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Editorial

The nexus of functional exercise capacity with health-related 
quality of life in lung cancer: how closely are they related?
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Lung cancer is a devasting and common diagnosis worldwide. 
Approximately 81% of patients present once the cancer has 
spread beyond the primary site and consequently surgical 
treatment is often not an option, with chemoradiation, 
targeted therapy or immunotherapies being most common in 
stage III to IV disease. Lung cancer has a high disease burden 
with symptoms such as shortness of breath, cough and fatigue 
that significantly impact the patient’s activities of daily living. 
In the last 10 years clinicians and researchers have focused 
on measuring symptoms and patient reported outcomes, and 
providing interventions to improve these. Predominate in 
these measures are functional exercise capacity and health 
related quality of life (HRQoL). Functional exercise capacity 
can be measured in the laboratory as a gold standard using 
cardiopulmonary exercise testing (CPET) or by using field 
walking tests such as the six-minute walk test (6MWT). The 
field walking tests are easier and cheaper to perform clinically, 
and are used in many chronic disease populations to assess and 
measure change in functional exercise capacity. Functional 
exercise capacity is an important variable for patients as it is 
shown to be highly associated with an individual’s ability to 
undertake activities of daily living. Closely related to this is an 
individual’s HRQoL which measures several domains related 
to the ability to participate in home and community activities 
and relationships. Improving HRQoL is the ultimate goal 
of any rehabilitation or exercise program in all chronic 
disease states. There is a significant body of research that has 
presented conflicting information on the ability of exercise 

interventions to improve HRQoL in patients with lung 
cancer, due in part to the different measurement timepoints 
used, the sample heterogeneity, and the fact that there may 
be a response shift in patient’s perception of their HRQoL 
across time from diagnosis. It is reasonable, and accords with 
common sense, that functional exercise capacity is related to 
HRQoL. It is in this context that we review the relationship 
of functional exercise capacity to HRQoL in patients with 
lung cancer using the paper by Ha and colleagues (1) and 
discuss the wider implications and research related to this  
important topic.

The 6MWT is a commonly used measure of functional 
exercise capacity in the lung cancer population (2). 
Performance in the 6MWT is an important outcome 
in lung cancer, given its association with post-operative 
complications, HRQoL and survival (2). The study by Ha 
and colleagues demonstrated impairments in the 6MWT 
in patients a median of 19 months following curative lung 
cancer treatment (1). The mean [standard deviation (SD)] 
distance walked in the test by the group was only 335 m [126] 
which corresponds to 65% of the groups predicted distance 
based on normative reference calculations which take into 
consideration the participants’ sex, age, height and weight (3).  
The magnitude of impairment may have been impacted 
by the relatively high rate of participants stopping during 
the test (26%) due to symptom limitations, combined 
with the fact that there was not a practice 6MWT trial, 
which is known to result in higher distances walked in the 
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second repeat test (4). Despite these issues, prior studies 
have similarly shown impairments in functional exercise 
capacity in lung cancer, albeit in smaller samples (5-7). The 
cross-sectional nature of the study by Ha and colleagues (1)  
means there is no available data on functional exercise 
capacity in the cohort, either before lung cancer treatment 
or after treatment in a longitudinal manner in order to 
determine any pattern of change over time. Prior work by 
our team and others (5,8) demonstrated that functional 
exercise capacity is lower than predicted in patient’s pre-
treatment (84% predicted), and it deteriorates further after 
treatment (69% predicted at 6 months following curative 
treatment) (5). The mechanisms for impairment and 
deterioration in functional exercise capacity in lung cancer 
are multi-factorial as shown in Figure 1 (9-12). These 
factors, including the combination of cancer symptoms and 
treatment side-effects, combine to accelerate this ‘perfect 
deconditioning storm’ reducing either the body’s ability to 
deliver and/or utilize oxygen leading to reduced exercise 
capacity (13,14). Reduced exercise capacity and muscle 
dysfunction predict poor postoperative outcomes (15) and 
are strong predictors of HRQoL (14). Further, in lung 
cancer, emerging evidence suggests that loss of whole-body 
muscle mass may be a significant contributor to morbidity 
(13,15-17).

