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Abstract
Background—To investigate the prognostic importance of functional capacity and exercise
behavior in patients with metastatic non-small cell lung cancer (NSCLC).

Patients and methods—Using a prospective design, 118 consecutive participants with
histologically confirmed metastatic (inoperable) NSCLC and Eastern Cooperative Oncology group
(ECOG) 0–3 completed a six-minute walk test to assess functional capacity and questionnaire that
assessed self-reported exercise behavior. Cox proportional models were used to estimate the risk
of all-cause mortality according to six-minute walk distance (6MWD) (<358.5 m, 358.5–450 m,
≥450 m) and exercise behavior (MET-hrs wk−1) categories with adjustment for important
covariates.

Results—Median follow-up was 26.6 months; 77 deaths were reported during this period.
Functional capacity was an independent predictor of survival (Ptrend = 0.003) and added
incremental prognostic value beyond that provided by PS plus other traditional markers of
prognosis (Ptrend = 0.025). Compared with patients achieving a 6MWD <358.5 m, the adjusted
hazard ratio (HR) for all-cause mortality was 0.61 (95% CI, 0.34–1.07) for a 6MWD of 358.5–450
m, and 0.48 (95% CI, 0.24–0.93) for a 6MWD >450 m. In unadjusted analysis, there was a
borderline significant effect of exercise behavior on survival (p = 0.052). Median survival was
12.89 months (95% CI, 9.11–21.05 months) for those reporting <9 MET-hrs wk−1 compared with
25.63 months (95% CI, 11.28 to ∞ months) for those reporting ≥9 MET-hrs wk−1.

Conclusions—Functional capacity is a strong independent predictor of survival in advanced
NSCLC that adds to the prediction of survival beyond traditional risk factors. This parameter may
improve risk stratification and prognostication in NSCLC.
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1. Introduction
Lung cancer continues to be the leading cause of cancer-related mortality in both men and
women in North America and Western Europe [1]. Approximately 80% of these patients
will be diagnosed with non-small cell lung cancer (NSCLC) and the majority will present
with metastatic (inoperable) disease. Despite significant advancements in therapy and
supportive care, concomitant improvements in survival have been slight [2–4]. For
inoperable NSCLC, the median survival rate is approximately 8–10 months[5,6], and two,
three, and five-year overall survival rates are only 20%, 12%, and 7%, respectively [7,8]. As
such, identifying strong prognostic factors to optimize treatment and survival outcomes are
of principal importance.

The considerable interest in identifying robust prognostic markers in metastatic NSCLC has
led to the identification of more than 150 risk factors, the majority of which are
inconsistently reliable [9]. Outside of tumor stage, performance status (PS) scoring, either
assessed by the Karnofsky Performance Scale (KPS) or Eastern Cooperative Oncology
Group (ECOG) scoring systems, is the most consistent independent predictor of survival in
multivariate analysis [10]. Furthermore, PS has been identified as one of five factors
comprising a pragmatic mortality prognostic index in NSCLC. The other four factors
identified were: age (>70 years); sex (male); histological type (large-cell carcinoma), and
tumor node metastasis [9]. Despite the prognostic importance of PS, these scoring systems
fail to fully characterize functional capacity and lack the sensitivity to accurately
discriminate prognosis for individuals categorized as ‘good’ PS (i.e., KPS > 70; ECOG 0–1)
[11]. Alternative measures that provide a more sensitive and objective assessment of
physical functioning may allow for more accurate prognostication, assist in discriminating
prognosis for high PS patients, and suggest new targets for therapeutic intervention [12].

There are several methods available to clinicians that provide an objective determination of
physical functioning. Recently our group found that peak oxygen consumption (VO2peak),
the gold standard assessment of functional (aerobic) capacity, was a strong independent
predictor of death in surgical candidates with NSCLC after adjustment for KPS, age, gender,
and pulmonary function (FEV1) [13]. Despite the stark advantages, however, assessment of
VO2peak is contraindicated in a proportion of metastatic NSCLC patients due to the extent of
comorbid disease; these tests also require specialized equipment and trained personnel,
limiting clinical feasibility beyond major tertiary hospitals. In contrast, 6MWD is a simple,
clinically feasible and objective assessment of functional capacity that is practical even in
severely deconditioned clinical populations (e.g., chronic heart failure, chronic obstructive
pulmonary disease (COPD), and organ transplant recipients). 6MWD is a robust predictor of
mortality in non-cancer settings [14–17]; only two studies to date have investigated the
prognostic importance of 6MWD in the oncology setting [12,18].

