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Abstract

Objective: To evaluate the criterion validity and responsiveness of the steep ramp test (SRT) compared with the cardiopulmonary exercise test

(CPET) in evaluating aerobic capacity in survivors of cancer participating in a rehabilitation program.

Design: A prospective cohort study in which survivors of cancer performed an SRT and CPET before (T=0) and after (T=1) a 10-week exercise

rehabilitation program. Peak work rate achieved during the SRT (SRT-WRpeak) was compared with peak oxygen consumption measured during

the CPET (CPET-VO2peak), which is the criterion standard for aerobic capacity. Correlation coefficients were calculated between SRT-WRpeak

and CPET-VO2peak at T=0 to examine criterion validity and between changes in SRT-WRpeak and CPET-VO2peak from T=0 to T=1 to determine

responsiveness. Receiver operating characteristic analysis was performed to examine the ability of the SRT to detect a true improvement (6%) in

CPET-VO2peak.

Setting: University medical center.

Participants: Survivors of cancer (N=106).

Interventions: Exercise rehabilitation.

Main Outcome Measures: Correlation coefficients between CPET-VO2peak and SRT-WRpeak and between changes in CPET-VO2peak and SRT-

WRpeak.

Results: An r of 0.86 (N=106) was found for the relation between SRT-WRpeak and CPET-VO2peak at T=0. An r of 0.51 was observed for the

relation between changes in SRT-WRpeak and CPET-VO2peak (n=59). Receiver operating characteristic analysis showed an area under the curve

of 0.74 for the SRT to detect a true improvement in CPET-VO2peak, with an optimal cutoff value of +0.26 W/kg (sensitivity 70.7%, specificity

66.7%).

Conclusions: Because SRT-WRpeak and CPET-VO2peak were strongly correlated, the SRT seems a valid tool to estimate aerobic capacity in sur-

vivors of cancer. The responsiveness to measure changes in aerobic capacity appears moderate. Nevertheless, the SRT seems able to detect

improvement in aerobic capacity, with a cutoff value of 0.26 W/kg.
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Cancer incidence and survival rates are increasing owing to the

aging population and improved diagnosis and treatment modali-

ties. This leads to a growing population of survivors of cancer,

who live longer with the consequences of cancer and its treat-

ment.1 Current American College of Sports Medicine guidelines

emphasize the strong level of evidence for the positive effects of

exercise on physical functioning, fatigue, anxiety, depression, and

health-related quality of life in survivors of cancer.2 An important

indicator of physical functioning is aerobic capacity, which is

defined as the maximum amount of oxygen that can be taken in,

transported, and used by the muscles during prolonged exercise.3

Aerobic capacity is dependent on the integrative function of the

pulmonary, cardiovascular, and metabolic systems and is consid-

ered a good reflection of overall health.4 Moreover, aerobic capac-

ity is found to be inversely related to all-cause and cancer-related

mortality.5,6 Therefore, it is worrying that patients treated for can-

cer experience a longstanding decline in aerobic capacity of 5%-

22%.7,8 Accurate measurement of aerobic capacity is important

not only for the identification of exercise limitations but also for

adequate individualized prescription of training intensity and for

monitoring of training progress.9,10

The criterion standard to examine aerobic capacity is to deter-

mine maximum oxygen consumption (VO2max) during a maximal

incremental exercise test with respiratory gas analysis, usually

referred to as the cardiopulmonary exercise test (CPET).11 A true

VO2max is achieved when oxygen consumption (VO2) levels off,

despite the continuation of exercise with an increasing work rate.3

In clinical practice, however, this plateau is rarely seen in nonath-

letic individuals or those with disease. Therefore, the highest VO2

attained during a maximal, symptom-limited CPET (CPET-

VO2peak) is considered the best available index of aerobic

capacity.12

Nevertheless, performing a CPET is not always feasible

because the procedures are time consuming and require advanced

equipment, trained staff, and medical supervision.10 Therefore,

accurate, nonsophisticated performance-based tests to evaluate

aerobic capacity are needed. The steep ramp test (SRT) is a short

maximal exercise test performed on a cycle ergometer,a with an

increasing work rate of 25 W every 10 seconds until voluntary

exhaustion. de Backer et al13 studied the validity of the SRT to

estimate aerobic capacity in 37 survivors of cancer attending an

exercise program and found a strong correlation (r=0.82) between

the peak work rate achieved at the steep ramp test (SRT-WRpeak)

