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Abstract

Background The beneficial effects of exercise in cancer patients are increasingly understood, whereas the inclusion
of structured oncological exercise as a standard of care remains a challenge. Herein, we evaluate the innovative,
supervised Oncological Exercise Therapy (OTT) integrated into the standard of clinical care and report patient
characteristics, exercise participation and attendance, and effects on patient-reported outcomes (PROs) and physical
performance.

Methods An observational study was conducted to analyze patient and exercise cohort data collected between
2012 and 2020 on the OTT. Cancer patients were encouraged to attend the personalized OTT intervention for

a minimum of three months. Demographic, medical and treatment-related patient data were documented at
enrollment. Exercise attendance was measured up to one year after enrollment, and exercise efficacy was evaluated
between 6 and 24 weeks of exercise and included strength and endurance assessments and PROs on quality of life,
fatigue, and psychosocial distress.

Results Most of the n=1660 enrolled patients (median age: 54 years [18-86]) were female (70%), diagnosed with
breast cancer (40%), without metastasis (80%) and were receiving anticancer treatment (65%). One-third (32%)
exercised for an average of 19+ 10 sessions in a 19-week (+ 13 weeks) period. Only 1% of patients reached the
recommended average of > 2 weekly sessions on the OTT. Older age and shorter travel distance were associated with
increased exercise attendance. Exercise improved strength and endurance performance and PROs, indicating more
pronounced effects in patients with greater exercise attendance.

Conclusions Innovative exercise programs can be established as standard of cancer care in hospital settings. These
real-world data suggest a beneficial effect of exercise in cancer patients on PROs and physical outcomes, with more
pronounced effects in patients with greater exercise attendance. Therefore, strategies to increase exercise attendance
appear crucial to maximize benefits derived from real-world exercise interventions in cancer patients.

*Correspondence:
Timo Sonntag
timo.niels@uk-koeln.de

Full list of author information is available at the end of the article

©The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included

L]
@ SP rlnge r in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
I

need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s40798-026-00988-0
http://orcid.org/0000-0002-7309-0161
http://crossmark.crossref.org/dialog/?doi=10.1186/s40798-026-00988-0&domain=pdf&date_stamp=2026-3-4

Sonntag et al. Sports Medicine - Open (2026) 12:22

Key Points

Page 2 of 10

- Innovative exercise programs are feasible in clinical cancer care.

- Personalized exercise can benefit patients’ physical condition and patient-reported outcomes.
+ Real-world exercise habits do not meet exercise recommendations.

- Exercise adherence seem vital to maximize the beneficial effects.
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Background

Currently, there is large and still growing evidence sup-
porting the role of exercise programs in the management
of cancer patients both during both treatment and sur-
vivorship [1-2]. Moreover, the recently published study
by Courneya et al. illustrated an improved disease-free
and overall survival of colon cancer patients after adju-
vant chemotherapy following a 3-year structured exercise
program [3].

In contrast, the availability of established exercise pro-
grams for cancer patients is poorly developed and stud-
ied. In 2018, the American College of Sport Medicine
(ACSM) roundtable identified~150 existing concepts
of exercise programs for cancer patients worldwide [2].
The incidence of cancer is predicted to increase glob-
ally, and 27.5 million new cases are predicted by 2040
[4]. The current knowledge-to-practice gap regarding
structured exercise programs constitutes a large urgent
unmet need for the translation of exercise science into
exercise programs in the standard of cancer care. Well-
established exercise concepts such as the LIVESTRONG
at the YMCA program [5] or the ActivOnco program
[6] focus mainly on cancer survivors. However, to date,
there is still a lack of specifically tailored and supervised
exercise programs delivered by health care profession-
als to patients during or shortly after acute anticancer
treatment. To address this research-to-practice gap, we
herein describe and analyze a unique and innovative
exercise concept termed Oncological Exercise Therapy
(OTT) which is integrated into the standard of care at
the University Hospital Cologne, Germany. Within the
framework of this supportive exercise concept, cancer
patients were offered a supervised, evidence-based exer-
cise intervention situated in a hospital setting. In the this
article, real-world data gathered on the OTT between
2012 and 2020 will be reported and analyzed in an obser-
vational study design. First, we report the characteristics
of patients participating in the OTT program. Second,
patients’ exercise participation and attendance patterns
were benchmarked with current exercise guidelines, and
attendance predictors were identified. Finally, we exam-
ined the effects of OTT on physical performance mea-
sures and patient-reported outcomes (PROs), such as
quality of life and fatigue.

Methods

This observational study reports on the OTT cohort
established at the University Hospital Cologne, Ger-
many. After the development of the OTT concept, it was
established in 2012 and approved by the Institutional
Review Board of the Medical Faculty of the University
of Cologne (No. 13—050). The study was carried out in
accordance with the Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki). Since 2012, the
OTT has continued to recruit eligible cancer patients to
the present day. For this analysis, we considered the data
collected from April 2012 to February 2020 due to struc-
tural changes in the OTT facility and the implementation
of COVID-19 measures from March 2020 onward.

Observational Design
The OTT exercise concept aims to integrate evidence-
based exercise interventions into a clinical exercise facil-
ity with ongoing scientific support and easy-to-access
participation. The exercise concept and design were pub-
lished previously [7]. The program was tailored to cancer
outpatients with a medical referral and/or recommen-
dation to an exercise program, which was given by care
professionals (i.e., physicians, nurses) to patients who
received any ongoing anticancer treatment (e.g., chemo-/
immunotherapy, radiotherapy, surgery, stem-cell trans-
plantation). Additionally, cancer survivors with persisting
cancer-related impairments could be enrolled. Patients
had to be at least 18 years old, provide written informed
consent, have medical exercise clearance by a physician
and be capable of visiting the OTT facility (Fig. 1).
Eligible patients were offered an individualized exercise
intervention in the form of the OTT. The duration of the
prescribed exercise intervention was at least 12 weeks
but could be extended in cases of the aforementioned
ongoing anticancer treatment or prevalent cancer-related
impairments in cancer survivorship. Participation was
not restricted to cancer patients treated at the University
Hospital Cologne, and the program was advertised in and
around Cologne, Germany, local cancer support-groups,
social media channels and the homepage of the Univer-
sity Hospital Cologne. The exercise facility had weekday
opening hours from 9 am to 2 pm. At least one exercise
therapist with an oncological education supervised the
exercise facility at any time.
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Fig. 1 Oncological Exercise Therapy (OTT) concept

Patient Involvement

A patient committee, including patient advocates, was
established in 2014 and has since been involved in the
continued development of OTT. The patient committee
was included in decisions regarding assessment, recruit-
ment strategies and exercise methods.

