, 2010). 

Blood pressure and HR were measured in supine us-
ing digital oscilometry (A and D Medical Saltama, Japan) 
following fifteen minutes of rest. Forced vital capacity 
(FVC) and forced expiratory volume in one second (FEV1) 
were measured by spirometry (Model 6000 Alpha, 
Vitalograph, Ennis, Ireland) with the best of three measures 
recorded. The minimum detectable change in FVC and 
FEV1 was 330 and 160 ml, respectively (Tweeddale et al., 
1987). Disability associated with breathlessness was as-
sessed using the Medical Research Council (MRC) breath-
lessness scale (Stenton, 2008). The MRC breathlessness 
scale consists of five statements that describe a range of 
respiratory disability from none (Grade 1) to almost com-
plete incapacity (Grade 5) (Bestall et al., 1999).  

Physical wellbeing was assessed using the 
Functional Assessment of Cancer Therapy–Lung (FACT) 
physical wellbeing subscale (Yellen et al., 1997). A differ-
ence ≥3 was considered the minimally important difference 
in physical wellbeing (Steel et al., 2006). The Hospital 
Anxiety and Depression Scale (HADS), a 14-item self-
report screening tool, was used to assess anxiety and de-
pression (Zigmond and Snaith, 1983). The HADS used cut-
off scores based on the severity of anxiety and depression, 
dividing patients into four categories: normal (score ≤7), 
mild (score 8–10), moderate (score 11–14), and severe 
(score >14). Fatigue was measured using the 9-item Brief 
Fatigue Inventory (BFI). The patient scored each item on a 
0-10 numeric scale, with 0 indicating “no fatigue” and 10 
indicating “fatigue as bad as you can imagine” (Mendoza 
et al., 1999). A global fatigue score was determined by cal-
culating the average score across the 9 items and used to 
categorise the patient as experiencing mild (score ≤3), 
moderate (score 4-6) or severe (score >6) fatigue. Sleep 
quality was measured using the Pittsburgh Sleep Quality 
Index (PSQI), a nine item self-rated questionnaire which 
assessed sleep quality and disturbances, with a score 
greater than five indicating that the person was a poor 
sleeper (Buysse et al., 1989). 
 
Statistical analysis 

Changes in cardiorespiratory fitness and health, and mus-
cle strength from baseline were compared against mini-
mum detectable change values reported in the literature. 
Changes from baseline that were greater than the minimum 
detectable change were considered likely to be true 
changes. Minimum detectable changes in V̇O2Max, 8RM, 
and grip strength were calculated from test-retest reliability 
results reported in the literature using 𝑀𝐷𝐶 ൌ
1.96√2ሺ𝑆𝐸𝑀ሻ, where MDC is the minimum detectable 
change and SEM is the standard error of measurement. 
When previous literature had reported the intra-class cor-
relation coefficient (ICC) instead of the SEM, the SEM was 
calculated using 𝑆𝐸𝑀 ൌ 𝑆𝐷√1 െ 𝐼𝐶𝐶 , where SD is the 
group standard deviation. Typical errors for each outcome 
measure were calculated based on the standard deviation of 
the repeated measurements that were taken on the patient 
from baseline to Week 12.  

 
Results 
 
No adverse events arose during the study period although 
the patient did report 6/10 pain on a numeric pain rating 
scale for the ribs adjacent to the site of SABR, which was 
anticipated by the treating radiation oncologist. This dis-
comfort did not stop the patient from exercising and the 
patient did not request pharmacological pain management 
from his treating medical team. The patient maintained his 
435 minutes of weekly gym-based exercise throughout the 
treatment and recovery phase with an attendance rate of 
100%. Compliance to aerobic training was 100% based on 
HR measures of exercise intensity. Compliance to re-
sistance training was 96% with sets and reps being main-
tained from baseline, but at a reduced load by 10% per ex-
ercise from Week 2 due to fatigue. The Godin Leisure 
Time Index scores did not change during the study obser-
vation period indicating no exercise contamination. Thus, 
the overall adherence rate for the intervention was 98%.  