and CPET-VO2peak. Similar correlations were found in patients

with diabetes, healthy children, and children with cystic fibro-

sis.14-16 To our knowledge, the responsiveness of the SRT to

changes in aerobic capacity has not yet been studied, although this

is considered to be an important measurement property for
List of abbreviations:

AUC area under the curve

CI confidence interval

CPET cardiopulmonary exercise test

CPET-VO2peak peak oxygen consumption attained at the

cardiopulmonary exercise test

RERpeak peak respiratory exchange ratio

ROC receiver operating characteristic

SRT steep ramp test

SRT-WRpeak peak work rate achieved at the steep ramp test

VO2 oxygen consumption

VO2max maximum oxygen consumption.
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performance tests used to monitor training progression and to

make necessary program adjustments.

Therefore, the objective of this study was to evaluate the crite-

rion validity and responsiveness of the SRT compared with the

CPET in evaluating aerobic capacity in survivors of cancer attend-

ing a 10-week supervised exercise rehabilitation program. The fol-

lowing a priori hypotheses were formulated. First, based on the

results of previous studies,13 the correlation coefficient between

CPET-VO2peak and SRT-WRpeak was expected to be positive

and strong (>0.70). Second, based on a larger degree of measure-

ment error that comes along with repeated testing, a moderate cor-

relation (0.50-0.70) was expected between the change in CPET-

VO2peak and SRT-WRpeak over time.17,18 Third, and for the

same reason, the ability of the SRT to discriminate between partic-

ipants who did or did not improve in aerobic capacity was

expected to be moderate. As such, the area under the curve (AUC)

of the receiver operating characteristic (ROC) curve was expected

to be in the range of 0.60-0.80.
Methods

Participants

Participants were consecutively recruited from the multidisciplin-

ary oncology rehabilitation program at the Department of Physical

Therapy of the Maastricht University Medical Center+ between

November 2018 and March 2020. This program for survivors of

cancer was developed according to national guidelines for oncol-

ogy rehabilitation.19 Patients were eligible for the program when

they completed active medical treatment and were suffering from

physical and psychosocial complaints, as identified by the sports

physician, occupational therapist, and psychologist. Contraindica-

tions for participation in the rehabilitation program were the

inability to perform basic activities of daily living (eg, walking)

and the presence of disabling comorbidities that seriously hamper

physical exercise (eg, severe heart failure, chronic obstructive pul-

monary diseases, neurologic or cognitive disorders). The program

consisted of a 10-week physical exercise training program, supple-

mented with treatment by a psychologist and/or occupational ther-

apist when needed. Patients were included in the study when they

met the criteria for participation in the rehabilitation program,

completed a CPET and SRT before the start of the exercise pro-

gram, and gave written informed consent for the use of their usual

care data. Participants were excluded for analysis when they were

unable to cycle until voluntary exhaustion during 1 or both exer-

cise tests. Data collection procedures were in compliance with the

Declaration of Helsinki and were approved by the medical ethics

committee of the Maastricht University Medical Center+ (registra-

tion no. 2018-0648). This study was reported according to the

Consensus-Based Standards for the Selection of Health Measure-

ment Instruments guidelines.
Exercise program

Participants completed a 10-week supervised exercise program to

improve aerobic capacity and muscle strength as part of the multi-

disciplinary oncology rehabilitation program. The program con-

sisted of 2 training sessions per week, which both started with

1 hour of combined endurance and resistance training, followed

by 30 minutes of rest and, subsequently, 30 minutes of varying
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sports activities in the sports hall or swimming pool. Training

