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Abstract

Utilizing protocols to obtain peak oxygen consumption (VO2peak) that were designed for the apparently health
population may be inappropriate for cancer survivors (CS). The University of Northern Colorado Cancer
Rehabilitation Institute (UNCCRI) has developed a treadmill protocol designed for CS to address this issue.

Objective: To assess the construct validity of VO2 peak prediction equations for the UNCCRI multistage treadmill
protocol against obtained VO2peak values in a population of CS.

Methods: Forty-five CS completed the UNCCRI VO2peak treadmill protocol utilizing gas analysis (GAS) to obtain
a true VO2peak value. A VO2peak value was also estimated from the gas analysis test (EstGAS) using American
College of Sports Medicine’s (ACSM) prediction equations. Additionally, a separate UNCCRI treadmill protocol not
using gas analysis (NoGAS) was conducted using ACSM VO2 prediction equations to determine VO2peak. An
ANOVA was used to compare GAS, EstGAS, and NoGAS to assess the validity of the prediction equations versus
the VO2peak obtained from gas analysis. A paired t-test was utilized to compare treadmill times between GAS and
NoGAS to assess differences attributed to the use of gas analysis. A Pearson correlation was used to analyze the
relationship between GAS and EstGAS VO2 peak values.

Results: VO2 peak (mL•kg-1•min-1) did not significantly differ between GAS (26.8+7.0), EstGAS (26.2+6.5), and
NoGAS (27.1+6.5) (P=0.2). Total treadmill time (min) differed significantly between GAS (12.1+2.8) and NoGAS
(12.6+3.0; P<0.05). A significant, strong positive correlation was observed in VO2peak values between GAS and
EstGAS (r=0.9; P<0.001).

Conclusion: The UNCCRI treadmill protocol accurately predicts VO2peak when using gas analysis and when
used with ACSM’s prediction equations demonstrating its construct validity. The UNCCRI treadmill protocol offers a
safe and alternative measure of VO2peak for the cancer population.

Keywords: Oncology; Exercise testing; VO2peak; Aerobic capacity;
Treadmill; Cancer rehabilitation; Cancer survivor

Introduction
Physical activity performed before, during, and following cancer

treatment has been shown to play an integral role in the improvement
of many physiological and psychological variables, such as maximal
oxygen consumption (VO2max) and quality of life (QOL) [1,2]. VO2
max, obtained via a metabolic cart utilizing gas analysis, is considered
to be the best indicator of aerobic capacity [3,4]. Greater VO2max
values have been associated with reduced all-cause cancer mortality
[5,6], while lower VO2max values are among the strongest predictors
of the risk of death [5,7,8]. This highlights the importance of
establishing accurate VO2max values when designing rehabilitative
exercise interventions. Although VO2max is considered to be the best
measure of aerobic capacity, peak oxygen consumption (VO2peak)
may be used in its place due to the difficulties in achieving all

necessary VO2max criteria [9]. In clinical settings, VO2peak values
have been shown to yield equivalently accurate values as VO2max
when assessing aerobic capacity [10-13] and may be more feasible to
attain in cancer survivors (CS).

Exercise testing has become an important resource for obtaining
VO2peak in clinical rehabilitation [14], allowing clinicians to form
accurate exercise prescriptions and guide the dosage of exercise.
Treadmill running/walking and cycle ergometer protocols are the most
commonly used modalities for VO2peak testing [15], with treadmill
protocols consistently eliciting higher and more accurate VO2peak
values than cycle ergometer protocols [16-18]. Most of these protocols
utilize validated prediction equations to indirectly calculate VO2peak
when a metabolic cart is unavailable to obtain direct VO2peak values.
To date, one common method to indirectly estimate VO2peak from
treadmill protocols is to utilize the American College of Sports
Medicine (ACSM) walking and running VO2 equations. The Bruce
treadmill protocol, which is used by more than half of the clinicians in

Intern
ati

on
al

 J
ou

rn
al 

of Physical Medicine & Rehabilitation

ISSN: 2329-9096

International Journal of Physical
Medicine & Rehabilitation

Shackelford et al., Int J Phys Med Rehabil 2017,
5:6

DOI: 10.4172/2329-9096.1000437

Research Article Open Access

Int J Phys Med Rehabil, an open access journal
ISSN:2329-9096

Volume 5 • Issue 6 • 1000437

mailto:reid.hayward@unco.edu


North America [19,20], is highly correlated with VO2peak and is
considered to be one of the most accurate protocols in measuring
aerobic capacity. However, protocols like the Bruce that has large and
abrupt single-stage increases in speed and grade may be unsuitable and
unsafe for CS due to cancer-specific side effects. Treatment-related
toxicities include musculoskeletal impairments, cardiovascular
dysfunction, cachexia, gait disparities, balance issues, peripheral
neuropathy, and cancer-related fatigue. These side effects may lead to
early test termination in CS using treadmill protocols designed for
populations other than cancer, and may not yield accurate
measurements of VO2peak [21-23].

