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INTRODUCTION 

Although colorectal cancer incidence varies across countries, 

it is generally among the top three cancer types for both 

incidence and cancer-related mortality (1). A large proportion 

of cases and mortality can be prevented or reduced though 

regular screening and improved treatment methods (2). 

Following lifestyle changes and local-regional and systemic 

anti-cancer treatments after diagnosis, most cancer survivors 

encounter various early and late autonomic and physiological 

effects that increase morbidity and mortality (3). As a 

consequence of cancer and treatment-related cardiotoxicity, 

reduced cardiac responses and cardiorespiratory fitness may 

be observed in cancer patients and survivors (4, 5). The 

reduction in maximal oxygen consumption (VO2max), which 

defines exercise capacity, in cancer survivors is complex and 

multifactorial (6). To objectively quantify functional status 

and reduced cardiorespiratory fitness, Cardiopulmonary 

Exercise Testing (CPET) is globally recognized as the gold 

standard for the integrated, comprehensive assessment of the 

body’s response to stress in high-risk populations (7). 

CPET provides crucial insight into the underlying 

mechanisms of functional limitation, particularly through the 

evaluation of dynamic cardiovascular responses to exercise 

(6). One of the most sensitive CPET-derived parameters is the 

heart rate (HR) response, which directly reflects the 

functional integrity of the cardiac autonomic nervous system 

(8). Chronotropic insufficiency (CI) is defined as the inability 

to sufficiently increase heart rate (HR) during and at the peak 
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point of CPET (9). CI is a clinical manifestation of autonomic 

dysfunction, in which the balance between sympathetic and 

parasympathetic nervous systems is impaired, hindering the 

necessary cardiac output augmentation.  Autonomic 

dysfunction, associated with decreased parasympathetic 

activity and increased sympathetic overload, elevates the risk 

of premature death by increasing cardiovascular stress and 

adversely affecting cardiac health (8). The presence of CI is a 

predictor of increased long-term cardiovascular risk and is 

associated with adverse prognosis (10). Changes in HR may 

initially not be perceived as a problem by cancer survivors, 

but their long-term effects can lead to increased daily fatigue 

and even risk for future cardiovascular events (10-12).  

The decrease in VO2max is complex and multifactorial. Central 

causes include subclinical cardiotoxicity and a potential 

reduced left ventricular function, often induced by 

chemotherapy. This cardiac damage directly impairs the 

heart's ability to increase stroke volume and, crucially, limits 

the maximal heart rate (HRpeak) response during exercise, 

leading to CI (13). Peripherally, treatments contribute to 

skeletal muscle atrophy, mitochondrial dysfunction, and 

endothelial dysfunction. These factors restrict the muscles' 

ability to efficiently utilize oxygen and are further 

compounded by autonomic imbalance (CI), which limits 

adequate blood flow and oxygen delivery during peak 

exertion (14). Thus, CI is a key but yet easily quantifiable, 

indicator of underlying cardiotoxicity and autonomic 

imbalance that contributes significantly to the observed 

decrease in VO2max and, consequently, reduced exercise 

tolerance in this patient population. 

Previous studies using CPET have identified chronotropic 

insufficiency as a potential indicator of cardiac dysfunction in 

various cancer populations (e.g., breast cancer, lymphoma). 

However, the specific characteristics of exercise capacity and 

cardiac responses, particularly chronotropic responses, to 

exercise in colorectal cancer survivors remain less 

understood. This comparison is aimed at revealing clinically 

significant differences by detecting and quantifying potential 

decrements in exercise capacity and cardiac responses, as 

well as the presence of autonomic dysfunction, in colorectal 

cancer survivors relative to a healthy reference point.  

METHODS 

Study Design 

This case-control study included colorectal cancer survivors 

and age and gender matched healthy individuals. Participants 

were evaluated between November 2024 and March 2025. 

The patients with colorectal cancer under the routine follow-

up of the medical oncology clinic of Liv Hospital Ankara 

were consulted for physiotherapy and rehabilitation. The 

evaluations were carried out at Hacettepe University Faculty 

of Physical Therapy and Rehabilitation. The study was 

approved by the Hacettepe University Faculty of Physical 

Therapy and Rehabilitation Research Ethics Committee on 

24/10/2024 (approval number: FTREK24/97). The written 

informed consent was obtained from all participants.  