intensity of the first part of the program was personalized. To

determine the intensity of the resistance training, a submaximal

repetition maximum test was performed on each exercise machine

to calculate the true 1-repetition maximum. Participants performed

4 strength exercises each session, targeting large muscle groups of

the upper body, lower body, and core. Resistance training con-

sisted of 3 sets of 8-12 repetitions, at a training intensity of 60% of

the participant’s 1-repetition maximum. Endurance training in the

first training session of the week consisted of 20 minutes walking

on a treadmill, with a walking speed of 80% of their speed that

was achieved during a baseline 6-minute walking test. In the other

training session, participants performed 2 sets of 10 minutes of

interval training on a cycle ergometer, 1 set before and 1 after the

resistance training program. Intervals were performed for 60 sec-

onds and 30 seconds at 30% and 65% of the participant’s SRT-

WRpeak, respectively.13 A moderate to high exercise intensity

was pursued for all training components, corresponding with a 0-

10 Borg rating of perceived exertion of 4-6. Training load was

adjusted weekly to achieve this.
Test procedures

Participants performed a CPET and SRT before the start of the

exercise program (T=0) and after 10 weeks of exercise training

(T=1). CPET was performed to check for cardiopulmonary comor-

bidities and contraindications to exercise training and to assess

aerobic capacity. The SRT was performed for the interval training

prescription, as described by de Backer et al.13 The CPET and

SRT were planned separately, with a between-visit time of 2-

7 days. Planning of the CPET and the SRT had to be adapted to

the rehabilitation trajectory of the patient, because both tests were

part of usual care for all patients participating in the oncology

rehabilitation program. Therefore, test order was SRT-CPET at

T=0 and CPET-SRT at T=1. Seat height was adjusted to the partic-

ipant’s leg length and the same seat height was used for tests at

both T=0 and T=1. Participants were blinded for test outcomes

during all tests. The CPET and SRT were performed indepen-

dently and researchers were blinded for previous test outcomes.

Steep ramp test
The SRT was performed on an electronically braked cycle ergom-

eter. Participants started with a 3-minute warming-up phase with a

work rate of 25 W. After this, the work rate was increased by

25 W per 10 seconds in a ramp-like manner. Participants were

instructed to keep cycling until exhaustion, with a pedaling fre-

quency of at least 60 rpm. Peak exercise was defined as the point

where the pedal frequency dropped below 60 rpm despite strong

verbal encouragement. Voluntary exhaustion was considered to be

achieved when participants showed clinical signs of intense effort

(eg, unsteady biking, sweating, clear unwillingness to continue

exercising). SRT-WRpeak was expressed in watts per kilogram

of body weight and was determined as the highest achieved work

rate at peak exercise.

Cardiopulmonary exercise test
Anthropometric measurements were conducted before the CPET.

After brief pretest instructions, baseline cardiopulmonary values

were collected during a 2-minute rest period while seated at a

cycle ergometer. After the rest period, the participant completed a

3-minute warm-up phase of unloaded cycling. Subsequently, the

work rate started to increase by an incremental ramp protocol
adjusted to the patient’s self-reported physical activity level,

