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  ABSTRACT 

  Purpose.  The aim of this work was to investigate cardiorespiratory fi tness in breast cancer patients at different 
time points of anti-cancer treatment.
 Patients and methods.  Non-metastatic breast cancer patients (n    �    222, mean age 55 years) were categorized 
into four subgroups according to their treatment status. Cardiopulmonary exercise testing (CPET) was used 
to measure patients ’  cardiorespiratory fi tness, including oxygen delivery and metabolic muscle function. 
Testing was performed by bicycle ergometry, and maximal oxygen uptake (VO 2peak ) was measured. Heart 
rate during exercise at 50 watts (HR50) was assessed as a cardiocirculatory parameter and ventilatory 
threshold (VT) was used as an indicator of the O 2  supply to muscle. Analysis of covariance was used to 
estimate the impact of different cancer treatments on cardiorespiratory fi tness with adjustment for clinical 
factors.
 Results.  Submaximal measures were successfully assessed in 220 (99%) and 200 (90%) patients for HR50 
and VT, while criteria for maximal exercise testing were met by 176 patients (79%), respectively. The mean 
VO 2peak  was 20.6    �    6.7 ml/kg/min, mean VT 10.7    �    2.9 ml/min/kg and mean HR50 112    �    16 beats/min. 
Chemotherapy was signifi cantly associated with decreased VO 2peak , with signifi cantly lower adjusted mean 
VO 2peak  among patients post adjuvant chemotherapy compared to patients with no chemotherapy or those 
who just started chemotherapy regime (all p    �    0.01). Patients post adjuvant chemotherapy reached only 
63% of the VO 2peak  level expected for their age- and BMI-category (mean VO 2peak  15.5    �    4.8 ml/kg/min). 
Similarly, HR50 was signifi cantly associated with treatment. However, VT was not associated with 
treatment.
 Conclusion.  Breast cancer patients have marked and signifi cantly impaired cardiopulmonary function during 
and after chemotherapy. Hereby, chemotherapy appears to impair cardiorespiratory fi tness by infl uencing the 
oxygen delivery system rather than impacting metabolic muscle function. Our fi ndings underline the need 
of exercise training in breast cancer patients to counteract the loss of cardiorespiratory fi tness during the 
anti-cancer treatment.   
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 Breast cancer-specifi c survival has substantially 
improved over the past decades. In the US, the rela-
tive survival rate is about 89% at fi ve years after 
breast cancer diagnosis [1]. Nevertheless, there are 
concerns about morbidity and mortality, particularly 
related to cardiovascular fi tness. To date, cardiovas-
cular disease mortality is more common among 
breast cancer survivors than breast cancer-related 
mortality among women who were 66 years or older 
[2]. An important predictor of cardiovascular events 
and all-cause mortality is cardiorespiratory fi tness, as 
shown in healthy individuals and clinical populations 
including breast cancer patients after anti-cancer 
treatment [3,4]. Poor cardiorespiratory fi tness also 
has direct consequences on the performance of 
everyday tasks and thus impacts quality of life. 

 The gold standard of measuring cardiorespira-
tory fi tness is cardiopulmonary exercise testing 
(CPET) [5]. This method determines the overall 
cardiovascular and respiratory function during exer-
cise, yielding the peak oxygen uptake (VO 2peak ) as a 
maximal performance measure. In cancer patients, 
the oxygen system can be adversely affected by che-
motherapy. Effects of chemotherapeutic agents on 
the respiratory, cardiac, blood, vascular, or skeletal 
muscle functions have been observed or hypothe-
sized, potentially contributing to the impairment of 
cardiorespiratory fi tness [6]. Cardiorespiratory func-
tion is not routinely measured at any stage of breast 
cancer treatment, and CPET is scarcely used in 
clinical settings [7]. Although low VO 2peak  measures 
have been observed in intervention studies across 
the breast cancer survivorship continuum [8], to our 
knowledge, there is very limited information on the 
impact of cancer therapy on cardiorespiratory fi tness 
using gold standard testing methods. 

 Therefore, this study investigated maximal and 
submaximal cardiorespiratory fi tness parameters 
among 222 non-metastatic breast cancer patients at 
the beginning of chemotherapy, after completion of 
chemotherapy, or without chemotherapy, using the 
gold standard for cardiorespiratory measurement. 
We compared cardiorespiratory capacity of these 
patient groups adjusted for clinical relevant param-
eters and compared them to healthy women with the 
same age and BMI. The role of cancer therapy was 
investigated.  

