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The effect of a multidimensional exercise

intervention on physical capacity, well-being

and quality of life in cancer patients

undergoing chemotherapy

Abstract The aim of the present
study was to investigate the impact of
a multidimensional exercise interven-
tion focusing on physical capacity;
one-repetition maximum (1RM) and
maximum oxygen uptake (VO2Max),
activity level, general well-being and
quality of life in cancer patients
undergoing chemotherapy. The inter-
vention comprised resistance and fit-
ness training, massage, relaxation and
body-awareness training. Eighty-two
cancer patients, with or without evi-
dence of residual disease, were in-
cluded: 66 patients with 13 different
types of solid tumours and 16 patients
with 6 types of haematological ma-
lignancies. The patients trained in
mixed groups for 9 h weekly for 6
weeks. Physical capacity, physical
activity level and psychosocial well-
being as measured by the Medical
Outcomes Study 36-item Short-Form
Health Survey and the European Or-
ganization for Research and Treatment
of Cancer Quality of Life Question-
naire C30 were assessed pre- and
post-intervention. Highly significant
increases were achieved in muscular

strength (p<0.001), physical fitness
(p<0.001) and physical activity levels
(p<0.001). The patients reported sig-
nificant reduction in treatment-related
symptoms, i.e., fatigue (p=0.006) and
pain (p=0.03). Highly significant im-
provements were observed in physical
functioning (p<0.001) and role func-
tioning (p<0.001). Even patients with
advanced disease were able to im-
prove their results after 6 weeks. It is
concluded that a multidimensional
exercise intervention, including
resistance training, may be beneficial
for cancer patients undergoing chemo-
therapy. This study indicates significant
clinical meaningful improvements. The
exact role of the intervention has to be
defined in a randomized controlled
design. A clinically controlled trial
including 250 patients is currently being
carried out.
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Introduction

It is well documented that cancer patients who undergo
chemotherapy experience treatment-related symptoms and
side effects including nausea, insomnia, diarrhoea, etc.
[30, 31]. Irrespective of their cancer diagnosis, patients

report fatigue, diminished physical capacity [33, 36, 55]
and declining quality of life (QoL) [22, 45].

There is growing evidence that exercise programmes can
increase physical fitness, reduce fatigue and improve var-
ious quality-of-life indices [19, 39, 42, 52]. Women with
breast cancer represent the largest group of patients who
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have participated in exercise studies [21]. According to
recently published reviews, there is a need to test the
feasibility and effectiveness of exercise for patients with
other types of cancer than breast cancer [28, 56]. Very few
studies investigated the potential impact of exercise on
oncological or haematological cancer patients with mixed
diagnoses who were undergoing cytostatic treatment [18,
19, 23, 24, 26]. Low to moderate exercise interventions of
varying duration seem to be the standard across existing
studies. Predominantly, studies have examined the effects
of a single activity, e.g. cardiovascular training on station-
ary bicycles, rather than resistance exercise as the exercise
modality [28]. Additional studies are needed to provide
evidence of whether specific patient groups, i.e. at different
stages of the disease and/or with different diagnoses and
treatments, can benefit from exercise, to what extent, and in
which forms. Due to the lack of evidence, no recommenda-
tions can be issued at present [10, 36].

In addition to exercise, clinical controlled trials dem-
onstrated that intervention with relaxation training and
massage can reduce a wide range of treatment-related
symptoms, massage with considerable variance in the type
of cancer, stage of the disease and/or treatment protocols
[9, 44, 53, 57, 60]. These interventions have also proved to
effect anxiety and depression [11, 37] and mood dis-
turbances in cancer patients undergoing chemotherapy [13,
14, 44]. Similarly, sports science has shown that body
awareness can be used to release tension and to control
anxiety [46]. This body of research provides evidence that
exercise, relaxation, massage and body awareness training
each can impact positively on physical and/or psychosocial
well-being.

We developed a structured and supervised exercise in-
tervention composed of the following components: resist-
ance and fitness training, massage, relaxation and body
awareness training. The intention was to maximize the
effect. The intervention was offered to a broad range of
cancer patients undergoing chemotherapy to satisfy their
general need for supportive care, irrespective of diagnosis.
Our previous research documented physiological and
psychological benefits of a group programme that included
physical activity designed for male cancer patients with
mixed diagnoses and poor prognoses [2]. Similarly, pre-
vious research with self-help groups, primarily for female
cancer patients, showed positive psychosocial effects for
patients with mixed diagnoses [3, 4]. No other study on the
impact of a multidimensional intervention in cancer pa-
tients with mixed diagnosis undergoing cytostatic treat-
ment was identified.

The patients participated in groups of seven to nine, 9 h
weekly for 6 weeks. Feasibility, safety and preliminary re-
sults from the study’s pilot phase were previously pub-
lished [5]. Based on the pilot findings, we hypothesized
that cancer patients, with or without active disease, being
treated with chemotherapy could increase their physical
capacity, general well-being and quality of life. The aim of

the present study was to investigate the impact of the
exercise intervention focusing on physical capacity: one-
repetition maximum (1RM) and maximum oxygen uptake
(VO2Max), physical activity level, general well-being and
quality of life in cancer patients undergoing cytostatic
treatment.