Participants  

Individuals aged 18-65 years who were at least three months 

post-surgery for colorectal cancer and who had completed 

radiotherapy and/or chemotherapy treatments were included 

in the study. The exclusion criteria for patients were brain 

metastasis, contraindication to exercise testing or the 

presence of cardiac disease. Healthy individuals with similar 

demographic and physical characteristics from the healthy 

relatives of the patients who applied to our faculty were taken 

as the control group. The inclusion criteria for healthy 

individuals were determined as not having a cardiovascular, 

neurological and/or genetic musculoskeletal system disease 

and not having an orthopedic or cognitive problem that 

prevents the tests from being performed. 

Assessments 

Demographic information of the participants, such as age, 

height, and weight were obtained before the evaluation. The 

type of cancer and the treatments received by the patietns 

were recorded. The short form of the International Physical 

Activity Questionnaire (SF-IPAQ) was used to determine the 

level of physical activity. The SF-IPAQ lists activities and 

asks for estimates of duration and frequency for each activity 

during the past week. Durations are multiplied by the MET 

value for each activity, and the results for all items are added 

together to form a physical activity score. A higher score in 
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MET-min/week indicates a higher level of physical activity. 

The various forms of the IPAQ have been accepted as a 

reliable and valid physical activity measurement tool in 

different populations, including cancer patients. Scores for 

walking, moderate, and vigorous activities are the sum of the 

corresponding item scores. Sitting questions are not included 

in the physical activity score. Its validity and reliability have 

been established in Turkish, and permission for its use has 

been obtained (15). The Brief Fatigue Inventory (BFI) was 

used for fatigue impact and severity assessment. The scale 

ranges  from 0 (None) to 10 (Worst possible). A higher total 

BFI score indicates greater fatigue severity and/or a larger 

impact of fatigue on daily life. It is widely used and has been 

proven valid and reliable in the cancer population to measure 

the severity and impact of cancer-related fatigue quickly and 

effectively. The BFI consists of 10 questions. The form 

evaluates general fatigue levels (fatigue felt at the time of the 

interview, general fatigue experienced in the last 24 hours, 

and the worst fatigue level experienced in the last 24 hours) 

and the extent to which daily activities (general activity, 

mood, walking ability, life outside the home, communication 

with other people, joy of life) were affected by fatigue in the 

last 24 hours. Its validity and reliability have been established 

in Turkish, and permission for its use has been obtained (16).  

The CPET was used for chronotropic response and exercise 

capacity. 

Cardiopulmonary Exercise Test (CPET) 

CPET was used as the gold standard to evaluate 

cardiorespiratory fitness and cardiac chronotropic response to 

exercise. The tests were performed using a calibrated gas 

exchange system (Cosmed Quark CPET, Rome, Italy). This 

system allows for the simultaneous assessment of 

physiological parameters, including VO2max, CO2 production 

(VCO2), lactate measurements, and continuous monitoring of 

HR responses via electrocardiogram (ECG), ensuring a safe 

and objective assessment method (17). A modified Bruce 

protocol with intermediate increments was used for CPET on 

a treadmill. The test was terminated when the subject reached 

volitional exhaustion (symptom-limited test) or when subject 

met one of the following criteria such as reaching ≥85% of 

the age-predicted HRmax, reaching a respiratory exchange 

ratio (RER) of ≥1.10, or the presence of clinical 

contraindications. The test was considered maximal if an 

RER of ≥1.10 was achieved (17). Resting heart rate (HRrest), 

the average heart rate recorded in a seated position prior to 

the initiation of the exercise test. Peak heart rate (HRpeak), 

the highest heart rate achieved at the point of test termination. 

Heart Rate Difference (ΔHR), calculated as the absolute 

difference between peak and resting heart rates (HRpeak − 

HRrest). Heart rate reserve (HRR), the difference between the 

age-predicted maximal heart rate (HRmax = 220 −Age) and 

the HRrest. Heart rate recovery at 1-minute (HRR1min), 

calculated as the difference between the heart rate recorded at 

the point of test termination and the heart rate recorded one 

minute after the cessation of exercise. HRR1min serves as an 

independent marker of cardiac autonomic nervous system 

function and vagal withdrawal (18). The chronotropic index 

was calculated from the formula (HRpeak - HRrest) / (220-

age) - (HRrest). When the index was <80%, it was considered 

as chronotropic insufficiency (19). An index value below 

80% signifies chronotropic incompetence, which means the 

heart fails to adequately increase its rate in response to the 

metabolic demands of exercise. CI is an indicator of cardiac 

autonomic dysfunction and is considered an important 

predictor of adverse cardiovascular outcomes and risk 

stratification, including in cancer survivors. Systolic blood 

pressure (SBP) and diastolic blood pressure (DBP) were 

recorded at rest (baseline) and every 3 minutes during the test 

using a standard cuffed blood pressure sphygmomanometer. 