Despite maintaining his pre-treatment exercise re-
gime, the patient experienced several changes in physio-
logical and psychological measurements over the observa-
tion period. Following treatment, V̇O2Max as measured by 
the incremental test to exhaustion, was slightly decreased 
(~7% reduction) at Weeks 2, 4, and 6 (Figure 1), but these 
reductions were less than the minimum detecatable change 
(7.5%). The patient was able to reach a valid V̇O2Max in all 
seven tests over the 12 week period, as evidenced by a plat-
eau in V̇O2 despite increasing power output, RER>1.10, 
and HR in excess of his age predicted maximum. 

In contrast to the incremental test to exhaustion, the 
PRET prediction of V̇O2Max was decreased by over 50% six 
weeks after treatment and remained 9% below baseline 
values at the end of the 12-week observation period (Figure 
1). These reductions in predicted V̇O2Max were all greater 
than the minimum detectable change (7.5%). Before treat-
ment, the aerobic exercise intensity of RPE 13 corre-
sponded to a HR of 120 bpm but after one radiation dose it 
corresponded to 90 bpm (which represented only a light in-
tensity when expressed as %HR max) and a HR of 120 bpm 
corresponded to an RPE of 17 (which represented a very 
hard intensity based on perceived level of exertion).
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Figure 1. Maximal oxygen uptake assessed by an incremental exercise test to exhaustion and a sub-maximal 
perceptually regulated exercise test (PRET) before and 12 weeks after stereotactic ablative body radiation ther-
apy. A difference of 2.3 ml/kg/min was considered the minimal detectable change based on previous test-retest 
data. Typical errors for the patient were 1.0 ml/kg/min (incremental exercise test) and 5.5 ml/kg/min (PRET).    
* Decreased from baseline by more than the minimum detectable change. 
 

 Table 1. Muscle strength and cardiorespiratory health at baseline and 12 weeks after stereotactic ablative body radiation therapy. 
 Baseline Week 2 Week 4 Week 6 Week 8 Week 10 Week 12 Typical Error

Muscle Strength
Upright row 8RM (kg) 40.0 33.0* 33.0* 33.0* 33.0* 33.0* 33.0* 2.6 
Bicep curl 8RM (kg) 15.0 12.5* 12.5* 12.5* 12.5* 12.5* 12.5* 0.9 
Hand-grip dynamometer (kg) 37.0 35.0 34.0 33.0 33.0 36.0 36.0 1.6 

Cardiorespiratory Health
Heart rate resting (bpm) 54 56 54 52 57 52 56 2 
Systolic blood pressure (mmHg) 128 128 129 133 126 129 117 5 
Diastolic blood pressure (mmHg) 73 70 77 72 70 71 61 5 
FVC (L) 5.44 5.08* 5.20 5.32 5.18 5.20 5.24 0.11 
FEV1 (L) 4.31 4.06* 4.12* 4.17 4.07* 4.15 4.16 0.08 
MRC breathlessness scale (Grade 1-5)  1 2 3 3 1 1 1 1 

8RM, eight-repetition maximum; FEV1, forced expiratory volume in 1-second; FVC, forced vital capacity; MRC, Medical Research Council.                       
* Decreased from baseline by more than the minimum detectable change. 

 
The  patient’s 8RM for the upright row and bicep 

curl decreased following treatment by 18% and 17%, re-
spectively (Table 1). These values remained decreased at 
Week 12 (Table 1). Reductions in 8RM were greater than 
the minimum detectable change (10.0%). Grip strength 
was slightly reduced following treatment (<11% reduction) 
at Week 2, 4, 6, and 8 (Table 1). These reductions were less 
than the minimum detectable change (13.2%). 

The patient’s FVC reduced by more than the mini-
mum detectable change (330 ml) at Week 2 following 
treatment (Table 1). The patient’s FEV1 reduced by more 
than the minimum detectable change (160 ml) at Week 2, 
Week 4, and Week 8 following treatment (Table 1). The 

patient reported increased disability due to breathlessness 
for the first 6 weeks after treatment (Table 1). The patient 
reported shortness of breath when hurrying or walking up 
a slight hill (MRC Grade 2) for the first 6 weeks and walk-
ing slower than most people on level ground due to breath-
lessness (MRC Grade 3) from Week 2 to Week 6 following 
treatment (Table 1).  

