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Abstract

Introduction. Cancer rehabilitation programs mainly involve endurance training, and little attention is paid to strength
training. Cancer survivors are generally advised to train at much lower workloads than the standard guidelines for strength
training suggest. The purpose of this study is to evaluate the effectiveness of an 18-week high-intensity strength training
program in cancer survivors. Methods. Fifty-seven patients (age 24 to 73 years) who had received chemotherapy for
lymphomas, breast, gynecologic, testicular, or colorectal cancer completed the program. Outcome measures were changes in
muscular strength (one-repetition maximum), cardiopulmonary function (VO, max), maximal short exercise capacity
(MSEC), body composition and health-related quality of life (HRQOL) between baseline and follow-up. Discussion. The
high-intensity strength training was well tolerated by all patients. Significant improvements in muscle strength were found,
with effect sizes varying from 1.32 to 2.68. VO, max increased significantly by 10% in men and by 13% in women. Different
functional scales of HRQOL improved (p <0.01), with effect sizes varying from 0.47 to 0.82. Muscle strength correlated
significantly with physical functioning before and after the training program. Conclusion. We conclude that a supervised,
high-intensity strength training program seems to be an effective means to improve muscle strength, cardiopulmonary
function, and HRQOL and should be incorporated in cancer rehabilitation programs. Further randomized trials are needed
to confirm the results.

Cancer and its treatment are often associated with
adverse physical side-effects including muscular
atrophy, decreased muscle strength and reduced
aerobic capacity [1]. These side-effects may con-
tribute to the development of cancer-related fatigue
[2]. About 70% of cancer patients report fatigue
complaints during chemotherapy and/or radiother-
apy [3-5]. Even years after the treatment, fatigue is
still a problem for up to 30% of cancer survivors and
has a great impact on the patient’s quality of life
[6,7].

Until recently, most physicians recommended rest
or a reduction in the amount of physical activity as
treatment for fatigue [8]. This created a physiologi-
cal paradox because inactivity induces muscle
catabolism, causing further deconditioning, which

incites even more fatigue [2]. Recently, several
reviews of the literature examined the effect of
physical activity in cancer survivors [1,9-13]. Over-
all, most studies demonstrated that physical training
programs had beneficial effects on cancer patients’
physical or psychosocial capacity. For instance,
physical activity in cancer survivors has been shown
to improve aerobic capacity, muscle strength, body
composition, and quality of life and to reduce fatigue
[14-23]. Unfortunately, most training studies in
cancer patients were performed with a limited
number of subjects (n <40) and duration of less
than 12 weeks. Studies mainly included breast
cancer patients or patients who had already partici-
pated in physical activity before treatment. Another
aspect was that most studies used aerobic exercises
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such as walking or stationary cycling [3,16,24]. This
is somewhat surprising since muscle atrophy is a
common problem in cancer patients [25], which
warrants strength training as the physical training
program of choice.

Muscle atrophy results from a sedentary lifestyle
and prolonged bed rest, which is worsened in cancer
patients by tumor factors and the side-effects of
medication (e.g. glucocorticoids or chemotherapeutic
agents) on the skeletal muscle structure and function
[2,12,26]. Skeletal muscle, however, has shown great
adaptability with appropriate training stimuli even in
cases of severe muscle atrophy and fatigue [2].
Progressive strength training has been shown to
increase lean body mass, muscle protein mass and
contractile force, and improves physical function in
healthy, young and elderly subjects [27]. Consider-
able evidence now suggests that the ability to perform
physical tasks in daily life is determined by a threshold
level of muscular strength [28]. As a consequence,
strength training in cancer patients would seem to be a
potent physiological intervention for regaining lost
muscles and improving muscle quality and as a result
improving the overall quality of life [10].

