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Abstract
Purpose While there is growing evidence for positive effects
of progressive resistance training in curatively treated cancer
patients, data on advanced cancer patients are scarce. This
pilot study aimed at investigating for the first time feasibility
and effects of progressive resistance training in advanced can-
cer patients undergoing tyrosine kinase inhibitor (TKI)
therapy.
Methods Patients starting a TKI-based anti-tumor therapy
were assigned to a resistance training group (RT, 12 weeks
of progressive machine-based resistance training 2×/week) or
a control group (CON, treatment as usual) until 10 patients
had finished in each group (RT 80% males, 90% renal cell
carcinoma, 65 ± 11 years, CON 80% males, 70% renal cell
carcinoma, 61 ± 6 years). Primary endpoint was feasibility.
Furthermore, fatigue (MFI), quality of life (QoL, EORTC
QLQC30), and muscle strength were assessed. Testing oc-
curred at baseline and after 12 weeks.

Results Training was feasible in 9 out of 10 participants and
no serious adverse events occurred. It had beneficial effects on
muscle strength (maximum voluntary isometric contraction of
the quadriceps: RT +11 ± 9 Nm, CON −13 ± 25 Nm,
p = 0.005), but not on fatigue (general fatigue score RT
+0.3 ± 4.1, CON -1.5 ± 3.0, p = 0.223) or QoL (global QoL
score RT −5.6 ± 16.1, CON −2.0 ± 18.2, p = 0.617).
Conclusions Progressive machine-based resistance training
appears feasible in the majority of advanced cancer patients
undergoing TKI therapy. However, its positive effects onmus-
cle strength do not seem to be associated with positive effects
on fatigue or quality of life. Future studies should therefore
compare whether home-based training is more beneficial for
patient-reported outcomes.
Trial registration NCT01645150

Keywords Exercise . Advanced cancer . Tyrosine kinase
inhibitor . Physical fitness . Fatigue . Quality of life

Introduction

Numerous high-quality studies demonstrate that exercise
training is a valuable supportive measure in patients with can-
cer [1]. Beneficial effects include enhanced physical fitness
and functioning, reduced fatigue and other treatment-related
side effects and, therewith, enhanced quality of life [1–4].
Furthermore, a growing body of evidence suggests positive
effects of exercise and/or physical fitness on survival [5–7].
Based on these findings, exercise training is recommended to
cancer patients by expert panels worldwide [1, 8, 9].

However, these exercise recommendations primarily ad-
dress early-stage cancer patients [1]. Advanced cancer patients
are a more challenging population with regard to exercise
training due to their fluctuating or permanently reduced
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general health, individual impairments, and more frequent co-
morbidities. Their characteristics like sarcopenia, reduced
physical functioning, fatigue, and reduced quality of live pro-
vide a strong rationale especially for progressive resistance
training. However, the number of studies investigating their
trainability is still small. So far, there is one randomized con-
trolled trial on progressive supervised resistance and aerobic
training, which was conducted in advanced prostate cancer
patients [10–12].

During recent years, targeted therapies with tyrosine kinase
inhibitors (TKIs) have provided new therapeutical options in
the treatment of advanced cancer [13]. Today, TKIs are widely
used and significantly improve progression-free survival in
patients with renal cell carcinoma, pancreatic neuroendocrine
tumor, gastrointestinal stromal tumor, and others. However,
about 30 to 60% of patients develop fatigue as a side effect,
depending on substance and dosage [14–16]. This TKI-
induced fatigue is not yet fully understood but TKI-induced
endocrine disorders and anemia together with conditions like
sarcopenia and psychological stress seem to play a major role
[14, 15]. Occurrence of TKI-induced fatigue further reduces
quality of life and is clinically relevant because it may require
dose reduction or discontinuation of the TKI therapy and,
therewith, affects outcome [14, 15]. Therefore, exercise train-
ing to reduce fatigue and maintain muscle strength would be
valuable in patients with advanced cancer undergoing TKI
therapy.