Changes in blood pressure (ΔSBP and ΔDBP) were 

calculated as the difference between peak and baseline values. 

Statistical Analysis 

Statistical analyses were performed using IBM SPSS 

Statistics 26.0 (SPSS, Chicago, IL, USA) software. The 

conformity of the variables to normal distribution was 

analyzed visually (histograms and probability plots) and 

analytically (Shapiro-Wilk tests). Descriptive data for 

continuous variables that were approximately normally 

distributed were expressed as mean±standard deviation. For 

categorical variables, data were expressed as number (n) and 

percentage (%). For colorectal cancer survivors and control 

group, Student t test was used for the comparison of 

numerical variables that were determined to be normally 

distributed. In terms of categorical variables, Chi-Square test 
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was used for colorectal cancer survivors and control group. 

The effect size (d=0.82) used for the sample size calculation 

was derived from a previous study by Cramer et al. 

investigating cardiovascular function and exercise capacity in 

colorectal cancer patients (20). This effect size was based on 

the difference in VO2max values between the cancer survivors 

and the control group in their study. According to the 

calculation of the sample size to be included in the study, 5% 

type 1 error, two-way working power of at least 80 % and 

effect size is taken as 0.82 it was calculated that a total of 40 

participants were required from 20 participants in each study 

arm. 

RESULTS  

In our study, 23 colorectal cancer survivors with a mean age 

of 52.09±11.66 years and 22 healthy individuals with a mean 

age of 47.82±10.29 years participated (p=0.201). The 

demographic characteristics between colorectal cancer 

survivors and healthy individuals were similar (p>0.05) 

except for height. The smoking history of colorectal cancer 

survivors and healthy individuals was similar (p=0.124) 

(Table 1). 

Table 1. Demographic and clinical characteristics of 

colorectal cancer survivors and healthy individuals. 
Variables Colorectal cancer 

survivors (n=23) 

Healthy 

individuals 

(n=22) 

p 

Age (year) 52.09±11.66 47.82±10.29 .201 

Weight (kg) 74.96±11.49 81.18±10.99 .070 

Height (cm) 168±8.46 172.82±5.61 .030* 

BMI (kg/m2) 26.7±4.95 27.09±2.71 .749 

Smoking 

(package*year) 

12.43±17.87 5.64±9.92 .124 

Diagnosis (n)    

Colon CA 19 N/A N/A 

Rectal CA 4 N/A N/A 

Treatment (n)    

Chemotherapy 1 N/A N/A 

Surg. 5 N/A N/A 

Surg. and Chemo. 10 N/A N/A 

Surg. Chemo. and RT 7 N/A N/A 

kg: Kilogram, cm: Centimeter, m2: Square meter, BMI: Body mass index, CA: 
Cancer, Surg.:Surgical, Chemo: Chemotherapy, RT: Radiotherapy, *Student t 
test p<0.05.  

According to the IPAQ-SF, PA levels were similar in both 

groups (p>0.050). According to the BFI, the total fatigue 

score was found to be higher in colorectal cancer survivors 

compared to healthy individuals (p<0.05). Among the BFI 

subscales,  scores of general activity, mood, walking ability, 

and work were found to be higher in colorectal cancer 

survivors (p<0.05) (Table 2). 

Table 2. Physical activity level and fatigue impacts of 

colorectal cancer survivors and healthy individuals. 
Variables Colorectal 

cancer 

survivors (n=23) 

Healthy 

individuals 
(n=22) 

p 

IPAQ-SF vigorous 

(MET min/week) 

580.87±1484.21 333.33±721.04 0.492 

IPAQ-SF moderate 

(MET min/week) 

1202.61±1645.21 924.76±2155.48 0.631 

IPAQ-SFwalking 

(MET min/week) 

1747.57±1899.29 997.43±1008.15 0.114 

IPAQ-SFtotal (MET 

min/week) 

3531.48±2605.21 2258.52±2373.7 0.099 

IPAQ-SFsitting  

(min/week) 

