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Abstract
Purpose To describe changes in physical performance and patient-reported outcomes in cancer survivors who participated 
in an exercise program as part of usual-care multidisciplinary rehabilitation and the influence of training adaptations during 
the coronavirus-19 (COVID-19) pandemic.
Methods In an observational cohort study, cancer survivors underwent usual-care multidisciplinary rehabilitation including 
a 10-week exercise program. During the COVID-19 pandemic, the exercise program was adapted with reduced training time 
and frequency. Mean changes and 95% confidence intervals in physical performance (peak oxygen uptake  (VO2peak), peak 
work rate during a steep ramp test (SRT-WRpeak), 6-min walking distance, muscle strength) and patient-reported outcomes 
(health-related quality of life, fatigue, anxiety, and depression) were assessed between the start and the end of the exercise 
program. Linear regression analysis, adjusting for baseline levels of outcomes, was used to investigate differences in changes 
in outcomes between participants who underwent the original and the adapted program.
Results All outcomes statistically significantly improved over time, regardless of adaptations in the exercise program. 
 VO2peak increased with 9.6% and 7.7% in the original and adapted program, respectively. Significant smaller improvements 
were observed in SRT-WRpeak (− 3.9%) and upper body muscle strength (− 10.8%) after participation in the adapted com-
pared to the original program. No significant between-group differences were observed for other outcomes.
Conclusion Physical performance and patient-reported outcomes statistically and clinically significantly improved in can-
cer survivors who participated in an exercise program as part of usual-care multidisciplinary rehabilitation. Improvements 
of performance outcomes were smaller since the training adaptations, though only significant for SRT-WRpeak and upper 
body strength.
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Introduction

Over the last decades, aging and improved diagnostics and 
treatment modalities have led to an increased number of 
cancer survivors. In 2018, approximately 50 million people 
worldwide were living with or beyond cancer [1]. Cancer 
survivors are often confronted with disease- and treatment-
related side effects, like fatigue, declined aerobic capacity and 
muscle strength, anxiety and depression, and a diminished 
health-related quality of life (HRQoL) [2–6].

Research in the field of cancer survivorship care 
expanded in the past decades, and growing evidence 
emerged for the positive effects of exercise on the afore-
mentioned side effects [7–10]. For this reason, inter-
national guidelines of the American College of Sports 
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Medicine (ACSM) have emphasized the importance of 
the integration of exercise in cancer survivorship care [11].

While most studies focus on exercise interventions alone, 
multidisciplinary rehabilitation programs may better address 
the complex needs of patients with cancer [12]. Dutch cancer 
guidelines advocate prescription of a supervised, exercise-
based multidisciplinary rehabilitation program to cancer sur-
vivors who experience combined physical and psychosocial 
problems [13]. Multidisciplinary rehabilitation commonly 
contains exercise training, supplemented by a range of 
treatments to improve mental health, chronic fatigue, work 
reintegration, body composition, and nutritional intake. 
Recently, two systematic reviews were published about the 
effects of multidisciplinary oncology rehabilitation in cancer 
survivors. Overall, rehabilitation resulted in positive effects 
on physical and psychosocial state, but the effects varied 
across studies [12, 14].

In recent exercise guidelines, the majority of available 
evidence on the efficacy of oncology rehabilitation is derived 
from randomized controlled trials (RCTs). RCTs have 
strengthened the body of proof for the efficacy of exercise in 
cancer rehabilitation, but have been reported to lack general-
izability to the clinical setting [15, 16]. Patients have to meet 
pre-specified criteria (e.g., diagnosis, disease stage, age) in 
order to be eligible for enrollment in RCTs and have to give 
consent to participate. This might result in a healthier, fitter, 
and more motivated population, which may not be compara-
ble to a broader population of cancer survivors [11]. While 
RCTs have the most powerful study design to investigate the 
efficacy of rehabilitation in a specific population under ideal 
circumstances, observational studies may be more appropri-
ate to evaluate interventions in daily practice and in more 
heterogeneous populations with complex, chronic diseases 
such as cancer [15, 16].