Exercise behavior is a major determinant of functional capacity. Several landmark
epidemiological studies suggest that, in general, self-reported regular exercise (e.g., >brisk
walking for 30 min, 5 d wk−1) is associated with substantial reductions in the risk of cancer-
specific death following a diagnosis cancer [19–22]. Exercise behavior and functional
capacity are correlated but provide distinct information. Prior studies examining the
association between exercise behavior and survival in cancer patients have not objectively
evaluated functional capacity. Therefore it is not known whether a functional capacity
assessment such as 6MWD provides prognostic information beyond exercise behavior.

Against this background, we sought to investigate the prognostic importance of functional
capacity and exercise behavior in patients with inoperable NSCLC. We also investigated
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whether these parameters provided additional prognostic information beyond traditional
markers (e.g. PS, age, gender) in this population.

2. Method
2.1. Patients and setting

Patients were adults with histologically confirmed Stage IIIB, IV, or recurrent metastatic
(i.e., inoperable) NSCLC presenting to Duke University Health System (DUHS), who were
able to read and understand English, consent to participate, and whose primary attending
oncologist approved participation. Specifically, data was pooled from two studies in which
patients were recruited to either a cross-sectional study (one time assessment of 6MWD) or
prospective study (repeated assessment of 6MWD across time; only baseline data is
included in this report). Both studies were approved by the DUHS Institutional Review
Board; written informed consent was obtained prior to initiation of any study procedures.

2.2. Functional capacity
Functional capacity was assessed via 6MWD in a measured corridor according to the
American Thoracic Society (ATS) guidelines [23]. Briefly, patients were instructed to walk
at their fastest pace and to cover the longest possible distance over a six-minute period while
under the supervision of trained clinical research assistant. 6MWD was recorded in meters.
Age and sex-predicted 6MWD was calculated from Gibbons et al. [24].

2.3. Exercise behavior
Self-reported exercise behavior was assessed using the leisure score index (LSI) of the
Godin Leisure-Time Exercise Questionnaire (GLTEQ) [25]. The LSI contains three
questions that assess the average frequency of mild, moderate, and strenuous intensity
exercise during free time in a typical week. Participants reported their average weekly
exercise since their primary adjuvant treatment consultation, as well as average duration
within each level of exercise intensity. To calculate total exercise behavior, the frequency of
exercise sessions per week within each intensity category was multiplied by the average
reported duration, weighted by an estimate of the metabolic equivalent (MET), summed
across all intensities, and expressed as average MET-hours per week. The standard MET
weightings and examples for each level of exercise intensity are as follows: mild (3 METs,
e.g., easy walking, yoga), moderate (5 METs, e.g., brisk walking, tennis), and strenuous (9
METs, e.g., running, vigorous swimming).

2.4. Clinical parameters and follow-up
Patient characteristics and clinical information were abstracted from electronic medical
records. PS was assessed using the ECOG scale at the time of study enrollment by the
attending oncologist. Follow-up survival data was obtained through multiple confirmatory
sources: DUHS vital statistics; the social-security death index, electronic medical record (up
to December, 2010); tumor registry; and clinical notes. When vital status was unclear, the
patient and/or family were contacted by telephone.

2.5. Statistical analysis
Descriptive statistics were reported for clinical parameters and study outcomes. The Cox
proportional hazards model was used to examine the association between functional capacity
and exercise behavior on survival. A likelihood ratio (LR) test was used in the context of the
Cox model to assess the contribution of functional capacity (6MWD) and exercise behavior
in predicting survival beyond that provided by ECOG (<2 vs. ≥2) alone as well as the
combination of age, sex, cohort (when applicable), and ECOG. Functional capacity was
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categorized via an unbiased tertile split as defined by 6MWD (i.e., <358.5, 358.5–450 m,
>450 m). The median value of 6MWD within each category was used as a predictor for
linear trend in analyses. Exercise behavior was analyzed as MET-hrs wk−1 (<9 MET-hrs
wk−1 vs. ≥9 MET-hrs wk−1) based on prior work [26]. Survival was defined as the time
between assessment of functional capacity and death; for patients remaining alive, survival
was censored at the time of last follow-up. A two-sided significance level of 0.05 was used
for all statistical tests. All statistical analyses were conducted using SAS version 9.2 (SAS
Institute, Cary, NC).