339.13±164.42 300±135.5 0.397 

Brief Fatigue 

Inventory 

   

Total score 31.64±21.66 16.14±11.25 0.005* 

General activity 2.26±2.56 0.59±1.14 0.008* 

Mood 2.57±2.87 0.91±2.02 0.031* 

Walking ability 2.26±2.67 0.73±1.45 0.022* 

Normal work 2.3±2.69 0.73±1.28 0.017* 

Relations with other 

people 

1.48±2.17 0.5±1.14 0.067 

Enjoyment of life 2.04±2.51 0.73±1.78 0.050 

IPAQ-SF: International Physical Activity Questionnaire-short form, MET: 
Metabolic equivalent, *Student t test p<0.05. 

Baseline test SBP were similar in the two groups (p=0.517), 

whereas post-test SBP were lower in colorectal cancer 

survivors (p=0.007). Diastolic blood pressure (DBP) levels 

were similar between the groups both baseline and post-test 

(p=0.907, p=0.239). In parallel with this situation, ΔSBP 

values was lower in colorectal cancer survivors compared to 

healthy individuals (p=0.010), while ΔDBP values was 

similar in both groups (p=0.151). According to the exercise 

test results, VO2peak levels were lower in colorectal cancer 

survivors (p<0.001). HRrest was similar in both groups 

(p=0.681). HRR and HRR1min were similar in both groups 

(p=0.201, p=0.383). ΔHR values was lower in colorectal 

cancer survivors (p=0.045) (Table 3). The reduced ΔHR was 

physiologically reflected in the HRpeak, which was 

numerically lower in colorectal cancer survivors 

(156.39±19.35 bpm) than in healthy individuals 

(165.55±15.04 bpm). Although the mean this difference did 

not reach statistical significance (p=0.084), the lower CI 

definitively captures the functional failure of the heart to 

adequately utilize its reserve capacity. The CI calculation 
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explicitly normalizes the ΔHR to the predicted Heart Rate 

Reserve, making it a superior and more sensitive measure for 

detecting chronotropic impairment. Furthermore, HRR1min 

was found to be similar between the two groups (17.43±8.4 

bpm vs. 19.59±8.00 bpm, p=0.383). While HRR1min is often 

used as a marker of vagal tone, the lack of difference, in 

contrast to the significant CI finding, suggests that the 

primary site of autonomic impairment in this group may be 

related to sympathetic activation failure during the exercise 

stress phase, rather than a delayed vagal reactivation after 

exercise. This finding underscores the importance of the CI 

as the most pertinent indicator of cardiotoxicity in colorectal 

cancer survivors. 

Table 3. Cardiopulmonary exercise test results of colorectal 

cancer survivors and healthy individuals. 
Variables Colorectal 

Cancer 

Survivors 

(n=23) 

Healthy 

individuals 

(n=22) 

p 

Baseline-test SBP 

(mmHg) 

111.74±11.44 114.09±12.69 0.517 

Post-test SBP 

(mmHg) 

139.35±12.55 151.36±15.90 0.007* 

Baseline-test DBP 

(mmHg) 

73.7±6.43 73.41±9.68 0.907 

Post-test DBP 

(mmHg) 

83.7±7.26 87.5±13.34 0.239 

VO2peak (ml/min) 1865.22±479.44 2476.59±521.5 <0.001* 

VO2peak/kg 

(ml/kg/min) 

24.84±5.15 30.77±7.08 0.002* 

HRResting (bpm) 87.83±18.64 85.77±13.7 0.681 

HRpeak (bpm) 156.39±19.35 165.55±15.04 0.084 

HRpeak (%pred) 93.13±8.77 96.04±6.15 0.201 

Chronotropic index 85.88±17.78 93.14±11.65 0.114 

HRR1min (bpm) 17.43±8.4 19.59±8.00 0.383 

ΔHR (bpm) 68.56±18.40 79.77±17.95 0.045* 

ΔSBP (mmHg) 27.61±11.86 37.27±12.02 0.010* 

ΔDBP (mmHg) 10.00±8.12 14.09±10.54 0.151 

HRR (bpm) 11.52±14.36 6.64±10.50 0.201 

SBP: Systolic blood pressures, DBP: Diastolic blood pressures, VO2:  
Oxygen uptake, %pred: percentage of predicted value, HR: heart rate, bpm: 
beats per minute, HRR: Heart rate reserve, HRR1min :Heart rate recovery in 
the first minute after test, * Student t test p<0.05. 

