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Abstract 

Objective To investigate the construct validity of the Steep Ramp Test by longitudinally 

comparing the correlation between Maximum Short Exercise Capacity (MSEC) of the 

Steep Ramp Test (SRT) and direct measurements of VO2peak during or shortly after 

treatment in patients with breast cancer and the potential impact of chemotherapy-

induced symptom burden  

Design Cross-sectional 

Setting Multicenter 

Participants We used data from two studies that included women with breast cancer 

treated with chemotherapy, resulting in 274 observations. 161 patients performed the 

Cardiopulmonary Exercise Test (CPET) and the Steep Ramp Test in two test sessions on 

different time points around chemotherapy treatment. 

Interventions Not Applicable 

Main Outcome Measures Fatigue was assessed with the Multidimensional Fatigue 

Inventory, and nausea and vomiting and pain by the EORTC Quality of Life Questionnaire 

-Core 30. The longitudinal correlation between the Maximum Short Exercise Capacity 

and VO2peak was investigated using a linear mixed model. Interaction terms were added 

to the model, to investigate whether the correlation varied by symptom burden. 

Results We found a statistically significant moderate correlation between VO₂peak and 

Maximum Short Exercise Capacity (.61, 95% CI; .51─ .70, p < .01) over time. This 

correlation was slightly attenuated (-.07, 95% CI; -.13 ─ .00, p = .04) in patients’ with 

chemotherapy-related nausea and vomiting, indicating smaller correlations of VO2peak 

with the Maximum Short Exercise Capacity with increasing symptom burden. Pain and 

fatigue did not significantly modify the correlation. 

Conclusion The Steep Ramp Test can only be used as a proxy for changes in aerobic 

capacity with great caution and with attention for the level of nausea and vomiting. 

Abbreviations 
CPET – Cardiopulmonary Exercise Test 

ECG- Electro Cardio Gram 

EORTC QLQ- C30 - European Organization for Research and Treatment of Cancer - Quality of Life 

Questionnaire – Core30 

HR – Heart rate 
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MFI - Multidimensional Fatigue Inventory 

MSEC – Maximum Short Exercise Capacity 

NKI – Netherlands Cancer Institute 

RPM – Revolutions per minute 

SRT – Steep Ramp Test 

VO2peak – Peak Oxygen uptake 

WR - Work Rate 

W - Watt 

min. – minute 

Introduction 
It has been demonstrated that physical exercise during and shortly after cancer treatment has 

beneficial effects on a range of outcomes, including physical fitness, fatigue, and quality of life (1, 2). 

Exercise programs are increasingly offered to patients with cancer. Supervised exercise programs are 

generally more effective than unsupervised programs in managing treatment side effects (1, 2). 

Although the reasons for this differential effect are not entirely understood, it is likely related, in 

part, to higher treatment fidelity, and more challenging (progressive) training (1). To ensure an 

adequate and effective training stimulus, repeated exercise testing is essential to prescribe the 

adequate training load, taking into account patient characteristics, including possible physical 

limitations (3, 4). Several exercise tests can be used for this purpose, with the Cardiopulmonary 

Exercise Test (CPET) being the gold standard test for cardiorespiratory fitness (5, 6). The CPET has its 

main purpose as a diagnostic test enabling to identify the exercise limitation and detect potential 

pathology. However, there are clear drawbacks to using a CPET for repeated measurement of 

cardiorespiratory fitness for monitoring and aerobic exercise intensity prescription. The CPET 

requires expensive equipment, trained personnel and maximal effort of patients (7, 8). Therefore, 

alternative tests are often used in clinical practice. The Steep Ramp Test (SRT) is one of those tests 

(9) that has been advocated in the context of cancer rehabilitation, due to its high reliability (6), ease 

of use, and high correlation with peak oxygen uptake (4). 