Indeed, in the study by Ha and colleagues, 15 participants  
stopped during the 6MWT due to symptoms (pain, 
dyspnoea or fatigue) (1). Another study reported a third of 

participants stopped exercise tests early due to muscular 
fatigue (18). Recently, Burtin and colleagues demonstrated 
that quadriceps endurance is an independent contributor to 
performance of the 6MWT in lung cancer (19), highlighting 
the critical importance of peripheral muscle function as a 
potential contributor to impairments in functional exercise 
capacity. Given the heterogeneity of contributing factors 
leading to poor exercise capacity in lung cancer, detailed 
assessment and patient profiling of exercise limitations is 
essential as this will facilitate decision making around the 
choice of intervention(s) to address limitations (11). 

Ha and colleagues sought to determine the specific 
association between the 6MWT and cancer-specific HRQoL 
measured by the European Organization for Research and 
Treatment of Cancer Quality of Life Questionnaire Core 
30 summary score (1). Results demonstrated only a weak 
correlation (r2=0.16, P=0.001). More interestingly though, 
were the results of the multivariable linear regression 
analysis, that produced a final model containing 6MWT, 
heart failure, obstructive sleep apnea and psychiatric illness, 
which was independently associated with cancer-specific 
HRQoL (partial r2=0.20, P=0.001). It is not surprising 
that functional exercise capacity contributes to measures 
of HRQoL. Lack of sufficient tissue oxygen  supply 
reduces exercise capacity and physical function leading to 
impairments in abilities to participate in activities of daily 
living (20,21). Measuring exercise capacity provides evidence 
about aerobic exercise capacity, a fundamental physiological 

Figure 1 Factors contributing to poor exercise capacity in lung cancer.
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determinant of lifestyle (22). It is clear then that exercise 
capacity would also be associated with the functional domains 
of HRQoL as indicated in the paper by Ha and colleagues. 
However, global HRQoL is a much broader construct, 
influenced by many factors such as other comorbid diseases, 
social situation and mental health as demonstrated in their 
study. The fact that their variables accounted for only 20% 
of the variance in HRQoL demonstrates well that HRQoL 
is a multifaceted construct but the conclusion in the paper by 
Ha and colleagues does not recognize the other important 
contributions of their model, nor other potential contributors 
not measured in the paper.

The importance of collecting patient-reported outcome 
measures (PROMs), in addition to routinely collected clinical 
data, is being increasingly recognised to enhance outcomes 
for patients. Basch and colleagues report improvements in 
HRQoL, treatment tolerance and survival, and reduced 
healthcare utilisation associated with routine symptom self-
monitoring for people with metastatic cancer, including 
lung cancer (23). In addition to collecting data on HRQoL, 
Ha and colleagues also collected PROMs which are 
frequently impacted by a lung cancer diagnosis and 
subsequent treatment including: mood [Hospital Anxiety 
and Depression Scale (HADS)], fatigue (Brief Fatigue 
Inventory), sleep quality (Pittsburg Sleep Quality Index) and 
dyspnea [University of California San Diego Shortness of 
Breath Questionnaire (UCSD SOBQ)]. The authors report 
significant correlations between functional exercise capacity 
(6MWD) and depression (P=0.05), dyspnea (P=0.01) and 
fatigue (P=0.01). The prevalence of mood disorders reported 
in people with lung cancer is variable and may relate to the 
timing of measurement along the continuum of cancer care. 
Ha and colleagues report borderline anxiety and depression 
scores (> seven on the HADS subscales) in 19% and 31% of 
participants respectively. Recent work in a sample of 830 lung 
cancer survivors reports similar rates of borderline anxiety 
(21%) and higher rates of borderline depression (39%) (24). 
Abnormal levels of fatigue (scores >40) were also reported in 
42% of participants in the study by Jung and colleagues (24),  
compared to only 24% reported by Ha and colleagues. 
Hospitalised patients prior to commencing treatment report 
high levels of anxiety and depression (65% for both anxiety 
and depression) (25). Rates continue to be higher than 
reported by Ha and colleagues in the period 3–6 months 
post-diagnosis (26,27). Poor sleep quality was reported by 
the majority of participants (73%), and the average score was 
only slightly lower than previously reported baseline values of 
participants recruited to home (28) or hospital-based physical 