The categorical comparison of cardiac autonomic function 

status between the two groups is presented in Table 4. The 

Chi-Square test showed a significant difference in the 

prevalence of CI between colorectal cancer survivors and 

healthy controls. CI < 80% was presented in 11 of 23 

colorectal cancer survivors (47.83%) but only in 3 of 22 

healthy individuals (13.64%), indicating a statistically 

significant difference (p = 0.01). This finding strongly 

supports the hypothesis that colorectal cancer survivors, years 

after treatment, exhibit a higher rate of impaired cardiac 

autonomic response, a critical indicator of subclinical 

cardiotoxicity. 

Table 4. Chronotropic index results of colorectal cancer 

survivors and healthy individuals. 
Variables Colorectal Cancer 

Survivors (n=23) 
Healthy 

individuals 

(n=22) 

p 

Chronotropic 

index <80 

11 (47.83%) 3 (13.64%) 0.001* 

Chronotropic 

index ≥80 

12 (52.17%) 19 (86.36%) 0.008* 

* Chi-square test p<0.05. 

DISCUSSION 

The main findings of this study were that VO2peak, the gold 

standard objective measure of cardiorespiratory fitness and 

exercise capacity, was significantly lower, and chronotropic 

insufficiency was more common in colorectal cancer 

survivors. VO2peak precisely reflects the integrated maximal 

ability of the body to transport and utilize oxygen, whereas 

exercise tolerance is more broadly defined as the clinical 

ability to perform and sustain physical activity. A reduced 

VO2peak is recognized as a primary physiological determinant 

and objective marker of poor exercise capacity and clinical 

exercise intolerance. Our findings, consistent with previous 

research, demonstrate a statistically significant reduction in 

maximal oxygen consumption and, consequently, reduced 

exercise capacity compared to healthy controls. Our finding 

that nearly half of the survivors (47.83%) exhibited CI, 

compared with only 13.64% of healthy controls (p=0.01), 

highlights a significant functional impairment of the cardiac 

response to exercise. We acknowledge that this study did not 

include clinical measures of structural cardiotoxicity (e.g., 

echocardiographic evidence of reduced ejection fraction). 

Therefore, we do not claim that CI is a direct clinical finding 

of cardiotoxicity in our patients. Instead, we propose that CI 

serves as a sensitive, functional surrogate marker of 

subclinical cardiotoxicity and/or autonomic nervous system 

dysfunction induced by cancer treatment. The association 

between chemotherapy and CI is well-established in 

cardiotoxicity literature. Agents commonly used in colorectal 

cancer treatment (such as 5-fluorouracil, platinum 

compounds, and anthracyclines, which may have been used 

in neoadjuvant settings) can cause direct myocardial damage 

and microvascular injury, leading to reduced cardiac output 
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reserve (21). This damage may impair the functional capacity 

of the cardiac autonomic nervous system, either by affecting 

the sinus node directly or altering the 

sympathetic/parasympathetic balance. Since CI is defined as 

the heart's failure to increase its rate during exercise, it is a 

definitive functional sign of reduced cardiac reserve and, 

specifically, reduced sympathetic drive, which is the 

functional result of the cardiotoxic insult (7, 10). Therefore, 

we can strongly conclude that the significantly higher 

prevalence of CI in our patient group is a manifestation of 

residual subclinical cardiotoxicity following their cancer 

therapy, representing a compromised cardiovascular system 

that lacks the reserve capacity to meet the stress of maximal 

exertion. 

Cardiotoxicity can manifest as heart muscle damage, 

arrhythmia, cardiac ischemia, or impaired vagal tone, 

indicating autonomic dysfunction (4). Studies have shown 

that chronotropic insufficiency is a predictor of adverse 

prognosis and increased cardiovascular morbidity (10). In our 

study, chronotropic insufficiency was presented in 13.64% of 

healthy individuals, while chronotropic insufficiency was 

seen in 47.83% of colorectal cancer survivors and the 

difference was found to be statistically significant. Existing 

literature also indicates an increase in resting HR among 

cancer patients (22). Furthermore, both SBP and HR 

responses to exercise were statistically lower in colorectal 

cancer survivors compared to healthy controls, consistent 

with previous findings of abnormal cardiac autonomic 

dysfunction in individuals treated for cancer (11). Although 

colorectal cancer survivors in our study exhibited a relatively 

higher resting HR compared to healthy individuals, this 

difference did not reach statistical significance. 

