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Abstract

Aim Physical activity after prostate cancer diagnosis has

been shown to reduce the risk of disease progression. Here,

we aimed to evaluate the effect of a 2-year home-based

endurance training intervention on body composition,

biomarkers levels, and prostate-specific antigen (PSA)

doubling time as a surrogate end-point for progressing

disease.

Methods Out-clinic patients with either biochemical

recurrence following radical prostatectomy or patients

managed on active surveillance were randomized to either

24 months (3 times/week) of home-based endurance train-

ing or usual care. Aerobic fitness, body composition, insulin

sensitivity, and biomarkers were measured at 0, 6, and

24 months of intervention. PSA doubling time (PSADT)

was calculated based on monthly PSA measurements.

Results Twenty-five patients were enrolled, and 19

patients completed the study. PSADT increased in the

training group from 28 to 76 months (p\ 0.05) during the

first 6 months and was correlated with changes in VO2max

(p\ 0.01, r2 = 0.41). The training group lost 3.6 ± 1.0 kg

(p\ 0.05) exclusively as fat mass, yet the changes in body

composition were not associated with the increased

PSADT. The training group showed significant improve-

ments in plasma triglycerides, adiponectin, IGF-1, IGFBP-

1, and fasting glucose levels, but no changes in insulin

sensitivity (measured as Matsuda index), testosterone,

cholesterols, fasting insulin, plasma TNF-alpha, IL-6, or

leptin levels. The control group showed no changes in any

of the evaluated parameters across the 2-year intervention.

Conclusion In this small randomized controlled trial, we

found that improvements in fitness levels correlated with

increasing PSADT, suggesting a link between training and

disease progression.

Keywords PSA � PSA doubling time � Exercise � Insulin
sensitivity and body composition

Introduction

In epidemiological studies, physical activity following

prostate cancer (PC) diagnosis has been shown to reduce

the risk of PC progression and mortality [1, 2]. In these

studies, Kenfield et al. [2] found a 61 % reduction in

prostate cancer-specific death in subjects, who were

engaged in vigorous activity more than 3 h/week compared

with those engaged in less than 1 h/week after diagnosis.

Similar effects were found in another trial, where brisk

walking for more than 3 h/week following diagnosis

decreased the risk of prostate cancer progression by 57 %

[1].

These positive effects of physical activity have

prompted large interest in engaging PC patients in exer-

cise intervention studies. Yet, the vast majority of these

exercise intervention studies have focused on patients

managed with hormonal therapy, as these patients

are exposed to widespread metabolic adverse effects,
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including increased body weight and fat mass, loss of lean

body mass (LBM), and insulin resistance [3–6]. Exercise

training in PC patients on androgen deprivation therapy

(ADT) leads to increased fitness levels, reductions in body

weight through decreases in fat mass, and maintenance of

muscle mass and functional capacity [3–6]. Moreover, we

have shown that 12 weeks of endurance training in PC

patients receiving ADT could improve insulin resistance

through increases in peripheral insulin sensitivity as

evaluated by an euglycemic-hyperinsulinemic clamp with

stable isotopes [7].

Based on the epidemiological data showing that physical

activity increases the time to disease progression in PC

patients, we aimed to randomize PC patients with recurrent

PSA after radical prostatectomy or managed on active

surveillance to a 2-year endurance training intervention or

usual care, aiming to improve their fitness, body compo-

sition, biomarkers levels and increase PSA doubling time

(PSADT).

Methods

Participants

Out-clinic patients with biochemical recurrence

(PSA[ 0.5 ng/ml) following radical prostatectomy or

patients managed on active surveillance regardless of

PSA level or biochemical progression were recruited from

the Department of Urology at Rigshospitalet, Copen-

hagen, Denmark. The subjects underwent a medical

examination and a standard blood test after 12 h of fasting

to determine eligibility. Inclusion criteria: men C 18

years of age with either (1) an elevation in PSA above

0.5 lg/l following radical prostatectomy for localized

prostate cancer, or (2) undergoing active surveillance for

prostate cancer with a Gleason score B 6.3, tumor B 2

biopsies, stage B T2a and PSA B 10. Patients were

enrolled regardless of their prior physical activity levels,

and prior physical activity levels were thus not formally

registered. Exclusion criteria: (1) infections during the

last 2 weeks; (2) severe cardiovascular diseases; (3)

severe arthritis; (4) severe neuropathy; (5) severe hyper-

tension; and (6) treatment other than radical prostatec-

tomy or active surveillance. The patients were offered

endocrine treatment if one of the following criteria was

established: (1) confirmed metastatic disease and (2)

PSADT\ 9 months calculated by at least four measure-

ments with more than 3 weeks in between. Written

informed consent was obtained from all subjects accord-

ing to the requirements from the local ethical committee

(H-D-2008-015). The study was performed in accordance

with the Helsinki Declaration.