 Patients and methods  

 Setting and participants 

 The data for this analysis were data at enrollment 
into two randomized controlled exercise trials (base-
line testing), the BEATE-Study and the BEST-Study 
[9,10]. The studies investigated the effects of a 
12-week progressive resistance versus relaxation 

training in breast cancer patients undergoing chemo-
therapy (BEATE-Study) or radiotherapy (BEST-
Study). Besides the different treatment modalities, 
the inclusion/exclusion criteria were equal in both 
studies. Exact inclusion and exclusion criteria and 
more details of the trials are presented elsewhere 
[9,10]. Included in this analysis were all partici-
pants who had completed the baseline assessment 
by November 2012 (n    �    222). Both trials were 
conducted with parallel designs at the National 
Center for Tumor Diseases (NCT) in Heidelberg, 
Germany. The University of Heidelberg Ethics 
Committee has approved both trials and written 
informed consent was obtained for all procedures. 
Women with histologically confi rmed stage 0-III 
primary breast cancer after lumpectomy or mastec-
tomy were eligible for the study. Participants 
recruited in the BEST-Study had the baseline 
CPET within 14 days before start of radiotherapy. 
Of these participants, a majority had not received 
chemotherapy (n    �    87), while some had received 
chemotherapy in the adjuvant (n    �    25) or neo-
adjuvant (n    �    23) chemotherapy setting. Patients 
enrolled in the BEATE-Study (n    �    87) performed 
baseline CPET at the end of the fi rst or second 
chemotherapy cycle. Based on the different treat-
ment histories, four subgroups (see Figure 1) could 
be identifi ed and were analyzed: 1) no chemother-
apy; 2) started adjuvant chemotherapy; 3) post 
neo-adjuvant chemotherapy; 4) post adjuvant che-
motherapy.   

 Cardiorespiratory fi tness 

 CPET was performed using an electronically braked 
cycle ergometer (ergoselect 100, ergoline, Bitz, 
Germany). A stepwise incremental exercise protocol 
was applied starting at 50 watts with increments of 
25 watts every two minutes until volitional exhaustion 
or medical reasons for exercise termination (see below) 
were reached. Gas exchange was measured using 
a breath-by-breath gas analysis system (ergostik, 
 Geratherm Respiratory, Bad Kissingen, Germany) 
which was calibrated according to the instructions of 
the manufacturer before each test. To monitor patient 
safety, a 12-lead electrocardiogram (ECG) was 
applied (CardioPart 12 Blue, amedtec, Aue, Germany) 
and blood pressure was measured with a standard 
cuff sphygmomanometer at rest, in the middle of each 
exercise stage, and three times during the fi ve minute 
recovery period. Exercise was terminated prematurely 
in the case of major ECG abnormalities, severe dys-
pnea or excessive RR increase ( �    230 mmHg systolic 
and/or  �    110 mmHg diastolic). 

 VO 2peak  values were included in the analyses 
that satisfi ed at least one of the following criteria for 
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maximal effort was fulfi lled: respiratory exchange 
ratio (RER)  �    1.1 or peak heart rate (HR peak )  �    10% 
beats of the age-appropriate reference value [11,12]. 
VO 2peak  values were considered in relation to 
body weight (ml/min/kg). In addition, absolute 
values (ml/min) were also given. Peak work rate, 
defi ned by the maximal power output (in watt) 
reached at the end of the highest exercise level, was 
interpolated if the last exercise stage was not main-
tained for two minutes. VO 2peak  and peak respiratory 
exchange ratio (RER peak ) were assessed as the highest 
30 second average during exercise. 

 Submaximal exercise measures during CPET 
included the ventilatory threshold (VT) and heart 
rate at 50 watts (HR50). The VT was determined 
using the V-slope method according to Beaver et   al. 
[13] as primary criterion and the fi rst rise in the 
ventilatory equivalent for oxygen (VE/VO 2 ) as a 
secondary criterion [14]. VT was rated indepen-
dently by two experienced investigators; in case of 
different results, the raters re-evaluated the thresh-
old together. The VT was also independently rated 
as  “ easily determinable ” ,  “ diffi cult to determine ”  or 
 “ indeterminable ” . In the latter case, VT was not 
included in the analysis. In the analyses, VT values 
were considered relative to body weight (ml/min/kg). 
Resting HR and HR50 were obtained from the 
ECG recordings as fi ve second averages in a sitting 
position before the start of exercise and at the end 
of the 50 watt stage, respectively.   

 Medical and patient demographics 

 Medical characteristics and treatment modalities 
were abstracted from medical records. Overall per-
formance status was determined by the attending 
oncologist using the Eastern Cooperative Oncology 

Group (ECOG) performance score system at the 
time of enrollment. Weight and height were measured 
at baseline. Exercise behavior in the year before 
breast cancer diagnosis was assessed through self-
developed surveys abstracted from the International 
Physical Activity Questionnaire. Participants were 
asked about the type, frequency, and duration of 
exercise (e.g. walking, cycling, and intentional exer-
cise). Furthermore, exercise behavior during adoles-
cence was also recorded classifi ed as  “ competitive 
exercise ”  (for at least 3 years),  “ non-competitive 
exercise ”  or  “ none ” .   