This pilot study aimed at investigating feasibility and de-
scribing effects of a supportive 12-week progressive resis-
tance training program in advanced cancer patients under-
going TKI therapy. The approach is in line with a recent state-
ment that pilot trials in defined populations are needed as basis
for subsequent large randomized controlled trials that will
finally enable exercise recommendations for advanced cancer
patients [11].

Methods

Study design

The study was a non-randomized controlled clinical exercise
intervention trial evaluating feasibility and reporting effects of
a 12-week progressive resistance training program vs. treat-
ment as usual in advanced cancer patients undergoing TKI
therapy. The primary endpoint was feasibility which was
assessed through evaluating training attendance and comple-
tion rate, adverse events, and training progression. As second-
ary endpoints, training-induced changes in fatigue,1 quality of

life, depression, and physical fitness were described.
Furthermore, time to TKI treatment modification due to side
effects was analyzed. Patients who started a TKI therapy were
recruited from the consultation hours of a comprehensive can-
cer center until 10 participants in each group had completed
the study. After giving written informed consent to take part in
the study, participants were assigned to a resistance training
group (RT) or a treatment as usual control group (CON), de-
pending on their place of residence. Patient-reported outcomes
(PROs) and physical fitness were assessed prior to and after
the 12-week intervention period. Time to TKI treatment mod-
ification due to side effects was recorded over a median
follow-up period of 20 months. The study has been approved
by the Ethics Committee of the Medical Faculty Heidelberg
(no. S-154/2012) and is in accordance with the ethical stan-
dards of the Declaration of Helsinki. It is registered at
ClinicalTrials.gov (NCT01645150).

Recruitment and group assignment

Patients fulfilling the following inclusion criteria were recruit-
ed for participation: male and female patients with any type of
locally advanced or metastatic cancer prior to or within
2 weeks [15] after the start of a TKI therapy (all substances,
all lines), age ≥18 years, body mass index (BMI) ≥18 kg/m2,
ECOG performance status ≤2, ability to understand and fol-
low the study protocol, and willingness to come to the training
facility. Exclusion criteria were contraindications to exercise
training and testing (acute infectious diseases, severe cardiac,
respiratory, renal or neurological diseases, unstable bone me-
tastases), concurrent malignancies requiring treatment at the
time of study, and current participation in systematic resis-
tance or aerobic training for ≥1 h/week. Participants who lived
≤30 km away from the comprehensive cancer center’s training
facility were assigned to RT, and participants who lived
>30 km away were assigned to CON.

Intervention

Participants in RTwere prescribed a 12-week supervised pro-
gressive machine-based resistance training program, 2 times
per week for about 1 h in the comprehensive cancer center’s
training facility. The program consisted of 8 machine-based
exercises for the major muscle groups: leg press, leg exten-
sions, leg curls, bench press, pulldown, seated row, butterfly,
and shoulder rotation. Participants performed 1 set of 20 rep-
etitions for warm-up and then 2 sets of 12 repetitions at the 12
repetition maximum (12RM). Weight was increased if 12 rep-
etitions were possible in the second and third sets and it was
decreased if this was not possible. Participants in CON did not
receive any intervention.

1 Compared to the clinical trials protocol, fatigue was downgraded from pri-
mary to secondary endpoint due to the small sample size/weak statistical
power.
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Data assessment

Medical data Medical data were obtained from the patients’
medical records. To assess time to TKI treatment modification
due to side effects, dose reduction and discontinuation of the
TKI therapy due to side effects were recorded as events. In
case of treatment changes due to progressive disease, discon-
tinuation of TKI therapy for other reasons than side effects, or
death, data were censored.

Training logs Training logs were taken in each training ses-
sion. They included all exercises, sets, repetitions, and weights
to calculate total weight moved per session as an indicator of
training progression. Furthermore, premature exercise cessa-
tions and reasons therefore were recorded to assess training
completion rate. Adverse events and adverse effects eventual-
ly associated to training were also recorded.