Although the SRT and the CPET measure different aspects of exercise capacity, they are highly 

correlated (4). The SRT was originally developed for patients with cardiac disease (9) as an alternative 

to a maximal exercise test, without the need for expensive breathing gas analysis equipment or 

electrocardiogram (ECG) monitoring, and minimizing cardiac stress. The main outcome of the SRT is 

the Maximum Short Exercise Capacity (MSEC), which is defined as the highest workload attained. The 

MSEC is limited by peripheral muscle endurance, and maximal cardiopulmonary load is not achieved 

during the test. Yet it is assumed that the MSEC reflects patient's cardiorespiratory fitness. Previous 

studies have shown strong construct validity at the group level between the VO2peak estimated 

during the SRT and the VO2peak measured with the CPET. However, at the level of the individual 

patient, there is also substantial misclassification of measured VO2peak (4, 6). Nevertheless, the SRT 

remains popular in clinical practice as a practical surrogate for the CPET, both for monitoring 

cardiorespiratory fitness and for exercise prescription. 

Given the high test-retest reliability of the SRT (4), it is assumed that, over time, the correlation 

between VO2peak and the SRT remains unaltered and concurs with observed cross-sectional 

correlation. This is important when using the SRT for monitoring of cardiorespiratory fitness over 

time. This longitudinal relationship has, however, never been investigated empirically. Another issue 

is that the MSEC may be sensitive to the patients’ motivation, due to the short duration, steep 

increments applied, the assumed higher reliance on anaerobic metabolism, and the lack of an 

objective criterion to confirm maximal effort (6). This is in contrast to the CPET, where the outcome 
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is determined by maximal exercise test criteria that lie outside the patient’s influence (e.g. attained 

% of predicted age-specific maximum heart rate; respiratory exchange ratio exceeding a predefined 

thresholds). The sensitivity to the patients’ motivation of the SRT is of particular importance in the 

context of exercise program prescriptions during and shortly after cancer treatment, since cancer 

treatment is not only associated with changes in cardiorespiratory fitness, but also with symptoms 

such as fatigue, nausea and vomiting and pain (10-12). 

It is conceivable that the MSEC is affected by symptom burden, which may affect its association 

with VO2peak. In clinical practice, this could result in inadequate training for patients. Increased 

understanding of the impact of symptom burden is important to optimize the monitoring of physical 

fitness and the subsequent rehabilitation programs during chemotherapy. 

Therefore, the first aim of this study was to investigate the correlation of VO2peak with the SRT 

outcomes over time in patients with breast cancer during and shortly after treatment. Secondly, we 

investigated the influence of patients’ symptom burden (fatigue, pain and nausea and vomiting) of 

chemotherapy on this correlation. 

Methods 

Participants 
We combined data from a prospective, clinimetric study among patients with breast cancer (the 

START study) and data from patients with breast cancer who participated in a randomized controlled 

exercise trial following cancer treatment (the REACT study). Both studies were approved by the 

review boards of the hospitals. Data was already collected, so no additional permission needed to be 

sought. Figure 1 presented an overview of the inclusion criteria and the timing of measurements of 

the included studies. 

[Figure 1] 

Sample size consideration 
With an expected multiple R2 (assuming 4 linear predictors) of at least 0.25, a sample of 52 

unique observations would already suffice to achieve 90% power at an alpha level of 0.05 [G*Power 

3.6.1, computer program]. In addition, simulation studies have shown that the number of 

observations per variable in an (ordinary) linear regression model can be as low as 2 without biasing 

the regression coefficients and while correctly estimating the confidence intervals (13). This study 

used already collected repeated measurements from two other studies, in which a total of 166 

patients had been included. Thus, the sample size far exceeded the minimum requirements for 

adequate estimation of the regression coefficients. 

Procedure of the REACT study 
For the REACT study, patients were recruited from nine Dutch hospitals between 2011 and 2013 

(14, 15). Participants were randomized to either a 12-week, high intensity or low- to moderate- 

intensity exercise program, or a waiting list control group. The Medical Ethics Committee of the 

Máxima Medical Center approved the study. Full details of the REACT study have been reported 

elsewhere (14). For the current study, we used VO2peak values of patients allocated to the 12-week 

exercise intervention groups obtained during the baseline assessments which took place shortly after 

completion of primary cancer treatment (T0); and the follow-up data obtained 12 weeks later (T1). 