Study protocol

Baseline testing consisted of a dual-energy X-ray absorp-

tiometry (DXA) scan to determine body composition, and

an incremental workload exercise test to determine fitness

(VO2max) on day one, followed by an oral glucose toler-

ance test (OGTT) 48–96 h after on day two. After the two

baseline visits, patients were randomized at a ratio of 1:2 to

either control or training through a simple adaptive ran-

domization procedure. Randomization was blinded to the

referring physician and laboratory technicians, but not to

the assessors of fitness test, OGTT, and DXA scanning.

PSA measurements were repeated monthly during the

intervention. PSA measurements performed before enroll-

ment in the present study were used to calculate pre-in-

tervention PSADT. Pre-intervention PSA measurements

were found by review of medical records, and the latest

3–4 measurements before enrollment were used. For sub-

jects, who had undergone prostatectomy, only post-opera-

tion PSA measurements were used. Evaluation of the

intervention by the same test procedures was performed

after 6 and 24 months. Again the OGTT was performed

48–96 h after the VO2max test to ensure that the mea-

surements of insulin sensitivity were equally influenced by

the last bout of exercise.

Training protocol

The subjects in the training group performed unsupervised

endurance training 3 times per week for 45 min for

24 months at a heart rate corresponding to the desired

percentage of maximal oxygen consumption (VO2max)

measured during the incremental workload exercise test.

The incremental workload exercise test was, in addition to

baseline, measured in the training group after 3, 9, 12, and

18 months of training with the purpose of providing

feedback and to adjust the absolute training work load.

Furthermore, every month the patients came in for PSA

determination, and at that point training adherence and

progression were informally discussed. The training con-

sisted of 5 min of warm-up, followed by 35 min of dif-

ferent interval training programs and 5 min of cool down.

The intensity of the 35 min of interval training varied

between 50 and 100 % of VO2max. The first week day of

training, the training consisted of intervals of 5- to 10-min

duration (intensity 55–75 % of VO2max), the second day

of intervals of 5- to 25-min duration (intensity 55–75 % of

VO2max), and the third day of intervals of 1- to 5-min

duration (intensity 50–100 % of VO2max). The mean

intensity was targeted at 60 % of VO2max from month 0 to

6 and 65 % of VO2max from month 7 to 24. The subjects

were instructed to use a heart rate monitor on the day of

group allocation by the training responsible researcher.
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Heart rate was continuously self-monitored during all

training sessions (RS400, Polar, Kempele, Finland).

Moreover, at each monthly control visit, the stored heart

rate data were collected and analyzed by the training

responsible researcher, and feedback on training intensity

was given to the patients. The mode of training was self-

elected and consisted of walking, running, rowing, swim-

ming, and bicycling.

Control protocol

The subjects in the control group were encouraged not to

make any changes in their everyday living. If they were

performing any kind of training before participating in the

present study, they were still allowed to do so during the

study.

Training log

Training adherence was determined as the percentage of

performed exercise session relative to the prescribed ses-

sions. Subjects in both groups kept a paper-based training

log, in which they daily recorded the number of steps

taken. For this purpose, all subjects were handed out a

pedometer (SW-701, Step Into Health, USA). Subjects in

the training group also took notes about all training ses-

sions, and all subjects registered any additional training.

No data on food intake or diet were recorded.

Maximal oxygen consumption

The maximal oxygen consumption (VO2max) was deter-

mined via an incremental exercise test to volitional fatigue

on a cycle ergometer (Monark 839E, Monark Ltd, Varberg,

Sweden). VO2 was measured with an indirect calorimetric

system (Quark b2; CosMed, Rome, Italy), recording data

every 15 s. At least two of the following three criteria were

necessary to establish that a true VO2max had been

reached: (1) a respiratory exchange ratio C1.10, (2) a

plateau in VO2 despite an increased workload, and (3)

rpm\ 60 in more than 10 s.