 Statistical analysis 

 Clinical and patient demographics, as well as fi tness 
parameters were investigated by descriptive analyses 
for the entire study population, and also stratifi ed 
by the four treatment subgroups. Between-group dif-
ferences were assessed using  χ  2  or Fisher ’ s exact test 
for categorical variables, and using one-way ANOVA 
for continuous variables. Expected VO 2peak  
values were calculated for each woman from the 
regression formula presented by Koch et   al. [15], 
according to her BMI ( �    25,  �    25 kg/m 2 ) and age 
(in 5-year categories). Differences between the mea-
sured and the expected VO 2peak  values were investi-
gated using paired t-tests. For each patient, the 
proportion of the observed versus expected VO 2peak  
values was calculated. 

 Analyses of covariance (ANCOVA) models were 
used to test different fi tness outcomes (i.e. VO 2peak , 
VT, and HR50) with the categorical treatment vari-
able (no chemotherapy   /   started chemotherapy   /   post 
neo-adjuvant chemotherapy   /   post adjuvant chemo-
therapy) as independent exposure of interest. The 
assumptions of homoscedasticity, normality of the 

  Figure 1.     Stratifi cation of study population with respect to breast cancer treatment at time point of cardiopulmonary exercise testing 
(CPET).  
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residuals, and homogeneity of regression slopes were 
not violated. The models were adjusted for covariates 
selected on the basis of the theory of directed acyclic 
graphs [16], i.e. age at diagnosis, pre-diagnosis BMI 
(17 –  �    25, 25 to    �    30,  �    30 kg/m 2 ), smoking status at 
diagnosis (current, former, never), sports in the year 
before diagnosis (none,  �    0 – 15 MET ∗ h/wk,  �    15 – 35 
MET ∗ h/wk,  �    35 MET ∗ h/wk), sports during adoles-
cence (none, non-competitive, competitive), walking 
(0 – 1 5 h/wk,  �    1 – 3 5 h/wk,  �    3 – 5 5 h/wk,  �    5 h/wk) 
and cycling (none,  �    0 – 1 h/wk,  �    1 – 3 h/wk,  �    3 h/wk) 
in the year before diagnosis, use of beta-blockers, or 
pre-existing cardiac diseases. Sensitivity analyses 
were performed by including hemoglobin level, tras-
tuzumab treatment, hormone treatment, or type of 
chemotherapy (taxanes, anthracyclines), where the 
causal direction of the association with cardiopulmo-
nary fi tness is unclear. We also checked the parsimo-
nious models including only signifi cant covariates 
and those that changed the treatment estimate 
by    �    10%, but there were no substantial changes in 
the results. In addition, type of chemotherapeutic 
agent was further evaluated among patients who have 
started chemotherapy using a model that included 
categorized the variable as taxane use only, anthra-
cycline use only, or use of both.    

 Results 

 A total of 222 breast cancer patients with a mean 
age of 54.8    �    9.3 years were included in the analyses. 
Characteristics of the population are presented in 
Table I. Patients who received no chemotherapy 
were slightly older than those in the other treatment 
groups. Mean hemoglobin (Hb) values were within 
the normal range, of above 12 g/dl, with the excep-
tion of the group post adjuvant chemotherapy, where 
the mean Hb was 11.4 g/dl indicating NCI-grade 1 
anemia. Overall, only two patients had a Hb value 
slightly below 10 g/dl, which is defi ned as NCI-grade 
2 anemia. 

 The mean duration of exercising in the CPET 
was 6 minutes 53 seconds, which is valid to deter-
mine the VO 2peak  [17]. Of the sample population, 
176 patients (79.3%) exercised until exhaustion 
and fulfi lled the criteria for maximal effort, therefore 
were included in the analysis of maximal exercise 
measures. However, 46 patients (20.7%) did not 
fulfi ll the criteria for maximal effort. In 18 cases 
(8.1%), exercise was terminated prematurely for 
medical reasons: seven patients (3.2%) demonstrated 
an excessive increase in blood pressure, three patients 
(1.4%) demonstrated new ECG abnormalities, 
one (0.5%) patient experienced severe dyspnea, 
and seven patients (3.2%) experienced orthopedic 
problems, such as knee or back pain. However, no 

major adverse event occurred. An additional 28 
patients (12.6%) reported problems with the face 
mask, had poor compliance or experienced other 
volitional reasons to terminate the CPET before 
exhaustion was reached. VT was indeterminable in 
22 of 222 cases (9.9%) as a result of high/low 
ventilation or due to above mentioned medical abort 
criteria. In 109 cases (49.1%), VT was easily deter-
minable, while 91 (41.0%) were deemed diffi cult to 
determine. 