Patient-reported outcomes PROs were evaluated prior to
and after the 12-week intervention period. Fatigue was
assessed using the German version of the multidimensional
fatigue inventory (MFI), a 20-item scale covering the dimen-
sions general fatigue, physical fatigue, reduced activity, re-
duced motivation, and mental fatigue [17, 18]. Quality of life
was assessed by the German version of the European
Organization for Research and Treatment of Cancer Quality
of Life Questionnaire (EORTC QLQ-C30) [19]. The 30-item
scale covers the five functional subscales physical function-
ing, emotional functioning, role functioning, cognitive func-
tioning, and social functioning, as well as the nine symptom
subscales fatigue, insomnia, dyspnea, nausea/vomiting, pain,
appetite loss, constipation, diarrhea, and financial difficulties.
Depression was assessed using the German version of the
Center for Epidemiologic Studies Depression Scale (CES-D)
[20, 21]. The scale consists of 20 items and has no subscales.
Furthermore, physical activity profiles were asked to account
for exercise apart from study participation.

Physical fitness tests Anthropometric data and physical fit-
ness were assessed prior to and after the 12-week intervention
period. Muscle strength of the knee extensors and elbow
flexors was determined on a stationary isokinetic dynamome-
ter (IsoMed 2000 B-Series version, D&R Ferstl, Hemau,
Germany) which is gold standard for strength testing.
Maximal voluntary isometric contraction (MVIC) was tested
at a joint angle of 63° for knee extensors and 80° for elbow
flexors, respectively. Furthermore, maximal isokinetic peak
torque (MIPT) was tested at 60°/s. The right side was analyzed
unless biased by pain. To evaluate cardiorespiratory fitness, a
maximal cardiopulmonary exercise test (CPET) with gas ex-
change measurements (Ergostik, Geratherm Respiratory, Bad
Kissingen, Germany) was performed on a cycle ergometer
(Ergoselect 100, Ergoline, Bitz, Germany). CPET is the gold

standard for cardiorespiratory fitness testing in cancer patients
[22]. A stepwise incremental exercise protocol until voluntary
exhaustion was used (start 25 W, increment 25 W every
2 min). Peak power output (PPO), peak oxygen uptake
(VO2peak), and the ventilatory threshold (VT) (v-slope method
[23]) were analyzed as maximal and submaximal aerobic en-
durance parameters, respectively. Furthermore, peak heart rate
(HRpeak) and ratings of perceived exertion (RPE, [24]) were
recorded as indicators for spending maximal effort.

Statistical analyses

Data of the 20 participants who completed the study were
analyzed on an intention-to-treat basis. Differences in pa-
tients’ characteristics between groups were tested using chi-
square tests for nominal data and Mann-Whitney tests for
metric data. To evaluate whether the training program was
progressive, changes in total weight moved per training ses-
sion were tested using theWilcoxon test. These nonparametric
tests were chosen because of the small sample size.
Intervention effects, i.e., differences between groups in chang-
es in PROs and physical fitness over time, were tested using
two-way repeated-measures analyses of variance (ANOVAs).
Furthermore, analyses of covariance (ANCOVAs) were per-
formed to adjust for baseline values [25]. Furthermore,
Pearson correlations between changes in physical fitness and
fatigue were performed. Time to TKI treatment modification
due to side effects was compared between groups using a log-
rank test. Data are presented as means and standard deviations
(SD) unless otherwise stated, and p < 0.05 was considered
significant.

Results

Participants

Within a recruitment period of 34 months, 62 patients
were assessed for eligibility, 25 underwent baseline
tests, and 20 completed the study. A study flow chart
is given in Fig. 1. Characteristics of the 20 analyzed
patients are presented in Table 1. There were no signif-
icant differences in patients’ characteristics between
groups. Six patients (RT n = 2, CON n = 4) had a
history of other malignancies (prostate cancer,
cholangiocellular carcinoma, gastrointestinal stromal tu-
mor, intraductal papillary mucinous neoplasm of the
pancreas, malignant melanoma, breast cancer, non-
small cell lung cancer, and non-Hodgkin lymphoma)
not requiring treatment at the time of study. Exercise-
relevant comorbidities and conditions were bone metas-
tases or lesions (n = 6), artificial hip joints (n = 1),
diabetes mellitus (n = 3), hypertension (n = 14), atrial
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fibrillation (n = 2), coronary heart disease and pacemak-
er due to sick sinus syndrome (n = 1), chronic obstruc-
tive pulmonary disease (n = 2), weight loss >10% in
4 weeks (n = 2), and depression (n = 2).