The SRT data was collected as part of the exercise intervention during the first and last training 

session. Consequently, this information was not available for the waitlist control group.   
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Procedure of the START study 
For the START study, patients were recruited between December 2013 and May 2016 from the 

Antoni van Leeuwenhoek (AVL). Patients who were scheduled for (neo)-adjuvant chemotherapy 

were approached by their treating medical oncologist who provided them with written study 

information. Procedures were approved by the institutional review board of the NKI 

(NL44287.031.13 - PTC13.0407/M13SRT), and all patients provided written consent before entering 

the study. A research assistant contacted interested patients by phone to confirm their eligibility and 

willingness to participate. For included patients, two testing sessions were planned. Baseline 

measures (T0) were planned at the beginning of chemotherapy (i.e. before the third cycle of 

chemotherapy) and at follow-up (T1) around the time of the last cycle of chemotherapy. Each session 

started with the SRT, as recovery (T1) around the time of the last cycle of chemotherapy. from the 

SRT is faster compared to the CPET. After at least 20 minutes recovery from the SRT, and verbal 

confirmation of being fully recovered, participants performed the CPET. The SRT and the CPET were 

always supervised by two assessors who were thus blinded for the result of the other tests. 

Participants were instructed not to communicate SRT test results with the supervisor of the CPET. 

Participants performed the SRT on a calibrated, electronically-braked cycle ergometer (Lode Corival, 

ProCare, Groningen, The Netherlands). The height of the seat was adjusted to the length of the legs, 

such that there was a slight bend in the knee when the leg was extended. The participants started 

with a warm-up phase of three minutes of cycling at 10 Watts (W). After the warm-up phase, they 

were instructed to maintain a pedaling frequency of between 70 and 80 revolutions per minute-1 

(RPM), starting at 25 W, after which the load was increased by 2.5 W every second (16). The protocol 

continued until pedaling cadence dropped below 60 RPM despite strong verbal encouragement. 

MSEC was defined as the highest attained workload at the point where cadence dropped below 60 

RPM. 

VO₂peak was measured by a CPET on the same electronically-braked cycle ergometer as the SRT, 

as attained during an incremental test until maximal volitional exhaustion. The test was supervised 

by an exercise physiologist. The health status of the participants was carefully checked by a medical 

oncologist in advance of every test session by a screening list to confirm that the patient could safely 

participate in maximal exercise testing. Expired gas was analyzed breath-by-breath from a 

mouthpiece for oxygen (VO₂), carbon dioxide (VCO₂) and volume by the Jaeger Masterscreen CPX 

(CareFusion, San Diego, United States of America). Electrocardiographic (ECG) activity was 

continuously monitored with a 12-lead electrocardiogram. The height of the seat was adjusted 

corresponding to the seat height used during the CPET. Workloads were increased 10, 15 or 20 

W/min (depending on the estimated fitness level) until volitional exhaustion, or until a symptom-

limitation was achieved. The participants were instructed to cycle at a pedaling frequency between 

60 and 80 RPM and were verbally encouraged to continue exercise until exhaustion. The highest 

oxygen uptake obtained during a 30 second period was defined as the VO2peak (mL·kg−1·min−1). 

Symptom burden 
Both studies used a questionnaire to assess the three most common chemotherapy-related 

physical symptoms in patients with breast cancer that might affect performance on the SRT; general 

fatigue, pain, and nausea and vomiting (12). Self-reported general fatigue was assessed with a 

subscale of the Multidimensional Fatigue Inventory (MFI)(17), consisting of 4 items scale range from 

4 to 20, with higher scores indicating more fatigue) (17). Self-reported pain and nausea and vomiting 

were assessed with scales of the European Organization for Research and Treatment of Cancer 

(EORTC) Questionnaire Quality of Life Questionnaire – Core 30 (QLQ-C30). Both subscales consist of 2 
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items (18). Scores were linearly converted to a 0 to 100 scale, following the EORTC scoring manual 

(19). Higher scores indicate a higher symptom burden. 