3. Results
Participant recruitment took place between December, 2007 and August, 2010. In brief,
1137 patients were screened for eligibility during the study period (across both studies). Of
these, 277 (24%) met inclusion criteria and 118 (10%) agreed to participate and completed
all study procedures. Major reasons for non-eligibility were histological type (n = 343),
diagnosis of early stage NSCLC (n = 326), and inability to complete 6MWT (n = 70). Major
reasons for study refusal were not interested (n = 34), no time (n = 62), and not feeling well
(n = 60).

3.1. Clinical characteristics
Patient characteristics are presented in Table 1. Mean age was 61 ± 10 yr (range, 28–84 yr)
and 60% were male. Sixty-two percent were diagnosed with adenocarcinoma and 13% were
ECOG 0 (range, 0–3). The median time to study enrollment from the diagnosis of metastatic
NSCLC was 13.4 ± 16.7 months. Mean 6MWD was 396 ± 116 m (range, 90–640 m),
equivalent to 38 ± 17% below that predicted for age and sex. No adverse events were
observed during functional capacity testing. Mean exercise behavior (n = 68 patients) was
28 ± 45 MET-hrs wk−1; 26% were currently meeting national exercise guidelines (i.e., ≥150
min wk−1 of moderate to vigorous intensity exercise), and 21% reported no exercise
behavior.

3.2. Univariate survival analysis
Median follow-up was 26.6 months. During this period, 77 deaths were recorded (65% of
the total sample). The median time from the functional capacity assessment to death was
12.9 months (95% CI, 11.3–18.4).

3.2.1. Functional capacity—Median 6MWD across tertiles was 283 m (90–356.8 m),
416 m (358.5–450 m), and 510 m (452–640 m). 6MWD was an independent predictor of
survival (unadjusted Ptrend = 0.003; Table 2; Fig. 1) The corresponding median survival
across tertiles was 8.98 months (6.09–12.70), 14.38 months (11.38–21.05), and 20.26
months (11.78–28.91), respectively. Each 50-m improvement in 6MWD was associated with
a 13% reduction in the risk of death. Functional capacity provided incremental prognostic
information beyond PS (Ptrend = 0.036; Table 2) and beyond PS plus other traditional
markers of prognosis (Ptrend = 0.025; Table 2). Compared with patients achieving a 6MWD
<358.5 m, the adjusted hazard ratio (HR) for all-cause mortality was 0.61 (95% CI, 0.34–
1.07) for a 6MWD of 358.5–450 m, and 0.48 (95% CI, 0.24–0.93) for a 6MWD >450 m
(Table 2).

3.2.2. Exercise behavior—The association between exercise behavior (i.e., <9 MET-hrs
wk−1 vs. ≥9 MET-hrs wk−1) and survival is presented in Table 3. In the unadjusted analysis,
there was a borderline significant effect of exercise behavior on survival (p = 0.052; Table 3;
Fig. 2). Median survival was 12.89 months (95% CI, 9.11–21.05 months) for those reporting
<9 MET-hrs wk−1 compared with 25.63 months (95% CI, 11.28 to ∞ months) for those
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reporting ≥9 MET-hrs wk−1. After adjustment for covariates, including PS, there was no
longer a borderline significant effect of exercise behavior on survival (p = 0.324; Table 3).
Compared with patients reporting <9 MET-hrs wk−1, the adjusted HR for mortality was 0.67
(95% CI, 0.31–1.48) for patients reporting ≥9 MET-hrs wk−1.