Patients and methods

Design

This was a prospective study using a one-group design.
Assessments were made at baseline (test 1) and repeated
after 6 weeks (test 2). The study was approved by the
scientific committees of the Copenhagen and Frederiksberg
municipalities (j.no. 01-273/00) and by the Danish Data
Protection Agency (j.no. 2000-41-0-149).

Cancer patients were made aware of the project by
posters and pamphlets in the out-patient clinic or ward at
the departments of oncology and haematology. The ex-
ercise intervention included four components: physical
exercise (resistance and cardiovascular/fitness training),
relaxation training, body awareness training and massage.
The intervention took place in a specially designed work-
out room located at the Copenhagen University Hospital
and was carried out over a 6-week period, 9 h per week, in
the mornings. Patients came in especially to participate in
the exercise programme. On Mondays, Wednesdays and
Fridays, the patients participated in physical exercise for
1.5 h followed by 0.5 h relaxation. On Tuesdays, the
programme included 1.5 h of body awareness training
followed by 0.5 h relaxation. Finally, on Mondays and
Fridays, the patients received 0.5 h massage. The different
components of the programme constituted a total package,
which implied that the patients could not select one activity
in preference of another. Seven to ten patients of mixed
gender were included in each group. Physiotherapists and a
cancer nurse specialist supervised the programme.

High-intensity physical training

Physical training was divided into three components:
warm-up exercises, heavy resistance training and fitness.
Warm-up exercise comprised dynamic actions with the
large muscle groups, balance and coordination training.
Three machines were used for heavy resistance training: a
leg press, a chest press and a lat machine (Technogym,
Gambettola, Italy). The practical goal in the training com-
ponent was to accomplish three continuous series of five to
eight repetitions at 85–95% of one-repetition maximum
(1RM). This selection of heavy resistance training activ-
ities was made in an attempt to involve as many muscle
groups in as few exercises as possible, allowing a notice-
able effect to be accomplished in a short time span (10 min,
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two to three times weekly) [29, 49]. Cardiovascular/fitness
training took the form of aerobic activities, which involved
large muscle groups over longer periods and which aimed
to positively affect circulation and overall energy levels
[8, 27]. The exercise involved 10 min interval training on a
stationary bicycle with a workload of 70–250 W, equiv-
alent to 60–100% of each patient’s maximum heart rate,
corresponding to 33 metabolic equivalent (MET; American
College of Sports Medicine) hours weekly [5: p 708, 7].

Low-intensity physical training

Relaxation training The relaxation training took place in the
workout room, where patients lay on mats with pillows and
rugs. Patients were instructed in the use of relaxation mech-
anisms, using principles of progressive relaxation. This in-
volves switching from muscle tension to muscle relaxation
motions in each of the muscle groups [17, 38, 58].

Body awareness training Special emphasis was placed on
physical movement and the purpose of exercise in increas-
ing body acceptance, awareness and knowledge; training
focused on balance/coordination grounding and integra-
tion of the senses (pp 708–709 in [5]) (in total 4 MET
hours weekly [7]).

MassageMassage was relaxing, facilitative or therapeutic,
meeting the wish of each patient. Most patients preferred
classic massage and/or scar tissue massage. In a few cases,
patients requested venous pump massage, ultrasound or
exercise therapy (pp 708–709 in [5]; see also [16, 60]).

On those days when the patients were offered high-in-
tensity training, low-intensity training ended the training
sessions. In this way, the cancer patients could maximize
their physical capacity and afterward release stress and
recover under guidance and observation. During the pro-
gramme, the patients were advised to respect their own
physical limitations as indicated by physical discomfort
and uncontrollable exhaustion by participating to a level
with which they felt comfortable. The programme is dis-
cussed by Quist et al. (unpublished data).

Screening and monitoring In accordance with the guide-
lines and safety precautions defined by Winningham et al.
[61] and Dimeo et al. [23], pre-exercise screening was
performed every second day before the high-intensity
physical training. If one of the following criteria were met,
the patient was excluded from the physical training com-
ponent of the programme on that specific day: diastolic
blood pressure <45 or >95; pulse at rest >100; temperature
>38°C; respiration frequency at rest >20; infection re-
quiring treatment with antibiotics; ongoing bleeding; fresh
petechiae; bruises; thrombocytes <50×109/l; leucocytes
<1.0×109/l. Heart rate was continuously monitored and

measured by means of a wireless heart rate transmitter
worn by the patients [5: p 709].

Patients

One hundred fifteen cancer patients undergoing chemo-
therapy gave written informed consent to enter the study.
Thirty-three patients dropped out or were excluded from
the study: 5 patients left because they felt that they did not
belong to the group; 5 patients were excluded because of
progressive acute illness; 9 patients were excluded because
their cytostatic treatment terminated before completion of
the exercise intervention; in 14 cases, the post-intervention
measurements were not carried out. The reasons for the
lack of post-intervention measurements were as follows: 6
cases were related to the patient’s work, 5 cases were
related to leucopenia and 3 patients did not return the
questionnaires.

The present report included 82 patients who received
chemotherapy. Forty-two patients without evidence of dis-
ease received adjuvant treatment, and 40 patients received
chemotherapy for advanced disease (lung, liver, lymph nodes).