Exercise Intervention

The exercise facility of the OTT was located in a 74 m?
room. The facility was equipped with a chipcard-driven
Milon training circle (Milon GmbH, Germany) con-
taining exercise devices for the major muscle groups.
The general exercise program consisted of both
strength (Table S1) and endurance (Table S2) train-
ing. The exercise intensities were adapted individually
but generally consisted of prolonged aerobic training or
anaerobic interval training for endurance training and
muscle endurance or hypertrophy training for strength
training (Suppl. Methods). Depending on the patients’
individual situation, specific exercise modules were
added to target cancer-related impairments, such as
fatigue, cachexia, incontinence or chemotherapy-induced
peripheral neuropathy (CIPN; Table S3). For example,
the CIPN module contained exercises on the vibration
plate or balance exercises. Figure 1 illustrates the general
workflow within the OTT concept.

All patients were supervised in a 1-to-1 exercise setting
within the first two weeks to ensure high-quality exercise
execution and avoid the risk of injuries. With progression
in the exercise routine, the supervision level was reduced
to exercise monitoring and intensified supervision at
assessment appointments. Patients were assessed for
their aerobic and strength performance and standardized
PRO measurements after two weeks of familiarization
and after 15-week cycles (Suppl. Methods). Patients were
encouraged to exercise as per the OTT for 2—3x/week for
a 60-minute exercise session each, referring to current [2]
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or previous [8] recommendations of the ACSM exercise
guidelines.

Data Collection and Analysis

At enrollment, baseline demographics, cancer-related
information, comorbidities (Charlson Comorbidity
Index, CCI [9]) and ongoing or received anticancer treat-
ment were documented (Fig. 1). Patients were asked if
they experienced any cancer-related impairments. Addi-
tionally, patients were requested to rate the subjectively
perceived rate of fatigue on a visual analog scale (VAS)
from 1 to 10.

Fatigue was considered present with VAS scores<3
according to the fatigue classification for exercise pre-
scription used by McNeely et al. [10]. This outcome
assessment was established in 2014 and used onwards,
indicating that Fatigue outcomes were only available in a
subsample with a lower sample size.

Psychological distress, measured by the Hospital Anxi-
ety and Depression Scale (HADS)-questionnaire [score
range: 0—42], was assumed at a cutoff value of > 13 points
[11]. With respect to exercise attendance, patients with
more than one completed assessment were analyzed. In
this study, the exercise attendance analysis was limited
to the first four assessments (T0-T3). The efficacy anal-
ysis of exercise was limited to the first two assessments
(T0-T1) and only to assessments with a duration of 6-24
weeks between both appointments. Additionally, patients
were separated into two adherence subgroups: patients
who showed an average OTT-exercise adherence of
lower than one session per week (EX < 1/week) and those
with one or more exercise sessions per week (EX>1/
week). Assessments included strength test (hypothetic
one-repetition maximum, knee curl, extension, row and
bench press), endurance tests (cardiopulmonary exercise
testing) and PROs on quality of life (European Organisa-
tion for Research and Treatment of Cancer [EORTC]-
quality of life questionnaire [QLQ]=C30), fatigue
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(Multidimensional Fatigue Inventory [MFI] 20), and
anxiety and depression burden (HADS) (Supplementary
Material Methods).

To ensure the robustness of our dataset, we excluded
patients with >25% missing data in the history. The data
are presented as the means, medians, standard devia-
tions and interquartile ranges (IQRs), as indicated. For
subgroup difference analyses, ANOVA with Tukey’s test,
the Games-Howell post hoc test or the chi-square test
were applied. Repeated-measures ANOVA was used to
calculate exercise efficacy. Bivariate correlations were
conducted to correlate attendance data with baseline
demographic data.

Table 1 Participant characteristics

N (1660, total study population) No.
Sex (data available, 1656, 99.7%)
Men 490 (29.5%)
Women 1167 (70.3%)
Age, Median (Range) (data available, 1617, 97.4%) 540 (18-86)
BMI, kg m™? (data available, 1604, 96.6%) 2445+4.66
<18 40 (2.4%)
18-249 942 (56.7%)
25-299 448 (27.0%)
>30 174 (10.5%)
CCl (data available 1624, 97.8%)
cao 1418 (87.4%)
ca 134 (8.1%)
ca?2 6 (3.4%)
>CC3 14 (0.8%)
Diagnosis code (data available, 1658, 99.9%)
C18 (colon cancer) 58 (3 5%)
(C25 (pancreas cancer) (3.5%)
C34 (bronchial cancer) 90 (5 4%)
C50 (breast cancer) 668 (40.2%)
52 (3.1%)

7%
2.1%

C61 (prostate cancer) )
)
C81 (Hodgkin lymphoma) 2.8%)
)
)

(
(
(
C56 (ovarian cancer)
( 94 (5
C71 (brain cancer) 6 (
( 46 (
€85 (NHL) 63 (3.8%
Other cancer types 493 (29.7%

Metastasis prevalence (data available, 1562, 94.1%)

Yes 333 (20.1%)
No 1185 (71.4%)
Clinically unclear 46 (2.8%)
Baseline treatment (data available, 1609, 96.9%)

Active surveillance 10 (0.6%)
Active treatment 1071 (64.5%)
Follow-up < 1y after EOT 389 (23.4%)
Follow-up > 1y after EOT 104 (6.3%)
Follow-up >5'y after EOT 35(2.1%)
Treatment status unclear 1(3.1%)

BMI body mass index, CCl Charlson Comorbidity Index, NHL non—Hodgkin
lymphoma, EOT end of treatment. Data are presented as the number of patients
and percentage of the total study population; data are included for diagnoses
that reached the 2% threshold of the study population
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Equity, Diversity and Inclusion Statement

Our cohort reflects demographic and socioeconomic
diversity in patients with wide inclusion criteria and a
free-of-charge exercise intervention. Broad geographical
diversity could not be assured due to the location of the
exercise facility in Cologne.