Only three studies have investigated strength train-
ing programs in cancer survivors [20,21,29]. Two of
these studies employed strength training during
treatment while only one study used strength training
after treatment. This latter study involved a selected
subgroup of prostate cancer patients receiving andro-
gen deprivation therapy [20], and it is therefore
questionable whether these results can be extrapo-
lated to the more general population of cancer
patients treated with chemotherapy. Since research
regarding strength training in cancer survivors is
limited, recommendations about optimal intensity,
frequency, and duration of strength training are
lacking. The American College of Sports Medicine
(ACSM) proposes rather low to moderate exercise
intensities [30] if compared with a recent publication
about the fundamentals of resistance training [31].

The aims of the study were (1) to obtain more
insight in the physical capacity and quality of
life status after cancer treatment; (2) to assess the
effects of a strength training programme on muscle
strength, cardiopulmonary functioning and quality
of life; (3) to assess the correlation between muscle
strength and outcomes of HRQOL.

Material and methods
Patients

The study was conducted in the community hospital
Maxima Medical Centre. The project was approved
by the Medical Ethics Committee of the Maxima

Medical Centre, and informed consent was obtained
from all patients. From 2002 onwards, rehabilitation
using the experimental training program was im-
plemented as standard medical care after chemo-
therapy. Medical oncologists recruited all patients
treated with chemotherapy with a curative intention.
These patients participated in an intake procedure
including medical examination and cardiopulmon-
ary exercise testing. Patients were excluded if they
were not able to perform basic skills like sitting or
lying down or had cognitive disorders or severe
emotional instability or suffered from other serious
diseases that might hamper physical performance
capacity (e.g. heart failure, COPD, neurological
disorders).

Seventy-three consecutive patients were initially
referred by oncologists to the rehabilitation program.
After the intake procedure by a sports physician, five
patients (mean age 53 years) were excluded because
of serious co-morbidity. During the training period,
six patients (mean age 47 years) dropped out
because of cancer recurrence, and five patients
(mean age 45 years) dropped out because of family
(e.g. divorce, disease of the spouse) and work
circumstances. Therefore, 57 patients (13 men, 44
women) completed the entire program. The char-
acteristics of these patients are shown in Table I.

Training intervention

To counteract bias resulting from spontaneous
recovery after chemotherapy, training started no
earlier than 6 weeks after completing chemotherapy.
The training program consisted of high-intensity
strength and interval training for 18 weeks. The
patients trained in groups of six to eight persons on
specialised strength training equipment and on
bicycle ergometers under the supervision of phy-
siotherapists. During the first 12 weeks, the patients
trained twice a week under the supervision of a
physiotherapist. For the last six weeks, the patients
trained once a week under supervision.

High-intensity strength training

The strength program consisted of six exercises
targeting the large muscle groups as follows:
1) vertical row (focusing on longissimus, biceps
brachii, rhomboideus); 2) leg press (quadriceps,
glutei, gastrocnemius); 3) bench press (pectoralis
major, triceps); 4) pull over (pectoralis, triceps
brachii, deltoideus, trapezius); 5) abdominal crunch
(rectus abdominis); 6) lunge (quadriceps, glutei,
hamstrings). Firstly, strength exercises were per-
formed at 65% to 80% of one-repetition maximum
(1-RM) and consisted of two sets of 10 repetitions.
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Table I. Patients’ characteristics at time of inclusion.

High-intensity strength training in cancer survivors 1145

Male Female
n 13 44
Age (years) Mean 50 49
SD (range) 14 (24-73) 9 (26-71)
Cancer type Breast 0 34
Ovarian 0 4
Hodgkin lymphoma 2 3
Non-Hodgkin lymphoma 3 1
Colorectal 6 2
Testis 2 0
Treatment Chemotherapy 13 44
+Radiotherapy 0 4
+Surgery 4 16
+Radiotherapy + Surgery 4 24
Chemotherapy AC, breast ca 0 11
CMF, breast ca 0 11
FEC, breast ca 0 12
Carboplatin-paclitaxel, ovarian ca 0 4
ABVD/EBVP/BEACOPP, Hodgkin lymphoma 2 3
CHOP/CVP, non-Hodgkin lymphoma 3 1
5FU-leucovorin, colorectal 6 2
BED, testis 2 0