Inclusion criteria were the following: residence in the
Greater Copenhagen Council, age 18–65 years, both gen-
ders with a diagnosis of cancer (given at least 1 month
previously) who were admitted to hospital for out-patient
chemotherapy. The patients had received at least one series
of chemotherapy and had a performance stage score of 0–1
(WHO). Patients who had previously undergone surgery
and/or radiotherapy were included. Exclusion criteria were
brain metastases, bone metastases and thrombocytopenia.
Furthermore, the patients should be without cardiovas-
cular symptoms, i.e. normal blood pressure, no signs of
cardial insufficiency and no recent myocardial infarction.

Table 1 Demographic characteristics of study population at base-
line (n=82)

Patients’ characteristics

Age (years) 40a (18–63)
Sex
Female 56 (68%)
Male 26 (32%)
Cohabiting
Yes 43 (52%)
No 39 (48%)
Education level
Lower level of education 26 (32%)
Secondary school/university graduate 56 (68%)
Occupational activity (during intervention)
Yes, still working 18 (22%)
No, sick leave 64 (78%)
aMedian
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The patients’ characteristics and demographic information
(mean age, sex, marital status and educational status) are
described in Table 1.

The patients were first classified according to diagnosis
and according to extent of disease at the beginning of the
intervention. Forty-two of the patients had no evidence of
disease (NED), which means that they received adjuvant
treatment either after surgery or after having achieved
complete remission with radiotherapy or chemotherapy.
Forty patients had evidence of malignant disease (ED)
while being treated with chemotherapy. Concerning pa-
tients with haematological malignancies, 4 patients with

leukaemia were categorized as NED assessed by bone
marrow investigation aswell as normalized peripheral blood
cell count; 11 patients with lymphoma and 1 patient with
myeloma were categorized as ED based on radiology
lesions and/or biological markers. Table 2 describes the
characteristics of diagnoses and disease status and
indicates the different regimens of treatment. No patients
received immunotherapy at baseline. Thirteen patients
had received antineoplastic treatment: 4 breast cancer
patients received radiotherapy as well as chemotherapy
[cyclophosphamide, methotrexate and 5-fluorouracil (CMF)
or cyclophosphamide, epirubicin and fluorouracil (CEF)],

Table 2 Medical characteristics
of study population at baseline
(n=82)

SCLC small cell lung cancer,
NHL non-Hodgkin’s lymphoma,
ALL acute lymphoblastic leuke-
mia, AML acute myeloid leuke-
mia, CEF cyclophosphamide,
epirubicin, fluorouracil, 5-fluoro-
uracil, CMF cyclophosphamide,
methotrexate, 5-fluorouracil, T
taxanes, E epirubicin, G gemcita-
bine, Carbo carboplatin, Topo
topotecan, V vincristine, Eto eto-
poside, 5-FU 5-fluorouracil, Lv
leucovorin, PEB cisplatin, etopo-
side, bleomycin, P cisplatin, Cap
capecitabine, I ifosfamide, A
doxorubicin, M methotrexate,
ABVD doxorubicin, bleomycin,
vinblastine, dacarbazine,
CHOEtoP cyclophosphamide,
doxorubicin, vincristine, etopo-
side, prednisone, VAD vincristine,
doxorubicin, dexamethasone,
m-AMSA amsakrine, Ara-C cyto-
sinarabinosid, Hy Hydrea, L leu-
keran, ED evidence of disease,
NED no evidence of disease

Diagnosis No. of patients Treatment Status

Oncological, N=66 (80%)
Breast cancer 27 19 CEF (adjuvant) 23 NED

3 CMF (adjuvant) 4 ED
2 T
1 CMF+T (adjuvant)
1 E
1 T+G

Ovarian cancer 14 6 Carbo+T (adjuvant)
4 Carbo+T 7 NED
1 Carbo+Topo+T 7 ED
1 Carbo+V+Eto
1 E
1 T

Colon cancer 8 6 5FU+Lv (adjuvant) 6 NED
2 5FU+Lv 2 ED

Testis cancer 3 3 PEB 3 ED
Cervix cancer 2 1 Carbo+V+Eto (adjuvant) 1 NED

1 P+T 1 ED
SCLC 2 1 Carbo+Eto+V+Topo+P 2 ED

1 Carbo+G+T
Unknown primary tumour 2 2 G+P+T 2 ED
Oesophagus cancer 2 1 Cap+T+Carbo 2 ED

1 5FU+P
Ewing sarcoma 2 1 l 2 ED

1 l+Eto+V+A
Rhiopharynx cancer 1 1 Carbo+Eto+V NED
Myxoidt sarcoma 1 I+M ED
Oral cancer 1 Cap+T ED
Gastric Cancer 1 5FU+P+E ED
Haematological, N=16 (20%)
Hodgkin’s disease 6 6 ABVD 6 ED
NHL 3 1 L 3 ED

1 CHOEtoP
1 CHOEtoP

ALL 2 2 Tablets purinethol+M 2 NED
AML 2 2 m-AMSA+Eto+Ara-C 2 NED
Myelomatosis 2 2 VAD 2 ED
Myelofibrosis 1 Ara-C+Hy ED
Total 36 Adjuvant, 46 advanced 42 NED, 40 ED
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1 patient with cervical cancer received concomitant ra-
diotherapy and cisplatinum, 2 patients (1 with cervical
cancer and 1 with oesophageal cancer) received radio-
therapy. Furthermore, 6 other patients (1 acute lympho-
blastic leukemia, 1 acutemyeloid leukemia, 1 non-Hodgkin’s
lymphoma, 1 Ewing sarcoma and 2 ovary cancer patients)
had previously been treated extensively with chemother-
apy. At the beginning of the intervention, the patients had
received one to ten series of treatments (median 3) at 3- or 4-
week intervals. All patients were out-patients.