Feasibility of the resistance training intervention

Nine out of 10 patients in RT completed the training program.
These 9 participants attended 81 ± 16% of the training

Fig. 1 Study flow chart (RT
resistance training group, CON
control group)

Table 1 Characteristics of the 20
analyzed patients RT (n = 10) CON (n = 10) p

Anthropometric data

Males, n (%) 8 (80%) 8 (80%) >0.999

Females, n (%) 2 (20%) 2 (20%) >0.999

Age (years), mean ± SD 65 ± 11 61 ± 6 0.241

Height (cm), mean ± SD 176 ± 8 177 ± 8 0.733

Weight (kg), mean ± SD 81 ± 16 76 ± 14 0.705

BMI (kg/m2), mean ± SD 25.9 ± 3.9 24.1 ± 2.6 0.209

Cancer type 0.236

Renal cell carcinoma, n (%) 9 (90%) 7 (70%)
Gastrointestinal stromal tumor, n (%) 0 (0%) 2 (20%)

Pancreatic neuroendocrine tumor, n (%) 1 (10%) 0 (0%)

Solitary fibrous tumor of the liver, n (%) 0 (0%) 1 (10%)

Time since diagnosis (years), mean ± SD 3.9 ± 4.1 2.7 ± 2.9 0.529

Therapy linea 0.260

First-line therapy, n (%) 6 (60%) 8 (80%)

Second-line therapy, n (%) 2 (20%) 2 (20%)

Third-line therapy, n (%) 2 (20%) 0 (0%)

TKI substance 0.392

Sunitinib, n (%) 7 (70%) 5 (50%)
Axitinib, n (%) 2 (20%) 1 (10%)

Pazopanib, n (%) 1 (10%) 2 (20%)

Imatinib, n (%) 0 (0%) 2 (20%)

Time since start of TKI therapy (weeks), mean ± SD 2.6 ± 2.5 3.1 ± 2.7 0.520

Baseline physical fitness

VO2peak (ml/min/kg)b 15.4 ± 4.4 18.4 ± 7.0 0.600

MIPT of the knee extensors (Nm/kg)c 1.3 ± 0.4 1.5 ± 0.3 0.253

RT resistance training group, CON control group, VO2peak peak oxygen uptake, MIPT maximal isokinetic peak
torque
a Therapy lines refer to systemic therapies
b n = 8 in each group
c n = 10 in RT and n = 9 in CON
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sessions and successfully performed progressive resistance
training as indicated by a mean increase in total weight moved
per training session from 5145 ± 1507 to 8553 ± 3712 kg
(p = 0.018, n = 72). Individual analyses revealed that all pa-
tients increased total weight moved per training session (range
348 to 9920 kg). Two training sessions were stopped prema-
turely due to hypoglycemia and weakness. Furthermore, 11
times, single exercises within a training session could not be
conducted due to weakness, joint or back pain, and a hernia
inguinalis not caused by training. One patient stopped the
program after the second training session because of repeated
nausea, vomiting, and joint pain during training and deterio-
ration of general health. No serious adverse events occurred.

Exercise apart from study participation

Exercise apart from study participation (predominantly walk-
ing) averaged 0.3 ± 1.0 h/week in RT and 1.1 ± 1.4 h/week in
CON (p = 0.085). This summed up to a total exercise time of
1.8 ± 1.2 h/week in RT and 1.1 ± 1.5 h/week in CON which
was not significantly different between groups (p = 0.195).

Changes in patient-reported outcomes

Fatigue is presented in Fig. 2 and Table 2.3 The only signifi-
cant effect was an unfavorable development of the subscale
Breduced motivation^ in RT compared to CON, that was ob-
served in the ANOVA (p = 0.034) but not confirmed in the
ANCOVA adjusted for baseline (p = 0.064). Quality of life
and depression are presented in Table 33. For global quality of
life and the five functional subscales, no significant effects
were observed. In the symptom subscales (data not shown),
an unfavorable development of dyspnea was evident in RT
compared to CON (ANOVA group × time interaction
p = 0.012, ANCOVA adjusted for baseline p = 0.017, RT
n = 10, CON n = 9). This effect remained when excluding 1
patient in RT who developed ascites over the course of the
study. No significant effects on depression were found.