aimed at reaching a maximal effort within 8-12 minutes. Partici-

pants were instructed to keep cycling until exhaustion, with a ped-

aling frequency of at least 60 rpm. The protocol continued until

the patient stopped cycling or pedaling frequency fell below

60 rpm, despite strong verbal encouragement. Continuous breath-

by-breath analysis was obtained during the test using a Vyntus

CPX ergospirometry systemb calibrated for respiratory gas analy-

sis measurements and volume measurements. Peak exercise was

defined as the point where the pedaling frequency dropped below

60 rpm. Respiratory gas analysis values at peak exercise were cal-

culated as the average value over the last 30 seconds before test

termination. Similar to the SRT, voluntary exhaustion was consid-

ered to be achieved when participants showed clinical signs of

intense effort.
Statistical analysis

Statistical analyses were performed using SPSS version 23.0.c

Continuous variables were checked for normality using histo-

grams and Q-Q plots. Patient characteristics and exercise test out-

comes are presented as mean § SD or as median and interquartile

ranges for continuous variables, as appropriate, whereas data on

categorical variables are expressed as frequencies and percen-

tages. Criterion validity of the SRT was evaluated for all partici-

pants at T=0 using Pearson or Spearman correlation coefficient, as

appropriate, with corresponding 95% confidence intervals (CIs) to

quantify the relationship between SRT-WRpeak and CPET-

VO2peak. To evaluate the responsiveness of the SRT, the correla-

tion coefficient with corresponding 95% CI was calculated

between the absolute change in SRT-WRpeak and CPET-VO2peak

from T=0 to T=1 for participants who completed the exercise tests

at both time points. ROC curves were plotted between the dichoto-

mized change in CPET-VO2peak (improvement vs no improve-

ment) and the absolute change in SRT-WRpeak. The minimal

detectable change for improvement in CPET-VO2peak was defined

as a relative increase of ≥6%.20 The AUC of the ROC curve with

corresponding 95% CI was calculated to evaluate the ability of the

SRT to detect a true improvement in CPET-VO2peak of ≥6% over

time. The Youden index (sensitivity+specificity�1) was calcu-

lated for all points of the ROC curve. The highest value was

selected as a potential cutoff point to indicate the minimal detect-

able change in CPET-VO2peak. When the sensitivity for this cut-

off point was <70.0%, a second cutoff value was chosen at the

highest Youden index where the sensitivity was ≥70.0%, because

sufficient sensitivity is required to detect training progression.

Sensitivity, specificity, and predictive values (%) were calculated

for the cutoff value(s).
Results

Participant characteristics

Of the 116 patients who were eligible to participate, 106 (91.4%)

were included in the analysis. Seven patients (6.0%) dropped out

because they were unable to complete 1 or both of the exercise

tests until voluntary exhaustion at T=0. One patient was excluded

because of a surgical intervention between the CPET and SRT at

T=0. Test results at T=1 were available for 59 participants

(55.7%). For 31 of the 47 participants (66.0%) who were lost to
www.archives-pmr.org
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Fig 1 Flowchart of participant inclusion.
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follow-up, the rehabilitation program and tests at T=1 were post-

poned or canceled because of the coronavirus disease 2019 pan-

demic, during which all outpatient activities were canceled for 4

months. This period was too long for the purpose of this study;

therefore, no catch-up measurements were undertaken for these par-

ticipants. See figure 1 for a flowchart of participant inclusion. The

final sample consisted of 78 women (73.6%) and 28 men (26.4%).

Mean age was 56.6§11.0 years and breast cancer was the most

prevalent diagnosis (48.1%). Further baseline characteristics are

summarized in table 1 for all participants (N=106) and for those

who completed both exercise tests at T=0 and T=1 (n=59).
Exercise test outcomes

SRT-WRpeak and CPET-VO2peak are presented in table 2 for all

participants at T=0 (N=106) and for the participants who com-

pleted tests at both T=0 and T=1 (n=59), with corresponding

change scores. Mean § SD was 3.0§0.9 W/kg for SRT-WRpeak

and 19.5§5.2 mL/kg/min for CPET-VO2peak at T=0. Median

(interquartile range) between-visit time for the SRT and CPET

was 5 (2) days at T=0 and 7 (5) days at T=1. Participants who

completed tests at both T=0 and T=1 showed a mean change of

0.4§0.3 W/kg (+12.9%) on the SRT-WRpeak and a mean change

of 2.0§2.3 mL/kg/min (+10.0%) on the CPET-VO2peak after com-

pletion of the exercise program. Forty-one participants showed a
www.archives-pmr.org
relative increase of ≥6% in CPET-VO2peak and thus a true