Abbreviations: AC, adriamycin, cyclophosphamide; CMF, cyclophosphamide, methotrexate, fluorouracil; FEC, fluorouracil, epirubicin,
cyclophosphamide; ABVD, doxorubicin, bleomycin, vinblastine, dacarbazine; EBVP epirubicin, bleomycin, vincristine, prednisone;
BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, prednisone; CHOP, cyclophosphamide,
doxorubicin, vincristine, prednisone; CVP, cyclophosphamide, vincristine, prednisone; BEP, bleomycin, etoposide, cisplatin.

After the twelfth week, the emphasis shifted from
muscle strength to muscle endurance involving
training with less resistance (35-40% of 1-RM) but
more (20) repetitions. Every 4 weeks the training
progression was evaluated, and the training result
was adjusted by means of a 1-RM test.

Interval training

The interval training consisted of cycling two times
8 minutes, before and after the strength program. In
the first 8 weeks, those 8 min consisted of alternating
30 s at 65% of the maximal workload extracted from
the steep ramp test (MSEC) and 60 s at 30%. From
week nine those 8 min consisted of alternating 30 s
at 65% and 30 s at 30% of the MSEC.

Outcome measures

Cardiopulmonary function. The safety of the program
was guaranteed by an extensive intake procedure.
Before the start of the program, each patient’s
cardiopulmonary and muscular limitations were
determined by consultation with a sports physician
and a VO, max test. The VO, max test was
performed on a cycle ergometer (Corival, Lode,
the Netherlands). Expired gases were collected and
analyzed breath by breath for O,, CO, and volume.
ECG was continuously monitored. This maximal
exercise test was done before and after the training

program according to the standard protocol [32]. In
addition, VO, max testing was used as a diagnostic
tool to assess potential cardiopulmonary limitations
(e.g. blood pressure related) caused by cardiotoxic
(e.g. anthracyclins) or pulmotoxic (e.g. bleomycin)
medications, or radiation therapy to the breast
[33-35].

Body composition. Height and weight were measured
and the body mass index (BMI) calculated before
and after the training program. Skinfolds at biceps,
triceps, subscapular and suprailiac were measured
[36]. Percentage body fat was determined from body
weight and the skinfold measurements using the
equation of Durnin and Womersley [36].

Muscle strength. One-repetition maximum (1-RM) is
the maximum amount of weight that can be lifted
once. Predicted 1-RM values were estimated from
the Brzycki equation to evaluate upper and lower
body strength potential [37,38]. 1-RM is stated in
kilograms in proportion to body weight. Muscle
groups were tested with the strength equipment that
was also used for the training. In order to adapt the
training intensity and to gain more insight into the
training response, the test was carried out five times
(weeks 1, 5,9, 13 and 18).

RIGHTES

1r



Acta Oncol Downloaded from informahealthcare.com by Rigshospitalet on 08/14/13

For personal use only.

1146 I. C. De Backer et al.

Maximal short exercise capacity (MSEC). A steep
ramp test was performed to determine the maximal
short exercise capacity. This test was developed for
heart rehabilitation [39]. After 30 s of cycling at
25 W, the load was increased by 25 W every 10 s
until exhaustion. The patient was instructed to cycle
with a pedal frequency between 70 and 80 rpm. The
test ended when the pedal frequency fell below
60 rpm. This test was performed at the start of the
program and at weeks 5, 9, 13, and 18 to assess the
interval training.