Body composition

Subjects were weighed wearing a T-shirt, boxers, and no

shoes. Body weight was measured to the nearest 0.1 kg on

a digital platform scale. Height was measured to the

nearest 0.5 cm using a wall-mounted stadiometer. DXA

scans (Lunar Prodigy, GE Medical Systems Wisconsin,

USA, version 8.8) were performed to assess body com-

position regarding whole-body, trunk, android fat mass,

and gynoid fat mass, as well as whole-body lean body

mass.

Glucose tolerance and insulin sensitivity

A 2-h 75 g oral glucose tolerance test (OGTT) was per-

formed following an overnight fast. Blood samples were

obtained at 0, 30, 60, 90, and 120 min for the measure-

ments of plasma glucose and plasma insulin. Area under

the glucose and insulin response curves was calculated by

the trapezoid rule. Insulin sensitivity during OGTT was

estimated by the Matsuda index [8]. The homeostatic

model assessment of insulin resistance (HOMA-IR) was

also calculated [9]. The subjects were not allowed to per-

form any form of physical activity the day before the

OGTT.

Laboratory analysis

Plasma lipids (total cholesterol, LDL-C, HDL-C, and

triglyceride) were measured at baseline and after 6 and

24 months of training. Plasma concentrations of tumor

necrosis factor alpha (TNF-a), interleukin (IL)-6, adipo-

nectin, leptin, insulin growth factor (IGF)-I, and insulin

growth factor-binding protein (IGFBP)-I were measured at

baseline and after 24 months. TNF-a, IL-6, adiponectin, and
leptin were determined by ELISA (Meso Scale Discovery,

Gaithersburg, MD, USA). Plasma concentrations of IGF-I

and IGFBP-I were determined by ELISA (R&D systems,

Minneapolis, MN, USA). All determinations were run as

duplicates, and mean values were calculated. PSA, testos-

terone, total cholesterol, HDL-cholesterol, LDL-cholesterol,

triglycerides, insulin, and glucose were determined using

standard laboratory procedures (Department of Clinical

Biochemistry, Rigshospitalet, Copenhagen, Denmark).

Calculations

PSADT in months was calculated as the natural log of 2

divided by the PSA slope (www.nomogram.org).

Statistical analysis

Data were analyzed using SAS 9.1.3 (SAS Institute Inc.

USA). Data are presented as mean ± SEM in the figures.

All outcome variables were checked for normal distribu-

tion by histogram plots and by Kolmogorov–Smirnov

analysis and were log-transformed to achieve an approxi-

mate normal distribution when necessary. Unpaired t tests

were performed to assess between-group differences at

baseline. Changes within groups (from month 0 to 6 and 0

to 24) and between groups were analyzed using repeated

measures (two-way ANOVA). If a significant interaction

(group 9 time) was found, Dunnett-corrected post hoc

tests were applied to identify significant differences within

group and between groups. Paired t tests were performed
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for PSADT to identify significant differences over time

within each group. p\ 0.05 was considered statistical

significant.

Results

Baseline characteristics

Of the 28 recruited subjects, two declined to participate and

one did not fulfill the inclusion criteria (Fig. 1). Accord-

ingly, 25 subjects were randomized to either the training or

the control group. Four subjects, three in the training group

and one in the control group, started endocrine treatment

within 6 months of intervention and were excluded from the

study. Furthermore, two subjects from the training group

were unable to perform training due to sickness unrelated to

prostate cancer, and they were also excluded after 6 months

of intervention. Five of the excluded patients belonged to the

group of patients with biochemical recurrence and one was

on active surveillance. Twelve patients in the training group

and seven patients in the control group completed the

24 months of intervention. Five of the excluded patients

took part in the first 6 months of the intervention, and they

did not differ in any of the evaluated parameters compared

with the completing patients.

Baseline characteristics of the training and control

groups are given in Table 1. At baseline, no differences in

VO2max, body composition, lipid profile, inflammation

status, or insulin sensitivity were found. The PSA con-

centration and PSADT were, furthermore, equal between

the two groups at baseline. One subject in the training

group and four subjects in the control group had impaired

glucose tolerance, and one was diabetic in the control

group, according to the criteria of the World Health

Organization and International Diabetes Federation.