4. Discussion
Our findings demonstrate that functional capacity, as measured by 6MWD, is a strong,
independent predictor of prognosis that adds to the prediction of survival beyond traditional
risk factors in patients with metastatic NSCLC. Specifically, relative to patients in the lowest
6MWD category, higher functional capacity was associated with an adjusted 39% to 52%
reduction in the risk death. Each 50-m improvement in 6MWD was associated with a 13%
reduction in the risk of death. The magnitude of risk reduction observed in the present study
is comparable to that reported by the only other two studies investigating the prognostic
importance of objective measures of physical functioning in patients with NSCLC.
Kasymjanova et al. [18] investigated the association between 6MWD and survival in 64
patients with inoperable NSCLC. Relative to <400 m, a 6MWD ≥400 m was associated with
a 56% reduction in the risk of death after adjustment for important covariates. Similarly, our
group found that VO2peak, as measured by a maximal cardiopulmonary exercise test, was
associated with a 21% to 24% reduction in the risk of death, relative to the lowest VO2peak
category, in 398 surgical candidates with NSCLC. Intriguingly, the magnitude of risk
reduction was stronger for patients determined as inoperable with a 21% to 61% [13].
Interestingly, in further work by our group we found that 6MWD was not an independent
predictor of prognosis in 243 patients with grade III/IV recurrent malignant glioma [12],
suggesting that 6MWD may not be an appropriate clinical tool for objectively assessing
physical functioning in all cancer populations.

Our findings may have important implications for mortality risk prediction in metastatic
NSCLC. Here we found that 6MWD added incremental mortality risk prediction beyond
established markers including PS. In universal oncology practice and clinical trials, physical
functioning is evaluated using subjective PS scoring systems. In general, patients with a PS
score ≥70% (KPS) or 0–1 (ECOG) are considered ‘physically capable’ of receiving
cytotoxic therapy. Furthermore, PS is used to classify patients into prognostic risk categories
and routinely used clinically in the planning, randomization, eligibility, and evaluation of
clinical trials as well as in decisions regarding the ‘optimal’ therapeutic approach. However,
PS scoring systems are subjective and do not provide a sensitive assessment of physical
functioning [11]. To this end, objective tools such as 6MWD provide a simple and sensitive
assessment of physical functioning that, in turn, may allow for more accurate
prognostication. This is especially important among patients with good PS (i.e., KPS > 70;
ECOG 0–1) where discrimination of prognosis can be difficult [10]. Furthermore, maximal
and/or submaximal functional capacity (exercise) testing may be particularly valuable for
several additional reasons: (1) exercise tests assess the integrative capacity of the
cardiovascular and musculoskeletal system to transport and utilize oxygen (O2) for ATP
resynthesis under physiologic stress [27]. The efficiency to transport O2 is arguably one of
the most important indices of health and longevity in humans – a process that is not captured
by current measures, (2) exercise test endpoints (e.g., VO2peak, time to exhaustion, and
6MWD) are strong predictors of cardiovascular and all-cause mortality in diverse clinical
settings [28,29]. As such, prognostic, validated clinical cut-points are available, and (3)
exercise tests can inform therapeutic intervention as well as evaluate therapeutic efficacy
[30]. In our opinion, there is now sufficient supportive evidence to initiate large, adequately
powered prospective studies to systematically evaluate the clinical utility and prognostic
importance of physical functioning in the oncology setting.
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Another novel finding of our investigation is that exercise behavior is also an independent
predictor of survival, although it did not add to the prediction beyond PS. Regular exercise
behavior (i.e., ≥9 MET-hrs wk−1) was associated with a statistically significant 33%
reduction in the risk of death, relative to inactive patients (<9 MET-hrs wk−1) after
adjustment for important covariates. To our knowledge, this is the first study to investigate
the prognostic significance of exercise behavior in NSCLC. Findings of the present study
add to an increasing evidence base indicating that, in general, regular self-reported exercise
is inversely associated with survival in several populations with solid tumors [12,21,31,32].
Of importance, our study is the first in patients with NSCLC to assess functional capacity
and exercise behavior in the same cohort, thus permitting prognostic comparison of these
measures. Results indicated that only functional capacity was a significant, independent
predictor of prognosis, and remained significant after adjustment for exercise behavior
(analysis not presented). These findings support prior work in which cardiorespiratory
fitness was a stronger predictor of mortality than self-reported exercise behavior in more
than 40,000 asymptomatic men and women [33]. These findings imply that interventions
designed to specifically augment functional capacity may be required to optimally improve
clinical outcomes in metastatic NSCLC.