Health-related quality of life (HRQOL)

The European Organisation for Research and Treat-
ment of Cancer Core Quality of Life Questionnaire
C30 (EORTC QLQ-C30) was developed to assess the
HRQOL of cancer patients. The EORTC QLQ-C30
encompasses 30 items divided into five functional
scales (physical, role, cognitive, emotional, and social
functioning), three symptom scales (fatigue, nausea,
and pain) and six individual items. It also includes two
questions about the overall quality of life.

Statistical analyses

Sample size calculation was based on the standard
deviations of the changes in muscular strength
observed in the first ten subjects recruited in this
investigation. It was determined that a minimum of
43 subjects was required to detect a 0.20 1-RM/kg
body weight difference, with power and significance
set at 90% and 5% (two-tailed), respectively. To
compensate for dropouts based on cancer recur-
rence, extra patients were enrolled. Then ? tests for
categorical data and independent-samples t-tests for
continuous data were used to examine group differ-
ences in gender, age, cancer diagnosis, time between
completion of treatment and start of training, initial
muscle strength, and cardiopulmonary function
between dropouts and those who stayed in the
programme.

First, analysis of variance (ANOVA) was used to
assess the differences in changes in outcome mea-
sures between male and female subjects. Since there
were no significant differences between men and
women, all the patients were analyzed together by
two-tailed paired t-tests between the test moments.
Effect sizes (ES) were calculated as mean increase
divided by the initial standard deviation, to provide
an objective and standardized measure of the mag-
nitude of the observed effect. The Pearson correla-
tion coefficient was used to quantify the relation
between muscle strength and HRQOL before and
after the training program. It was also used to
quantify the relation between time span from last

treatment and start moment of training and initial
muscle strength. This correlation was quantified
to assess the effect of spontaneous recovery on
muscle strength. Test results were considered sig-
nificant for p-values <0.05. All analyses were
performed using the statistics program SPSS (ver-
sion 13.0).

Results
Tolerance of the exercise intervention

Although the training intensity was high, the pro-
gram was well tolerated by all patients. Six patients
dropped out because of cancer recurrence or metas-
tatis, and five patients dropped out because of other
reasons (personal (2), not interested anymore, dis-
ease of the spouse, malaise). None of the patients
dropped out because the program was too intense.
The total dropout rate was 16%. When cancer-
related reasons were not taken into account, the
dropout rate was 7%. The x> tests and t-tests
revealed no significant differences between the
dropouts and the patients who finished the program
with respect to gender, age, cancer diagnosis, time
between completion of treatment and start of train-
ing, cardiopulmonary function, and initial muscle
strength. In an opinion poll about the benefit of the
program, patients gave an average score of 8.9 on a
scale from 1 (poor) to 10 (optimal).

Effects on cardiopulmonary function

Data of the effects of training on cardiopulmonary
function are shown in Table II. Before training, the
male patient’s average VO, max was 30.7 ml/min/
kg. After 18 weeks of training, this increased by
10% (p <0.01). The mean VO, max in female
patients was 24.2 ml/min/kg, which increased by
13% (p <0.01). The oxygen consumption at the
ventilatory threshold (VO, VT) increased by
23% in male patients and 13% in female patients
(p <0.01). Both the respiratory quotient (RQ >
1.16) and the ratio maximal heart rate/predicted
maximal heart rate (220 beats per minute-age)
were high before and after training, indicating that
all patients performed until maximum exhaustion in
both tests.

Effects on body composition

Results of changes in body composition are pre-
sented in Table II. Only in male patients were there
significant changes. Their weight and BMI increased
slightly by 2% after training.
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Table II. Physiological effects of training.