In this observational study, we present data about physi-
cal performance and patient-reported outcomes in cancer 
survivors who participated in an exercise program as part 
of multidisciplinary rehabilitation between February 2019 
and March 2021. Due to the coronavirus 2019 (COVID-
19) pandemic, social distance policies and disruption of 
outpatient clinic care led to changes in the content of the 
training and a reduction in the training time and frequency. 
Therefore, this study had the following objectives:

The primary objective of this study was to describe 
changes in aerobic capacity, muscle strength, HRQoL, 
fatigue, and anxiety and depression in cancer survivors who 
participated in a 10-week exercise program as part of usual-
care multidisciplinary rehabilitation.

The secondary objective was to compare changes in out-
comes between the group of participants that followed the 
original program and the group of participants that followed 
an adapted exercise program, due to COVID-19 measures.

Methods

Participants

Participants were recruited from the multidisciplinary reha-
bilitation program at the Department of Physical Therapy 
of the Maastricht University Medical Centre (MUMC +) 
between February 2019 and March 2021. Patients partici-
pating in the program were asked for consent to use their 
exercise rehabilitation data. Patients who signed informed 
consent were included in the study. Participants were 
excluded if they were unable to follow the training program 
as intended. Patients were eligible for the program when 
they were ≥ 18 years, completed active medical treatment 
(i.e., surgery, chemotherapy, radiotherapy, stem cell trans-
plantation) and were suffering from physical, and/or psy-
chosocial complaints and/or chronic fatigue. Contraindica-
tions for participation in the rehabilitation program were the 
inability to perform basic activities of daily living and the 
presence of disabling comorbidities that seriously hamper 
physical exercise.

Study design

This study was a prospective, longitudinal observational 
cohort study and all data were collected during usual-care 
multidisciplinary oncology rehabilitation at the MUMC + . 
Study procedures complied with the Declaration of Helsinki 
and were approved by the Medical Ethics Committee of the 
Maastricht UMC + with registration number 2018–0648.

Rehabilitation program

Participants completed a 10-week supervised, group-based 
exercise program. The exercise program consisted of two 
training sessions weekly, both starting with 1 h of combined 
resistance and endurance training, followed by a 30-min 
break and, subsequently, 30 min of varying sports activities 
in the gym or swimming pool. In addition, participants took 
part in at least one of the following interventions: a psych-
oeducational intervention (seven individual or group-based 
sessions) guided by the psychologist or the social worker; 
fatigue management courses (six individual or group-based 
sessions) guided by the occupational therapist; return-to-
work counselling (three individual sessions) guided by the 
occupational therapist; and dietary counselling (three indi-
vidual sessions) delivered by the dietician. These additional 
programs were provided (partly) in parallel with the exercise 
program. Participants completed exercise tests and question-
naires before the start of the exercise program (T = 0) and in 
the week after completing the exercise program (T = 1). Of 
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note is that some of the other interventions were not finished 
yet at T = 1.

Measurements

Performance outcomes

A cardiopulmonary exercise test (CPET) was performed as part 
of usual-care, to screen for cardiopulmonary contraindications 
to exercise and to determine aerobic capacity. The CPET was 
conducted on a cycle ergometer (Lode Corival, Lode BV) as 
described previously [17]. After a warm-up phase, the work rate 
(WR) increased gradually according to an incremental ramp 
protocol, which was determined based on the participants’ 
self-reported physical activity level, aiming at a test duration of 
8–12 min. The WR increased until the patient stopped cycling 
or pedaling frequency fell below 60 rpm. This point was defined 
as peak WR (CPET-WRpeak). Continuous breath-by-breath 
analysis was obtained using a spirometry system calibrated for 
respiratory gas and breathing volume measurements (Vyntus 
CPX, CareFusion Netherlands).