activity programs (29). Supporting the authors’ remarks 
that participant comorbidities were likely well managed, is 
the observation that despite 77% of the sample reporting 
chronic obstructive pulmonary disease (COPD) or asthma, 
Borg ratings of dyspnoea pre and post 6MWT were low. 
The measure of dyspnoea indicated that only 26% of the 
sample had abnormal dyspnoea scores and this finding is in 
contrast to data reported from a high-risk surgical population 
two years post treatment (30). It appears that the PROMs 
reported within the study by Ha and colleagues, and the 
performance on 6MWT, are somewhat inconsistent with 
prior work (PROMs were commonly better in the study by 
Ha and colleagues). This finding is surprising given the high 
rate of reported comorbidities which commonly impact on 
PROMs such as symptoms and mood.

We note with interest the significant proportion of 
included participants with comorbid conditions, in particular 
hypertension (82%), hyperlipidaemia (82%) and (COPD)/
asthma (77%) (1). High frequencies of comorbidities are 
also reported in long-term survivors of other forms of 
cancer. Leach and colleagues sampled 1,527 survivors of 
breast, colorectal, prostate and gynaecological cancers 
who averaged five comorbidities ever diagnosed and  
1.9 diagnosed post-cancer. Importantly, amongst other factors 
physical inactivity was associated with a greater number 
of comorbidities occurring post-cancer diagnosis (31).  
The presence of comorbid chronic disease and physical 
activity levels has been previously reported to be significantly 
associated with HRQoL in a cross-sectional survey of  
701 lung cancer survivors (32). Ha and colleagues report no 
significant association was found between comorbidities and 
the 6MWD, however acknowledge that the small sample size 
may be partly responsible for the lack of association. 

The evidence supporting exercise training for patients 
with early stage lung cancer is now well-established 
and strong. Evidence for the role of exercise in later 
stage lung cancer is emerging but not yet established. 
The impairments demonstrated in the study by Ha and 
colleagues (1), including poor functional exercise capacity, 
HRQoL and cancer symptoms including dyspnoea, fatigue, 
anxiety and depression, may be able to be improved 
with specific exercise training. The participants in the 
current study were measured at varied time periods after 
their treatment [median 19 months, interquartile range 
(IQR), 4–44 months]. There is still a lack of data on the 
optimal timing for exercise training relative to treatment 
(9,33). With positive benefits seen in the pre-treatment 
(prehabilitation), early post-treatment and later post-
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treatment settings (34,35). Certainly, most of the studies 
conducted to date have included patients within the first 
year of their diagnosis and there is no rationale in general 
to be waiting to prescribe exercise beyond restoration of 
any acute medical issues post treatment. The rationale for 
exercise in the pre-treatment setting is to train patients to 
improve their cardiorespiratory fitness, with the view to 
prevent complications and lessen impairments following 
treatment (34). Whereas, the rationale for exercise in the 
post-treatment setting is to target impairments that may 
have occurred since treatment/diagnosis to facilitate the 
patient back to premorbid (pre-treatment) status (35). In 
the study by Ha and colleagues, we do not have information 
on usual care provided to participants, including whether 
any exercise training or advice was given (1). However, 
it may be safe to assume exercise training or advice was 
minimal, as usual care in most centres around the world 
is unlikely to include a focus on exercise at this time. 
Indeed, we could be confident that exercise training may 
be an appropriate modality for many of the participants 
to address their current issues. As is recommended in 
oncology exercise programs, exercise prescription should be 
tailored to the individual participant, following a thorough 
patient assessment to determine specific impairments and 
medical safety to exercise, and with consideration of the 
impact of other comorbidities (36). In the future we need 
data to inform the optimal timing for exercise training 
commencement. However, an immediate challenge for 
patients is access to exercise programs (10,37). This is 
because oncology exercise programs are not readily available 
throughout many countries in the world, and therefore 
encouraging patients to access programs when and where 
available should be a priority until these data are available 
to change our practice. 
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