Assessment instruments

Disease and treatment variables were obtained through
review of medical records. Repeated assessments were
conducted at baseline (test 1) and after 6 weeks (test 2) and
included two physiological tests (1RM, VO2Max), two
questionnaires [the Medical Outcomes Study (MOS) 36-
item Short-Form Health Survey (SF-36) and the European
Organization for Research and Treatment of Cancer
Quality of Life Questionnaire C30 (EORTC QLQ-C30)]
and interviews (demographic data, leisure time physical
activity level). On the first day, estimated 1RM tests were
used to evaluate upper and lower body strength potential
[15]. The tests involved performance on Technogym var-
iable-resistance equipment and targeted the large muscle
groups: chest press, leg press and pull down/lat machine.
1RM is stated in kilograms. To obtain an overall score for
the strength, a new variable, weighted strength, was created
as a weighted mean of capacity in chest press, leg press and
lat machine. Maximum oxygen uptake (VO2Max) was
indirectly estimated by use of a stepwise work capacity on
an exercise bicycle (Monark Ergomedic 839E). The steady-
rate test started with a workload of 67 W over 8 min, with
the participants’ pulse rates being recorded during the final
minute of the test. The watt max test started with 67 W,
increasing by 20 W each consecutive minute until the pa-
tients did not wish to continue cycling. VO2Max was es-
timated using the formula VO2Max=0.16+(0.0117×MPO)
(W) as described by Andersen [8].

General well-being was assessed by using the SF-36 (36
items) [59], which contains eight scales measuring general
health concepts. Five scales (physical function, role phys-
ical, role emotional, social function, bodily pain) measure

degree of dysfunction, and three scales (general health
perceptions, vitality, mental health) consider the full range
from negative to positive health conditions. Each scale
comprises a total of all of the raw scores and is later
converted to a 0–100 scale. It is possible to calculate two
global measures, specifically physical component scale
(PCS) and mental component scale (MCS).

Quality of life was assessed by using the European
Organization for Research and Treatment of Cancer
Quality of Life Questionnaire C30 (EORTC QLQ-C30; 30
items) [1]. The QLQ-C30 comprises six functional scales
(physical, role, cognitive, emotional, social functioning,
and global QoL), symptom scales (fatigue, nausea/vomit-
ing, pain, dyspnoea, insomnia, appetite loss, constipation,
diarrhoea). The raw scores are transformed linearly into
scores ranging from 0 to 100. A high score on the global
health status (QoL) represents a high QoL, a high score for
a functional scale represents a high level of functioning,
whereas a high score for a symptom scale indicates a high
level of symptoms.

We combined two questionnaires because they focus on
different aspects of physical and psychosocial well-being.
The EORTC QLQ-C30 was developed specifically to
measure health-related quality of life in cancer patients and
includes assessment of symptoms and side effects. For this
reason, it is suitable for cancer patients with mixed diagnoses
undergoing cytostatic treatment. The SF-36 questionnaire is
used for patients with different somatic diagnoses with
focus on the patients’ health conditions in general. The
period that is assessed by the two instruments is not iden-
tical. The SF-36 includes questions about the current period
(15 items), the last 4 weeks (20 items) and the past year (1
item). QLQ-C30 focuses on the current period (5 items)
and the last week (25 items). We have supplemented the
questionnaires with our own methods (semistructured in-
terview and patient diary) and thus investigated the pa-
tients’ feelings of fatigue [6].

Demographic data was obtained at baseline. Leisure
time physical activity level was explored by interviews and
included information from before diagnosis, at baseline
and after 6 weeks. The patients are classified as (I) sed-
entary (completely inactive), (II) walking or cycling for
pleasure, (III) regular physical exercise at least 3 h/week; or
(IV) intense regular physical training at least 4 h/week [49].

Table 3 Muscular strength and aerobic fitness (n=82)

Measure Increase, n (%) Decrease, n (%) No change, n (%) ta Pa Baseline Week 6

Mean SD Mean SD

VO2Max (l/min) 64 (78) 12 (15) 6 (7) −7.412 <0.001 2.214 0.588 2.504 0.654
RM chest press (kg) 77 (93) 1 (2) 4 (5) −14.708 <0.001 42.99 19.26 56.95 21.30
RM leg press (kg) 81 (98) 0 (0) 1 (2) −20.525 <0.001 103.17 2876 145.95 35.62
RM pull down (kg) 77 (94) 2 (2.4) 3 (3.6) −14.705 <0.001 45.85 18.29 58.76 18.89
aPaired one-sample t test (significance level 0.05)
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Data were entered into Excel using Microsoft Office
2000 Professional for Windows 2000. Statistical analyses
were carried out using SAS for Windows (Version 6.2)
One-way analysis of variance (ANOVA) and standard
cohort χ2 tests were applied to compare subjects who
dropped out with those who completed the intervention on
age, sex, level of education, NED/ED, and diagnosis. Paired
t tests were applied to compare pre- and post-intervention
scores in physical strength, VO2Max, EORTC QLQ-C30
and SF-36. A p value of 0.05 was set to indicate statisti-
cal significance. Values are expressed as mean±standard
deviation.