CPET results were analyzed by a trained researcher who 
was blinded for the moment of testing (T = 0 or T = 1), using 
a standardized protocol. Values of  oxygen uptake  (VO2) and 
the respiratory exchange rate at WRpeak  (VO2peak and RER-
peak, respectively) were averaged over 30 s. An improvement 
in  VO2peak of 1.0 mL/min/kg was found to be associated with 
a 9% risk reduction in all-cause mortality and was therefore 
considered a clinically relevant improvement [18]. Submaxi-
mal outcomes of CPET were determined as well. The  VO2 at 
the ventilatory anaerobic threshold  (VO2VAT) was determined 
using the “V-slope” method [19] and the ventilatory equivalents 
method [20]. The  VO2 at the respiratory compensation point 
 (VO2RCP) was determined using the ventilatory equivalents 
method and the minute ventilation/carbon dioxide production 
(VE/VCO2) slope [21]. The interrater reliability for determi-
nation of  VO2VAT and  VO2RCP was determined previously, 
when two researchers at Maastricht UMC + both analyzed 48 
tests (partly from the current study) independently. This resulted 
in an intraclass correlation coefficient (ICC) of 0.95 (95% confi-
dence interval (CI) 0.90–0.97) for determination of the  VO2VAT 
and an ICC of 0.99 (95% CI 0.98–0.99) for determination of the 
 VO2RCP, which indicates an excellent interrater reliability. The 
oxygen uptake efficiency slope (OUES) was derived from the 
relation between  VO2 and minute ventilation, using the follow-
ing formula:  VO2 = (a × Log VE) + b, where a is the OUES [22].

In addition, patients performed a 6-min walk test 
(6MWT) and a steep ramp test (SRT). These tests also 
gave an indication of aerobic capacity and were performed 
as part of the usual-care rehabilitation program, to deter-
mine baseline training intensity. During the 6MWT, par-
ticipants were instructed to walk as many meters as pos-
sible, on a marked 44-m course, within 6 min. Based on 

the minimal clinically important difference (MCID) of the 
6MWT in adults with pathology, a change in the maximal 
walking distance of 30.5 m was considered clinically rel-
evant [23]. The SRT was performed on a cycle ergometer 
(Lode Corival, Lode BV) as described previously [17]. 
After warming up, the WR increased with 25 W/10 s in 
a ramp-like manner, until the participant stopped cycling 
or pedaling frequency fell below 60 rpm. This point was 
defined as peak WR (SRT-WRpeak). The minimal detect-
able change in SRT-WRpeak was recently determined in 
survivors of cancer who participated in exercise-based 
multidisciplinary rehabilitation in MUMC +. Based on the 
findings of this study, an increase of 0.26 W/kg in SRT-
WRpeak was seen as a true improvement [17].

Lower and upper body muscle strength was meas-
ured during submaximal repetition maximum (RM) 
tests on the leg press and chest press machine, respec-
tively. The 5-RM was estimated for both exercises and 
the participant was asked to perform the maximum 
achievable number of repetitions up to five repetitions 
with this weight. When five repetitions were reached, 
the weight was increased and participants repeated 
the exercise after a 1-min pause until they no longer 
reached 5 repetitions. True 1-RM values were cal-
culated afterwards using the Brzycki equation [24]. 
In March 2020, the gym at Maastricht UMC + was 
updated and the exercise machines were replaced by 
comparable new ones. Each participant performed 
strength tests at T = 0 and T = 1 on the same machines. 
A change in 1-RM chest press of 6.25 kg was consid-
ered clinically relevant, as determined in a study to the 
MCID of RM testing in patients with chronic obstruc-
tive pulmonary disease [25].

Patient‑reported outcomes

HRQoL was measured using the European Organization for 
Research and Treatment of Cancer Quality of Life Question-
naire Core-30 (EORTC QLQ-C30). Each of the 30 item has 
to be rated on a scale from 1 to 4 and for two items from 1 to 
7. This questionnaire distinguishes 15 subscales. The func-
tioning scales (physical, role, emotional, social, and cogni-
tive functioning), the global QoL scale, and a functioning 
sum score (averaged across the 15 items that belong to the 
functioning scales) were calculated. Sub-scores as well as 
sum scores were linearly transformed on a 100-point scale, 
with higher scores indicating higher levels of HRQoL [26, 
27]. A change of 10 points on each subscale or the sum score 
was considered clinically relevant [28, 29].