Training and daily stepping

Adherence to the training program based on performed

training session was 88.2 ± 17.4 % from month 0 to 6 and

89.9 ± 6.2 % from month 7 to 24 in the training group

(Fig. 2a), and the mean training intensity was 61 ± 8 % of

VO2max from month 0 to 6 and 64 ± 12 % of VO2max

from month 7 to 24 (Fig. 2b). The mean number of steps

per day, including steps during the training sessions, was

8,961 ± 2,904 and 8,776 ± 3,280 in the training group

from month 0 to 6 and month 7 to 24, respectively

(Fig. 2c). The control group took a mean number of steps

per day of 7,477 ± 3,222 and 6,120 ± 1,889 from month 0

to 6 and month 7 to 24, respectively (Fig. 2c).

After 6 months of intervention, the training group

showed a significant increase in fitness levels (p\ 0.05,

Fig. 2d) and a tendency to an increase was observed in the

same group after 24 months (p = 0.09, Fig. 2d). The

change (0–6) in fitness levels was significantly different

between the two groups (p\ 0.01). When body composi-

tion was not taken into consideration, there was a border-

line difference between the changes in VO2max (ml(O2)/

min) for the training and control groups (p = 0.08, Fig. 2e,

Table 2).

Body composition

Patients in the training group lost 2.5 ± 0.9 and

3.6 ± 1.0 kg body weight after 6 and 24 months of train-

ing (Fig. 3a), respectively, with no significant changes in

lean body mass (Fig. 3b). Moreover, in the training group,

total fat mass decreased with 3.1 ± 3.0 kg (p\ 0.01,

Fig. 3c) and 4.4 ± 3.8 kg (p\ 0.001); trunk fat mass

decreased with 2.0 ± 1.7 kg (p\ 0.01, Fig. 3d) and

2.4 ± 2.3 kg (p\ 0.001); gynoid fat mass decreased with

0.5 ± 0.5 kg (p\ 0.01, Fig. 3e) and 0.6 ± 0.6 kg

(p\ 0.001); and android fat mass decreased with

0.3 ± 0.4 kg (p\ 0.05, Fig. 3f) and 0.5 ± 0.5 kg

(p\ 0.01) after 6 and 24 months of training, respectively.

D0–6 and D0–24 in fat mass, trunk fat mass, gynoid fat

mass, and android fat mass were significantly different

between the two groups (all, p\ 0.05).

PSA doubling time

Within the training group, PSADT increased significantly

from pre-training to after 6 months of training (p = 0.04,

Assessed for eligibility (n = 28)

Excluded (n = 3)
♦ Severe hypertension (n = 1)
♦ Declined to participate (n = 2)

Analysed (n = 12)

Discontinued intervention (n = 5)
♦ Endocrine treatment (n = 3)
♦ Broken ribs (n = 1)
♦ Recurrent cystitis (n = 1)

Allocated to training (n = 17)

Discontinued intervention (n = 1)
♦ Endocrine treatment (n = 1)

Allocated to control (n = 8)

Analysed (n = 7)

Randomized (n = 25)

Fig. 1 Patients flow diagram
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Table 2), while there was no change in PSADT within the

control group (Table 2). There was a borderline difference

between the changes in PSADT in the training and control

groups at 6 months (p = 0.06). For correlation analyses,

we broke the randomization and pooled data from the

control and training groups due to the low number of

subjects. The change in PSADT within the first 6 months

correlated with the change in fitness levels (R2 = 0.29,

p = 0.0185, Fig. 4a) and change in VO2max (R2 = 0.41,

p\ 0.003, Fig. 4b). No correlations were seen between

change in PSADT and change in fat mass or LBM (Fig. 4c,

d). There was no significant change in PSA levels at 6 or

24 months in either group (Table 2).