Modified and less intense protocols have been created and validated
for the apparently healthy population, such as the modified Bruce,
Balke-Ware, and the United States Air Force Space and AeroMedicine
(USAFSAM) protocols [24-26]. However, none of these protocols have
been validated for cancer survivors. There has yet to be a protocol
developed specifically for the cancer population that accounts for
cancer side effects and cancer treatment toxicities. To address this
issue, the University of Northern Colorado Cancer Rehabilitation
Institute (UNCCRI) developed a multi-stage treadmill protocol for the
measurement of VO2peak in the cancer population. This protocol was
designed to increase speed and grade in minimal increments with
shorter stages, providing a more gradual increase in intensity,
accounting for the numerous toxicities experienced by this population.
Unlike the sudden, large increases in intensity of the Bruce protocol
[27,28], the slowed progression of intensity with the UNCCRI protocol
may be perceived as less intimidating for CS. The lower intensities
associated with the UNCCRI protocol may allow CS to exercise longer,
thereby increasing the likelihood of obtaining a true VO2peak value
and allow clinicians the ability to accurately prescribe exercise.

Exercise-based cancer rehabilitation programs are serving an
integral role in assisting CS in their recovery process. Establishing an
accurate VO2peak value is one of the first and foremost steps in this
process, because optimal exercise intensity cannot be prescribed
without an accurate assessment of functional capacity. Additionally,
due to the expensive nature of gas analysis equipment, or the lack of
trained personnel, treadmill protocols should be validated with
standardized VO2peak prediction equations so that a true VO2peak
value can be obtained, regardless of equipment. Thus, there is a clear
need to examine the validity of the cancer-specific UNCCRI protocol.
Therefore, the purpose of this study was to assess the construct validity
of the UNCCRI multi-stage treadmill protocol using VO2peak
prediction equations with a true VO2peak obtained by gas analysis
using a metabolic cart. It was hypothesized that VO2peak obtained
from the UNCCRI protocol using gas analysis (GAS) would not differ
from VO2peak estimated from the last completed stage of GAS
(EstGAS) using ACSM’s walking and running VO2peak prediction
equations for CS. Additionally, it was hypothesized that VO2peak
values would differ between GAS and NoGAS.

Methods

Participant cohort, setting, and procedures
Participants (n=45) were recruited from walk-in and oncologist-

referred patients at UNCCRI. Prior to any study procedures, a detailed
medical history was completed and informed consent obtained. All
study procedures were reviewed and approved by the University of
Northern Colorado Institutional Review Board. All major cancer types
were represented: breast, prostate, colorectal, lung, leukemia,

lymphoma, skin, uterine, multiple myeloma, and thyroid. Participants
were excluded if they had a history of congestive heart failure,
myocardial infarction, asthma, significant ambulatory issues, coughing
up blood, fainting, and/or epilepsy. Participants completed the
UNCCRI Protocol two times: 1) with gas analysis (GAS) and 2)
without gas analysis (NoGAS), yielding direct and indirect
measurements of VO2peak, respectively. Indirect estimation was
conducted using ACSM’s walking and running prediction equations,
depending upon whether the subject was walking or running during
the final stage of the test. Additionally, VO2peak was indirectly
estimated from the gas analysis protocol (EstGAS) using the ACSM’s
prediction equations from the GAS protocol. The protocols were
completed one week apart and the order was randomized for each
subject. Following testing, GAS VO2peak values were compared with
the EstGAS VO2peak values to determine the validity in using ACSM’s
prediction equations with the UNCCRI protocol. Additionally, GAS
values were compared to NoGAS values to observe differences in
VO2peak or treadmill times between conditions. Following testing,
direct VO2peak values (GAS) were compared with the estimated
VO2peak values (EstGAS) to determine the validity in using ACSM’s
prediction equations with the UNCCRI protocol. Additionally, GAS
values were compared to NoGAS values to determine whether the use
of a metabolic cart affected VO2peak or treadmill times.