Results

In the period from 2012 to 2020, a total of n=1788
patients were enrolled in the OTT, of whom »n=1660
with sufficiently complete datasets were analyzed.

Baseline Demographic Data

The majority of the analyzed population was female
(70%), with a median age of 54 years (range: 18-86), and
was diagnosed with breast cancer (40%) without metasta-
sis (80%) and undergoing acute cancer treatment (80%),
with chemotherapy being the most prevalent ongoing
anticancer treatment (44%) (Table 1, Suppl. Table 1).
If patients had metastases (20%), bone (8.1%) and liver
(7.8%) were affected most prevalently, and 8% of the
patients had multiple metastatic sites. Approximately
12% of the patients had CCl-relevant comorbidities,
with pulmonary diseases and concurrent secondary can-
cer being the most prevalent (Table 1). The most preva-
lent reported cancer-related impairments were fatigue
(69.7%), cancer-related cognitive impairments (CRCI,
41.1%), psychosocial distress (40.0%), chronic pain
(~31.0%) and body weight loss (~21%) (Fig. S1). More
than 65% of the patients lived<10 km away from the
OTT facility, with a median distance of 6.9 km (range:
0—-494 km) (Table S2). The median time between cancer
diagnosis and OTT enrollment was 6 months (range:
0-492 months; Table S2).

OTT Attendance and Adherence Data

Following enrollment (n=1660, 100%), a total of 1179
(68.6%) patients completed the TO assessment after two
weeks of exercise familiarization. Following a full exer-
cise cycle, 538 (32.2%) patients reached the T1 assess-
ment. The mean time between T0 and T1 was 19.1+13.4
weeks (range: 2-95 weeks), with a mean frequency of
0.99+0.5 exercise sessions/week (range: 0-3,4) (Fig. 2).
Furthermore, 7=321 (19.3%) and n =203 (12.2%) patients
reached the T2 and T3 assessments, respectively. The
mean number of exercise sessions was 0.97+0.5 for
T1-T2 and 1+0.5 for T2-T3 (Fig. 2). A subgroup analy-
sis revealed that older age (52 y vs. 58 y) and shorter
travel distance to the exercise facility (22 km vs. 5 km)
were associated with significantly greater exercise atten-
dance (Fig. 3). In fact, weekly exercise attendance and
patient age were positively correlated (p =0.003). In addi-
tion, we observed different distributions of patients who
were receiving anticancer treatment or were in cancer
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OTT- enrolment
Nn=1660 (100 %)

(2026) 12:22

TO assessment
n=1179 (71.0 %)

T1 assessment n=538 (32.4 %)
Mean + SD exercise adherence:
0.99 * 0.5 sessions /week

< 1 sessions/week: 277 (16.7 %)
1-2 sessions/week: 244 (14.7 %)
2 2 sessions/week: 17 (1 %)

2 week exercise
familiarization

Mean +SD time TO-T1:

19.1+13.4 weeks 21.3+15.9 weeks

Mean + SD time T1-T2:

T2 assessment n=321(19.3 %)
Mean + SD exercise adherence:
0.97 % 0.5 sessions /week

< 1 sessions/week: 161 (9.7 %)
1-2 sessions/week: 151 (9.1 %)
> 2 sessions/week: 8 (<1 %)
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T3 assessment n=203 (12.2 %)
Mean + SD exercise adherence:
1.0 £ 0.5 sessions /week

< 1sessions/week: 107 (6.4 %)
1-2 sessions/week: 86 (5.2 %)
> 2 sessions/week: 10 (<1 %)

Mean + SD time T2-T3:

e
ooo

rreE| % Xf % Xy

19.4 + 13.4 weeks
- >

% Xy %, Xy

Exercise Adherence

Fig. 2 Data exercise adherence. SD standard deviation. TO assessment—first assessment (including strengths and endurance tests and PROs) after 2
weeks of exercise familiarization. T1/T2/T3 assessments—repetition of TO assessment which was planned 15 weeks after the initial or previous assessment

Only Enrollment  Only 15t assessment EX <1/ week EX>1/week
% /] [ 4 (4
(‘ \ - -b
o /
n 481 641 277 261
Female 69.0 % 721% 69.2 % 67.8 %
Aeet 528 +13.4* 52.5 +13.1% 555£12.1° 583+ 11.0"
Travel distance [km]T  22.8 +59.5°%" 13.5+32.6! 12.3 +33.3i 9.2+16.51
BMI 248 £5.2 245147 231953/ 241+4.2
Time: diagnosis to OTT start [m] 14.8 £29.1 15.0+36.3 11.8+17.2 11.6 £15.6
Patients in anti-cancer treatment¥ 67.2 % 69.4 % 58.8% 53.6 %
Patients in survivorship:t 28.5% 26.7 % 383 % 43.7 %
Metastatic disease*  20.1% 21.7 % 19.1% 16.9%

Fig. 3 Demographic and disease-related differences across attendance subgroups. significant difference according to ANOVA (p < 0.05); significant
relation of variable and group (p < 0.05) [Chi*Test]. °significant difference from EX < 1/week (p < 0.05) [Games-Howell post hoc test]; *significant differ-
ences in EX> 1/week (p < 0.05); Asignificant difference from only enroliment (p < 0.05); isigniﬁcan‘c differences from only the 1st assessment (p < 0.05)

survivorship and patients with or without metastasis in
the subgroup comparisons (Fig. 3).