Self-reported fatigue increased from mild (BFI = 1) 
at baseline to moderate (BFI = 6) at Week 2 and severe 
(BFI = 7) at Weeks 4 and 6 (Table 2). The patient was still 
reporting moderate fatigue (BFI = 4) at Week 12. 

The patient’s physical wellbeing assessed with the 
FACT-F   decreased   from   baseline  by   more   than  the  
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Table 2. Patient reported outcomes at baseline and 12 weeks after stereotactic ablative body radiation therapy. 
 

Baseline Week 2 Week 4 Week 6 Week 8 Week 10 Week 12 
Typical 
Error 

FACT-F
Physical wellbeing 15 16 12* 12* 16 18† 19† 3 

Hospital Anxiety & Depression Scale
Depression [qualitative descriptor] 17 [severe] 18 [severe] 17 [severe] 17 [severe] 16 [severe] 16 [severe] 16 [severe] 1 
Anxiety [qualitative descriptor] 19 [severe] 20 [severe] 19 [severe] 19 [severe] 15 [severe] 15 [severe] 15 [severe] 2 

Brief Fatigue Inventory 
Fatigue [qualitative descriptor] 1 [mild] 6 [moderate] 7 [severe] 7 [severe] 5 [moderate] 4 [moderate] 4 [moderate] 2 

Pittsburgh Sleep Quality Index 
Sleep quality [qualitative descriptor] 15 [poor] 14 [poor] 15 [poor] 15 [poor] 12 [poor] 12 [poor] 13 [poor] 1 
Duration of sleep (hours) 5 5 5 5 6 6 5 <1 
* Physical wellbeing decreased from baseline by more than the minimally important difference. † Physical wellbeing increased from baseline by more than the 
minimally important difference. 

 
minimally important difference at Week 4 and 6 (Table 2). 
However, physical wellbeing improved after Week 6 and 
was increased from baseline by more than the minimally 
important difference at Week 12 (Table 2). 

The patient reported severe depression and anxiety 
scores on the HADS at baseline and throughout the 12-
week post-treatment observation period (Table 2). Simi-
larly, the patient reported poor sleep quality on the PSQI at 
baseline and each post-treatment assessment (Table 2).   
 
Discussion 
 
The principal findings from this case study were that 
ACSM guidelines for exercise could be maintained by an 
already active patient while undergoing a cancer treatment 
that is recognized for producing high levels of fatigue, and 
that physical and psychological function remained rela-
tively unchanged. Notably, the patient’s perception of their 
physical wellbeing was increased above baseline levels by 
the end of the intervention, which suggests there may be 
benefits to maintaining ACSM exercise guidelines during 
SABR that should be investigated in future controlled stud-
ies. The level of exercise participation achieved during and 
post SABR treatment may not have been possible under the 
alternate treatment option of thoracotomy, which is associ-
ated with long recuperation periods and permanently re-
duced lung function (Gottschalk et al., 2006; Reeve et al., 
2010). 

This was the first investigation into the feasibility of 
maintaining an exercise clinic-based aerobic and resistance 
exercise program in a cancer patient undergoing lung 
SABR. Case study research provides unique insights into 
the feasibility and efficacy of management strategies ap-
plied in real-world settings. This is particularly relevant for 
exercise-based management strategies in cancer patients 
because it is recognized that exercise prescriptions need to 
be individualized based on each patients’ fitness, comor-
bidities, medical management, treatment side-effects, and 
disease trajectory (Schmitz et al., 2010). Although findings 
of this case study should be generalized with caution, the 
opportunity to report a detailed individualized response in 
a case study format has important value for clinicians look-
ing to implement this approach in practice.  