Statistical analyses 

Data preparation 

Descriptive statistics for the sample were calculated, using means and standard deviation, 

medians and interquartile ranges, or frequencies and percentages, as appropriate, based on data 

type and distribution. Data cleaning and analyses were performed in the R statistical package (3.3.1, 

(20)) using the Rstudio interface (Version 1.1453, 2009-2018, Rstudio Inc., Boston, USA). 

Prior to the analyses, we standardized the variables by subtracting the mean and dividing by the 

standard deviation, to obtain regression coefficients similar to a Pearson correlation coefficient. 

Linear mixed models were used to investigate the correlation over time between the MSEC as 

obtained by the SRT and the VO₂peak as assessed by the CPET, using all available observations. All 

models included a random slope for time since start of chemotherapy (in weeks) per participants, to 

account for the repeated observations. Furthermore, participants were nested in one of the two 

studies (i.e., START or REACT) to account for possible clustering effects. Several different models 

were fitted. Model 1 included the fixed effect for MSEC. In the next step, in different models, the 

symptom score and an interaction term for MSEC with the symptom score were added for general 

fatigue (model 2), pain (model 3) or nausea and vomiting (model 4), respectively. In these models, 

the main effect of the MSEC indicates the correlation of the MSEC with the VO2peak over time, and 

the interaction term between MSEC and the symptom score indicates how strongly this correlation is 

affected by symptom burden. According to Munro, we considered correlations for the main effect 

between 0.26 to 0.49 to be small, 0.50 to 0.69 moderate, 0.70 to 0.89 high, and 0.90 to 1.00 very 

high (21). A p-value of <0.05 for the interaction term was considered to indicate a statistically 

significant effect by symptom burden. A sensitivity analysis per study was performed to investigate 

the effect of the timing of the measurements. 

Results 
From the 42 patients who participated in the START study, 27 (60%) patients completed both 

measurements and 10 (22%) completed one measurement. From 124 participants of the REACT 

study, 93 (75%) completed both measurements and 31 (25%) a single measurement. Single 

measurements were the result of participants missing follow-up measurements or not completing a 

test procedure. Thus, a total of 274 observations was available for analysis. Descriptive statistics of 

the participants in this merged sample are presented in Table 1.  

Without taking symptom burden into account, there was a significant but moderate correlation 

between VO₂peak and MSEC over time (β= .61; 95% CI= .51 ─ .70, P < .01), adjusted for study and 

time since start of chemotherapy. In the subsequent models, nausea and vomiting showed significant 

but small modification of the correlation of VO2peak with MSEC (β interaction = -.07, -.13 ─ .00, P = 

.04). The other symptoms did not significantly modify the correlation between VO2peak and MSEC 

(Table 2). A sensitivity analysis per study showed a stronger effect of fatigue (β interaction = -.11 (.30 

: .08) and pain (β interaction = -.10 (-.13 : -.09) during treatment (START) than after treatment 

(REACT) (β interaction = -.02 (-.12 : .08) and -.02 (-.33 : .12), respectively), although none of the 

interaction terms were significant. 
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Discussion 
In this study, we observed a significant moderate longitudinal correlation of VO2peak assessed by 

a CPET with MSEC assessed by an SRT, in patients with breast cancer who were during or shortly 

after treatment. This correlation was slightly attenuated in patients with chemotherapy-related 

nausea and vomiting. While patients with higher levels of fatigue had lower physical fitness, neither 

fatigue nor pain modified the correlation between VO2peak and MSEC. 

The correlation with VO2peak observed in our study (0.61) was similar to a previous study from 

our group (ICC = 0.61)(6) and slightly lower than reported by de Backer et al., who found a 

correlation of 0.82 (4). While we observed a small effect of nausea and vomiting on the correlation, 

our hypothesis that pain and fatigue might affect the relationship between MSEC and VO2peak was 

not confirmed. This suggests that the impact of symptom burden on exercise testing may not be 

specific for the SRT, despite its steep increments and emphasis on muscle endurance. As such, this 

result supports the proposed use of the SRT for monitoring exercise capacity in patients with breast 

cancer during or shortly after treatment, who may suffer from treatment side effects. However, 

given the moderate correlation, evaluation of cardiorespiratory fitness should rather be based 

directly on the MSEC instead of the VO2peak estimated from the SRT. The MSEC can also be used 

directly for exercise prescription, for example in high-intensity interval exercise protocols (22). When 

the MSEC is used to prescribe endurance bouts based on estimated VO2peak, additional parameters 

such as the Borg score for perceived exertion could be used to fine-tune the training load (9, 10). 