Biomarkers and insulin sensitivity

After 24 months of training, the training group displayed

significant reductions in plasma triglycerides (p\ 0.01)

and IGF-1 (p\ 0.05) levels and increases in plasma adi-

ponectin (p\ 0.05) and IGFBP-I (p\ 0.05, Table 2). No

Table 1 Baseline

characteristics of the training

and control groups

Training (n = 12) Control (n = 7) p value

Age (year) 69.8 ± 2.9 68.0 ± 6.1 0.23

PSA (lg/l) 4.7 ± 4.5 2.6 ± 3.2 0.47

PSADT (months) 33 ± 8 50 ± 34 0.95

Type 2 diabetes (n) 0/12 1/7 NA

Impaired glucose tolerance (n) 1/12 4/7 NA

Fitness

VO2max (ml(O2)/min/kg) 31.1 ± 7.9 30.2 ± 5.7 0.65

VO2max (ml(O2)/min) 2,534 ± 587 2,664 ± 440 0.78

Body composition

Height (cm) 179.2 ± 8.4 177.9 ± 4.6 0.70

Weight (kg) 82.5 ± 10.0 83.0 ± 12.6 0.92

BMI (kg/m2) 25.5 ± 1.9 26.3 ± 3.6 0.54

Lean body mass (kg) 57.1 ± 5.7 57.1 ± 7.8 0.95

Fat mass (kg) 21.5 ± 8.1 21.7 ± 6.8 0.89

Fat percentage (%) 25.9 ± 7.0 26.1 ± 5.8 0.93

Trunk fat mass (kg) 12.9 ± 5.4 13.2 ± 4.2 0.74

Android fat mass (kg) 2.4 ± 1.1 2.5 ± 1.0 0.74

Gynoid fat mass (kg) 3.4 ± 1.0 3.3 ± 0.6 0.93

Blood parameters

Testosterone (nmol/l) 17.4 ± 5.0 15.7 ± 6.8 0.55

Total cholesterol (mmol/l) 5.2 ± 0.8 4.7 ± 0.8 0.16

LDL-C (mmol/l) 3.2 ± 0.8 2.7 ± 0.6 0.35

HDL-C (mmol/l) 1.5 ± 0.4 1.6 ± 0.3 0.23

Triglycerides (mmol/l) 1.21 ± 0.46 1.06 ± 0.48 0.37

TNF-a (pg/l) 0.89 ± 0.25 0.79 ± 0.16 0.26

IL-6 (pg/l) 3.22 ± 4.06 1.87 ± 0.54 0.69

Leptin (pg/l) 4,137 ± 4,108 3,391 ± 2,076 0.82

Adiponectin (ng/l) 10,815 ± 4,314 8,791 ± 1,540 0.40

IGF-I (ng/ml) 66.1 ± 14.5 55.8 ± 13.1 0.12

IGFBP-I (pg/ml) 13,338 ± 8,274 11,690 ± 5,038 0.79

Insulin sensitivity

Fasting glucose (mmol/l) 5.3 ± 0.3 5.6 ± 1.0 0.73

Fasting insulin (pmol/l) 48.0 ± 28.5 42.0 ± 43.0 0.71

Glucose AUC (mmol/l) 9 (min) 955 ± 144 1,068 ± 290 0.55

Insulin AUC (pmol/l) 9 (min) 48,930 ± 31,653 33,396 ± 13,397 0.50

HOMA-IR 2.0 ± 1.1 1.8 ± 0.9 0.85

Matsuda index 6.4 ± 3.3 6.5 ± 2.4 0.74

Data are presented as mean ± SD. PSADT is presented as mean ± SEM
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changes were found for testosterone, total cholesterol,

LDL, HDL, TNF-alpha, IL-6, or leptin in the training

group. In the control group, none of the evaluated

biomarkers changed over time.

Fasting plasma glucose levels decreased with 24 months

of training (p\ 0.05), while no change was seen in the

control group. The change in area under the curve for

insulin after 24 months tended to be different between the

two groups (p = 0.06) (Table 2); otherwise, no changes in

fasting plasma insulin levels, the area under the curve for

plasma glucose, or the indices for insulin sensitivity

(HOMA-IR and Matsuda) were observed in neither of the

groups.

Discussion

The present small randomized controlled trial aimed to

investigate the possible effects on PSA doubling time

(PSADT) and metabolic parameters of home-based

endurance training in out-clinic prostate cancer patients

with biochemical recurrence following radical prostatec-

tomy or patients managed on active surveillance. Six

months of endurance training significantly increased

PSADT and a borderline significant increase in PSADT

when the training group was compared to the control

group. These data provide support for the epidemiological

finding that physical activity may delay cancer progression.