 The peak and submaximal exercise measures 
are summarized in Table II. The mean VO 2peak  
was lowest among patients post adjuvant chemother-
apy (15.5    �    4.8 ml/min/kg) and highest among 
patients who had just started chemotherapy (23    �    7.1 
ml/min/kg). The VT was also highest among 
patients who had just started chemotherapy 
(11.4    �    3.4 ml/min/kg), but did not differ substan-
tially between the other three groups (p    �    0.21). 
The mean HR50 was highest among those post adju-
vant chemotherapy with a tendency of tachycardia in 
this group (see Table I) and lowest in the group with-
out chemotherapy. The biggest increases from resting 
HR to HR50 were observed among patients in post 
neo-adjuvant and adjuvant chemotherapy groups. 

 The median VO 2peak  values in our patient 
population were signifi cantly lower than the expected 
cardiorespiratory values according to the age- and 
BMI-related prediction formula [15] (Figure 2). 
Patients post adjuvant or neo-adjuvant chemother-
apy reached only a median of 63% or 75% of expected 
VO 2peak , respectively. In contrast, patients who just 
started chemotherapy reached 96% of expected 
VO 2peak.  

 In ANCOVA models the categorical treatment 
variable was signifi cantly associated with VO 2peak  
(p    �    0.01, Figure 3), when adjusted for infl uencing 
factors such as age (p    �    0.01), BMI (p    �    0.01), 
cycling (p    �    0.03), and smoking before diagnosis 
(p    �    0.07). Hereby, the adjusted mean VO 2peak  among 
patients who had just started chemotherapy did 
not differ from those with no chemotherapy; how-
ever, the adjusted means of those two groups were 
signifi cantly higher compared to post adjuvant che-
motherapy. The group which just started the chemo-
therapy and which had no chemotherapy had a more 
favorable VO 2peak  compared to those who completed 
treatment. Notably, the VO 2peak  was even more 
reduced among those who fi nished adjuvant chemo-
therapy compared to those prescribed neo-adjuvant 
chemotherapy. There was no signifi cant association 
between the type of anti-cancer treatment and VT 
in the fi nal adjusted model. The only signifi cant 
determinant of VT was BMI (p    �    0.01). However, 
treatment was found to be borderline signifi cant 
(p    �    0.057) in the model without adjustment for 
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  Table I. Characteristics of the study population.  

TOTAL n, %

TOTAL No CT Started CT Post neo. CT Post adj. CT

p ∗ 222 100% 87 100% 87 100% 23 100% 25 100%

Age [years], mean (SD) 54.8 (9.3) 57.3 (8.7) 53.5 (9.6) 51.8 (10.0) 53.5 (7.7) 0.011
Weight [kg], mean (SD) 71.7 (14.1) 73.1 (14.2) 69.6 (12.7) 70.9 (11.4) 74.6 (19.5) 0.28
Height [cm], mean (SD) 165.5 (6.6) 164.7 (7.1) 165.8 (6.5) 165.7 (4.9) 167.4 (6.4) 0.29
BMI at baseline, mean (SD) 26.2 (4.9) 27.0 (5.2) 25.3 (4.4) 25.9 (4.5) 26.5 (5.9) 0.16
Hemoglobin [g/dl], mean (SD) 12.8 (1.2) 13.5 (0.9) 12.3 (1.1) 12.8 (0.9) 11.4 (1.0)  � .0001
Resting HR, mean (SD) 82.6 (14.5) 77.9 (12.8) 85.3 (14.2) 80.8 (10.3) 91.6 (18.3)  � .0001
Days since surgery, mean (SD) 66.6 (51.2) 44.2 (13.0) 58.9 (29.1) 59.2 (55.5) 177.8 (51.8)  � .0001
Days since CT end, mean (SD) 54.8 (49.1) n.a. n.a. 80.2 (55.5) 27.1 (15.9) 0.0001
Stage, n (%)

0 15 6.8% 12 13.8% 1 1.1% 2 8.7% 0 0.0%  � .0001
1 101 45.5% 57 65.5% 29 33.3% 8 34.8% 7 28.0%
2 80 36.0% 18 20.7% 43 49.4% 9 39.1% 10 40.0%
3 26 11.7% 14 16.1% 4 17.4% 8 32.0%