Changes in physical fitness

Anthropometric data and physical fitness are presented in
Table 4. One participant in CON was unable to perform the
12-week fitness tests due to deterioration of general health.
Body weight increased significantly in RT compared to
CON. However, this effect disappeared when excluding the
patient in RT who developed ascites (ANOVA group × time
interaction p = 0.061, ANCOVA adjusted for baseline
p = 0.065, n = 9 in each group). Maximal isometric and

isokinetic strength tests were performed without problems in
all patients who started the tests. MVIC of the knee extensors
increased significantly in RT compared to CON. No signifi-
cant effects were found for MIPT of the knee extensors.
CPETs for the determination of cardiorespiratory fitness could
not be performed in 2 patients due to resting ECG abnormal-
ities (n = 1) and recent bone marrow puncture at the hip
(n = 1). None of the CPETs had to be stopped prematurely
by the investigator. Reasons for exercise cessation were 65%
overall or muscular exhaustion, 20% side effects of the TKI
therapy including dyspnea, joint pain, or dry mouth, 9% com-
bination of both, and 6% dyspnea due to COPD. HRpeak and
RPE were equivalent at baseline and 12 weeks (p = 0.326 and
p = 0.287), indicating a comparable degree of patients’ effort
in both tests. No significant training effects on the cardiore-
spiratory fitness variables PPO, VO2peak, and VT were ob-
served.4 There were no significant correlations between
changes in physical fitness (MVIC of the knee extensors or
PPO) and changes in general or physical fatigue (r = −0.438 to
0.106, p = 0.103 to 0.850, n = 15 to 17).

TKI treatment modification due to side effects

A total of nine treatment modifications due to side effects
(eight dose reductions and one discontinuation of TKI thera-
py) were observed within the median follow-up period of
20 months. Five of them occurred in RT and four in CON.
The log-rank test revealed no significant differences between
groups (p = 0.979).

Discussion

The present pilot study for the first time investigated feasibil-
ity and described effects of a 12-week progressive machine-
based resistance training program as supportive measure in
advanced cancer patients undergoing TKI therapy. No serious
adverse events occurred and training was feasible for 9 out of
10 patients. The training program had significant positive ef-
fects on muscle strength, but not on fatigue, quality of life, or
depression.

In line with one previous randomized controlled trial in
advanced prostate cancer patients [10–12], this study demon-
strates that progressive machine-based resistance training is
feasible in the majority of advanced cancer patients. Despite
presenting with bone metastases and cardiovascular, metabol-
ic, pulmonary, and psychologic comorbidities as well as fluc-
tuating general health, patients were able to progress training
load and increase muscle strength. However, it is noteworthy
that the training program was supervised by qualified sports

2 Two training logs were incomplete.
3 Three patients handed in incomplete questionnaires at 12 weeks, resulting in
varying numbers of participants for each outcome.

4 One test was performed without gas exchange measurements due to techni-
cal problems, and in one case, VT was indeterminate.
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therapists who took care for safety and managed minor events
like hypoglycemia, weakness, joint pain, and, in one case, also
nausea and vomiting. Therefore, feasibility of progressive
machine-based training is not transferable to health clubs or
unsupervised settings.

Muscle strength is associated with survival in the elderly
general population as well as in advanced cancer patients [26,
27]. The observed maintenance or gain in muscle strength is
therefore a valuable training effect, although a direct proof of
prolonging survival by enhancing muscle strength is still
missing. Muscle mass, which is considered a health-
protective tissue but does not show associations with survival
[26, 28], presumably did not increase through the training
program because effects on body weight disappeared when
excluding 1 patient who developed ascites. The resistance
training program had also no effects on VO2peak. Previous
studies revealed conflicting results regarding the potential to
enhance aerobic capacity through resistance training, but pre-
dominantly in sedentary older individuals, significant effects

of intense resistance training are described [29]. Since VO2peak

is also associated with survival in advanced cancer patients
[5], aerobic training might be an important supplement.
However, aerobic training alone appears unreasonable in view
of the association between sarcopenia and reduced physical
functioning or quality of life [30].