Results

Physical capacity

Highly significant increases in the physical capacity were
observed after 6 weeks. Paired sample t tests indicated a
significant increase in aerobic capacity [t(81)=−7.412, p
<0.001], chest press [t(81)=−14.70, p <0.001], leg press
[t(81)=−20.5, p<0.001), pull down [t(81)=−14.7, p<0.001].
The patients’ average rate of VO2Max improvement was
16% (minimun −28.5%, maximum 61%). Fifteen percent

of the patients experienced a decrease in their VO2Max and
7% had no change.

The patients’ average improvement in chest press was
41%, leg press, 46%, and pull down, 36%. Total increase
in strength was 40% (minimum 0%, maximum 91%).
Weighted strength measurement showed significance [t(81)
=25.54, p<0.001]. Results are summarized in Table 3.

The patients experienced a highly significant decrease
in leisure time physical activity level from pre-illness to
when they began in the exercise intervention (baseline)
(p<0.001), as seen in Table 4. Half of the patients had a
level of physical activity of more than 3 h/week (groups
III and IV) pre-illness compared with 4.4% when entering
the exercise intervention. A significant increase in activity
level was seen at week 6 (p<0.001); 82.5% of the patients
achieved activity levels III and IV after 6 weeks.

Significant improvements were observed on all eight
subscales, as well as on PCS and MCS from baseline to
week 6, shown in Table 5. Three of the scales (bodily pain,
general health perceptions and social function) revealed a
significance level of <0.05, whereas the remaining seven
scales showed a p value of <0.001 (physical functioning,
role functioning, vitality, role emotional, mental health,
PCS and MCS). In particular, role functioning and role
emotional scale showed large changes of 21.0 points and
18.7 points, respectively, at week 6.

We observed significant improvements on 8 of the 15
measures assessing health-related quality of life (EORTC-
QLQ-C30), as illustrated in Table 6 [global health status
(p=0.017), physical functioning (p<0.001), role function-
ing (p<0.001) and emotional functioning (p= 0.022)].
Role functioning scale showed a 14.2-point difference
from baseline to week 6. In addition, four scales meas-
uring symptoms showed significant reductions: fatigue
(p=0.006), pain (p=0.031), insomnia (p=0.002) and di-
arrhoea (p=0.013).

ANOVA was performed to find differences between
NED patients and ED patients at baseline levels and

Table 4 Leisure time physical activity level (I–IV) (n=82)

Level Pre-illness (%) Baseline (%) Week 6 (%)

I 4.4 56.5 4.4
II 43.4 39.1 13.1
III 34.8 0 52.1
IV 17.4 4.4 30.4

I, Sedentary; II, walking or cycling for pleasure; III, Regular
physical exercise, at least 3 h/week; IV, Intense physical activity,
more than 4 h/week, ‘athletic’ [49]

Table 5 General well-being (SF-36) (n=82)

Measure Increase, n (%) Decrease, n (%) No change, n (%) ta Pa Baseline Week 6

Mean SD Mean SD

Physical functioning 53 (64.6) 13 (15.9) 16 (19.5) 3.80 <0.001 80.92 15.60 87.36 14.00
Role functioning 39 (47.6) 14 (17.0) 29 (35.4) 4.70 <0.001 24.70 30.81 45.73 40.79
Bodily pain 41 (50) 23 (28) 18 (22.0) 3.26 0.002 64.15 25.98 72.57 18.93
General health 47 (57.3) 26 (31.7) 9 (11.0) 2.99 0.004 59.19 20.87 64.28 22.92
Vitality 55 (67.1) 19 (23.2) 8 (9.7) 3.71 <0.001 54.88 18.63 63.05 17.88
Social functioning 40 (48.8) 21 (25.6) 21 (25.6) 2.62 0.010 76.07 22.07 81.71 17.70
Role emotional (RE) 33 (40.2) 14 (17.1) 35 (42.7) 3.68 <0.001 52.85 42.21 71.55 38.89
Mental health 51 (62.2) 22 (26.8) 9 (11.0) 3.62 0.001 74.45 15.30 80.00 12.56
PCS 51 (62.2) 30 (36.6) 1 (1.2) 4.24 <0.001 41.96 7.41 45.44 8.25
MCS 57 (69.5) 24 (29.3) 1 (1.2) 3.67 <0.001 47.55 9.81 51.30 8.90
aPaired one-sample t test (significance level 0.05)
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changes of VO2Max, weighted strength, SF-36 scores, and
EORTC QLQ-C30 scores. Patients with no evidence of
disease (NED) had, at baseline, a significantly higher
VO2Max (mean 2.35 l/min) than patients with evidence of
disease (ED) (mean 2.08 l/min, p=0.043). Both groups
showed equal improvement in aerobic capacity after the
intervention. In contrast, there were no significant differ-
ences at baseline in weighted strength measurement (1RM)
between the groups. However, there was a significantly
greater advancement in the patients with NED at post-
testing (p=0.03).