As expected, endurance training had beneficial effects on

fitness and body composition. Moreover, PSADT strongly

correlated with changes in VO2max but not with changing

in body composition, suggesting that the protective effect

of exercise on PC progression is linked with improved

fitness levels rather than with changes in body composition.

Lifestyle intervention studies have previously reported a

decrease in PSA concentration and cancer-related clinical

events in 93 prostate cancer patients managed on active

surveillance after 12–24 months of combined increased

physical activity and dietary modification [10, 11]. In

contrast, Hébert et al. [12] found no change in PSA con-

centration after a similar lifestyle intervention for 6 months

in 47 patients with recurrent disease following curatively

intended therapy. Even though the value of repeated PSA

measurements is controversial, PSADT is still applicable as

a surrogate marker for disease progression and is routinely

used to monitor patients managed on active surveillance as

well as to monitor patients prior to ADT [13–16]. In con-

trast to the lifestyle intervention studies, we evaluated the

isolated effect of exercise training, and the increase in

PSADT in PC patients after endurance training may sug-

gest that the training component is crucial for the effect on

PSA levels.

In concordance with previous studies on training and

lifestyle intervention in patients with biochemically

recurrence following radical prostatectomy or on active

surveillance [19–21] and endurance training in prostate

cancer patients managed with ADT [22], we found that

endurance training increased fitness levels, lowered body

Fig. 2 Training adherence and

fitness levels. For the training

group, a training adherence to

described exercise and

b training intensity in training

sessions in 0–6 and

7–24 months, respectively.

c Mean daily steps per day in

the control and training groups.

d Changes in VO2max

expressed as ml(O2)/min/kg and

e VO2max expressed as ml(O2)/

min after 0–6 and 0–24 months

of intervention in the control

and training groups. Data are

expressed as mean ± SEM.

Statistical significance was

determined by two-way

ANOVA with post hoc t test.

*p\ 0.05 for an effect of the

intervention between the groups

or changes within the training

group
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weight through reductions in fat mass, and maintained

muscle mass. Diminished cardiorespiratory fitness is linked

with impaired functional capacity in cancer patients [23],

providing support for promoting physical rehabilitation in

cancer patients in order to reduce tumor and therapy-re-

lated symptoms. Here, we showed that improvements in

fitness levels were correlated with increments in PSADT.

In line with this finding, recent reports have showed that

physical inactivity levels are associated with an increase in

PSA [24, 25]. Even though these associations do not give

any mechanistic insight into the protective effects of

exercise, it suggests that the intrinsic systemic changes

induced during physical exertion, which give raise to

improvements in VO2max, are also involved in the

Table 2 Effect of endurance training on fitness, body composition, blood parameters and insulin sensitivity

Training (n = 12) Control (n = 7)

0 6 24 0 6 24

PSA

PSA doubling time

(months)

27.9 ± 23.9 76.1 ± 69.8* 51.1 ± 50.4 50.0 ± 89.6 43.6 ± 51.6 36.9 ± 25.4

PSA levels (lg/l) 4.36 ± 4.38 4.72 ± 4.27 9.80 ± 7.33 2.64 ± 3.19 2.93 ± 3.47 4.24 ± 4.60

Fitness

VO2max (ml(O2)/min/

kg)

31.1 ± 7.9 32.9 ± 8.0* 32.6 ± 9.2 30.2 ± 5.7 27.9 ± 3.7 27.4 ± 4.9

VO2max (ml(O2)/min) 2,534 ± 587 2,587 ± 515 2,513 ± 645 2,664 ± 440 2,461 ± 296 2,390 ± 394

Body composition

Weight (kg) 82.5 ± 10.0 80.0 ± 11.3** 78.9 ± 9.3* 83.0 ± 12.6 82.3 ± 13.5 82.2 ± 12.0

BMI (kg/m2) 25.5 ± 1.9 24.7 ± 2.4* 24.4 ± 2.0** 26.3 ± 3.6 26.0 ± 3.9 26.1 ± 3.4

Lean body mass (kg) 57.1 ± 5.7 58.0 ± 5.7 57.7 ± 5.1 57.1 ± 7.8 56.8 ± 8.1 57.2 ± 8.4