Pre-Test measurements and instructions
The UNCCRI protocol consisted of 21-one-minute-stages. Speed

and/or grade were increased at the completion of each stage (Table 1).
If any participant was able to complete stage 20, the speed was
increased by 0.1 mile per hour (mph) and grade by 1% every minute
until fatigue was elicited. Resting blood pressure (BP), heart rate (HR),
blood oxygen saturation (SpO2), and body weight were measured
before all tests. Blood pressure was determined using manual
auscultation via a sphygmomanometer and stethoscope, HR was
determined using a Polar® heart rate monitor, and SpO2 was
determined using a Clinical Guard® pulse oximeter. During all tests
SpO2 and HR were recorded every minute and rating of perceived
exertion (RPE) and BP were recorded every three minutes. Four
clinicians were utilized during each protocol and were responsible for
changing the speed and grade of the treadmill and recording vitals,
taking blood pressure, spotting the subject from behind, and operating
the metabolic cart.

Stage Speed Grade Time

0 1.0 mph 0% 1 min

1 1.5 mph 0% 1 min

2 2.0 mph 0% 1 min

3 2.5 mph 0% 1 min

4 2.5 mph 2% 1 min

5 3.0 mph 2% 1 min

6 3.3 mph 3% 1 min

7 3.4 mph 4% 1 min

8 3.5 mph 5% 1 min

9 3.6 mph 6% 1 min
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10 3.7 mph 7% 1 min

11 3.8 mph 8% 1 min

12 3.9 mph 9% 1 min

13 4.0 mph 10% 1 min

14 4.1 mph 11% 1 min

15 4.2 mph 12% 1 min

16 4.3 mph 13% 1 min

17 4.4 mph 14% 1 min

18 4.5 mph 15% 1 min

19 4.6 mph 16% 1 min

20 4.7 mph 17% 1 min

Cool-Down ** 0% **

Table 1: UNCCRI Protocol (**Denotes no standard number and is
subject to change dependent on the patient).

For all tests, participants were discouraged from using the handrails
for the entirety of the protocol unless it was deemed necessary due to
increased risk or patient discomfort. The tests terminated when the
participant reached their maximum threshold of exertion and could
not continue any further. Additional test termination criteria included:
HR did not increase with increased intensity, systolic blood pressure
(SBP) did not increase with increased intensity, diastolic blood
pressure (DBP) oscillated more than 10 mmHg from resting measure,
SpO2 dropped below 80%, and/or verbal consent of the participant to
end the test due to safety issues. A cool down period was conducted
after completion of the test to ensure that the participant returned to
near resting vital measures. Final HR, BP, SpO2, and treadmill time
were recorded.

Before each treadmill test began, all participants were given the
following instructions: 1) a clinician will be recording all data from the
test, as well as changing the speed and grade of the treadmill, 2)
another clinician will be taking your BP once every three minutes, 3) a
pulse oximeter will be placed on your index finger, which will display
your SpO2 at the end of every minute, 4) another clinician will be
standing behind the treadmill for spotting purposes, 5) we would like
you to push yourself to what you feel is your maximum exertion; you
may stop the test at any point, but we would like you to reach the point
where you feel you cannot physically continue, 6) we recommend you
do not use the handrails, but you may if you feel it is necessary, 7)
regardless of whether you choose to use or not to use handrails, you
must choose one for the entire duration of the test, you may not go
back and forth, and 7) once you reach perceived maximal exertion, we
will begin a cool-down to return your vitals to near resting values.

A test was deemed a true VO2peak test if at least two of the
following criteria were met: 1) participant terminated test due to
perceived maximal effort and fatigue, 2) HR was elevated to within ten
beats per minute of the individual’s estimated maximal heart rate, and
3) if a participant verbalized a RPE value on the modified Borg scale of
at least eight. If the criteria were not met, the test results were not used.

UNCCRI gas analysis protocol
During the GAS test, all participants completed the UNCCRI

protocol exactly as described above with the addition of gas analysis.
Using a 35 Series Data Acquisition System research grade metabolic
cart (ADInstruments, Colorado Springs, CO), expired gases were
continuously collected and VO2 and VCO2 were recorded once every
10 s. Calibration of the metabolic cart was performed before each test
with a 3L syringe and precision gas mixtures (ADInstruments,
Colorado Springs, CO). Before the test began, each participant
received a detailed explanation as to how the test would be conducted,
and why the metabolic cart was being used. Participants wore a face
mask that was held in place by fitted straps. A tube connected the face
mask to the metabolic cart. Participants were instructed to breathe
primarily through their mouths, not their noses. The face mask made
the participant inaudible, so participants were instructed to give RPE
using their fingers. Peak oxygen consumption was determined by
taking the highest VO2 value that was observed during the test and was
recorded in liters per minute (L/min). To convert this to
mL•kg-1•min-1, the following equation was used: [(L/min × 1000)/
body weight (kg)]. In addition to standard termination criteria, this
protocol ended if VO2 reached a plateau. Upon termination, the
participant began a cool-down period.