Exercise Efficacy Data and PROs

Exercising patients demonstrated improved endur-
ance and strength performance in knee extension, flex-
ion, chest press and row machines (p<0.05 each; Fig. 4;
Table 2). Additionally, exercising patients had improved
quality of life but increased physical fatigue (p < 0.05 each;
Fig. 4; Table 2). In the attendance subgroup analysis,
knee flexion improved only in patients with an average
of 21 exercise session per week and revealed a signifi-
cant group difference from patients with an average of
<1 weekly exercise session (p=0.02, Fig. 4). Both general
fatigue, as assessed by the MFI-20 questionnaire, and

global health status, as measured by the EORT-QLQ-C30
questionnaire, improved only in patients with an average
of >1 exercise session a week (p <0.01, Fig. 4). In contrast,
physical fatigue, measured by the MFI-20 questionnaire,
worsened as a symptom burden in patients with an aver-
age of > 1 exercise session a week, whereas psychological
distress scores did not change (Fig. 4; Table 2). Base-
line differences among the attendance subgroups were
observed in the domains of general fatigue (p=0.05) and
strength of knee extension (p =0.026, Table 2).

Discussion

To our knowledge, this is the first published analysis
reporting the successful integration and evaluation of an
innovative, supervised exercise concept into the standard
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Exercise efficacy data between TO - T1 [6-24weeks]

Change [95% CL]

>1 EX/Week <1 EX/Week
Cross Walker 30/15 [maxW] Y ﬁg }4?'2%?6?]
Bicycle 30/15 [maxW] & é?él[-[sféf'z%?é?]
Chest Press 1RM [kg] —Q— gi {?fi,7i.8?],]
iapcLishd el e aloesh
Knee curl 1RM [kg] ﬂ— %g Elf,éf]]t
Knee extension 1RM [kg] Q_ 228 ﬁg: 573:%]
C30 Global Health + 3.-(8) {312.?5,'91.(7)!5]
HADS Overall Score® j: :8?, [%2, %ig]
Physical Fatigue® 1& é (7) [96.15',11'95}]
General Fatigue® % -g.'g Hﬁ: (1) CZ)]
-10 -5 0 5 10 15 20 25 30

Fig.4 Data on exercise efficacy. °Reversed scales, indicating higher symptom burden with higher scores. Significant between-group intervention effect;
1RM=one repetition maximum; CL=confidence level; EX=exercise, HADS =Hospital Anxiety and Depression Scale

of clinical care for cancer patients. We observed that
especially younger female cancer patients receiving anti-
cancer treatment participated in the exercise program.
Furthermore, we observed delayed engagement in exer-
cise after diagnosis and that only one-third of the patients
performed sustained exercise over a four-month period.
The mean exercise attendance was only one session per
week, highlighting a gap between real-world practice and
recommendations of well-established exercise guidelines
for cancer patients [2]. Crucially, we were able to identify
patient age and travel distance as factors relevant to exer-
cise attendance. Also importantly, patients who exercised
demonstrated improved physical performance, which
was more pronounced in patients with higher attendance
rates. Similarly, key PRO measures, such as global health
status or general fatigue, improved during OTT but only
in patients with one or more than one weekly exercise
session.

Our program primarily enrolled female patients. Most
patients were diagnosed with breast, prostate or lung
cancer and were receiving anticancer treatment (Table 1).
Overall, the observed distribution of cancer types was
relatively congruent with the yearly German cancer
incidence rates [12]. Previous exercise studies reported
comparable proportions of breast cancer patients rang-
ing from 25 to 40%, suggesting a high degree of exer-
cise interest in this particular cancer population [13].
Notably, colorectal cancer (CRC) patients (n=>58, 3.5%)
seemed underrepresented in the OTT cohort reported
herein, compared with 120,000 new cases/year reported

in Germany [12]. CRC patients may suffer more complex
postsurgical complaints that impede exercise initiation
[13] or have a lower exercise referral rate through medi-
cal staff [14], ultimately resulting in lower participation
rates in exercise trials [15]. Overall, this distortion of the
general cancer population reduced the external validity
of our results and limits the extents of the observation to
herein reported, specific cancer populations.
Interestingly, we observed delayed exercise partici-
pation, with more than 40% of the patients enrolling in
the OTT more than 6 months after their cancer diag-
nosis. This could be an indicator of increasing interest
in exercise toward the completion of anticancer treat-
ment [16] or the delayed onset of cancer-related impair-
ments. Additionally, it is likely that newly diagnosed
patients treated in and near Cologne were not imme-
diately referred for OTT due to "a lack of awareness of
the exercise program. We continuously promoted the
OTT program with flyers, referral pathways as well as a
web presence and encouraged medical staff for an early
patient integration after cancer diagnosis. Within eight
years, we observed a progressive increase in yearly OTT
enrollments from 2012 to 2020 (n=134 to n=302), sug-
gesting improved recognition of the OT'T. From an onco-
logical exercise therapy perspective, patients should be
included in exercise programs as early as possible, i.e.,
ideally prior to anticancer treatment [2]. Through early
exercise initiation, physical and psychosocial condi-
tions may be maintained or even improved, and cancer-
related impairments may be prevented or mitigated.
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Table 2 Exercise efficacy data: changes from the TO to T1 assessments