ECOG, n (%)
0 190 85.6% 77 88.5% 74 85.1% 19 82.6% 20 80.0% 0.21
1 24 10.8%  8 9.2% 7 8.0% 4 17.4% 5 20.0%
2 1 0.5%  1 1.1% 0 0.0% 0 0.0% 0 0.0%
missing 7 3.2%  1 1.1% 6 6.9% 0 0.0% 0 0.0%

Taxane therapy, n (%) 82 36.9% n.a. 34 39.1% 23 100.0% 25 100.0%  � .0001
Anthracycline therapy, n (%) 119 53.6% n.a. 74 85.1% 22 95.7% 23 92.0% 0.43
Herceptin therapy, n (%) 28 12.6% n.a. 19 21.8% 4 17.4% 5 20.0% 0.89
Hormone therapy, n (%) 65 29.3% 47 54.0% 0 0.0% 8 34.8% 10 40.0%  � .0001

Beta-blocker use, n (%) 35 15.8% 15 17.2% 10 11.5% 4 17.4% 6 24.0% 0.45
Smoking before diagnosis, n (%) 38 17.1% 16 18.4% 16 18.4% 5 21.7% 1 4.0% 0.31
Walking before diagnosis, n(%)

  0 – 1 h/wk   46   20.7%   14   16.1%   24   27.6%   5   21.7%   3   12.0% 0.052
 �    1 – 3 h/wk 70 31.5% 26 29.9% 25 28.7% 10 43.5% 9 36.0%
 �    3 – 5 h/wk 46 20.7% 14 16.1% 25 28.7% 3 13.0% 4 16.0%
 �    5 h/wk 47 21.2% 27 31.0% 10 11.5% 4 17.4% 6 24.0%
missing 13 5.9%  6 6.9% 3 3.4% 1 4.3% 3 12.0%   

Cycling before diagnosis, n(%)
  none   77   34.7%   33   37.9%   25   28.7%   10   43.5%   9   36.0% 0.26
 �    0 – 1 h/wk 76 34.2% 26 29.9% 32 36.8% 7 30.4% 11 44.0%
 �    1 – 3 h/wk 42 18.9% 17 19.5% 18 20.7% 6 26.1% 1 4.0%
 �    3 h/wk 19 8.6%  8 9.2% 10 11.5% 0 0.0% 1 4.0%
missing 8 3.6%  3 3.4% 2 2.3% 0 0.0% 3 12.0%

Sports before diagnosis, n (%) 0.048
none 75 33.8% 38 43.7% 19 21.8% 11 47.8% 7 28.0%
 �    0 – 9 MET ∗ h/wk 53 23.9% 23 26.4% 19 21.8% 5 21.7% 6 24.0%
 �    9 – 21 MET ∗ h/wk 45 20.3% 13 14.9% 25 28.7% 4 17.4% 3 12.0%
 �    21 MET ∗ h/wk 43 19.4% 12 13.8% 21 24.1% 3 13.0% 7 28.0%
missing 6 2.7%  1 1.1% 3 3.4% 0 0.0% 2 8.0%

Sports in adolescence, n (%) 0.078
no sports 83 37.4% 35 40.2% 29 33.3% 8 34.8% 11 44.0%
non-competitive 87 39.2% 41 47.1% 30 34.5% 10 43.5% 6 24.0%
competitive 47 21.2% 10 11.5% 26 29.9% 5 21.7% 6 24.0%
missing 5 2.3%  1 1.1% 2 2.3% 2 8.0%

    BMI, body mass index; CT, chemotherapy; ECOG, Eastern Cooperative Oncology Group (performance status); HR, heart rate; MET, 
metabolic equivalent; SD, standard deviation.   
  ∗ One-way ANOVA for continuous variables,  χ  2  or Fisher ’ s exact test for categorical variables.   

walking, cycling, and sport activities, with highest VT 
values among those who had started chemotherapy 
(data not shown). 

 In contrast, HR50 was signifi cantly associated 
with treatment (p    �    0.01) with signifi cantly lower 
adjusted mean resting HR in patients with no 
chemotherapy compared to patients during or post 

adjuvant chemotherapy (p    �    0.01). The only other 
covariate that showed a borderline signifi cant asso-
ciation with HR50 in the adjusted model was use 
of beta-blockers (p    �    0.055) with lower HR among 
users. The adjusted models explained 46.1%, 
31.8%, and 18.7% of the variance of VO 2peak , VT, 
and HR50, respectively. 
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regimen. When investigating the subgroup of patients 
who had started adjuvant chemotherapy, the adjusted 
means of VO 2peak  were nearly identical for anthracy-
cline use only, taxane use only, and combined ther-
apy (data not shown). Similar results were found 
for the adjusted means of HR50. Adjustment for 
trastuzumab or hormone therapy was not found to 
alter the results.   