UNCCRI protocol without gas analysis (NoGAS)
ACSM walking and running equations were used to estimate

VO2peak by using the last completed stage of the GAS protocol. The
participant determined whether he or she needed to walk or run
during the final stages. If the participant was walking without handrail
usage during the last completed stage, the following equation was used:
VO2peak=(0.1 × S)+(1.8 × S × G)+3.5; where S=speed and G=grade
[29]. If a participant was holding onto the handrails and walking
during the last completed stage, the following correction equation was
used: VO2peak=0.694 [(0.1 × S)+(1.8 × S × G)+3.5]+3.33 [29,30]. If the
participant was running without handrail usage during the last
completed stage, the following equation was used: VO2peak=(0.2 × S)
+ (0.9 × S × G)+3.5 [29]. If the participant was running and holding on
to the handrails during the last completed stage the following
correction equation was used: VO2peak=0.694 [(0.2 × S)+(0.9 × S × G)
+3.5]+3.33 [29,30]. The computed value was then compared to the
value obtained from GAS to detect effects of the metabolic cart on
treadmill time or VO2peak.

Estimated VO2peak from gas analysis (EstGAS)
ACSM walking and running equations were used to estimate

VO2peak by using the last completed stage of the GAS protocol
following the same procedures and equations from NoGAS. This value
(EstGAS) was then compared to the direct value obtained via GAS to
determine validity of the UNCCRI protocol.

Statistical analysis
Prior to the start of the study a power analysis was conducted using

the statistical program G-Power (version 3.1) to determine the
appropriate sample and effect sizes. Using the differences and the
standard deviations between observations, a medium effect size was
used for the participants with a confidence level of 95%. Statistical
analyses were performed using the Statistical Package for the Social
Sciences (SPSS, Chicago, IL.). All data are presented as mean ±
standard deviation (SD). An ANOVA was used to examine differences
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in VO2peak values between GAS, EstGAS, and NoGAS. A dependent
t-test was utilized to determine differences in treadmill times between
GAS and NoGAS. A Pearson-r correlation was conducted to examine
the strength of relationship for VO2peak between GAS and EstGAS.
Significance levels for all tests were set at P<0.05.

Result

Participant characteristics
Of the 45 CS that participated in this study, 12 (27%) underwent

surgery alone, two (4%) underwent radiation alone, six (13%)

underwent surgery and radiation treatments, one (2%) underwent
radiation and chemotherapy, nine (20%) underwent surgery and
chemotherapy, and 15 (34%) underwent surgery, chemotherapy, and
radiation. All participants were able to achieve VO2peak criteria, and
no adverse effects were observed during or after any of the VO2peak
tests.

Heart rate and blood pressure responses
Heart rate significantly increased from baseline to peak exercise for

GAS (83 ± 13 to 159 ± 8; P<0.001) as well as NoGAS (83 ± 13 to 157 ±
19; P< 0.001).

GAS EstGAS NoGAS P-Value

HR 159 ± 17 - 157 ± 19 0.6

SBP 150 ± 14 - 152 ± 13 0.31

DBP 76 ± 19 - 79 ± 8 0.76

RPE 9.0 ± 1.0 - 9.0 ± 1.0 0.2

RER 0.9 ± 0.1 - - -

Treadmill time (min) 12.1 ± 2.8 - 12.6 ± 3.0 <0.05*

VO2 (mL•kg-1•min-1) 26.8 ± 7.0 26.2 ± 6.5 27.1 ± 6.5 0.80

VO2 (L/min) 1.9 ± 0.4 1.9 ± 0.8 2.0 ± 0.8 0.82

VO2 (METS) 7.6 ± 2.0 7.4 ± 2.2 7.7 ± 1.8 0.81

Table 2: Mean Peak Exercise Values (GAS: University of Northern Colorado Cancer Rehabilitation Institute gas analysis protocol; EstGAS:
University of Northern Colorado Cancer Rehabilitation Institute estimated peak volume of oxygen consumption from gas analysis protocol;
NoGAS: University of Northern Colorado Cancer Rehabilitation Institute no gas analysis protocol; VO2: Volume of Oxygen Consumption; HR:
Heart Rate; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; RPE: Rating of Perceived Exertion; RER: Respiratory Exchange Ratio;
*denotes P value<0.05 between GAS vs. NoGAS;-signifies same obtained value from GAS).