Traditionally most investigators report adherence as 
a percentage of the number of sessions attended out of a 
total possible number of prescribed sessions (Knols et al., 

2005; Pinto et al., 2009). However, this approach provides 
limited insight into how well the prescribed exercise dose 
was achieved (Nilsen et al., 2018). In this investigation it 
was considered more accurate to report exercise adherence 
as a composite measure including measures of both session 
attendance and exercise intensity compliance with each 
having equal weighting in the final adherence score. With 
respect to attendance, exercise trials in lung cancer patients 
typically report it between 72 to 85% (Jones et al., 2007; 
2008; 2009). The higher attendance in the current study 
may be due to the patients’ previous exercise history which 
indicated that he was exceeding ACSM physical activity 
guidelines (Speck et al., 2010), combined with being an ex-
ercise professional with undergraduate qualifications in ex-
ercise science. Studies have previously reported a positive 
relationship between pre-treatment exercise behaviour and 
attendance in exercise interventions during cancer treat-
ment (Courneya et al., 2002; 2004). 

The increase in fatigue reported in the current study 
is not uncommon, with fatigue being one of the most re-
ported unmanaged symptoms of cancer patients post radi-
otherapy (Mock et al., 2001; Curt et al., 2000). The precise 
mechanisms driving radiotherapy induced fatigue have yet 
to be determined but are expected to include physiological, 
haematological and psychological factors. The patient 
maintained his regular exercise regime despite the accumu-
lation of very high fatigue. However, he did indicate that 
the use of HR guided intensity rather than RPE made it un-
comfortable and difficult to maintain due to this resulting 
in a very high RPE during exercise. This presents an issue 
for clinicians in selecting suitable exercise intensities, par-
ticularly for sedentary cancer patients and survivors unac-
customed to exercise and experiencing fatigue. A recent re-
port by Dennett favoured moderate intensity exercise re-
gardless of prescription methods (Dennett et al., 2016). The 
difficulty lies in quantifying what constitutes moderate in-
tensity exercise during cancer treatments as this case report 
suggests that there is dissociation between actual (i.e. HR) 
and perceived (i.e. RPE) intensity with radiation treatment. 
We speculate that the disassociation is likely caused by the 
increased fatigue and breathlessness that was reported by 
the patient. Alternatively, haematological changes (i.e. 
anaemia) are common in cancer patients (Stone and Min-
ton, 2008) and could increase perceived exercise intensity. 
However,  haematological  side  effects  are  expected  to 
be  less  for  SABR  treatment  compared  to conventional  
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radiation therapy (Chang, 2015) so this explanation may be 
less likely. Nevertheless, it could be argued that immedi-
ately post-treatment RPE 13 may be the more appropriate 
moderate intensity prescription given that 60-70% of HR 
maximum proved difficult to maintain. 

Aside from the baseline measurements, the PRET 
estimates of V̇O2Max did not approximate the V̇O2Max values 
obtained from the incremental test to exhaustion. This find-
ing contrasts with the expected high levels of agreement 
between PRET and incremental test to exhaustion 
measurements of V̇O2Max (Eston et al., 2008). Notably, 
fluctuations in the PRET estimates of V̇O2Max appeared to 
more closely match the fluctuations in BFI and the MRC 
than the incremental test to exhaustion, FVC and FEV1. 
The PRET, BFI and MRC are all perception-based meas-
urements, which may explain why they tended to behave 
similarly. If correct, the changes witnessed in the PRET in 
the first week were more likely the result of fatigue from 
the SABR treatment as opposed to actual reductions in car-
diorespiratory fitness because maximum aerobic capacity 
demonstrated only minimal fluctuations that were less than 
the minimum detectable change. This finding may have 
important implications for using PRET to establish and 
track exercise capacity during cancer treatment, but this re-
quires further research in larger cohorts. 

Anecdotally, the patient reported that maintaining 
exercise participation based on HR, which resulted in a 
high RPE, encouraged feelings of empowerment as he ex-
pected the exercise program would improve his chances of 
survival. These reflections were not supported in the de-
pression and anxiety reporting from the HADS, which re-
mained in the severe category throughout the intervention. 
This is inconsistent with the literature where exercise par-
ticipation during treatment has been shown to enhance 
mood state (Fuller et al., 2018). These contrasting results 
may be partially attributed to the patient being unsure 
whether SABR treatment had been successful until after 
this observation was completed. As such, his uncertainty 
about the efficacy of choosing this newer treatment over 
the more widely used surgical approach may have exacer-
bated feelings of depression and anxiety, although this can-
not be determined from the current data as it was not pos-
sible to include a control condition. 