 Discussion 

 The present study of 222 non-metastatic breast 
cancer patients revealed alarmingly low cardiorespi-
ratory fi tness in breast cancer patients across the 
treatment continuum. The mean VO 2peak  among our 
sample population was 20.6    �    6.7 ml/min/kg, com-
pared to the expected mean VO 2peak  of 24.3    �    5.5 ml/
min/kg among healthy population of comparable 
age and BMI distribution [15]. 

 Cardiorespiratory fi tness was signifi cantly 
associated with type and stage of cancer treatment, 
with lower adjusted mean VO 2peak  among patients 
post adjuvant chemotherapy compared to patients 
with no chemotherapy or who had just started 
chemotherapy. On average, patients who had just 
started chemotherapy (i.e. had one or two cycles of 
chemotherapy) were capable of reaching 96% of 
the VO 2peak  level that is expected for their age- and 
BMI-category; however, among patients receiving 
post adjuvant chemotherapy (i.e. about 4 weeks after 
completion of chemotherapy), fi tness levels were 
only 63% of the expected level. 

 Cardiopulmonary exercise testing (CPETs) 
have been universally utilized in several randomized 
exercise trials [8,18], however, there have been 
few systematic investigations of effects of cancer 
therapy on cardiorespiratory fi tness among breast 
cancer patients. To our knowledge, there has been 
only one study comparing VO 2peak  at various points 
of chemotherapy treatment and compared with the 

 Receipt of chemotherapy was also associated with 
decreased Hb-level, especially after completion of 
adjuvant chemotherapy (p    �    0.0001). However, Hb-
level showed no signifi cant association with VO 2peak , 
VT, or HR50, or any association between treatment 
regimes. These fi tness measures did not alter 
when the models were adjusted additionally for Hb. 
Therefore, Hb was not a signifi cant mediator of 
the effects of chemotherapy on cardiorespiratory 
fi tness. 

 Among patients who had just started adjuvant 
chemotherapy, 85% had received anthracyclines 
and only 39% had received taxanes. In contrast, 
nearly all patients ’  post adjuvant or neo-adjuvant 
chemotherapy had received both, anthracyclines and 
taxanes, during the course of their chemotherapy 
(see Table I). Thus, the independent effects of those 
chemotherapeutic agents on VO 2peak  could not be 
determined. However, aforementioned treatment 
effect on VO 2peak  did not alter substantially when 
adjusting the model for taxane and anthracycline 

  Table II. Maximal (peak) and submaximal fi tness parameters, mean (SD).  

TOTAL No CT Started CT Post neo. CT Post adj. CT

n mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)

Peak fi tness measures
VO 2peak  relative [ml/min/kg] 176 20.6 (6.7) 19.8 (5.4) 23.0 (7.1) 19.2 (6.8) 15.5 (4.8)
VO 2peak  absolute [ml/min] 176 1416 (415) 1405 (374) 1544 (424) 1312 (353) 1076 (340)
Peak work rate [W] 176 111 (28) 112 (27) 118 (27) 107 (24) 87 (24)
Peak RER 176 1.18 (0.09) 1.15 (0.08) 1.17 (0.07) 1.22 (0.09) 1.23 (0.11)
Peak HR [beats/min] 176 157 (18) 154 (16) 161 (17) 157 (22) 151 (20)
 Submaximal fi tness measures 
VT relative [ml/min/kg] 200 10.7 (2.9) 10.3 (2.4) 11.4 (3.4) 10.3 (2.8) 10.0 (2.1)
VT absolute [ml/min] 200 748 (163) 742 (145) 769 (196) 721 (137) 721 (115)
HR at 50 watts [beats/min] 220 112 (16) 107 (13) 115 (15) 114 (16) 119 (19)

    CT, chemotherapy; HR, heart rate; RER, respiratory exchange ratio; SD, standard deviation; VO 2peak , peak oxygen consumption; 
VT, ventilatory threshold.   