Previous studies in cancer patients undergoing chemo, ra-
dio, or hormone therapy revealed positive effects of resistance
training on fatigue and other PROs [31–33]. In contrast, no
positive effects on fatigue, quality of life, or depression were
observed in the present study. TKI-induced fatigue depends
on substance and dosage. For sunitinib, pazopanib, and axi-
tinib, 37 to 41% of patients were reported to develop all-grade
fatigue [14, 34], whereas for imatinib, it was 57% [16]. In the
present study, this means that fatigue was less likely to occur
in RT. Higher TKI dosages are associated with increased in-
cidence of all-grade fatigue [15]. In the present study, standard
dosages were given to each patient except for 1 patient with a
pancreatic neuroendocrine tumor in RT who received 25

Fig. 2 Fatigue at baseline and
after 12 weeks in the resistance
training group (RT) and the
control group (CON, lower scores
are beneficial)

Table 2 Fatigue at baseline and after 12 weeks (lower scores are beneficial)

Baseline mean ± SD 12 weeks mean ± SD Change mean
(95% CI)

ANOVA group*time
interaction, p

ANCOVA adjusted
for baseline, p

Fatigue (MFI)

General fatigue (scale 4–20)

RT (n = 9) 12.0 ± 2.7 12.3 ± 4.0 0.3 (−2.8 to 3.5) 0.313 0.223
CON (n = 8) 10.9 ± 3.4 9.4 ± 3.9 −1.5 (−4.0 to 1.0)

Physical fatigue (scale 4–20)

RT (n = 10) 11.7 ± 3.9 12.0 ± 3.4 0.3 (−3.1 to 3.7) 0.670 0.455
CON (n = 8) 10.5 ± 3.7 10.0 ± 4.8 −0.5 (−2.6 to 1.6)

Reduced activity (scale 4–20)

RT (n = 10) 10.6 ± 3.6 10.5 ± 4.8 −0.1 (−2.9 to 2.7) 0.922 0.894
CON (n = 8) 10.0 ± 4.6 9.8 ± 4.8 −0.3 (−1.6 to 1.1)

Reduced motivation (scale 4–20)

RT (n = 10) 7.8 ± 3.6 8.4 ± 3.2 0.6 (−1.1 to 2.3) 0.034 0.064
CON (n = 8) 9.4 ± 3.5 7.9 ± 3.1 −1.5 (−2.3 to −0.7)

Mental fatigue (scale 4–20)

RT (n = 10) 7.2 ± 2.7 8.9 ± 4.3 1.7 (−1.3 to 4.7) 0.211 0.499
CON (n = 8) 10.0 ± 4.6 9.4 ± 4.1 −0.6 (−3.2 to 2.0)

There were no significant baseline differences between groups and no significant within-group changes. Significant p values are italicized

RT resistance training group, CON control group, SD standard deviation, CI confidence interval
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instead of 37.5 mg sunitinib. This again favors RT. Therefore,
the absence of positive training effects on fatigue is not attrib-
utable to group differences in TKI therapy. Another influenc-
ing factor might be the relatively high amount of physical
activity (contamination) in CON. However, there were no
significant correlations between changes in physical fitness
and fatigue, indicating that there was at least no effective
training stimulus in CON that might have affected the results.

Interestingly, global quality of life baseline values
were relatively high in the present study. They were
closer to the average score of the age-equivalent
German general population of 64.1 [35] than to the
international reference score for recurrent or metastatic
cancer patients of 56.3 [36]. This might be attributable
to a response-shift bias, meaning that patients recalibrate
their internal standard over the course of their disease
[37]. It might also complicate detecting training effects
on global quality of life since poor baseline values usu-
ally facilitate improvements.