Given the disadvantages of the CPET, in terms of the cost of equipment and trained personnel, 

and the maximal cardiopulmonary effort required of patients, its applicability for repeated testing in, 

for example, physical therapy practices is limited. Based on the results of the current study, the 

dilemma of repeated exercise testing in such clinical settings remains, and further research on other 

alternative tests is therefore needed. A fixed load endurance test could be a viable alternative to 

evaluate endurance capacity, as it has been shown to be responsive in an RCT on the effect of 

training during chemotherapy (10). However, such a test cannot be used easily to guide training load. 

Previous studies on alternatives for a maximal test have reported that changes in heart rate, at a 

fixed submaximal workload that requires a heart rate greater than 140 bpm (23), and short protocol 

submaximal treadmill tests may be feasible alternatives to a CPET in cancer rehabilitation (24) . 

Recently, submaximal lactate and ventilatory thresholds have also been investigated as potentially 

useful alternatives for VO2peak for intensity prescription in breast and prostate cancer survivors after 

primary treatment (25). However, while this latter approach is more patient-friendly due to its 

submaximal nature, it still requires specialized equipment. The best approach to evaluate and 

monitor cardiorespiratory fitness during cancer treatment in clinical practice thus remains a 

continuing discussion. 

Study Limitations 
This study has some limitations that should be noted. First, we combined data from two studies. 

While this enabled us to increase the available sample size, it also introduced heterogeneity with 

regard to timing of the assessments. START study participants performed the exercise tests at the 

beginning and end of their chemotherapy, while REACT participants performed them shortly after 

completion of primary cancer treatment and 12 weeks later. While this enabled us to generalize our 

findings over a longer period of the treatment continuum, the data at each time points were derived 

from different participants. We attempted to correct for this by adjusting all of the analyses for 

study. Second, the time between the two exercise tests was different in both studies. In the REACT 

study, participants did not complete the two exercise tests on the same day, while participants in 

START did. However, the time between assessments were generally short (approximately one week), 
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and a previous study showed that this shortly time difference between assessments did not influence 

the correlation between VO2peak and MSEC (9). Third, the small effect of symptom burden may 

partly be related to the limited variance observed in the symptom scales. Also, approximately 30% of 

the participants did not have a second assessment. It is possible that these data were not missing at 

random, but rather due to missed appointments because of high symptom burden. In that case, the 

results could have been an underestimation. Finally, our study population is limited to patients with 

breast cancer (26). In terms of generalizability, future research is needed to investigate longitudinal 

exercise testing in other cancer patient populations as well. 

Our study also has several strengths. First, due to the data pooling, we obtained a large sample 

size with repeated measurements to allow for analysis of longitudinal relationships. Second, to the 

best of our knowledge, this is the first study to investigate the influence on symptom burden during 

chemotherapy on the correlation between VO₂peak and the SRT. This is particularly important for 

clinical practice. 

Conclusion 
In conclusion, the moderate longitudinal correlation observed between VO₂peak assessed by 

CPET and MSEC assessed by the SRT measures suggests that changes in MSEC should not be used as 

proxy for changes in aerobic capacity without great caution and with attention for the level of nausea 

and vomiting. Additionally, experienced nausea and vomiting, due to chemotherapy treatment in 

patients with breast cancer appears to affect the correlation, albeit slightly. If physical therapists use 

the SRT as monitoring test, we would recommend the direct use of the MSEC instead of the VO2peak 

estimated from the SRT. During and after chemotherapy, the SRT could still be a useful test to 

monitor changes in other aspects of physical exercise capacity (e.g. muscle endurance, maximum 

short workload). 
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Figure 1 Inclusion criteria and the timing of measurements of the included studies 
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Table 1 Descriptive statistics 

 
 

Table 2 Models on Symptom Burden 