The data collected from the questionnaire showed a
significant improvement in physical functioning as meas-
ured by the EORTC QLQ-C30 (p=0.001) and SF-36
(p=0.004) scales at post-testing, a constant pattern for both
NED and ED patients. Differences between the two groups
were observed. The NED patients reported a significantly
higher physical functioning level at baseline as measured
by both the EORTC QLQ-C30 (p=0.001) and the SF-36
(p=0.004). They also showed a significantly higher level of
vitality (p=0.002), health perception (SF-36; p= 0.009) and
fatigue (EORTC QLQ-C30; p=0.008) at baseline.

To determine which variables provide a significant im-
pact on symptoms, Pearson correlation coefficients (PCC)
between changes in symptoms and selected variables in
SF-36 and EORTC QLQ-C30, along with weighted
strength and VO2Max, were carried out. This study found a
negative correlation (r=−0.232) between weighted strength
and pain (p= 0.036). Those patients who significantly
improved in strength were the same that significantly
reduced their pain levels as measured by EORTC QLQ-
C30. A similar correlation (r=−0.250) was found between
VO2Max and pain (p=0.024). Moreover, a significant

negative correlation (r=−0.288) was found between
VO2Max and dyspnoea. No other significant correlations
were found on treatment-related symptoms/side effects as
measured by the EORTC QLQ-C30 scales and the SF-36
scales.

Discussion

The present study provided data on a multidimensional
exercise intervention and included oncological and hae-
matological patients, with or without residual disease
(disease status ED/NED). As hypothesized, the patients
showed significant improvements in physical capacity,
physical activity level, general well-being and several
quality-of-life indices, including treatment-related symptoms.

The study population was composed of oncological
(80%) and haematological (20%) patients and showed no
statistically significant differences between its two patient
groups with regard to physical capacity, physical activity
level, general well-being and quality of life at baseline and
post-intervention. In contrast to some of the earlier studies
testing resistance training for oncological patients [26, 35]
it was mandatory in the present study that the patients
receive antineoplastic chemotherapy while participating in
the intervention.

According to a recent review by Galvão and Newton
[28], the present intervention is the first of its kind to in-
corporate a high-intensity training design. Only one study
was found that tested resistance training in conjunction
with cardiovascular training in comparable cancer patients
who were undergoing cytostatic treatment. Kolden et al.
[35] examined the effects of a supervised exercise inter-

Table 6 Health-related quality of life (EORTC QLQ-C30) (n=82)

Measure Increase, n (%) Decrease, n (%) No change, n (%) ta Pa Baseline Week 6

Mean SD Mean SD

Physical functioning 47 (57.3) 17 (20.7) 18 (22) 4.90 <0.001 83.58 12.27 89.35 11.08
Role functioning 43 (52.4) 16 (19.5) 23 (28.1) 4.02 0.001 59.55 28.21 73.78 25.53
Emotional functioning 38 (46.4) 27 (32.9) 17 (20.7) 2.34 0.022 79.98 16.66 84.35 14.60
Cognitive functioning 24 (29.3) 17 (20.7) 41 (50) 0.41 0.679 79.88 21.87 80.69 19.15
Social functioning 34 (41.5) 21 (25.6) 27 (32.9) 1.80 0.076 77.85 21.76 82.32 20.01
Global health status 50 (61) 20 (24.4) 12 (14.6) 2.43 0.017 60.37 18.77 67.18 21.85
Fatigue 45 (54.9) 19 (23.2) 18 (21.9) −2.83 0.006 43.63 20.49 36.18 21.51
Nausea/vomiting 18 (21.9) 20 (24.4) 44 (53.7) 0.86 0.390 10.98 17.61 13.42 19.50
Pain 28 (34.1) 16 (19.5) 38 (46.4) −2.19 0.031 22.56 23.04 16.26 18.51
Dyspnoea 20 (24.4) 13 (15.9) 49 (59.7) −0.96 0.339 17.48 22.97 14.63 24.06
Insomnia 25 (30.5) 12 (14.6) 45 (54.9) −2.31 0.002 26.42 30.42 19.11 25.68
Appetite loss 21 (25.6) 13 (15.9) 48 (58.5) −0.98 0.332 18.70 28.74 15.04 24.65
Constipation 23 (28) 14 (17.1) 45 (54.9) −1.75 0.083 21.14 27.47 15.04 22.92
Diarrhoea 18 (21.9) 7 (8.5) 57 (69.6) −2.56 0.013 17.48 26.31 9.76 19.94
Financial problems 12 (14.6) 9 (11) 61 (74.4) −0.35 0.726 17.48 31.09 16.68 30.20
aPaired one-sample t test (significance level 0.05)
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vention involving cardiovascular, resistance and flexibility
training, 1 h three times a week over 16 weeks in 40 sed-
entary women with breast cancer. Sixty-five percent of the
patients received chemotherapy [35]. Average increase in
dynamic strength was 36 vs 40% in the present study, and
cardiovascular capacity (VO2Max) was 15.4 vs 16% in the
present study. We have analysed the different diagnostic
groups (with n<5) individually and found no characteristic
diagnosis-related pattern. As expected, however, the meas-
ures of physical capacity at baseline were significantly
higher in male patients.