improvement in aerobic capacity (69.5%).
Validity and responsiveness

A Pearson r of 0.86 (95% CI, 0.80-0.90) was found for the relation

between SRT-WRpeak and CPET-VO2peak at T=0 (fig 2). A Pear-

son r of 0.51 (95% CI, 0.29-0.68) was found for the relation

between individual change scores in SRT-WRpeak and the CPET-

VO2peak from T=0 to T=1 (fig 3). ROC analysis showed an AUC

of 0.74 (95% CI, 0.60-0.87) of the SRT to discriminate between

participants who did or did not improve in aerobic capacity

(increase in CPET-VO2peak ≥6%) after the rehabilitation program

(fig 4). The maximal value of the Youden index was found at

0.38 W/kg, which therefore was chosen as a potential cutoff value.

Using this cutoff value resulted in a sensitivity of 56.1%, a speci-

ficity of 83.3%, a positive predictive value of 88.5%, and a nega-

tive predictive value of 45.5%. A second value was chosen,

aiming for a sensitivity ≥70.0%. The highest Youden index for a

sensitivity ≥70.0% was found at 0.26 W/kg, which therefore was

chosen as the optimal cut-off point of the SRT to detect a true

improvement in aerobic capacity. When using this cutoff value in

the sample, 35 participants (58.3%) improved aerobic capacity

according to the SRT. This resulted in a sensitivity of 70.7%, a

http://www.archives-pmr.org


Table 1 Baseline characteristics of the participants

Characteristic

Participants Who

Completed

Tests at T=0

(N=106)

Participants

Who Completed

Tests at T=0 and

T=1 (n=59)

Sex (n)

Male 28 (26.4) 16 (27.1)

Female 78 (73.6) 43 (72.9)

Age (y) 56.6§11.0 54.6§11.0

Body height (cm) 169.6§7.9 170.3§8.1

Body mass (kg) 79.0§13.8 79.1§12.1

Body mass index (kg/m2) 27.5§4.8 27.4§4.7

Cancer type (n)

Breast cancer 51 (48.1) 30 (50.8)

Colorectal cancer 9 (8.5) 3 (5.1)

Lung cancer 7 (6.6) 3 (5.1)

Lymphomas 6 (5.7) 4 (6.8)

Prostate cancer 4 (3.8) 2 (3.4)

Other 29 (27.4) 17 (28.8)

Metastasis (n)

No metastasis 77 (72.6) 45 (76.3)

Lymphatic metastasis 17 (16.0) 9 (15.3)

Hepatic metastasis 5 (4.7) 2 (3.4)

Skeletal metastasis 4 (3.8) 1 (1.7)

Other 3 (2.8) 2 (3.4)

Treatment (n)

Surgery 80 (75.5) 47 (79.7)

Chemotherapy 62 (58.5) 33 (55.9)

Radiotherapy 55 (51.9) 26 (44.1)

Hormone therapy 32 (30.2) 20 (33.9)

Immunotherapy 11 (10.4) 7 (11.9)

Stem cell transplantation 4 (3.8) 2 (3.4)

NOTE. Values are presented as n (%) for categorical variables and as

mean § SD for continuous variables.
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specificity of 66.7%, a positive predictive value of 82.9%, and a

negative predictive value of 50.5% (table 3).
Discussion

The objective of this study was to examine the criterion validity

and responsiveness of the SRT to evaluate aerobic capacity in sur-

vivors of cancer. Three a priori hypotheses were formulated.

Pearson’s correlation analysis showed a strong relationship

(r=0.86) between SRT-WRpeak and CPET-VO2peak at T=0. This
Table 2 Exercise test outcomes

Test

Participants Who Completed

Tests at T=0 (N=106)

T=0 T=0

SRT-WRpeak (W/kg) 3.0§0.9 3.1

SRT test duration (min:s) 01:30§00:25 01:

CPET-VO2peak (mL/kg/min) 19.5§5.2 20.