N Baseline Post test Mean change Group diff
Mean change
Mean SD Mean SD Mean 95% Cl P P
General fatigue 044
<1XEX/Week 68 12.4* 3.7 122 35 -02 -14t010 0.635
> 1 X EX/Week 125 11.4* 33 10.8 34 - 06 -141t00.2 0.049
All EX patients 193 11.6 35 113 35 -04 -081t003 0.063
Physical fatigue 0.53
<1 XEX/Week 66 12.3 3.6 13 35 0.7 -05t019 0.12
> 1 x EX/Week 126 129 37 139 34 1 01t01.9 <0.01
All EX patients 192 12.7 3.6 13.6 35 0.9 04to15 <0.01
HADS general 1
<1 XEX/Week 89 123 6.6 118 6.4 -05 —-24t014 0.39
> 1 X EX/Week 145 1 6.9 10.5 6.5 -05 -20to10 0.14
All EX patients 234 115 6.8 1 6.5 -05 —-1.0t0 0.1 0.10
(30 Global QoL 049
<1 XEX/Week 77 585 20.6 62.5 20.1 4 —-1.7t083 0.11
> 1 xEX/Week 148 60.8 16.7 66.6 17.5 58 -16t06.0 <0.01
All EX patients 225 60 18 65.2 18.5 52 22t07.1 <0.01
1RM knee extension [kg] 0.54
<1XEX/Week 58 21.5% 9.8 26.5 12 5 1.0t09.0 <0.01
> 1 X EX/Week 112 25% 9.5 30 I 5 23t07.7 <0.01
All EX patients 170 23.8 9.7 288 114 5 40t06.2 <0.01
1RM kneeflexion [kg] 0.02
< 1xEX/Week 60 24.1 93 254 79 13 - 18t044 0.79
> 1 xEX/Week 126 255 8.6 28.8 10.1 33 1.0t05.6 <0.01
All EX patients 186 25 89 27.7 9.5 26 18t034 <0.01
1RM Chest Press [kg] 0.3
<1 X EX/Week 57 232 1.3 26.3 1.2 3.1 -11t073 <0.01
> 1 X EX/Week 105 26.8 12.6 311 13.1 43 08to7.8 <0.01
All EX patients 162 255 12.2 294 12.6 39 281050 <0.01
1RM Row [kg] 0.13
< 1xEX/Week 53 273 10.8 29.7 11.2 24 —-06t054 0.01
> 1 X EX/Week 105 29.8 1.5 342 125 44 1.1t056 <0.01
All EX patients 158 29 1.2 32.7 12.2 3.7 25t049 <0.01
30/15 Bicycle [maxW] 0.64
<1XEX/Week 78 101 436 109.3 46.1 83 —59t0225 0.12
> 1 X EX/Week 150 100.9 457 m 464 10.1 - 0410206 <0.01
All EX patients 228 100 44.5 109.3 459 9.6 59to 132 <0.01
30/15 crosser walker [maxW] 0.65
< 1xEX/Week 72 813 456 93.1 50.1 11.8 -4t0276 0.03
> 1 X EX/Week 133 759 47.2 89.5 50.0 13.6 19t0253 <0.01
All EX patients 205 77.8 46.9 90.7 50 12.8 93to 164 <0.01

1RM=one repetition maximum; maxW =maximum watts; Cl=confidence level; EX=exercise; HADS =Hospital Anxiety and Depression Scale. *Significant baseline

difference (p <0.05)

As demonstrated by our study, many patients reported
cancer-related impairments at enrollment, such as
fatigue (69.7%), cancer-related cognitive impairments
(CRCI, 41.1%), psychosocial distress (40.0%), chronic
pain (~31.0%) and body weight loss (~21%) (Fig. S1). As
a consequence of these observations, we established the
OTT concept in the patients’ multidisciplinary treatment
plan within the University Hospital Cologne and argued
that this may lead to a reduction in hospitalizations

and interruptions of anticancer treatment in the future
[17-18].

Interestingly, exercise over a prolonged time period,
with a mean of 19.1+13.4 weeks, was performed by
only 32% of the initially enrolled patients. In fact, 29%
(n=481) of the patients discontinued the exercise inter-
vention within the first two weeks of familiarization.
Presumably, some patients may have sought exercise
counseling without actual exercise intent or may have
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continued exercising elsewhere [19]. These patients had
a mean travel distance of 22.8£59.5 km, which was sig-
nificantly greater than that of all other attendance sub-
groups and may support this assumption (Fig. 3). In fact,
travel distance has been reported to be a crucial factor in
determining attendance at exercise programs in cancer
patients [20]. Similarly, our data indicated that a lower
travel distance was associated with greater exercise atten-
dance (Fig. 3). In addition, we observed a greater distri-
bution of patients with ongoing anticancer treatment
and metastasis in both attendance subgroups, who dis-
continued exercise within the first two weeks or reached
only one assessment (Fig. 3). These observations suggest
greater barriers to engage or maintain exercise in patients
with ongoing anticancer treatment or metastasis, as
reported by De Lazzari et al. [21].

Nonetheless, 538 patients exercised for a mean dura-
tion of 19 weeks. On average, these patients exercised
once a week according to the OTT, whereas only 3% of
exercising patients (n=17 out of 538) reached>2 OTT
sessions per week (Fig. 2). This accounts for 1% of all
enrolled patients (n=17 out of 1660). This is in striking
contrast to the well-established exercise guidelines and
our recommendations of at least two supervised OTT
exercise sessions per week [2]. The majority of exercis-
ing patients at OTT (n=277, 51.5) had, on average, even
less than one OTT session per week, highlighting chal-
lenges when the current exercise recommendations
[2] were integrated into a real-world setting. The trend
toward approximately one exercise/week did not change
if patients exercised for 40 or 60 weeks (Fig. 2). Despite
not reaching the recommended exercise prescription,
the exercise program led to improvements in aerobic
and strength performance and patients’ quality of life.
Nonetheless, the mismatch of well-established exercise
guidelines for cancer patients and the exercise attendance
habits of patients with easily accessible, free-of-charge
and tightly supervised OTT concepts illustrates the
remaining challenges in delivering exercise therapy ade-
quately within the standard of care. This challenge may
be addressed by the inclusion of local, community-based
exercise facilities or exercise programs with mixed super-
vised and home-based exercise. Unfortunately, our data
structure did not allow an analysis of physical activity
or exercise patterns outside the OTT framework. Inter-
estingly, significantly higher baseline values of general
fatigue were observed in the group of patients who had,
on average, even less than one session per week (Table 2).
In fact, fatigue symptoms are often described as potent
barriers to exercise participation [22].

The relevance of increased exercise attendance was
highlighted by the efficacy data as well. While strength
and endurance performance improved significantly in
all patients, the improvements in leg flexion strength
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revealed significant differences, favoring patients with
greater exercise attendance. Patients with an aver-
age of > 1 weekly exercise session additionally showed
improved general quality of life (EORTC-QLQ-C30)
and reduced general fatigue scores (MFI-20), whereas
patients with lower attendance rates showed no sig-
nificant changes. These meaningful results concerning
exercise efficacy highlight the importance of exercise
interventions to maintain or improve physical perfor-
mance and critical domains of PROs in cancer patients
during anticancer treatment. Furthermore, these results
illustrate the important relationship between exercise
frequency and beneficial effects on physical performance
and PROs and, thus, the importance of current exer-
cise recommendations [2]. Notably, patients with higher
attendance rates experienced greater physical fatigue. In
this context, muscle soreness following especially intense
exercise may play a crucial role. Most patients were inex-
perienced with structured exercise programs, eventually
leading to muscular and cardiorespiratory adaptations
increasing the perceived physical fatigue temporarily.
Interestingly, the general fatigue burden on the other
hand significantly decreased simultaneously in these
patients.