The results of the present study extend previous research
showing that exercise can improve QoL in cancer patients
undergoing chemotherapy [19, 25, 52, 56]. The present
study used the EORTC QLQ-C30 questionnaire to measure
quality of life, based on global health status scale (QoL).
The mean baseline score of 59.62 on the global health
status scale is somewhat higher than scores reported by
Aaronson et al. [1] in a sample of 305 lung cancer patients
(score 56.7 before and 55.2 during treatment). A study by
Michelson et al. [41] of a large Swedish healthy population
(n=3069) reported mean QoL scores of 74.7 and 78.1,
respectively, in women and men, whereas Klee et al. [34]
reported a mean QoL score of 71.8 among 608 healthy
women.

Themultidimensional intervention combined high-inten-
sity physical activities, resistance and cardiovascular train-
ing, with low-intensity relaxation components. It is evident
that the results of the objective physiological measure-
ments (1RM, VO2Max) showed significant changes after 6
weeks. The combined resistance and cardiovascular training
that the patients undertook within this intervention is a
plausible explanation for the observed changes in physical
capacity.

The changes in the symptoms scales in EORTC QLQ-
C30 showed significant reductions in fatigue and pain. The
significant reduction in the pain scales found in the present
study may be related to other studies using relaxation
component, for example, Sloman [54]. Furthermore, there
is growing evidence that aerobic exercise programmes can
reduce cancer-related fatigue in cancer patients undergoing
chemotherapy [25, 36, 42, 43, 51]. The reduction of fatigue
and pain found in the present study might be attributed to
relaxation, exercise and/or a combination. Nevertheless, it
is not possible to disentangle the effect of the diverse
components in the programme.

Several issues must be considered when determining the
meaningfulness of any change in questionnaire scores.
According to the American scoring manual for SF-36 and
the European EORTC QLQ-C30, a change in score of 3 to
5 points can be considered as a clinically significant change
[32, 59]. Serious consideration should be given to the
impact that a change in score from 3 to 5 could have on a
person’s life situation (e.g., hospitalisation, disability/work
limitations). In order not to overestimate the clinical sig-

nificance of the score differences at pre- and post-testing, a
change of 5 points was established as a moderate clinically
significant change, whereas a difference of 10 points was
considered a large clinically significant change.

The study results showed that 15 of the 25 SF-36 and
EORTC QLQ-C30 subscales showed clinical significance.
Three of these subscales showed greater than a 10-point
score difference, whereas 12 subscales showed more than a
5-point difference. Results from the SF-36 scale indicated a
large, clinically significant 21.3-point change in physical
disability as measured by the role functioning subscale. At
baseline (mean 24.7) on the role functioning subscale was
two standard deviations below the normal population
mean, and although the greatest advancement was found
on this scale, the scores did not move into the normal
range (mean 83.0, SD 31.4) [12] at week 6 (mean 45.73).
However, the change indicates a 34% increase in func-
tioning. Moreover, the role emotional subscale revealed a
large, clinically significant 18.7-point improvement in
emotional stability. In addition, the physical functioning,
pain, vitality and mental health subscales all displayed mod
erate, clinically significant changes. Results from the
EORTC QLQ-C30 scores showed a 14.3-point large clin-
ically significant difference in role functioning, and seven
other subscales, including treatment-related symptoms (fa-
tigue, pain, insomnia, constipation, diarrhoea), demonstrat-
ed moderate clinical significance.

The literature shows that only few exercise interventions
include patients at advanced disease stages, and these
mainly involved haematological patients during or after
high-dose chemotherapy and peripheral blood stem cell
transplantation [20, 24]. The aim of these interventions was
to reduce the deterioration of physical capacity caused by
the intensive treatment. Generally our patients were sub-
jected to less intensive treatment and we thus assume that
comparison to this group is less relevant.

The present study included patients with no evidence of
disease (NED) (51.2%) and patients with evidence of the
disease (ED) (48.8%). Overall, the NED patients scored
higher at baseline and after 6 weeks on all scales (Table 7).
With respect to changes post-intervention (week 6), there is
no significant difference in improvement in either group
apart from muscle strength (1RM) (p= 0.030), vitality (SF-
36) (p=0.013) and pain level (SF-36) (p=0.027). NED
patients showed significantly more advancement in
strength (1RM) and more reduction in pain than the ED
patients who excelled in vitality.

It can be concluded that NED as well as ED patients
were able to improve their results after 6 weeks as esti-
mated by their measured physical capacity, general well-
being and quality of life.

The most strenuous components of the intervention
programme were resistance and fitness/aerobic training,
administered for 1.5 h three times weekly. The relationship
between weighted strength and VO2Max was investigated,
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as well as the relationship of these factors to selected
variables from the SF-36 and EORTC QLQ-C30 ques-
tionnaires. Increase in the PCS was significantly influenced
by the physical strength results (p=0.023).

This study revealed significant correlation (0.282)
between improvements in quality of life (global health
status, EORTC QLQ-C30) and VO2Max (p=0.010). How-
ever, no significant correlation was found between weight-
ed strength and the global health status.

The potential effect of the fitness training on fatigue is
described in an earlier study by Schwartz [50] conducted
on women with breast cancer. A positive relationship be-
tween advancement in physical capacity and fatigue was
found; however, this could not be confirmed in the present
study.

With regard to methodological considerations, the results
confirmed that the oncological and haematological patients
were capable of carrying out the exercise intervention.