Pre Post

Men (n =13) Weight (kg) 89.54+10.9 91.6+12.1*

BMI (kg/m?) 27.9+3.2 28.5+3.3*

% Body fat 27+6 27+7

Max workload 215457 2494+ 61**

W)

Max workload/ 2.46+0.82 2.7940.87**

weight (W/kg)

VO, max 2702+608 3047 4523**

(ml/min)

VO, max 30.7+8.5 33.948.1**

(ml/min/kg)

HR max (bpm) 167+26 173 4+20%*

HR max/HR 101 +11 103+11

pred (%)

VO, VT 1883+433 23104+499**

(ml/min)

VO, VT 21.445.9 26.447.3**

(ml/min/kg)

HR VT (bpm) 134+19 147 £21*%*

RQ 1.20+0.15 1.2240.17
Women (n =44) Weight (kg) 76.6+14.4 76.8+14.1

BMI (kg/m?) 27.4+45.1 27.5+5.0

% Body fat 3844 38+4

Max workload 141426 163 +36**

W)

Max workload/ 1.88+0.45 2.1840.58**

weight (W/kg)

VO, max 1800+308 2043+4381**

(ml/min)

VO, max 24.244.9 27.345.6**

(ml/min/kg)

HR max (bpm) 168+14 171+13

HR max/pred 98+7 9947

HR (%)

VO, VT 1387 +273 1578+356**

(ml/min)

VO, VT (ml/  18.844.5  21.3+5.1%*

min/kg)

HRVT (bpm) 139+16 142+20

RQ 1.1640.11 1.2140.13*

*p <0.05; **p <0.01.

Effects on muscle strength

Table III lists the 1-RM test results for all strength
exercises before and after training. After training, all
1-RM increased significantly, with effect sizes vary-
ing from 1.32 to 2.68, which are considered large

Table III. Effects of training on muscle strength.
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Figure 1. Effect of training on muscle strength (n =57).

effects. Figure 1 shows the results of all measure-
ment time points, before during and after the
training program. In all of the strength exercises,
there is a substantial and significant improvement
following a roughly identical pattern. The largest
improvement in muscle strength is seen in the first
8 to 12 weeks of training. The lunge (+105%) and
pull over (+93%) show the greatest increases.

Effects on HRQOL

Changes in EORTC QLQ-C30 scores are listed in
Table IV. All function scales, except cognitive
functioning, show a significant improvement after
training. Physical functioning increased by 17% with
an ES of 0.54 (p <0.01). From the symptom scales
and individual items, only fatigue is presented in
Table V since the other symptoms are not associated
with physical training effects but with the elapsed
period of time after chemotherapy and show no
significant changes. Fatigue diminished significantly
after training by 50% with an ES of —0.83.

Associarion berween muscle strength and HRQOL

Table V shows Pearson correlations between muscle
strength and physical functioning before and after
training. Before training there was a strong associa-
tion (from 0.56 to 0.75; p <0.01) between all

Strength exercise (1-RM/kg) Pre

Vertical row 0.51 (0.17)
Leg press 1.95 (0.53)
Bench press 0.34 (0.11)
Lunge 0.21 (0.09)
Pull over 0.14 (0.05)
Abdominal crunch 0.40 (0.14)

0.73 (0.21)**
2.86 (0.66)**
0.50 (0.15)**
0.43 (0.15)**
0.27 (0.08)**

Post t ES 95% CI for ES
11.2 1.32 1.08 to 1.56
12.0 1.72 1.43 to 2.01
9.7 1.41 1.11 to 1.71
12.5 2.34 2.03 to 2.81
9.7 2.68 2.11 to 3.24
9.7 1.38 1.09 to 1.67

0.60 (0.18)**

*p <0.05; **p <0.01.
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Table IV. Effects of training on quality of life: results from EORTC QLQ-C30.

Pre Post t ES 95% CI for ES
Physical functioning 72421 84 +20** 4.7 0.54 0.31 to 0.78
Role functioning 60425 77 4+23%* 3.7 0.66 0.30 to 1.02
Emotional functioning 77420 86 +17** 3.1 0.47 0.16 to 0.78
Cognitive functioning 77424 84+22 1.7 0.30 —0.05 to 0.65
Social functioning 69430 82+21%* 2.7 0.65 0.16 to 1.13
Global health state 65+15 T8 +17** 5.7 0.82 0.53to 1.11
Fatigue 42+21 21421%* —6.0 —0.83 —1.11 to —0.55

*p <0.05; **p <0.01.

strength exercises and the physical functioning scale
from HRQOL. Mean changes in muscle strength of
all exercises correlated with changes in physical
functioning (r =0.43; p<0.01).