Clinical Implications

Consequently, future approaches that integrate exercise
into the standard of care for cancer patients should tar-
get this potential mismatch of exercise attendance with
concepts such as individualized exercise barrier analysis
and counseling, motivational or behavioral interventions
or innovative exercise approaches to maximize the ben-
eficial effects of exercise. Methods such as mixed exer-
cise programs with supervised and home-based or online
exercise classes may lead to more appropriate conver-
gence of patients’ exercise habits and guideline recom-
mendations. A greater availability of oncology-specific
exercise facilities close to home would be beneficial, but
the financial aspect currently precludes such actions on
a larger scale. The increasing integration of community-
based exercise facilities seems to be a successful imple-
mentation method for cancer survivors [5]. In cancer
patients receiving active anticancer treatment, however,
exercise therapy should be performed with greater cau-
tion and delivered by trained health care professionals
due to their vulnerable medical condition.

Limitations

Our study has several potential limitations. First, this
study did not include an exercise free control arm, lim-
iting the inference of the OTT effects. Large, adequately
powered RCTs are warranted to ensure the effects of
the OTT. In addition, the high proportion of female
breast cancer patients and underrepresentation of other
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common cancer types may limit the generalizability of
the results. In addition, the referral-driven recruitment
to the OTT and the self-chosen participation will most
likely result in a selection bias, influencing the general-
izability of the results. Moreover, some assessment tools
were implemented in OTT after 2014, leading to smaller
sample sizes for some outcomes.

Conclusion

This report summarizes a multimodal analysis of eight
years of experience after establishing an innovative,
personalized exercise concept for cancer patients. On
the one hand, we were able to demonstrate the benefi-
cial effects of a structured exercise intervention on both
physical measures and PROs. On the other hand, we
observed an important mismatch between current guide-
line recommendations and the actual participation of
cancer patients in the OTT, a substantial delay between
diagnosis and exercise initiation and relatively short exer-
cise attendance. Future exercise research should address
these discrepancies and build on innovative approaches
to enhance participation, earlier timing of exercise
engagement in the cancer trajectory and increased exer-
cise attendance rates to deliver exercise therapy most
effectively. Future research should additionally exam-
ine how to approach currently underrepresented groups
such as CRC patients effectively and translate this knowl-
edge into effective routine care structures to utilize exer-
cise interventions adequately for all cancer patients.

Abbreviations

1RM One repetition maximum

ACSM  American College of Sport Medicine
BMI Body mass index

ccl Charlson Comorbidity Index

CIPN Chemotherapy-induced peripheral neuropathy
CcL Confidence level

CRCI Cancer-related cognitive impairments
EOT End of treatment

EX Exercise

HADS Hospital Anxiety and Depression Scale
IQRs Interquartile ranges

maxW  Maximum Watt

MFI Multidimensional Fatigue Inventory
NHL Non-Hodgkin Lymphoma

oTT Oncological exercise therapy

PROs Patient-reported outcomes

SD Standard deviation

VAS Visual analog scale

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/540798-026-00988-0.

[ Supplementary Material 1 ]

Acknowledgements
We would like to acknowledge all the interns, trainees, bachelor’s and
master’s degree students, PhD students and associates who helped develop

Page 9 of 10

and integrate this exercise concept into clinical usual care at the University
Hospital Cologne, Germany.

Author Contributions

The conceptualization, design and conduct of the study involved
contributions from TS, PZ, EMZ, FS, LG, PWD, AG, AK, CH, SS, WB, TE, MH, and
FTB.The data were analyzed by TS, AS, VC, AL, PJB, CP, DZ, and FTB.TS drafted
the manuscript. TS and FTB are the guarantors and have access to the data,
accept full responsibility for the conduct of the study and control the decision
to publish. All authors critically revised the manuscript for intellectual content,
approved the final manuscript as submitted, gave written permission and
agreed to be accountable for all aspects of the study.

Funding
Open Access funding enabled and organized by Projekt DEAL. Professor Freerk
Baumann is funded by the German Cancer Aid.

Data Availability
Data will be made available on reasonable request. Proposals for data should
be directed to the corresponding author (timo.niels@uk-koeln.de).

Declarations

Ethics Approval and Consent to Participate

The study was approved by the Institutional Review Board of the Medical
Faculty of the University of Cologne (No. 13-050). The study was carried
out in accordance with the Code of Ethics of the World Medical Association
(Declaration of Helsinki).

Consent for Publication
Not applicable.

Competing Interests
The authors declare that they have no conflicts of interest.

Patient Involvement
Patients were involved in the design and/or conduct of this research.

Author details

"Faculty of Medicine and University Hospital Cologne, Department | of
Internal Medicine, Center for Integrated Oncology Aachen Bonn Cologne
Duesseldorf, University of Cologne, Cologne, Germany

“Division of Performance and Health, Institute for Sport and Sport
Science, Technical University Dortmund, Dortmund, Germany

*Mary MacKillop Institute for Health Research, Australian Catholic
University, Melbourne, VIC, Australia

“Department of Medical Oncology, Cabrini Cancer Institute, Cabrini
Health, Melbourne, VIC, Australia

Department of Sport, Exercise and Health, University of Basel, Basel,
Switzerland

%0ncology, University Hospital Basel, Basel, Switzerland

"Department of Molecular and Cellular Sports Medicine, Institute of
Cardiovascular Research and Sports Medicine, German Sport University
Cologne, Cologne, Germany

8Comprehensive Cancer Center Mainfranken, University Hospital of
Wirzburg, Wirzburg, Germany

Received: 2 January 2025 / Accepted: 11 February 2026
Published online: 04 March 2026

References

1. Campbell KL, Winters-Stone KM, Wiskemann J, May AM, Schwartz AL,
Courneya KS, Zucker DS, Matthews CE, Ligibel JA, Gerber LH, Morris GS, Patel
AV, Hue TF, Perna FM, Schmitz KH. Exercise guidelines for cancer survivors:
consensus statement from international multidisciplinary roundtable. Med
Sci Sports Exerc. 2019;51(11):2375-90. https://doi.org/10.1249/MSS.00000000
00002116.