Systolic blood pressure also significantly increased from rest to peak
performance during GAS (121 ± 13 to 150 ± 14; P<0.001) and NoGAS
(123 ± 13 to 152 ± 13; P <0.001), and did not differ between GAS and
NoGAS. Diastolic blood pressure did not change significantly from
resting measures during any treadmill testing (P>0.05) (Table 2).

Validity of VO2peak protocol for cancer survivors
Table 2 depicts average peak treadmill variables, and compares

VO2peak values between GAS, EstGAS, and NoGAS. The mean
relative VO2peak (mL•kg-1•min-1) did not significantly differ between
GAS (26.8 ± 7.0), EstGAS (26.2 ± 6.5), or NoGAS (27.1 ± 6.5) (P=0.8).
Significant differences in treadmill times were observed between GAS
and NoGAS (12.1 ± 2.8 vs. 12.6 ± 3.0) (P<0.05). Significant positive
VO2peak correlations were observed between GAS and EstGAS
(r=0.90; P<0.001) (Figure 1).

Figure 1: Correlation between GAS VO2peak and EstGAS VO2peak.
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Discussion
The primary purpose of this study was to assess the validity of the

UNCCRI multi-stage treadmill protocol’s VO2peak prediction
equations for a cancer-specific population with standard metabolic gas
analysis. The principal finding was that VO2peak obtained from direct
gas analysis did not significantly differ from the indirect estimation of
VO2peak using ACSM metabolic equations. Additionally, VO2peak
values for GAS and EstGAS were highly and significantly correlated
(r=0.91, P<0.05). All tests met VO2peak criteria and the ACSM
equations accurately estimated VO2peak when used with the UNCCRI
treadmill protocol in cancer survivors. Similar correlations have been
reported between directly measured and predicted VO2peak values for
established VO2peak protocols such as the modified Balke and the
modified Naughton tests [26,31-33]. Ramp protocols such as the
UNCCRI protocol demonstrate a positive linear relationship between
oxygen uptake and work rate [34], which supports the non-significant
differences between measured and estimated VO2peak from the GAS
test. Similar studies observed a strong correlation (r=0.92) between
ACSM’s prediction equations and VO2 [27]. It has also been reported
that correlations between the Bruce protocol’s predicted VO2max and
directly measured VO2max was 0.94 in apparently healthy populations
[35]. These findings support our hypothesis and indicate that using
ACSM’s walking and running equations is a valid method for
determining VO2peak using the UNCCRI protocol.

The secondary principle finding was that indirect estimation of peak
oxygen consumption did not differ between the GAS and NoGAS
protocols. This supports the notion that the UNCCRI protocol can
accurately estimate VO2peak without the use of a metabolic cart.
However, total treadmill time of the NoGAS (12.7 ± 3.0 min) was
significantly higher than treadmill time from the GAS (12.1 ± 2.8 min;
P<0.05). To our knowledge, this is the first study to address whether
the metabolic cart, or more specifically the gas analysis face mask,
might hinder treadmill performance in CS. The shorter treadmill time
on GAS may be explained entirely by the use of the face mask. Multiple
participants reported it to cause claustrophobia, breathing difficulties,
shortness of breath, throat irritation, dry mouth, and feelings of
discomfort. The difficulties experienced by our participants due to
obstruction of normal breathing is not unfounded [36,37]. Participants
disliked how the face mask and tubing restricted any movement of the
head, and stated that not being able to look in any other direction but
forward affected their balance and stability, fearing the increased risk
of tripping or falling. Balance deficiencies (e.g., vertigo, ataxia,
peripheral neuropathy) are a common side effect of cancer treatments
[38,39] and may be especially problematic for CS who are required to
wear equipment that might further exacerbate these side effects.
Cancer survivors suffering from treatment-related balance loss
reported greater difficulties during the direct gas analysis protocol
since they were unable to look down to concentrate on foot placement.
Complications experienced with the gas analysis face mask may
explain why GAS treadmill times were significantly less than NoGAS.
This further supports the notion that while gas analysis may be the
most accurate method of determining VO2peak, the equipment
involved with this specialized testing may actually negatively affect
treadmill testing time in CS.