Association between time span from last treatment to start
moment of training and initial muscle strength

No significant correlations were found between
1) time span from last treatment to start moment
of training (mean =28 weeks, range from 6 weeks to
98 weeks) and 2) initial 1-RM per kg body weight for
all strength exercises. Figure 2 depicts the associa-
tion between this time span and the initial 1-RM for
leg press.

Discussion

In the present study we characterized the physiolo-
gical profile of a heterogeneous group of cancer
patients (unselected with respect to referral) after
treatment with chemotherapy and the effects of a
high-intensity strength training program. Patients
were characterized by low strength, a high body fat
mass, and a low to normal aerobic capacity (VO,
max). High-intensity strength training as employed
in the present study produced significant improve-
ments not only in muscle strength but also in
maximal oxygen consumption, maximal workload,
and HRQOL. We also found that muscle strength
correlated significantly with HRQOL outcomes.

Table V. Correlations between muscle strength and HRQOL.

Physical functioning (HRQOL) before

training
Pre Post
Vertical row 0.66** 0.72**
Leg press 0.57** 0.47**
Bench press 0.63** 0.22
Lunge 0.56** 0.51**
Pull over 0.56** 0.15
Abdominal crunch 0.75** 0.66**

*p <0.05; **p <0.01.

The training program proved effective in this hetero-
geneous group of cancer patients.

Tolerance of the high-intensity program

None of the patients dropped out because of
overloading or injuries. The adherence rate was
92%, which is far above average for quality of life
interventions. There are several explanations for
this high adherence rate. Briefly, the extensive
intake procedure by a sports physician, the super-
vision by physiotherapists during training, and the
individualization of training loads based wupon
appropriate tests all contributed to the safety and
efficiency of the program. Special attention was
indicated for breast cancer patients since axillary
dissection in combination with the fibrosing effect
of adjuvant radiotherapy impaired their shoulder
function [40,41].

Changes in cardiopulmonary function

Maximal oxygen consumption, maximal workload,
and the oxygen consumption at the ventilatory
threshold improved significantly after the training
program. The increase of 13% in VO, max in male
patients and 14% in female patients in the present
study is in line with other training intervention
studies in cancer patients that use aerobic exercise
[16-19].
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Figure 2. Analysis of natural recovery.

RIGHTES

1r



Acta Oncol Downloaded from informahealthcare.com by Rigshospitalet on 08/14/13

For personal use only.