CPET test duration (min:s) 09:43§01:35 09:

NOTE. Values are presented as mean § SD. SRT duration and CPET duration a

minutes and seconds.
indicates that the SRT has good validity to measure aerobic capac-

ity, confirming the first hypothesis. These findings are similar to

the results of de Backer et al,13 who found an r of 0.82 between

SRT-WRpeak and CPET-VO2peak. The SRT seemed to be a valid

measurement tool in previous studies with other populations as

well.14-16 These findings are promising because the SRT is a prac-

tical test and is less expensive and time consuming than the CPET

and can be performed without medical supervision. However, the

CPET in survivors of cancer is used not only as a test to measure

aerobic capacity but also for the assessment of exercise-limiting

factors and exercise-induced cardiovascular risk.19 Because this

information cannot be obtained during the SRT, it is not recom-

mended to use the SRT as an alternative for the CPET in survivors

of cancer with increased cardiovascular risks, such as pre-existing

cardiovascular disease, treatment with cardiotoxic chemotherapy,

and left-sided chest radiation.8 Yet, the SRT can be used to pro-

vide insight in the aerobic capacity of survivors of cancer and to

personalize physical exercise training program prescription.

A moderate correlation was found between change in SRT-

WRpeak and CPET-VO2peak (r=0.51), which is in agreement with

the second hypothesis. This indicates that the SRT has a moderate

responsiveness and might not be the most accurate tool to measure

change in aerobic capacity. The current study was the first to

examine the responsiveness for aerobic capacity of the SRT. How-

ever, a prediction model that was developed by Backer et al13 and

extended and externally validated by Stuiver et al21 to predict aer-

obic capacity in individual patients with cancer based on the SRT

showed acceptable results at group level but was insufficiently

accurate to estimate CPET-VO2peak in individual patients. This is

in accordance with the current findings of a moderate responsive-

ness because responsiveness is a measurement property of agree-

ment between individual changes over time.18

The third and last hypothesis was aimed at testing the ability of

the SRT to discriminate between participants who did or did not

improve in CPET-VO2peak. An AUC of 0.60-0.80 was expected

and results confirmed this. Results showed an AUC of 0.74, which

implicates that the SRT is sufficiently responsive to indicate a true

improvement in aerobic capacity over time.22 The maximal value

of the Youden index was found at 0.38 W/kg; however, using this

cutoff value would result in a low sensitivity (56.1%). Because

positive feedback is a strong motivator during rehabilitation, the

number of false negatives of a performance test should be mini-

mized. Therefore, a sensitivity of 70.0% was pursued, which

resulted in an optimal cutoff point of an improvement in SRT per-

formance of 0.26 W/kg to detect a true improvement in CPET-

VO2peak (≥6%).

For both the SRT and CPET, a maximal effort was consid-

ered to be reached when participants showed clinical signs of
Participants Who Completed Tests at T=0 and T=1 (n=59)

T=1 Change % Change

§0.9 3.5§1.0 0.4§0.3 12.9

33§00:25 01:48§00:26

1§5.3 22.1§6.3 2.0§2.3 10.0

49§01:31 11:01§02:07

re the duration of loaded cycling during these tests and are expressed in

www.archives-pmr.org
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Fig 2 Scatterplot for the relationship between SRT-WRpeak and CPET-

VO2peak with the corresponding Pearson correlation coefficient (r).

Fig 3 Scatterplot for the relationship between change over time (Δ)
in SRT-WRpeak and CPET-VO2peak with the corresponding Pearson cor-

relation coefficient (r).

Fig 4 ROC curve for the ability of the SRT to detect a true improve-

ment in CPET-VO2peak. Potential cutoff values are displayed in the

graph. �, a cutoff value of 0.38 W/kg, which has a sensitivity lower

than 70.0%;&, the optimal cutoff value of 0.26 W/kg.