Fat mass (kg) 21.5 ± 8.1 18.4 ± 9.2** 17.1 ± 8.7*** 21.7 ± 6.8 21.3 ± 7.3 21.2 ± 6.8

Trunk fat mass (kg) 12.9 ± 5.4 10.9 ± 6.1** 10.5 ± 5.4** 13.2 ± 4.2 13.0 ± 5.0 12.8 ± 4.7

Android fat mass (kg) 2.4 ± 1.1 2.1 ± 1.3* 1.9 ± 1.1** 2.5 ± 1.0 2.4 ± 1.0 2.4 ± 1.0

Gynoid fat mass (kg) 3.4 ± 1.0 3.0 ± 1.2*** 2.8 ± 1.0*** 3.3 ± 0.6 3.3 ± 0.7 3.3 ± 0.6

Blood parameters

Testosterone (nmol/l) 17.4 ± 5.0 18.6 ± 4.9 18.6 ± 3.7 15.7 ± 6.8 15.6 ± 5.0 14.7 ± 5.4

Total cholesterol (mmol/

l)

5.2 ± 0.8 4.9 ± 0.8 5.0 ± 1.3 4.7 ± 0.8 4.5 ± 0.7 4.4 ± 0.6

LDL-C (mmol/l) 3.2 ± 0.8 2.9 ± 0.8 3.0 ± 1.2 2.7 ± 0.6 2.4 ± 0.7 2.4 ± 0.5

HDL-C (mmol/l) 1.5 ± 0.4 1.5 ± 0.3 1.6 ± 0.3 1.6 ± 0.3 1.6 ± 0.4 1.5 ± 0.2

Triglycerides (mmol/l) 1.21 ± 0.46 0.99 ± 0.42 0.91 ± 0.36** 1.06 ± 0.48 0.76 ± 0.15 0.83 ± 0.22

TNF-a (pg/l) 0.89 ± 0.25 0.98 ± 0.18 0.79 ± 0.16 0.83 ± 0.14

IL-6 (pg/l) 3.22 ± 4.06 2.73 ± 2.08 1.87 ± 0.54 2.97 ± 2.00

Leptin (pg/l) 4,137 ± 4,108 4,652 ± 7,138 3,391 ± 2,076 4,067 ± 1,884

Adiponectin (ng/l) 10,815 ± 4,314 13,214 ± 4,759* 8,791 ± 1,540 9,079 ± 2,777

IGF-I (ng/ml) 66.1 ± 14.5 61.3 ± 12.0* 55.8 ± 13.1 54.2 ± 13.1

IGFBP-I (pg/ml) 13,338 ± 8,274 24,095 ± 18,642* 11,690 ± 5,038 17,456 ± 12,911

Insulin sensitivity

Fasting glucose (mmol/l) 5.3 ± 0.3 5.4 ± 0.4 5.0 ± 0.4* 5.6 ± 1.0 5.6 ± 0.8 5.6 ± 0.7

Fasting insulin (pmol/l) 48.0 ± 28.5 44.5 ± 23.5 50.2 ± 24.1 42.0 ± 23.0 42.3 ± 21.3 46.4 ± 13.4

Glucose AUC (mmol/

l) 9 (min)

955 ± 144 944 ± 113 889 ± 144 1,068 ± 290 1,041 ± 260 973 ± 296

Insulin AUC (pmol/

l) 9 (min)

48,930 ± 31,653 44,218 ± 33,042 44,025 ± 28,289 33,396 ± 13,397 35,276 ± 17,538 38,226 ± 16,723

HOMA-IR 2.0 ± 1.1 1.9 ± 1.0 2.0 ± 1.0 1.8 ± 0.9 1.7 ± 0.7 2.0 ± 0.6

Matsuda index 6.4 ± 3.3 6.9 ± 3.6 7.1 ± 3.8 6.5 ± 2.4 6.7 ± 2.5 5.7 ± 1.9

Data are presented as mean ± SD

* p\ 0.05 and ** p\ 0.01 for within group changes
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Fig. 3 Changes in body composition. Changes in body weight (a),
lean body mass (b), total fat mass (c), trunk fat mass (d), gynoid fat

mass (e), and android fat mass (f) after 0–6 and 0–24 months of

intervention in the control and training groups. Data are expressed as

mean ± SEM. Statistical significance was determined by two-way

ANOVA with post hoc t test. *p\ 0.05 for an effect of the

intervention between the groups, or *p\ 0.05, **p\ 0.01 or

***p\ 0.001 for changes within the training group

Fig. 4 PSADT and correlations

to fitness and body composition.