Fatigue was assessed using the Multidimensional 
Fatigue Inventory-20 (MFI-20), which is a 20-item 
questionnaire with a five-dimensional structure (gen-
eral, physical and mental fatigue, reduced motivation and 
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activity). Each item is scored on a 5-point Likert scale. 
The sub-scores range from 4 to 20, with lower scores 
indicating lower levels of fatigue. The sum score was cal-
culated by adding up the sub-scores [30]. Changes on the 
MFI-20 subscales that exceeded MCIDs as determined in 
a cohort of patients with cancer receiving radiotherapy 
(ranging from 3.18 to 3.80 for different subscales) were 
considered clinically relevant [31].

Anxiety and depression were assessed using the 14-item 
Hospital Anxiety and Depression Scale (HADS). Items are 
scored on a 4-point scale and sub-scores for anxiety and for 
depression range from 0 to 21, with lower scores indicating 
lower levels of anxiety and depression. The sum score was 
calculated by adding up the sub-scores [32]. A change of 1.7 
points for each sub-score was considered clinically relevant, 
as assessed in patients with cardiovascular disease in the 
study of Lemay et al. [33].

Other measurements

Age, cancer type, presence of metastasis and comorbidi-
ties, treatment type, and time since treatment at T = 0 
were extracted from medical records. Height and weight 
were measured at T = 0 and T = 1, after which body mass 
index (BMI) was calculated. The training compliance 
(%) was calculated by dividing the number of training 
sessions that participants attended, by the number of 
planned training sessions, multiplied by 100. Indication 
for other interventions in the rehabilitation program and 
completion rates of these therapies at T = 1 were reported 
as well.

Exercise protocol

Participants performed four strengthening exercises each 
session, targeting large muscle groups of the upper and 
lower body, and core. Resistance training consisted of 
three sets of 8–12 repetitions and training intensity was 
set at 60% of the participant’s initial 1-RM. Endurance 
training in the first training session of the week consisted 
of 20-min walking on a treadmill, with a walking speed 
of 80% of their mean speed in the baseline 6-MWT. In 
the other training session, participants performed two 
sets of 10 min of interval training on a cycle ergometer, 
one set before and one after the resistance training pro-
gram. Intervals were performed for 30 and 60 s at 65% 
and 30% of the participant’s SRT-WRpeak, respectively 
[34]. The training load was adjusted in a personalized 
manner, according to the 0–10 Borg rating of perceived 
exertion and weekly increase in load was aimed for in 
order to reach overload. A moderate- to high-intensity 
exercise was pursued for all training components, cor-
responding with a Borg score of 4–6 [35].

COVID‑19

The rehabilitation program was interrupted between March 
2020 and July 2020, because all outpatient activities were 
cancelled in that time frame, due to COVID-19 measures. 
Rehabilitation data of participants who were enrolled in the 
exercise program prior to this period and did not finish yet 
were excluded from this study because measurements at 
T = 1 were cancelled or postponed. In July 2020, national 
guidelines permitted resumption of the rehabilitation pro-
gram. Because of the social distancing policies, exercise 
training took place in smaller groups of four instead of 
eight patients. In order to avoid a long waiting list, the train-
ing frequency was reduced to once weekly. Because there 
was only one training session weekly, endurance training 
was changed to 10-min walking and 10-min cycling in one 
session. Intensity of the endurance training remained the 
same. Contact sports and swimming were not allowed, so 
patients could only perform the endurance and resistance 
training program. For participants who were recruited from 
July 2020 onwards, the frequency, time, and type of exercise 
training changed. However, we encouraged all participants 
to be physically active on other weekdays and to perform 
body weight strengthening exercises at home once to twice 
weekly. Online instructions for a home-based program with 
strengthening exercises were offered to all participants. 
Other interventions of the rehabilitation program took place 
in smaller groups as well, or via phone calls.