The overall reduction in exercise capacity may not be solely 

attributed to cardiac factors. Cramer et al. suggested that the 

decrease in maximal oxygen consumption could be attributed 

to be a mild decrease in left ventricular ejection fraction, a 

significant decrease in heart rate variability, reduced in lean 

mass in the legs, a decrease in hemoglobin, endothelial 

dysfunction, and inflammatory activation (20). The blunted 

systolic blood pressure response (ΔSBP) observed in the 

survivor group further supports the notion of peripheral 

involvement, potentially indicating reduced systemic 

vascular function or underlying endothelial dysfunction that 

restricts blood flow to working muscles. Autonomic 

dysfunction, fatigue, and reduced ability to participate in 

physical activities requiring higher metabolic demands also 

contribute to the decrease in cardiovascular fitness (23). 

Fatigue is one of the most common symptoms in cancer 

patients and survivors of cancer treatment (20). In our study, 

colorectal cancer survivors reported higher total scores on the 

Brief Fatigue Inventory, and a more significant impact of 

fatigue on general mood, work, and walking abilities. While 

previous studies have suggested that fatigue contributes to 

declines in quality of life and decreased physical activity 

levels, our findings show that physical activity levels (IPAQ) 

were similar between colorectal cancer survivors and healthy 

individuals (24, 25). This similarity physical activity finding, 

despite the high fatigue scores in survivors, warrants further 

context. The high Total MET scores suggest that this group 

may represent highly motivated individuals who are actively 

striving to meet or exceed recommended exercise guidelines 

to improve their prognosis and manage late effects. This 

intense motivation and adherence to a healthy lifestyle may 

mask the underlying objective deficits in VO2peak and CI 

which were revealed by the objective CPET assessment. 

Exercise training has been recognized as safe, tolerable and 

effective for alleviating fatigue and improving cardiovascular 

fitness, body composition, physical function, strength and 

quality of life in patients with cancer (26). However, there is 

a risk of exercise overdose if exercise intensity is prescribed 

using only age-estimated maximum heart rate in patients with 

autonomic dysfunction, especially in cancer survivors (27). 

Our finding of high CI prevalence highlights the need for 

clinicians to use CPET-derived parameters, such as the 

ventilatory threshold or a CI-corrected HRpeak, to safely and 

effectively prescribe exercise intensity. 

In conclusion, colorectal cancer survivors demonstrate 

significantly lower VO2peak compared to healthy individuals. 

This impaired capacity is strongly associated with a high 

prevalence of CI, which is considered a functional indicator 

of subclinical cardiotoxicity. Our findings support the 

importance of screening for CI in post-cancer follow-up using 

routine CPET or simple heart rate parameters. 

Limitations 
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The primary constraint of our study is the limited scope of 

autonomic function assessment. While we evaluated 

chronotropic response, resting heart rate, and maximal heart 

rate data, the lack of heart rate variability (HRV) data prevents 

a more comprehensive understanding of the cardiac 

autonomic response, particularly the balance between 

sympathetic and parasympathetic nervous system activity. 

Future studies, including HRV assessment, will yield better 

results in this regard. Another limitation stems from the 

reliance on self-reported questionnaires (SF-IPAQ and BFI) 

for physical activity and fatigue assessment. Self-reported 

physical activity, while practical, is prone to recall bias and 

may lead to an overestimation of actual activity levels, 

potentially explaining why the objective VO2peak was low 

despite similar reported PA levels across groups. Finally, our 

exclusion criteria, specifically the exclusion of patients with 

pre-existing cardiac disease, may have led to the inclusion of 

a relatively healthier survivor group, potentially 

underestimating the true prevalence and severity of 

cardiotoxicity in the general population of colorectal cancer 

survivors. 

The strength of our study, however, is that we assessed 

exercise intolerance with CPET, which remains the gold 

standard for measuring cardiorespiratory fitness. 

CONCLUSION 

Cancer survivors often demonstrate reduced exercise capacity 

and increased fatigue. One of the various reasons for this is 

inadequate cardiac response to exercise due to cardiotoxicity. 

Therefore, we recommend that patients in this group should 

be evaluated with cardiopulmonary exercise test, if possible, 

before exercise training and exercise plan should be made 

according to these results. 
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