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Abstract
This systematic review aimed to summarize evidence on the effects of physical exercise interventions in childhood
cancer survivors (CCS) who had finished anticancer therapy ≥ 1 year before the study. Relevant articles were identified
in the electronic databases PubMed, Web of Science, and SPORTDiscus (from inception to June 27, 2019). The PEDro
scale was used to assess methodological quality. Twelve studies including 109 CCS met all inclusion criteria and were
included in the systematic review. The quality of the included studies was overall low. Physical exercise improved
endothelial function, reduced waist circumference, and waist-to-hip ratio and increased physical activity levels.
Preliminary evidence was found regarding benefits on brain volume and structure after exercise interventions in child-
hood brain tumor survivors. Only two studies reported exercise-related adverse events. Physical exercise seems to be
safe and effective for improving several health markers in CCS, but further high-quality research and especially ran-
domized controlled trials are needed to confirm these results.
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1 Introduction

Treatment strategies for childhood cancer have improved
considerably over the last decades, as reflected by a 5-
year survival rate of ~ 80% [1]. As a consequence, the
prevalence of childhood cancer survivors (CCS) continues
to rise, and the total number of CCS is estimated to reach
500,000 in the USA by 2020 [2]. However, despite treat-
ment advances and improvements in survival rates, CCS
frequently experience adverse events related to the disease
and its treatment, of which many can persist after treat-
ment has ended (e.g., impaired left ventricular function

and low and high levels of HDL cholesterol and adiposity,
respectively) [3]. Thus, the development of interventions
to counteract the adverse effects of cancer and its treat-
ment is clinically relevant.

There is a strong rationale to expect that physical ex-
ercise interventions help reduce the side effects of cancer
treatment in CCS, as well as to attenuate the functional
decline commonly observed in this population, as sup-
ported by meta-analytical evidence [4, 5]. In line with
these findings, higher levels of vigorous exercise after
cancer treatment have been recently associated with a
lower risk of mortality in adult CCS [6]. Two meta-
analysis studies have previously assessed the effects of
exercise interventions in CCS, but both of them included
participants who were still under treatment or who had
recently finished the treatment (< 1 year) [5, 7]. Thus,
the evidence is inconclusive regarding the role of physical
exercise as a lifestyle intervention to mitigate cancer-/
treatment-related adverse effects in CCS who are off treat-
ment. In the present study, we aimed to systematically
review the evidence available on the effects of exercise
training intervention (duration ≥ 4 weeks) in CCS after the
first year after finishing treatment.
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2 Patients and methods

2.1 Literature search

Relevant articles written in English were identified and pre-
liminarily screened by title and abstract in the electronic data-
bases PubMed, Web of Science, and SPORTDiscus (from
inception to June 27, 2019). Keywords were (child* OR
adolescen* OR pediatric) AND (exercise OR “physical activ-
ity” OR training) AND (cancer OR tumor OR neoplasm OR
maligna* OR leukemia OR leukaemia OR oncology).We also
checked the bibliography of potentially relevant studies and
reviews to find additional publications on the subject. Gray
literature (e.g., abstracts, conference proceedings, and edito-
rials) and reviews were excluded.

2.2 Study selection and data extraction

Two authors (J.S.M. and P.L.V.) independently performed
the study selection, and disagreements were resolved by
discussion with a third reviewer (A.M.H-O.). We only
included in the systematic review those studies meeting
each of the following criteria: (i) assessing CCS who had
finished anticancer therapy ≥ 1 year before the study, (ii)
including an exercise intervention of ≥ 4 weeks composed
of aerobic and/or strength exercises, and (iii) including a

pre- and post-intervention assessment performed upon
completion of the exercise intervention. Having a control
group (i.e., a group performing no exercise) was not re-
quired for a study to be included. Case studies were ex-
cluded from the analyses. Articles initially selected by
systematic search were preliminarily screened by title
and abstract. The full text of those studies that met the
inclusion criteria was assessed to elucidate their
eligibility.

We collected the following data from each study, if avail-
able: number, sex and age of participants, main cancer char-
acteristics (cancer type, age at diagnosis, time since diagnosis
and treatment, time of remission, and anticancer treatment
received), interventions’ characteristics, endpoints assessed,
and main study results.