Statistical analysis

Continuous variables were checked for normality using 
histograms and Q-Q plots and are presented as mean ± SD 
or median and interquartile ranges, as appropriate. Cat-
egorical variables are presented as frequencies (n) and 
percentages (%). Performance- and patient-reported out-
comes are reported for the group of participants that com-
pleted the original exercise program and the participants 
who completed the adapted program since COVID-19. 
Outcomes are reported for measurements at T = 0 and at 
T = 1. Mean changes between T = 0 and T = 1 in outcome 
variables within individuals are reported with 95% CI. 
Mean differences (and 95% CI) in change scores between 
participants who underwent the original program and the 
adapted program were estimated using linear regression 
analysis, with the change scores as outcome, a group vari-
able (indicating whether individuals followed the original 
or adapted exercise program) as dependent variable, and 
additional adjustment for the absolute values of the out-
comes at T = 0. Differences between changes in muscle 
strength were reported as percentages as well, to account 
for possible differences in baseline values due to the 
change of the exercise machine during the study. If the 
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confidence intervals did not include zero, the mean change 
or difference in change was considered statistically signifi-
cant. MCIDs are reported when they were available in lit-
erature. Changes were considered clinically relevant when 
they exceeded MCIDs. Statistical analyses were performed 
using SPSS version 25.0 (SPSS Statistics for Windows, 
version 25.0, IBM Corp.).

Results

Participants

A total of 196 patients participated in the multidisciplinary 
oncology rehabilitation program at MUMC + between Feb-
ruary 2019 and March 2021.Three of them gave no informed 
consent for the use of their data resulting in a participation 
rate of 98.4%. Eight participants were excluded because 
they were unable to follow the exercise training as intended 
(i.e., because of physical impairments, absence for longer 
periods). This resulted in a final sample size of 185 sub-
jects. Seventy-four and 62 participants completed the orig-
inal exercise program and the adapted program since the 
COVID-19 pandemic, respectively. Twelve (11.0%) and 14 
(18.4%) participants were unable to complete the original 
and the adapted exercise program due to medical or other 
reasons, respectively. Twenty-three out of 109 (21.1%) par-
ticipants were lost to follow-up due to COVID-19 (Fig. 1).

Of the total population, 143 participants (77.3%) were 
women. Mean age was 55.7 ± 11.5 years and mean BMI was 
27.9 ± 5.3 kg/m2. Breast cancer was the most common diag-
nosis (46.5%). Subjects started with the exercise program on 
average 4.7 ± 4.4 months after completing active medical 
treatment. Patient characteristics were not significantly dif-
ferent between groups (Table 1).

Rehabilitation program

The training compliance rate was 93.7 ± 7.7% and 
91.37 ± 11.8% in participants who completed the original and 
the adapted program, respectively. The percentage of indica-
tion for other interventions and their completion rates at T = 1 
did not differ notably between the groups, but the other inter-
ventions were often not completed yet at T = 1 (Table 2).

Changes in physical performance 
and patient‑reported outcomes

All measures of aerobic capacity and muscle strength improved 
statistically and clinically significantly after 10 weeks of exer-
cise training in both groups. An increase of 1.9 mL/kg/min 
(9.6%) and 1.4 mL/kg/min (7.2%) in  VO2peak was observed 

after participation in the original and the adapted program, 
respectively (Table 3). Patient-reported outcomes for HRQoL, 
fatigue, and anxiety and depression improved statistically sig-
nificantly after 10 weeks of exercise training, both before and 
after the changes in the program due to COVID-19. Clinically 
relevant improvements in HRQoL were reached in four out of 
six subscales of the EORTC-QLQ-C30 in the original program 
and five out of six subscales in the adapted program. A clini-
cally relevant decrease in general and physical fatigue on the 
MFI was observed for both groups. Clinical relevant improve-
ments on the HADS were seen only in the depression subscale 
before the adaptations in the program and in the anxiety and 
the depression scale after the adaptations (Table 4).