Changes in muscle strength

The present study shows significant improvements
in muscle strength after training. The largest in-
crease in muscle strength was observed in the first
8 to 12 weeks of training. These are similar to
observations in healthy subjects and reflect the fact
that the initial increase in muscular strength can be
explained by an improved neuromuscular adapta-
tion. The lunge and pull over exercises show the
greatest increase. These exercises are the ones in
which substantial progress can be made by improved
coordination along with an increase in strength.
Research regarding strength training in cancer
survivors is limited. Despite this, all three studies
that applied strength training showed advantageous
effects on fatigue levels, quality of life, and muscle
strength [20,21,29]. Segal et al. randomly assigned
82 men (mean age 68 years) with prostate cancer
receiving androgen deprivation therapy to a strength
training program and 73 men to a waiting list control
group. They concluded that a 12-week strength
training program (3 times per week with 2 sets of
8-12 repetitions at 60-70% of 1-RM) resulted in a
reduction of fatigue and improvement in both
quality of life and muscular fitness [20]. These
results in prostate cancer patients are in line
with our results in a broader population of cancer
patients after chemotherapy. Cunningham et al. used
strength training in 30 patients undergoing marrow
transplantation for acute leukemia. However, the
type and intensity of strength training and the
outcome parameters for muscle strength were not
specified, making comparison with our study diffi-
cult [29]. Adamsen et al. examined the effect of
high-intensity strength training in 23 cancer patients
undergoing chemotherapy. In this training program,
three series of 5-8 repetitions at 85-95% of 1-RM
involving the large muscle groups were performed.
The increase in muscle strength was 33%, and the
aerobic capacity increased by 16% [21]. In accor-
dance with our study, this high-intensity strength
training program was well tolerated and effective.
On the other hand, the American College of
Sports Medicine (ACSM) proposes exercise inten-
sities of 50% of 1-RM with 2-3 sets of 3-5
repetitions building to 10-12 repetitions [30].
From a physiological point of view, these guidelines
seems to be too low for an optimal training effect
[31,42]. A possible reason for why these guidelines
are rather conservative is an unwillingness to expose
these patients to risks, like muscle and joint injuries
at high intensities. Also, since cancer patients are
undergoing intense psychological and physical stress,
they perhaps should be treated “gently” and hence
only do low intensity exercise. These reasons are

High-intensity strength training in cancer survivors 1149

logical because in 2003, when the guidelines were
formulated, research about strength training was
very limited. It has been shown in healthy subjects
that improvements from a strength training program
are more effective when heavier loads (higher
intensities) are used. Substantial gains in maximal
strength and the subsequent hypertrophy can only
be achieved when the maximal number of motor
units is recruited, warranting high training loads
[31]. In addition, other tissues such as bone also
respond more favorably to such heavy loading. This
is clinically important since in postmenopausal
breast cancer survivors, the bone mineral density is
lower than normal, and it has been shown that
strength training is beneficial in preventing further
bone loss [43].

HRQOL and clinical relevance

Although the benefits of strength training have been
recognized in healthy subjects, its value for rehabi-
litation is relatively unexplored. In cancer rehabilita-
tion, an important goal is to counteract the side-
effects of the disease and its treatment and conse-
quently improve the quality of life. In this study we
found that strength training has beneficial effects on
different aspects of quality of life and reduces
fatigue. Muscle strength was strongly related to
physical functioning before treatment, and changes
in muscle strength were correlated with changes in
physical functioning. Several biopsychosocial me-
chanisms may explain the quality of life improve-
ments in cancer survivors that result from exercise
training, including cardiopulmonary adaptations,
endorphins distraction, mastery achievements, posi-
tive feedback, and social interaction [44]. Further
research that relates the observed changes in muscle
strength to changes in quality of life is desirable.
The strengths of the present study include the
supervised training program, the high adherence
rates, and the validated measures of quality of life
and physical performance. Furthermore, the inter-
vention was longer than most exercise interventions
in cancer patients, and data were collected at five
time points to analyze training progress instead of
only a pre- and post-treatment measurement. One
limitation of the present study was the lack of a
randomized controlled group. In the absence of a
control group, it is necessary to differentiate the
effects found from spontaneous recovery. An analysis
of the correlation between the time delay from the
last chemotherapy to the start of the training and the
initial 1-RM and VO, max values yielded no
significant correlation. Consequently, the time
variable has no effect on initial physical capacity.
Figure 2 shows that the initial strength values were
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independent of the time between the last treatment
and the start of the training. This analysis indicates
that the observed effects on muscle strength could be
attributed to the training intervention and not to the
spontaneous recovery. Future randomized trials are
necessary to confirm the results of the present study.

Finally, this study demonstrates a significant
improvement in muscle strength, maximal oxygen
consumption, and HRQOL after a high-intensity
strength training program in cancer patients lasting
18 weeks. Muscle strength was related to physical
functioning before and after training. Based on these
findings, we recommend incorporating high-inten-
sity strength training in cancer rehabilitation, with
careful screening of patients and supervision during
training.
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