2. Schmitz KH, Campbell AM, Stuiver MM, Pinto BM, Schwartz AL, Morris GS,
Ligibel JA, Cheville A, Galvao DA, Alfano CM, Patel AV, Hue T, Gerber LH,


https://doi.org/10.1186/s40798-026-00988-0
https://doi.org/10.1186/s40798-026-00988-0
https://doi.org/10.1249/MSS.0000000000002116
https://doi.org/10.1249/MSS.0000000000002116

Sonntag et al. Sports Medicine - Open

(2026) 12:22

Sallis R, Gusani NJ, Stout NL, Chan L, Flowers F, Doyle C, Helmrich S, Bain W,
Sokolof J, Winters-Stone KM, Campbell KL, Matthews CE. Exercise is medicine
in oncology: engaging clinicians to help patients move through cancer. CA
Cancer J Clin. 2019;69(6):468-84. https://doi.org/10.3322/caac.21579.
Courneya KS, Vardy JL, O'Callaghan CJ, Gill S, Friedenreich CM, Wong RKS,
Dhillon HM, Coyle V, Chua NS, Jonker DJ, Beale PJ, Haider K, Tang PA, Bonaven-
turaT, Wong R, Lim HJ, Burge ME, Hubay S, Sanatani M, Campbell KL, Arthuso
FZ,Turner J, Meyer RM, Brundage M, O'Brien P, Tu D. Booth CM, CHALLENGE
investigators. N Engl J Med. 2025;393(1):13-25. https://doi.org/10.1056/NEJM
0a2502760.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray F.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA: A Cancer. J Clin. 2021;71(3):209-
49. https://doi.org/10.3322/caac.21660.

Heston A-H, Schwartz AL, Justice-Gardiner H, Hohman KH. Addressing physi-
cal activity needs of survivors by developing a community-based exercise
program: LIVESTRONG® at the YMCA. Clin J Oncol Nurs. 2015;19(2):213-7. htt
ps://doi.org/10.1188/15.CJON.213-217.

Dalzell MA, Smirnow N, Sateren W, Sintharaphone A, Ibrahim M, Mastroianni
L, Vales Zambrano LD, O'Brien S. Rehabilitation and exercise oncology pro-
gram: translating research into a model of care. Curr Oncol. 2017;24(3):e191-
8. https://doi.org/10.3747/c0.24.3498.

Baumann FT, Hallek M, Meyer J, Galvdo DA, Bloch W, Elter T. Onkologische
Trainings- und Bewegungstherapie (OTT) [Evidence and recommendations
for oncologic clinical exercise—a personalized treatment concept for cancer
patients]. Dtsch Med Wochenschr. 2015;140(19):1457-61. ger. https://doi.org/
10.1055/5-0041-104465

Schmitz KH, Courneya KS, Matthews CE, Demark-Wahnefried W, Galvao DA,
Pinto BM, Irwin ML, Wolin KY, Segal RJ, Lucia A, Schneider CM, von Gruenigen
VE, Schwartz AL. American college of sports medicine roundtable on exercise
guidelines for cancer survivors. Med Sci Sports Exerc. 2010;42(7):1409-26. htt
ps;//doi.org/10.1249/MSS.0b013e3181e0c112.

Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, Januel J-M, Sundarara-
jan V. Updating and validating the Charlson comorbidity index and score for
risk adjustment in hospital discharge abstracts using data from 6 countries.
Am J Epidemiol. 2011;173(6):676-82. https://doi.org/10.1093/aje/kwq433.
McNeely ML, Courneya KS. Exercise programs for cancer-related fatigue:
evidence and clinical guidelines. J Natl Compr Canc Netw. 2010;8(8):945-53.
https://doi.org/10.6004/jnccn.2010.0069.

Singer S, Kuhnt S, Gotze H, Hauss J, Hinz A, Liebmann A, Krauss O, Lehmann
A, Schwarz R. Hospital anxiety and depression scale cutoff scores for cancer
patients in acute care. Br J Cancer. 2009;100(6):908-12. https://doi.org/10.103
8/5j.bjc.6604952.

Erdmann F, Spix C, Katalinic A, Christ M, Folkerts J, Hansmann J, Kranzhofer K,
Kunz B, Manegold K, Penzkofer A, Treml K, Vollmer G, Weg-Remers S, Barnes
B, Buttmann-Schweiger N, Dahm 'S, Fiebig J, Franke M, Gurung-Schénfeld

|, Haberland J, Imhoff M, Kraywinkel K, Starker A, Berenberg-Gossler PV,
Wienecke A. Krebs in Deutschland fur 2017/2018;Berlin: Robert Koch-Institut;
2021. https://www.krebsdaten.de/Krebs/DE/Content/Publikationen/Krebs_in
_Deutschland/kid_2021/krebs_in_deutschland_2021.pdf?__blob=publicatio
nFile

Mgller T, Lillelund C, Andersen C, Bloomquist K, Christensen KB, Ejlertsen B,
Nergaard L, Wiedenbein L, Oturai P, Breitenstein U, Adamsen L. The challenge

20.

21.

22.

Page 10 of 10

of preserving cardiorespiratory fitness in physically inactive patients with
colon or breast cancer during adjuvant chemotherapy: a randomised feasibil-
ity study. BMJ Open Sport Exerc Med. 2015;1(1):e000021. https://doi.org/10.1
136/bmjsem-2015-000021.