The influence of training adaptations

For nearly all performance outcomes, changes over time 
were more pronounced before the adaptations in the pro-
gram, albeit only statistically significantly different for 
SRT-WRpeak and upper body strength. Mean upper body 
strength improved with 48.5% in participants who took part 
in the original program and with 21.5% in participants who 
took part in the adapted program. Mean improvement in 
SRT-WRpeak improved with 0.36 W/kg (CI 0.28–0.44) or 
11.5% in participants in the original program and 0.23 (CI 
0.14–0.32) W/kg or 7.6% in participants in the adapted pro-
gram since COVID-19 (Table 3). In contrast with results 
of the performance tests, improvements in patient-reported 
outcomes were not different between the groups that partici-
pated before or since training adaptations (Table 4).

Discussion

The results of this study showed significant improvements 
in aerobic capacity, muscle strength, HRQoL, fatigue, anxi-
ety, and depression in cancer survivors following a 10-week 
exercise program as part of usual-care multidisciplinary 
oncology rehabilitation. Changes were clinically relevant 
for nearly all outcomes; MCIDs were not available in litera-
ture for 1-RM leg press, submaximal outcomes of CPET, 
and for the sum score of the HADS. For SRT-WRpeak, 
only the minimal detectable change was available, which 
was therefore used to compare our study results with. A sig-
nificant and clinically relevant improvement in  VO2peak of 
1.9 mL/min/kg and 1.4 mL/min/kg was seen after participa-
tion in the original program and the adapted program since 
COVID-19, respectively. In a meta-analysis by Scott et al. 
on the effects of exercise therapy on aerobic capacity in can-
cer survivors, a larger improvement of 2.8 mL/min/kg (CI 
weighted mean difference 1.58–2.67 mL/min/kg) in mean 
 VO2peak was observed [9]. Current guidelines of ACSM 
prescribe an 8–12-week combined aerobic and resistance 
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exercise program with moderate intensity three times weekly 
to improve physical function [11]. The lower improvements 
in  VO2peak found in the current study might be explained 
by a lower training frequency. Moreover, the moderate- to 

high-intensity training prescribed in the current study was 
potentially not always reached due to limited adherence of 
training intensity. Finally, the training intensity in the current 
study was based on baseline performance tests and perceived 

Fig. 1  Participant flowchart
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exertion. Training frequency, type, and time were equal for 
all participants and could be more personalized in the future.

Another plausible explanation for this inconsistency is 
the fact that Scott et al. only included RCTs in the meta 
analyses, which might have resulted in a fitter population 
[15, 16]. Besides, this meta-analysis focused on the effects 
of exercise alone, while the current study investigated the 
effects of exercise as part of multidisciplinary rehabilitation, 
in patients with more complex care needs. Surprisingly, a 
systematic review of Dennett et al. showed no significant 

effects for supervised exercise-based, multidisciplinary reha-
bilitation on  VO2peak, which was attributed to issues with 
exercise prescriptions, which are often not well-reported in 
trials [14]. In both reviews, a large heterogeneity between 
studies was seen.

In our study, a significant improvement in HRQoL 
was seen after participation in the original program (sum 
score EORTC-QLQ-C30 + 12.48) and the adapted pro-
gram (sum score EORTC-QLQ-C30 + 16.00). Comparable 
improvements were seen in a study on the effectiveness of a 

Table 1  Characteristics of cancer survivors who started multidisciplinary rehabilitation overall and according to starting the rehabilitation before 
or after the start of the COVID-19 pandemic

Values are presented as n (%) for categorical variables and as mean ± SD for continuous variables
a Sums of percentages are higher than 100% because participants received more than one type of treatment
b Sums of percentages are less than 100% because not all participants were suffering from comorbidities