The direction of non-significant changes in PROs consis-
tently suggests disadvantages for RT. This must be interpreted
cautiously due to the small sample size. However, if adverse
training effects should prove true in larger trials, this would be

meaningful. The previous trial on progressive resistance and
aerobic training in advanced prostate cancer patients found
positive effects on some aspects of quality of life [12]. This
might be attributable to the aerobic training part [1]. However,
it might also be attributable to the investigated population.
Exclusion criteria in the previous trial included PSA evidence
of disease activity, all bone metastases, and most other comor-
bidities patients in the present study suffered from [12].
Therefore, patients’ general health was presumably better.
For our more representative population, participation in a su-
pervised progressive training program including fixed ap-
pointments, transportation issues, and long periods of physical
activity without rest might have been demanding. The slightly
lower amount of physical activity outside study participation
in RT might support this assumption. Future studies should
investigate whether home-based training including aerobic
activity has more potential to enhance patient-reported
outcomes.

Training effects on TKI treatment modification due to side
effects can hardly be interpreted. Nine treatment modifications
due to side effects occurred, but most of them were not only
due to fatigue but also due to cutaneous toxicities that are not
modifiable through exercise training. Larger studies are

Table 3 Quality of life (higher scores are beneficial) and depression (lower scores are beneficial) at baseline and after 12 weeks

Baseline mean ± SD 12 weeks mean ± SD Change mean
(95% CI)

ANOVA group*time
interaction, p

ANCOVA Adjusted
for baseline, p

Quality of life (EORTC QLQ-C30)

Global quality of life (scale 0–100)

RT (n = 9) 62.0 ± 10.3 56.5 ± 14.9 −5.6 (−18.0 to 6.8) 0.683 0.617
CON (n = 8) 63.5 ± 20.4 61.5 ± 21.8 −2.1 (−17.3 to 13.2)

Physical functioning (scale 0–100)

RT (n = 10) 81.5 ± 16.5 73.3 ± 17.2 −8.2 (−19.3 to 3.0) 0.204 0.305
CON (n = 9) 74.8 ± 21.8 76.3 ± 21.6 1.5 (−11.0 to 14.0)

Role functioning (scale 0–100)

RT (n = 10) 66.7 ± 24.8 55.0 ± 27.3 −11.7 (−38.1 to 14.7) 0.248 0.280
CON (n = 9) 61.1 ± 30.0 66.7 ± 26.4 5.6 (−12.6 to 23.7)

Emotional functioning (scale 0–100)

RT (n = 9) 61.1 ± 18.2 63.9 ± 17.7 2.8 (−14.5 to 20.0) 0.428 0.342
CON (n = 8) 60.4 ± 24.3 71.9 ± 18.3 11.5 (−6.4 to 29.3)

Cognitive functioning (scale 0–100)

RT (n = 9) 88.8 ± 14.4 74.1 ± 18.8 −14.8 (−31.1 to 1.4) 0.105 0.148
CON (n = 8) 83.3 ± 19.9 83.3 ± 15.4 0.0 (−10.5 to 10.5)

Social functioning (scale 0–100)

RT (n = 9) 59.3 ± 32.4 66.7 ± 26.4 4.6 (−23.5 to 32.7) 0.208 0.592
CON (n = 8) 77.1 ± 23.5 72.9 ± 26.6 −5.2 (−20.5 to 10.1)

Depression (CES-D)

Depression score (scale 0–60)

RT (n = 10) 13.5 ± 7.9 14.6 ± 8.0 1.1 (−11.0 to 14.0) 0.315 0.384
CON (n = 8) 15.0 ± 4.5 12.1 ± 9.4 −2.9 (−15.0 to 10.0)

There were no significant baseline differences between groups and no significant within-group changes

RT resistance training group, CON control group, SD standard deviation, CI confidence interval
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needed to investigate the effects of exercise training on TKI
toxicity.

Weaknesses of the present pilot study include the
small number of participants, heterogeneity within par-
ticipants regarding tumor type and TKI therapy, and the
absence of randomization. Therefore, all effects must be
interpreted cautiously. In view of future studies, it
should be noted that recruitment was challenging,
achieving 20 analyzable participants in 3 years.
Although TKIs are now even more widely applied, mul-
ticenter approaches should be considered when planning
bigger randomized controlled trials.