Table 3 Sensitivity, specificity, and predictive values of the SRT

to detect improvement in aerobic capacity

SRT Cutoff Value

(W/kg)

Sensitivity

(%)

Specificity

(%)

PPV

(%)

NPV

(%)

0.38* 56.1 83.3 88.5 45.5

0.26y 70.7 66.7 82.9 50.0

Abbreviations: PPV, positive predictive value; NPV, negative predictive

value.

* The cutoff value with the highest Youden index.
y The cutoff value with the highest Youden index with a sensitivity

≥70.0%.
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voluntary exhaustion, which is a subjective criterion. An objec-

tive criterion that is often used to confirm a maximal effort at

the CPET is a respiratory exchange rate at peak exercise

(RERpeak)≥1.10.23 After analyzing the study data, we noticed

that not all patients performed a maximal effort at the CPET,

according to the RERpeak criterion. These findings are in

agreement with several other studies in survivors of cancer,

which also show that a RERpeak≥1.10 is often not reached in

this population.24,25 To elucidate whether this influenced our

results concerning the validity and responsiveness of the SRT,

we performed a post hoc analysis. As such, a subgroup of

patients who met the RERpeak criterion and a subgroup of

patients who did not met this objective criterion were created.

Mean § SD RERpeak was 1.16§0.09 in the total sample

(N=106) at T=0. Post hoc analysis showed that 77 participants

(72.6%) reached an RERpeak≥1.10 at T=0. Participants who did

not achieve an RERpeak≥1.10 at T=0 (n=29, 27.4%) reached an

RERpeak ranging from 0.96-1.09. Mean § SD RERpeak was

1.17§0.10 at T=0 and 1.18§0.10 at T=1 in the group of partici-

pants (n=59) who completed CPETs at T=0 and T=1. The post
www.archives-pmr.org
hoc analysis demonstrated that 42 of these participants (71.2%)

reached an RERpeak≥1.10 during both CPETs. Because objective

criteria for a maximal effort do not exist for the SRT, the heart

rate at peak exercise during the SRT was compared between the

SRTs at T=0 and T=1. Participants who completed the SRT at

T=0 and T=1 reached mean peak heart rates of respectively 137§
23 bpm and 140§22 bpm. These results demonstrate only minor

differences between T=0 and T=1 in RERpeak and peak heart rate

at the SRT and CPET, respectively. Therefore, it can be assumed

that participants showed equal levels of effort during the SRT and

CPET tests at T=0 and T=1.

Subsequently, validity and responsiveness analyses were

repeated in the subgroup of participants who met the criteria of an

RERpeak≥1.10 at the CPETs. For validity, this post hoc analysis

showed an r of 0.84 for the relation between SRT-WRpeak and

CPET-VO2peak at T=0. For responsiveness, an r of 0.50 was found

for the relation between individual change scores of SRT-WRpeak

and CPET-VO2peak. ROC analysis showed an AUC of 0.74. These

results are similar to the original study results, in which all partici-

pants who showed voluntary exhaustion were included, even if

they failed to reach an RERpeak≥1.10. As such, it appeared that

the delivered effort, based on the objective RERpeak criterion, did

not affect the study results.
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Study limitations

One study limitation was the fact that the test order was not ran-

domized. Randomization could not be performed because the

CPET and SRT were part of usual care and had to be adapted to

the rehabilitation trajectory of the patient. Consequently, day-to-

day performance variation could have influenced the results of the

validity and responsiveness of the SRT.
Conclusions

Results suggest that the SRT is a valid tool to estimate aerobic

capacity in survivors of cancer. Moderate correlations between

change scores indicate that the SRT has a limited responsiveness

to measure changes in aerobic capacity. Nevertheless, ROC analy-

sis indicates that the SRT is able to determine whether aerobic

capacity has truly improved, with cut-off point of 0.26 W/kg.
Suppliers

a. Lode Corival, Lode BV.

b. Vyntus CPX, CareFusion Netherlands.

c. SPSS Statistics for Windows, version 23.0, IBM Corp.
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