The UNCCRI protocol does not tax the lower body as vigorously as
other established treadmill tests. Protocols that utilize steeper inclines,
such as the Bruce protocol, will lead to a greater reliance on anaerobic
metabolism, causing participants to reach fatigue more quickly
[40-42]. Cancer survivors may be experiencing cancer cachexia and/or

detrimental treatment-related muscular toxicities which may adversely
affect ATP stores and result in severe fatigue with or without physical
exertion [38,43]. As a result, many CS may terminate other treadmill
protocols earlier due to factors outside cardiovascular function, such as
fatigue and/or muscular endurance. This response is not necessarily
exclusive to CS. Other studies have reported difficulties achieving
target heart rate during the Bruce protocol in a general patient
population due to the physical inability to maintain the large
incremental changes in workload [28]. Because the UNCCRI protocol
is designed to be more tolerable for CS, reduced stress is placed on the
musculoskeletal system, decreasing the risk of early test termination
from muscular fatigue.

Other modified and less strenuous protocols have been developed,
such as the modified Bruce and the Balke-Ware protocols. However,
these protocols are not cancer population specific and were not
developed with the treatment-related toxicities associated with cancer
and its treatments in mind. The modified Bruce implements increases
in grade as large as 5% between stages and utilizes stages that are 3
minutes in duration. The Balke-Ware protocol incorporates rapid
increases in grade from the outset of the test and quickly reaches
greater inclines that can lead to early-onset fatigue. These protocols
may be unsuitable for certain groups, such as the gerontological
population, due to the risk of injury and difficulty completing the early
stages of the test [8,44,45]. Additionally, the median age of cancer
diagnosis is 65 years of age, and other validated protocols have been
deemed unsuitable for the gerontological population due to general
exhaustion [46]. Because CS experience unique detrimental side
effects, a protocol should be designed with cancer specific side-effects
in mind, just as the modified Naughton protocol was tailored for
individuals diagnosed with congestive heart failure [25].

Treadmill tests were created to specifically assess the cardiovascular
system, and researchers and clinicians must ensure that weaknesses in
other physiological systems, such as the musculoskeletal system, do not
confound results. The UNCCRI treadmill protocol was designed to
implement stages that are more gradual and attainable compared to
other treadmill protocols. There are no drastic increases in incline like
the Bruce or modified Bruce protocol, and no constant speeds that
may be too fast for CS, as observed in the Balke protocol. Instead, CS is
able to start off at a very low intensity and gradually work their way to
a higher intensity. The smaller grades and slower speeds during the
early stages of the protocol accommodate musculoskeletal, pulmonary,
and cardiovascular side effects caused by standard cancer treatments.
The goal of the UNCCRI protocol is to have CS reach VO2 values close
to maximal without early termination. The first stage and progression
of the UNCCRI protocol is manageable for CS with the most severe
toxicities, starting at a speed of 1.0 mph at a 0% incline. This protocol
utilizes a mode of progression that does not rely on maximal work rate
until the later stages. With the exception of the first initial increase in
incline (+2%), the incline is never increased by more than 1% per
minute and speed is increased by 0.1 mph per minute for the majority
of the test. The shorter stages allow CS to complete entire stages more
often, which allows clinicians to more accurately calculate VO2peak.

Exercise-based programs are becoming more widely utilized in
comprehensive cancer rehabilitation programs. It is critical that valid,
standardized tests exist to provide the most accurate measures of
physical function in CS. Currently there is no standardized VO2peak
test that has been developed for the CS population. The present study
examined the validity of the first treadmill VO2peak assessment for the
cancer population, the UNCCRI multi-stage treadmill protocol. Peak
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oxygen consumption from GAS did not significantly differ from
EstGAS nor NoGAS, suggesting that ACSM’s walking and running
equations are a valid method of estimating VO2peak from the
UNCCRI protocol. The UNCCRI protocol was specifically designed to
decrease the magnitude of intensity change experienced with each
stage, allowing CS suffering from cancer side-effects and treatment-
related toxicities to progress further into the protocol, resulting in a
more precise VO2peak value. Our clinic has been conducting aerobic
capacity assessments utilizing the UNCCRI treadmill protocol for over
six years. During this time no adverse events or effects have been
observed, and this protocol has consistently yielded VO2peak values
that are integral for the development of an accurate exercise
prescription. The UNCCRI treadmill protocol is a valid measure of
VO2peak for CS, and offers a safe and effective test for the CS
population.
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