Total popula-
tion of cancer 
survivors
N = 185

Cancer survivors who participated in the 
original exercise program (Training fre-
quency 2/wk)
N = 109

Cancer survivors who participated in the 
adapted exercise program, since the COVID-
19 pandemic (Training frequency 1/wk)
N = 76

Sex (n, %)
    Male 42 (22.7) 27 (24.8) 15 (19.7)
    Female 143 (77.3) 82 (75.2) 61 (80.3)

Age (years) 55.7 ± 11.5 56.2 ± 11.0 54.9 ± 12.2
Body height (cm) 169.0 ± 7.9 169.2 ± 8.0 168.6 ± 7.9
Body mass (kg) 79.3 ± 14.4 79.0 ± 13.8 79.8 ± 15.3
Body mass index (kg/m2) 27.9 ± 5.3 27.6 ± 5.0 28.2 ± 5.8
Cancer type (n, %)

    Breast cancer 86 (46.5) 51 (46.8) 35 (46.1)
    Lung cancer 15 (8.1) 10 (9.2) 4 (5.3)
  Colorectal cancer 14 (7.6) 8 (7.3) 7 (9.2)
    Lymphomas 9 (4.9) 5 (4.6) 4 (5.3)
    Leukemia 9 (4.9) 3 (2.8) 6 (7.9)

   Cervix 9 (4.9) 5 (4.6) 4 (5.3)
    Prostate 7 (3.8) 4 (3.9) 3 (3.7)

Other 36 (19.5) 27 (24.8) 16 (21.1)
Metastasis (n, %)

    Lymphatic metastasis 38 (20.5) 18 (16.5) 20 (26.3)
    Distant metastasis 16 (8.6) 11 (10.1) 5 (6.6)
    No metastasis 131 (70.8) 80 (73.4) 51(67.1)

Treatment (n, %) a

    Surgery 138 (74.6) 82 (75.2)) 56 (73.7)
    Chemotherapy 121 (65.4) 65 (59.6) 56 (73.7)
    Radiotherapy 100 (54.1) 47 (43.1) 38 (50.0)
    Hormone therapy 57 (30.8) 33 (30.3) 24 31.5)
    Immunotherapy 25 (13.5) 9 (8.3) 16 (21.1)
    Stem cell transplantation 8 (4.3) 3 (2.8) 5 (6.6%)

Time since treatment (months) 4.7 ± 4.4 4.9 ± 4.9 4.4 ± 3.6
Comorbidity (n, %) a

  Cardiovascular 45 (24.3) 20 (26.3) 25 (22.9)
  Respiratory 15 (8.1) 8 (7.3) 7 (9.2)
  Diabetes 8 (4.3) 6 (5.5) 2 (2.6)
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12-week, multidisciplinary rehabilitation program in breast 
cancer patients (sum score EORTC-QLQ-C30 + 11.67) [36]. 
However, since most of our participants did not yet complete 
the other interventions at T = 1, improvements in patient-
reported outcomes probably could have been larger. Studies 
on oncology rehabilitation vary a lot in content, duration, 
and timing of the programs and in reported outcome meas-
ures. Therefore, more extensive comparison of our study 
results with existing literature was not possible.

In this study, we also compared changes in outcomes 
between participants who exercised twice weekly in the 
original program and participants who exercised once 
weekly due to changes in the program since the COVID-
19 pandemic. Significant between-group differences were 
observed for SRT-WRpeak and upper body muscle strength, 
with larger improvements for the group that participated in 
the original program. This is not surprising, because par-
ticipants in this group attended the exercise training twice 
weekly. When looking at changes in the other performance 
outcomes, non-significant differences were seen between 
groups, with larger improvements for the group in the 
original program. Attention for habitual physical activity 
guidelines may have increased when training frequency and 
time were diminished since COVID-19. Consequently, par-
ticipants may have been more active outside the training 
program since the training adaptations, which could have 
reduced the expected difference in training improvements. 
No significant between-group differences were seen for 
patient-reported outcomes. Unexpectedly, improvements 
in HRQoL did not decrease under the circumstances of 
the COVID-19 pandemic (e.g., social isolation, anxiety). 
This could have been due to a “response shift”, referring 

to changes in internal standards and values during a crisis 
[37]. This study was not originally designed to investigate 
the differences between groups; therefore, caution is war-
ranted when drawing conclusions from this study based on 
significance testing alone.