To this end, a growing number of research groups, including our own, have started to
investigate the feasibility, safety, and preliminary efficacy of exercise training to improve
functional capacity/cardiorespiratory fitness, as well as other pertinent endpoints, in patients
with NSCLC [34]. Of particular relevance, Quist et al. investigated the effects of a six-week
supervised exercise training intervention on functional capacity (VO2peak and 6MWD) in 25
patients with metastatic NSCLC. Nineteen patients completed the study (76%); VO2peak and
6MWD increased by 0.09 L min−1 (6%) and 39.3 m (7%), respectively [35]. In an earlier
study examining the effects of 4–6 weeks of supervised aerobic training prior to surgical
resection, VO2peak and 6MWD increased by 2.4 mL kg−1 min−1 (14.6%) and 40 m (8.4%),
respectively [36]. Phase III trials are required to definitively determine whether exercise
training-induced changes in functional capacity can modify prognosis together with
correlative science studies to elucidate the systemic and molecular mechanisms
underpinning such effects.

Several limitations need to be considered when interpreting the findings of this study. The
most important limitation is that we have only demonstrated correlation, and not causation.
Another important limitation is patient selection bias because of the transparent purpose of
the investigation and exclusion of patients with significant comorbid disease. As such,
patients with better physical functioning, less advanced disease, and experiencing less
treatment-related complications were likely to participate. We only had information on death
from any cause; the specific cause of death is not known. In summary, functional capacity is
an independent predictor of survival in metastatic NSCLC that may complement traditional
markers of prognosis to improve risk stratification and prognostication.
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Fig. 1.
Association between six-minute walk distance and survival.
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Fig. 2.
Association between exercise behavior [MET-hrs wk−1(<9 MET-hrs wk−1 vs. >9 MET-hrs
wk−1)] and survival.
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Table 1

Characteristics of the participants (n = 118).

Variable No. (%) Mean ± SD

Age (yr) 61 ± 10

 Range 28–84

BMI (kg m−2) 26 ± 5

 Range 16–42

Male 71 (60)

ECOG

 0 15 (13)

 1 79 (67)

 2 19 (16)

 3 5 (4)

6MWD (m) 396 ± 116

 Range 90–640

 6MWD, below age-sex predicted (%) −38 ± 17

Exercise behavior*

 Total exercise (min wk−1) 402 ± 695

 Total exercise (MET-hrs wk−1) 28 ± 45

 Meeting ACSM guidelines (%) 18 (26)

 Reporting no exercise behavior (%) 14 (21)

Time since inoperable diagnosis (months) 13.4 ± 16.7

Histologic features – no. (%)

 Adenocarcinoma 73 (62)

 Squamous 11 (9)

 Other (bronchoalveolar, unclassified) 34 (29)

Current therapy

 Chemotherapy 70 (59)

 Radiation 10 (8)

Prior therapy for operable disease (if applicable)

 Surgery 27 (23)

 Chemotherapy 55 (47)

 Radiation 54 (46)

Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; 6MWD, six-minute walk distance; ACSM, American
College of Sports Medicine.

*
n = 68.
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Table 2

Association between six-minute walk distance and survival (n = 118).

Analysis Six-minute walk distance (m) Likelihood ratio Ptrend

<358.5 358.5–450 >450

No. of events 31 25 21

No. at risk 39 42 37

Median, 6MWD 283 90–356.8 416 358.5–450 510 452–640

Median, months 8.98 6.09–12.70 14.38 11.38–21.05 20.26 11.78–28.91

Unadjusted, HR Referent 0.53 0.31–0.90 0.44 0.25–0.78 0.003

Adjusted,a HR Referent 0.60 0.35–1.04 0.54 0.30–0.99 0.036

Adjusted,b HR Referent 0.61 0.34–1.07 0.48 0.24–0.93 0.025

Abbreviations: 6MWD, six-minute walk distance; HR, hazard ratio.

a
Adjusted for performance status (ECOG).

b
Adjusted for age, gender, cohort, and performance status (ECOG).
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Table 3

Association between exercise behavior and survival (n = 68).

Analysis MET-hrs wk−1

<9 MET-hrs wk−1 ≥9 MET-hrs wk−1 Likelihood ratio P

No. of events 19 16

No. at risk 31 37

Median, months 12.89 9.11–21.05 25.63 11.28–∞*

Unadjusted, HR Referent  0.51  0.26–1.01 0.052

Adjusted,a HR Referent  0.60  0.30–1.22 0.159

Adjusted,b HR Referent  0.67  0.31–1.48 0.324

Abbreviations: HR, hazard ratio.

a
Adjusted for performance status (ECOG).

b
Adjusted for age, gender, and performance status (ECOG).

*
The upper confidence limit of the median could not be calculated due to insufficient follow-up time.
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