The average attendance rate for included patients was
78%. This is comparable to attendance rates for clinical
intervention studies with lesser dosage/intensity in cancer
patients who had completed chemotherapy and during
which physical activity was offered as part of their reha-
bilitation programme [47, 56].

The study sample has important selection biases. The
patients were attracted to the intervention by posters dis-
played only in the out-patient clinic or in the ward. Thus,
not all eligible patients were informed about the project.
The study population was self-appointed and comprised
cancer patients who pre-illness were motivated to under-
take physical training.

Regarding patients who withdrew from the study before
its completion, their reasons fall into two main categories:
medical reasons (12%) and other reasons (17%). Age and
sex were not significant factors in the drop-out rate. However,
ED patients tended to drop out more frequently than did the
NED patients (p=0.04). The question remains as to whether
ED patients’ drop-out influence the study results as these
proved more positive than earlier estimated. Since ED

drop-outs were not tested, it cannot be dismissed that they
may be representative of a group that may have scored low
in some of the study parameters.

The results of this study gained impact by method
triangulation, as various aspects of the intervention were
examined by use of different methods. In general, detailing
of data collection and well-recognized methodology stra-
tegies aimed to improve the quality of the research [40, 48].
Well-recognized and validated objective physiological
measurements (1RM, estimated VO2Max) and subjective,
standardized questionnaires (SF-36, EORTC QLQ-C30)
were combined. The results of the objective physiological
measurements and the two questionnaires show concurrent
tendencies. Causal relationships between the objective
measurements of physical capacity and the subjective
dimensions of general health and quality of life reported by
the cancer patients could not be ascertained within the
study design. Neither was it possible to isolate the potential
effect of the group involvement, which might have in-
fluenced the results. The small number of patients in the
different diagnostic groups did not allow for valid cross-
cancer comparisons.

Estimated VO2Max was used as one of the physiological
tests. Standard measurement focuses on maximum con-
centration of oxygen consumption; however, estimated
VO2Max was selected, as this method was most realizable
in testing the patients. To compare the estimated VO2Max
with the maximum oxygen consumption, it was necessary
to measure seven patients with both tests. No significant
difference was found between the tests.

Patients’ VO2Max and 1RM were measured on the first
and last days of the intervention. As their protocols dif-
fered, some patients received treatment on days that fell
between the pre- and post-tests. The planned tests were
carried out on time to ensure similar conditions for the pre-
and post-tests. In this study, we did not specifically carry
out a cost–benefit analysis of adding the exercise inter-
vention to the cancer patients’ treatment protocols. The
staff charges were on a low level because, among other

Table 7 Effect of disease status
(NED/ED) on changes in phys-
ical capacity, general well-
being, quality of life

NED, n=42; ED, n=40

Measure Baseline 6 Weeks F P

Mean, NED Mean, ED Mean, NED Mean, ED

VO2Max (l/min) 2.35 2.08 2.67 2.33 0.92 0.043
Weighted strength 2.87 3.14 3.97 4.07 4.90 0.030
SF-36
PCS 43.19 40.67 47.99 42.76 2.81 0.098
MCS 48.26 46.80 50.21 52.44 3.35 0.071
General health perceptions 65.10 52.99 71.64 56.55 0.77 0.383
Vitality 60.95 48.50 63.81 62.25 6.53 0.013
Bodily pain 62.07 66.33 76.05 68.93 5.09 0.027
EORTC QLQ-C30
Global health status 63.89 56.67 70.44 63.75 0.01 0.925
Physical functioning 87.78 79.17 92.86 85.67 0.36 0.550
Fatigue 37.83 49.72 32.28 40.28 0.54 0.463
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reasons, seven to nine patients participated in groups. The
findings of previous exercise studies with cancer patients
and survivors suggest that the cost/effectiveness ratio is
likely to be very low, as argued in the study by Lucia et al.
[36].

The patients’ substantial improvements in dynamic
strength (1RM), physical functioning (SF36, EORTC QLQ-
C30) and role functioning (SF36, EORTC QLQ-C30)
identified in this study support the theory of resistance
exercise as an additional beneficial intervention strategy to
improve physical capacity, physical functioning and in the
management of treatment-related symptoms. [5, 28].

Our first study [5] showed that the described interven-
tion is feasible—this study indicates significant, clinical
meaningful improvements after the intervention. Despite
the demanding nature of the intervention, it was feasible
even for those patients with advanced disease and reduced
vitality. The exact role of the interventions in these patients,
who are being treated with chemotherapy and, to some
extent, change their disease status, has to be defined in a
randomised controlled design. A clinically controlled trial
including 250 patients with mixed diagnoses and who are
undergoing chemotherapy is concurrently being carried out.

Conclusions

Over the course of a multidimensional intervention, in-
cluding resistance training, cancer patients undergoing
chemotherapy could significantly increase muscular
strength, physical fitness and physical activity levels.
The patients experienced a significant reduction in es-
sential, treatment-related symptoms and significantly
improved their general well-being and quality of life in
numerous aspects. The observed changes in question-
naire scores from pre- to post-testing were substantial
and reached clinical significance in several dimension
scores. The results of the study indicate that oncological
and haematological cancer patients with and without
residual disease undergoing chemotherapy may benefit
from multidimensional exercise interventions.
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