Courneya KS, Booth CM, Gill S, O'Brien P, Vardy J, Friedenreich CM, Au HJ,
Brundage MD, Tu D, Dhillon H, Meyer RM. The colon health and Life-Long
exercise change trial: a randomized trial of the National cancer Institute of
Canada clinical trials group. Curr Oncol. 2008;15(6):279-85. https://doi.org/10.
3747/cov15i6.378.

van Waart H, Stuiver MM, van Harten WH, Geleijn E, de Maaker-Berkhof M,
Schrama J, Geenen MM, Meerum Terwogt JM, van den Heiligenberg SM, -van
Hellendoorn JAJH, Sonke GS, Aaronson NK. Recruitment to and pilot results
of the PACES randomized trial of physical exercise during adjuvant chemo-
therapy for colon cancer. Int J Colorectal Dis. 2018;33(1):29-40. https://doi.org
/10.1007/500384-017-2921-6.

Gjerset GM, Fossa SD, Courneya KS, Skovlund E, Jacobsen AB, Thorsen L.
Interest and preferences for exercise counselling and programming among
Norwegian cancer survivors. Eur J Cancer Care (Engl). 2011,20(1):96-105. h
ttps://doi.org/10.1111/j.1365-2354.2009.01161. x Cited in: PubMed; PMID
20345456.

Gresham G, Hendifar AE, Spiegel B, Neeman E, Tuli R, Rimel BJ, Figlin RA,
Meinert CL, Piantadosi S, Shinde AM. Wearable activity monitors to assess
performance status and predict clinical outcomes in advanced cancer
patients. NPJ Digit Med. 2018;127. https://doi.org/10.1038/541746-018-003
2-6.

OhriN, Kabarriti R, Bodner WR, Mehta KJ, Shankar V, Halmos B, Haigentz M,
Rapkin B, Guha C, Kalnicki S, Garg M. Continuous activity monitoring during
concurrent chemoradiotherapy. Int J Radiat Oncol Biol Phys. 2017,97(5):1061-
5. https://doi.org/10.1016/j.ijrobp.2016.12.030.

Caperchione CM, Stolp S, Phillips JL, Agar M, Sharp P, Liauw W, Harris CA,
McCullough S, Lilian R. Cancer survivors'exercise beliefs, knowledge,

and behaviors: an Australian National survey. Asia Pac J Clin Oncol.
2022;18(6):625-33. https://doi.org/10.1111/ajco.13729.

Ormel HL, van der Schoot GGF, Sluiter WJ, Jalving M, Gietema JA, Walenkamp
AME. Predictors of adherence to exercise interventions during and after
cancer treatment: A systematic review. Psychooncology. 2018;27(3):713-24. h
ttps://doi.org/10.1002/pon.4612.

de Lazzari N, Niels T, Tewes M, Gotte M. A systematic review of the Safety,
feasibility and benefits of exercise for patients with advanced cancer. Cancers
(Basel). 2021;13(17). https://doi.org/10.3390/cancers13174478.

Ng AH, An N-H, Vidal M, Reyes-Garcia A, Liu DD, Williams JL, Fu JB, Yadav R,
Bruera E. Exercise barriers and adherence to recommendations in patients
with cancer. JCO Oncol Pract. 2021;17(7):e972-e981. https://doi.org/10.1200/
0OP20.00625.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.3322/caac.21579
https://doi.org/10.1056/NEJMoa2502760
https://doi.org/10.1056/NEJMoa2502760
https://doi.org/10.3322/caac.21660
https://doi.org/10.1188/15.CJON.213-217
https://doi.org/10.1188/15.CJON.213-217
https://doi.org/10.3747/co.24.3498
https://doi.org/10.1055/s-0041-104465
https://doi.org/10.1055/s-0041-104465
https://doi.org/10.1249/MSS.0b013e3181e0c112
https://doi.org/10.1249/MSS.0b013e3181e0c112
https://doi.org/10.1093/aje/kwq433
https://doi.org/10.6004/jnccn.2010.0069
https://doi.org/10.6004/jnccn.2010.0069
https://doi.org/10.1038/sj.bjc.6604952
https://doi.org/10.1038/sj.bjc.6604952
https://www.krebsdaten.de/Krebs/DE/Content/Publikationen/Krebs_in_Deutschland/kid_2021/krebs_in_deutschland_2021.pdf?__blob=publicationFile
https://www.krebsdaten.de/Krebs/DE/Content/Publikationen/Krebs_in_Deutschland/kid_2021/krebs_in_deutschland_2021.pdf?__blob=publicationFile
https://www.krebsdaten.de/Krebs/DE/Content/Publikationen/Krebs_in_Deutschland/kid_2021/krebs_in_deutschland_2021.pdf?__blob=publicationFile
https://doi.org/10.1136/bmjsem-2015-000021
https://doi.org/10.1136/bmjsem-2015-000021
https://doi.org/10.3747/co.v15i6.378
https://doi.org/10.3747/co.v15i6.378
https://doi.org/10.1007/s00384-017-2921-6
https://doi.org/10.1007/s00384-017-2921-6
https://doi.org/10.1111/j.1365-2354.2009.01161
https://doi.org/10.1111/j.1365-2354.2009.01161
https://doi.org/10.1038/s41746-018-0032-6
https://doi.org/10.1038/s41746-018-0032-6
https://doi.org/10.1016/j.ijrobp.2016.12.030
https://doi.org/10.1111/ajco.13729
https://doi.org/10.1002/pon.4612
https://doi.org/10.1002/pon.4612
https://doi.org/10.3390/cancers13174478
https://doi.org/10.1200/OP.20.00625
https://doi.org/10.1200/OP.20.00625

	﻿Innovative Exercise in Routine Cancer Care: Insights from Eight Years of Integrated Oncological Exercise Therapy (OTT)
	﻿Abstract
	﻿Key Points
	﻿Background
	﻿Methods
	﻿Observational Design
	﻿Patient Involvement
	﻿Exercise Intervention
	﻿Data Collection and Analysis
	﻿Equity, Diversity and Inclusion Statement

	﻿Results
	﻿Baseline Demographic Data
	﻿OTT Attendance and Adherence Data
	﻿Exercise Efficacy Data and PROs

	﻿Discussion
	﻿Clinical Implications
	﻿Limitations

	﻿Conclusion
	﻿References