  Figure 2.     Distribution of VO 2peak , presented as percentage of 
expected values for healthy women with the same age and BMI. 
The boxes present the 1st and 3rd quartiles, the middle line the 
medians, and the Whisker-ends the 5th and 95th percentiles.  
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 The considerable reduction in VO 2peak  compared 
to healthy individuals is in accordance with the fi nd-
ings of Jones et   al. [18]. It therefore appears to be 
of good external validity, but still needs confi rma-
tion in future studies. Jones and colleagues [18] 
found that breast cancer patients during chemo-
therapy reached 73% of age-expected capacity 
of healthy sedentary women with a mean VO 2peak  
of 17.4    �    4.3 ml/min/kg. This is consistent with 
our results, which revealed a mean VO 2peak  of 
15.5    �    4.8 ml/kg/min about four weeks post 
adjuvant chemotherapy. Several intervention trials 
demonstrated VO 2peak  measures in breast cancer 
patients or survivors ranging between 18 and 26 ml/
min/kg [8]. All published comparable studies that 
we know of, reported similar results to our fi ndings 
[18 – 22]. In Jones et   al. [18], marginally lower 
VO 2peak  values were described in partly metastatic 
breast cancer patients. Slightly higher values 
in other referenced studies [19,20,22] might be 
attributable to a younger population; differences in 
the test method, namely higher VO 2peak  values, 
can be expected when using treadmill tests. The 
lower VO 2peak  values in Drouin et   al. [21] can 
be explained due to recruitment of only sedentary 
population. However, these results lack adjustment 
for age, BMI or other potentially infl uencing 
factors, and had large heterogeneity in the time 
since or end date of chemotherapy; therefore, 
these studies could not be properly compared to 
the results of the present study. Notably, the average 
VO 2peak  in patients post-chemotherapy showed 
similar impairment in cardiac capacity as that 
observed among 1052 women with a myocardial 
infarction (15.4    �    4.0 ml/kg/min, measured about 
14 weeks after the event) [23]. The study population 
of these cardiac patients was of comparable age 
(58.5    �    9.8 years) and BMI (26.7    �    5.1 kg/m 2 ) 
and followed a similar testing protocol on a cycle 
ergometer as the present study. 

 Interestingly, in contrast to the objective mea-
sures of cardiorespiratory function, our attending 
oncologists (without being aware of the CPET 
results) assessed the performance of the majority of 
patients as ECOG    �    0, i.e. as fully active, able to 
carry on all pre-disease activities of daily living 
without restrictions. These results emphasize that 
impaired cardiorespiratory fi tness is prevalent 
among breast cancer patients, and should be moni-
tored and counteracted to avoid further negative 
consequences. Low exercise levels after breast 
cancer treatment should be avoided, because lack 
of exercise is an established predictor of mortality 
in both breast cancer patients and healthy women 
[3,4]. Furthermore, low cardiorespiratory fi tness 
has been observed as signifi cant determinant of 

  Figure 3.     Adjusted mean values of each treatment category 
regarding VO 2peak , VT, and HR50. Least square means were 
calculated using analyses of covariance models adjusted for age, 
BMI, smoking before diagnosis, walking, cycling, and sports 
before diagnosis, sports during adolescence, use of beta-blocker, 
and pre-existing heart diseases. Differences between categories 
were tested using Tukey-Kramer tests and all statistically signifi cant 
differences (p    �    0.05) are indicated in the fi gures.  

expected capacity in healthy women. Our study 
expands on previous methods by assessing submaxi-
mal exercise measures in addition to peak measures. 
This enabled analyses of patients who could not 
perform maximal exercise testing until exhaustion, 
which is a limitation of exercise testing in an oncol-
ogy setting. 
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dependence and functional limitations in daily liv-
ing among older adults [24]. 

 Furthermore, the impact of cancer treatment on 
the complex oxygen cascade, which involves several 
components of the respiratory and cardiovascular 
systems, is only marginally understood [6]. The 
inclusion of three different fi tness parameters in our 
analysis provides further insight into the impact of 
chemotherapy on specifi c organs and functions 
within the cardiorespiratory system. VO 2peak  was 
chosen as a global parameter, which is infl uenced by 
oxygen uptake in the lung (ventilation and gas 
exchange), oxygen delivery (heart and blood), and 
peripheral oxygen extraction (metabolism on mus-
cular level) [5]. As VO 2peak  depends on maximal 
effort and not all patients are willing or able to spend 
maximal effort, submaximal parameters, such as VT 
and HR50, are considered. VT provides insight into 
energy metabolism (aerobic vs. anaerobic) in the 
muscle and is defi ned as the point during graded 
exercise at which ventilation increases dispropor-
tionately to O 2  uptake. HR50 or at a given submax-
imal work load provides information regarding the 
heart rate response, an important contributor to 
exercise intolerance. Our multiple regression analy-
ses revealed that chemotherapy treatment has a sig-
nifi cant impact on VO 2peak , independent of other 
infl uencing factors such as age, BMI, or previous 
regular aerobic exercise. Effects of chemotherapeu-
tic agents on different organ components of the oxy-
gen system (e.g. the respiratory, cardiac, blood, 
vascular, or skeletal muscle functions) have been 
observed or hypothesized, potentially contributing 
to impaired cardiorespiratory fi tness [6]. Our 
adjusted regression analyses showed that HR50 was 
signifi cantly affected by chemotherapy treatment. 
One can speculate that this observation is related to 
an impaired oxygen transportation of the blood 
which is compensated by a higher heart rate. VT was 
not signifi cantly associated with chemotherapy, sug-
gesting that there is no substantial impairment in 
skeletal muscle function as a result of chemotherapy 
treatment. However, the direct effects of cancer 
therapy are not easy to distinguish from indirect 
effects of therapy, such as detraining or changes in 
body weight and composition as consequence of 
physical inactivity. Reduced physical activity may 
also be a potential consequence of poor cardiorespi-
ratory fi tness post-cancer therapy. Cancer-related 
fatigue, which often persists during and after anti-
cancer therapy and lack of knowledge of the benefi ts 
of effects of exercise, might increase sedentary 
behavior. Among breast cancer patients, a signifi cant 
reduction in physical activity during cancer therapy 
has been observed, with a large proportion of women 
remaining inactive or demonstrating reductions in 