Conclusions

In the present pilot study, feasibility of a supportive 12-week
supervised progressive machine-based resistance training pro-
gram was investigated for the first time in advanced cancer
patients undergoing TKI therapy. No serious adverse events
occurred and the training program proved feasible in 9 out of
10 participants. Regarding secondary endpoints, resistance
training enhanced muscle strength, but did not elicit positive
effects or even suggested potential negative effects on fatigue,
quality of life, and depression. The data must be interpreted
cautiously due to the small sample size. However, it might be

Table 4 Anthropometric data, muscle strength of the knee extensors, and cardiorespiratory fitness at baseline and after 12 weeks

Baseline mean ± SD 12 weeks mean ± SD Change mean
(95% CI)

ANOVA group*time
interaction, p

ANCOVA adjusted for
baseline, p

Anthropometric data

Body weight (kg)

RT (n = 10) 81.1 ± 16.4 82.3 ± 17.3 1.2 (−0.3 to 2.8) 0.042 0.050
CON (n = 9) 74.8 ± 14.1 73.9 ± 13.1 −0.9 (−2.6 to 0.7)

Muscle strength

MVIC of the knee extensors (Nm)

RT (n = 10) 158 ± 61 169 ± 61 11 (5 to 18) 0.009 0.005
CON (n = 9) 155 ± 56 142 ± 43 −13 (−32 to 6)

MIPT of the knee extensors (Nm)

RT (n = 10) 109 ± 43 114 ± 49 6 (−4 to 15) 0.072 0.083
CON (n = 9) 112 ± 34 105 ± 30 −7 (−19 to 5)

MVIC of the elbow flexors (Nm)

RT (n = 10) 40 ± 16 43 ± 17 3 (−2 to 8) 0.291 0.286
CON (n = 9) 41 ± 14 39 ± 13 −2 (−9 to 7)

MIPT of the elbow flexors (Nm)

RT (n = 10) 33 ± 14 34 ± 15 2 (−2 to 5) 0.670 0.598
CON (n = 9) 30 ± 12 31 ± 10 1 (−4 to 5)

Cardiorespiratory fitness

PPO (W)

RT (n = 9) 95 ± 23 90 ± 31 −5 (−17 to 7) 0.491 0.581
CON (n = 8) 111 ± 53 101 ± 50 −11 (−24 to 3)

VO2peak (l/min)

RT (n = 8) 1.19 ± 0.35 1.18 ± 0.44 −0.01 (−0.16 to 0.14) 0.315 0.459
CON (n = 8) 1.39 ± 0.67 1.26 ± 0.53 −0.12 (−0.32 to 0.08)

VT (W)

RT (n = 8) 39 ± 9 39 ± 14 0 (−8 to 8) 0.285 0.417
CON (n = 7) 45 ± 21 38 ± 12 −7 (−20 to 6)

HRpeak (/min)

RT (n = 9) 131 ± 18 129 ± 17 −2 (−7 to 4) 0.360

CON (n = 8) 133 ± 17 126 ± 27 −8 (−22 to 7)

RPE (scale 6–20)

RT (n = 8) 16.3 ± 1.5 16.6 ± 1.5 0.4 (−1.1 to 1.9) 0.791

CON (n = 8) 16.5 ± 2.0 17.1 ± 1.9 0.6 (−0.9 to 2.2)

There were no significant baseline differences between groups and no significant within-group changes. Significant p values are italicized

RT resistance training group, CON control group, SD standard deviation, CI confidence interval,MVICmaximal voluntary isometric contraction,MIPT
maximal isokinetic peak torque, PPO peak power output, VO2peak peak oxygen uptake, VT ventilatory threshold,HRpeak peak heart rate, RPE ratings of
perceived exertion
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speculated that the supervised progressive machine-based
training was demanding for the investigated population.
Future studies might compare whether home-based combined
resistance and aerobic training is more beneficial in terms of
patient-reported outcomes and recruitment rates.
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