A strength of this study was the observational design and 
the fact that data was collected during daily practice. The 
results might give a more realistic reflection of the physical 
and psychosocial changes after an oncology rehabilitation 
program, when compared to RCTs with strict inclusion cri-
teria, in an experimental setting [15, 16]. Another strength 
was the fact that this study investigated a multidisciplinary 
rehabilitation program, which is best suited in this popula-
tion with complex care needs, but has not often been studied 
before. Furthermore, data on different outcome measures 
were collected, covering not only physical but also psycho-
social issues and fatigue. The observational design was not 
only a strength, but also a limitation of this study, because 
it is more challenging to draw firm conclusions about the 
changes in outcomes without a control group and random 
group assignment. It is likely that the natural course of 
improvement in physical performance and patient-reported 
outcomes after cancer treatment has played a role in the 
observed changes in outcomes over time. However, in the 
meta-analysis of Scott et al., a negligible mean improve-
ment in  VO2peak of 0.2 mL/kg/min was seen in patients 
with cancer who received no exercise intervention. The fact 
that participants took part in interventions other than the 
exercise training during this study could be seen as a limita-
tion as well. Although patient-reported outcomes may have 
been influenced by other interventions than the exercise 
interventions alone (e.g., psychoeducational intervention, 

Table 2  Participation of cancer survivors undergoing multidisciplinary rehabilitation in other interventions than the exercise intervention

Data is presented only for participants that completed the exercise training
The frequency and percentage (n, %) of participants that were indicated for an intervention are presented. Of these participants that were indi-
cated for the module, the frequency and percentage (n, %) of participants that completed the module at the end of the exercise program (T = 1) 
are presented
a Note that this was the status of completion of the intervention at T = 1 and that in many instances the interventions were still ongoing
2/wk, twice weekly; 1/wk, once weekly

Other interventions (n, %) indicated / com-
pleted

Cancer survivors who participated in the 
original exercise program (training frequency 
2/wk)
N = 74

Cancer survivors who participated in the 
adapted exercise program, since the COVID-19 
pandemic (training frequency 1/wk)
N = 62

Psychology 58 (78.4) 50 (80.6)
  Completed module at T = 1a 14 (24.1) 11 (22.9)

Occupational therapy fatigue 57 (77.0) 42 (67.8)
  Completed module at T = 1a 8 (14.0) 7 (16.7)

Occupational therapy return to work 36 (48.7) 32 (51.8)
  Completed module at T = 1a 5 (13.9) 4 (12.5)
  Dietetics 12 (16.2) 10 (16.1)
  Completed module at T = 1a 8 (66.7) 2 (0.2)
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fatigue- and return-to-work counseling), these interventions 
were less likely to have influenced performance outcomes 
since they did not contain exercise elements. Further of note 
is that this study was aimed at investigating cancer patients 
with both physical and psychosocial complaints and/or 
chronic fatigue. Therefore, the findings of the current study 
cannot be generalized to all cancer survivors.

Conclusion

The results of this study indicate that cancer survivors with 
both physical and psychosocial complaints significantly 
improve in aerobic capacity, muscle strength, HRQoL, 
fatigue, anxiety, and depression during a 10-week super-
vised, group-based exercise program as part of usual-care 
multidisciplinary oncology rehabilitation. Reductions in 
frequency, time, and type of training during the COVID-19 
pandemic still resulted in significant improvements of all 
outcomes. However, improvements of most performance 
outcomes appeared to be smaller since the training adapta-
tions, though only significant for SRT-WRpeak and upper 
body strength.
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