Notably, the patient reported physical wellbeing 
scores were improved above baseline scores by the end of 
the intervention period, indicating a potential benefit of ex-
ercise on post-SABR quality of life. This is consistent with 
previously reported benefits of exercise on quality of life 
in patients undergoing other forms of cancer treatment 
(Fuller et al., 2018). Objective measures of strength and 
cardiovascular fitness were not improved above baseline 
but this maintenance can be considered a positive outcome 
given the potential for deterioration due to cancer and side 
effects of treatment (Lakoski et al., 2012). It is unlikely that 
the patient’s improved physical wellbeing can be attributed 
to strength and fitness benefits of exercise because those 
outcomes did not change. Instead, it is possible that the im-
provement related to dimensions of the FACT physical 
wellbeing subscale (i.e. “I have nausea”, “I have pain”, “I 
feel ill”) that are somewhat independent of muscle strength 

and cardiovascular fitness. Moreover, the subjective nature 
of the physical wellbeing scores may have contributed to 
the apparent improvement. The baseline measures were 
taken in the context of a known metastatic lung carcinoma 
that was pending treatment whereas the post intervention 
measures were taken when the patient had seemingly suc-
cessfully completed the treatment process. This contextual 
difference may have resulted in lower self-reported physi-
cal wellbeing scores at baseline.  

Aside from the typical sample size issues associated 
with a case study, an important consideration in interpret-
ing this study is that it reports on a highly motivated indi-
vidual with a professional background in exercise science. 
The subject of this case study is also a doctoral research 
student and an author of this manuscript, which may have 
contributed in part to higher motivation and subsequently 
his adherence rate to the exercise. However, every effort 
was made to ensure rigour and objectivity in the data col-
lected to avoid any bias. Some of the key observations of 
this study including the changes in mood and fatigue have 
occurred largely in spite of the motivations and uncon-
scious bias of the subject rather than as a result of them. 
The high adherence needs to be interpreted in the context 
of very high motivation, but the other observations are 
valid and robust indicators of the physiological and psy-
chological response to the treatment process. Additionally, 
the observation that the high motivation and adherence in 
this case study might be linked to the patient’s exercise sci-
ence knowledge highlights the importance of patient edu-
cation within any exercise intervention.   

 
Conclusion 
 
The ACSM and many other key organisations suggest that 
exercising during and after cancer treatment can aid in at-
tenuating issues such as muscle degeneration, reduced car-
diovascular health, fatigue, loss of function and reduced 
quality of life. Clinical trials are now showing that SABR 
may rival surgery as first line treatment for localized can-
cers, and the non-invasive protocol means an individual 
can continue exercising, thereby maintaining their 
strength, cardiovascular health and physical function, as 
well as potentially mitigating symptoms of fatigue and neg-
ative changes in health-related quality of life. This poten-
tial for improved exercise remains untested in large con-
trolled studies and conclusive inferences cannot be made 
based on this case study. Nevertheless, the fact that the pa-
tient was able to maintain exercise behaviours during and 
after SABR is an important observation, as is the diver-
gence of RPE and HR-based methods of exercise intensity 
prescription. Further research, using controlled study de-
signs, is required to confirm these findings and determine 
what clinical benefits might accrue from prescribing exer-
cise based on these different methods for defining inten-
sity. 
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Key points 
 
 This is the first reported clinical case of exercise dur-

ing stereotactic ablative radiotherapy for a lung carci-
noma. 

 Fatigue during and after stereotactic ablative radio-
therapy altered the relationship between the percep-
tion of exercise intensity and heart rate and compro-
mised the rating or perceived exertion-based exercise 
prescription. 

 The patient’s ability to adhere to the exercise and the 
lack of adverse events suggests that continuing to ex-
ercise may be feasible for patients undergoing stereo-
tactic ablative radiotherapy. 

 Exercise improved physical wellbeing, but larger ran-
domised controlled studies are needed to confirm this 
finding. 
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