Prostate-specific antigen

doubling time (PSADT) was

correlated to changes in a fitness
levels, b VO2max, c total fat

mass, and d lean body mass.

Data were pooled for both the

training group (closed circles)

and control group (open circles)

(n = 19)

172 Cancer Causes Control (2016) 27:165–174

123



molecular suppression of tumor progression. Of note, cell

culture incubation studies with exercise-conditioned serum

have shown that the systemic changes occurring during a

bout of exercise can directly inhibit prostate cancer growth

[26].

Muscle dysfunction, characterized by loss of muscle

mass and function, has been associated with critical clinical

end-points across numerous cancer diagnoses [27]. In this

study, neither the training nor the control group had any

changes in LBM, and thus, we found no correlations

between LBM and PSADT in this study. Obesity is asso-

ciated with higher biochemical recurrence rates following

radical prostatectomy and increased risk of prostate cancer-

specific death [28, 29]. A weight gain of more than 2.2 kg

following radical prostatectomy increases the risk of cancer

recurrence [30], suggesting that changes in obesity after

diagnosis possess a modifying effect on the progression of

established prostate cancer. We showed reductions in

whole-body fat mass of 3.1 and 4.4 kg after 6 and

24 months of training, respectively, and even though these

reductions in fat mass were not associated with increases in

PSADT, they certainly have beneficial effects on the

patients’ overall metabolic health.

Training-induced reductions in systemic inflammatory

cytokines, sex hormones, adipokines, and the insulin sig-

naling axis have been suggested as molecular mechanisms

whereby exercise could exert its protective effect on

prostate cancer progression [17]. In this study, the inter-

vention did not change the concentrations of the pro-in-

flammatory cytokines, TNF-a and IL-6; the sex hormone

testosterone or the adipokine, leptin, indicating that exer-

cise effects on resting levels of these parameters did not

mediate the beneficial effect on cancer progression in the

present study. We did, however, observe an effect across

time on IGFBP-I and IGF-I. Circulating IGFBP-I binds

IGF-I with high affinity, resulting in less IGF-I to interact

with the IGF-I receptor (IGF-IR) [18]. The suggested

cancer-promoting effects of IGF-I is depending on the

downstream signaling of IGF-I binding to the IGF-IR on

the cell membrane. The increased levels of IGFBP-I and

decreased levels of IGF-I may therefore have impaired

signaling after 24 months of training.

There are several limitations of the present study. First

of all, the small number of subjects results in low statistical

power, which might conceal some of the possible effects of

the intervention. The low number of subjects was reflected

in very large variations in PSADT, which make it further

difficult to identify an effect of the intervention in the

controlled design. Secondly, the control group maintained

habitual activity habits, and this group does therefore not

represent an entirely inactive contrast to the training group.

In fact, the mean number of steps per day was similar

between the two groups, which may suggest that the

difference in total physical activity was too little to allow

for larger differences to be detected in PSADT. Thirdly,

training status of the patients before enrollment in the study

was not controlled for, and some of the patients led a very

active lifestyle before commencing in the present study, as

also reflected by high VO2max values at baseline.

The study had a very high adherence to the training,

resulting in marked improvements in physiological

parameters. Our experience was that this group of patients

had very few symptoms from their disease, but were living

with a constant fear of disease progression. Thus, they

wholly embraced the prescribed training as a means to do

something active about their situation. In contrast to PC

patients in ADT, much fewer exercise intervention studies

have been performed in this group of PC patients with

biochemical recurrence or on active surveillance. Our

results suggest that exercise training in this group is both

well accepted with high training adherence and may have

effects on disease progression, as measured by PSADT.

Yet, both parts need to be validated in larger RCT studies.

In conclusion, the present pilot study demonstrated that

a home-based endurance training programme is a feasible

option for improving fitness, body composition, and

metabolism in this particular group of prostate cancer

patients. Of particular interest, the present study demon-

strated a promising tendency toward improvement in

PSADT, adding some support to the idea that increased

level of physical activity leading to improved fitness level

may be a factor contributing to delay prostate cancer

progression.
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