physical activity level post-therapy compared to pre-
diagnosis [25]. To counteract this vicious cycle (i.e. 
low fi tness leading to decreased activity leading to 
further decreased fi tness), physicians and health 
professionals should encourage breast cancer patients 
to be physically active during therapy and to engage 
in exercise programs. There is strong evidence from 
randomized intervention studies that even strenuous 
exercise, including aerobic as well as resistance train-
ing, is feasible and can be safely performed in breast 
cancer patients during and after therapy [26]. A 
meta-analysis of endurance exercise interventions in 
breast cancer patients reported an average 14.8% 
increase in VO 2peak  [27]. A recent meta-analysis by 
Jones and colleagues reported similar cardiorespira-
tory fi tness benefi ts among cancer patients partici-
pating in exercise programs [28]. 

 There are several limitations to this study. The 
investigated size of the treatment groups was 
unequal, because the studies (BEST and BEATE) 
were not primarily designed for these comparisons. 
Additionally, the cross-sectional design (i.e. using 
the baseline measurements only) limits causal infer-
ences. Measurements of cardiorespiratory fi tness are 
repeated at several time points in our intervention 
trials, therefore longitudinal investigations are pos-
sible in the future. A methodological issue is that our 
exercise protocol started at a relatively high load 
level (50 watts). VT was reached at an average of 
47 watts, which is within the fi rst exercise stage. The 
VT would be more easily identifi able and deter-
mined better if at least one complete exercise stage 
was achieved below the anticipated VT or by using 
a ramp incremental test protocol. Therefore the VT 
results must be interpreted with caution. Given 
the problems with VT, future studies should eluci-
date to importance of measuring VT in cancer 
patients by evaluating the suitability of different test-
ing protocols to detect VT more precisely. 

 Strengths of our study include the use of the gold 
standard of cardiorespiratory fi tness testing for the 
assessment of overall cardiorespiratory function. 
The additional investigation of submaximal mea-
sures, (i.e. VT and HR50) provides insight into 
the effects on muscular metabolic function and car-
diocirculatory values. Submaximal parameters are 
independent of maximal effort. As 46 of 222 par-
ticipants could not reach the criteria for maximal 
effort, the submaximal data still provided relevant 
information on the patients ’  cardiorespiratory fi t-
ness. In the absence of maximal exertion results, this 
data can be used to advise patients on endurance 
training prescriptions. Furthermore, the present 
study utilized information from a relatively large 
patient group and assessed many cofactors, which 
enabled adjusted regression modeling. Various breast 
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cancer treatment characteristics were explored. 
These subgroups were recruited under comparable 
conditions from the same population source result-
ing in reliable fi ndings. 

 In conclusion, breast cancer patients had marked 
and signifi cantly impaired cardiorespiratory func-
tion during and post-chemotherapy. The impact on 
VO 2peak  appears to accumulate over the course of 
chemotherapy, while HR was already impaired dur-
ing the fi rst chemotherapy cycles. However, there 
was no signifi cant association between chemother-
apy treatment and VT. Overall, our data suggest that 
chemotherapy may adversely affect cardiorespira-
tory fi tness by negatively infl uencing the oxygen 
delivery system rather than impacting metabolic 
muscle function. 

 These fi ndings underline the need of systematic 
exercise training to counteract the loss of cardiorespi-
ratory fi tness during the anti-cancer treatment in 
breast cancer patients. In conjunction with the rec-
ommendations of other studies [29,30], exercise 
therapy should become a substantial and integrative 
part of supportive oncology therapy, with the ulti-
mate goal to mitigate treatment-related side effects 
and improve quality of life and survival after breast 
cancer.         
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