2.3 Quality assessment of the included studies

Study quality was evaluated with the PEDro scale, which
is based on the Delphi list [8]. Two authors (J.S.M. and
A.C.G.) independently scored the studies, and disagree-
ments were resolved by discussion with a third author
(A.M.H-O.). A total score out of 10 was determined by
counting the number of criteria satisfied by each study
(criteria are detailed in Table 1).

Table 1 Quality of the studies included in the systematic review

Items

Study 1 2 3 4 5 6 7 8 9 10 11 Total score*

Dubnov-Raz et al. [9] + – N/A + – – – + ? + + 4

Järvelä et al. [10] + N/A N/A N/A N/A N/A N/A + ? N/A + 2

Järvelä et al. [11] + N/A N/A N/A N/A N/A N/A + ? N/A + 2

Järvelä et al. [12] + N/A N/A N/A N/A N/A N/A + ? N/A + 2

Kim and Park [13] + N/A N/A N/A N/A N/A N/A + ? N/A + 2

Long et al. [14] + – – – – – – + ? + + 3

Piscione et al. [15] + + + – – – – + ? + + 5

Rath et al. [16] + – – N/A – – – – ? N/A + 1

Riggs et al. [17] + + + – – – – + ? + + 5

Smith et al. [18] + N/A N/A N/A N/A N/A N/A + ? N/A – 1

Szulc-Lerch et al. [19] + + + – – – – + ? + + 5

Takken et al. [20] + N/A N/A N/A N/A N/A N/A – ? N/A – 0

Column numbers correspond to the following criteria on the PEDro scale:

1: eligibility criteria were specified; 2: subjects were randomly allocated to groups (or, in a crossover study, subjects were randomly allocated an order in
which treatments were received); 3: allocation was concealed; 4: groups were similar at baseline; 5: subjects were blinded; 6: therapists who administered
the treatment were blinded; 7: assessors were blinded; 8:measures of key outcomeswere obtained frommore than 85% of subjects; 9: data were analyzed
by intention-to-treat; 10: statistical comparisons between groups were conducted; 11: point measures and measures of variability were provided
*A total score out of 10 is determined from a number of criteria that are satisfied, except that scale item 1 is not used to generate the total score

“+” indicates the criterion was clearly satisfied; “−” indicates that it was not; “?” indicates that it is not clear whether the criterion was satisfied; N/A not
applicable
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3 Results

3.1 Included studies

Twelve studies [9–20] were finally included and evaluated
(Fig. 1), and the details are summarized in Table 2.

3.2 Quality assessment and publication bias

The quality of the included studies was overall low (Table 1).
Four [9, 15, 17, 19] out of 12 studies had fair quality (total
score of 4–5), and the remaining studies were deemed to have
a poor quality (total score ≤ 3).

3.3 Participants’ and intervention characteristics

The retrieved articles included a total of 109 CCS. We exclud-
ed two participants of one study because they had been less
than 1 year off treatment [13], and two other participants in
two studies because they had hematological disorders that
were not cancers [9, 13]. Some studies shared the same sample
(Järvelä et al. [10–12] and Riggs et al. [17], Piscione et al. [15]
and Szulc-Lerch et al. [19]), and thus, we used only one study
in each case to compute the total number of subjects.

The included studies analyzed children/adolescents and
adult survivors with different types of childhood cancer, with
the most common being hematological malignancies
(leukemia) and brain tumors. Participants’ age ranged from

6 to 41 years. The age at diagnosis, the time since diagnosis,
and the time since the end of treatment ranged from 0 to
15 years, from 1 to 22 years, and from 1 to 21 years, respec-
tively. Three of the included studies did not report the age at
diagnosis, four did not report the time since diagnosis, and
four did not report the time since the end of treatment.

Five studies included a non-exercising control group
[9, 14, 15, 17, 19], of which one study used a parallel
design [9] and four used a crossover design [14, 15, 17,
19]. The remaining studies were noncontrolled trials.
Exercise interventions consisted of aerobic exercise [15,
17, 19] or a combination of both aerobic and resistance
exercise [9–14, 16, 18, 20]. Frequency and duration of the
interventions ranged from two to five sessions/week and
from 8 weeks to 6 months, respectively. Intensity ranged
from 50 to 60% of one-repetition maximum for resistance
exercise, and between 40% of heart rate (HR) reserve and
> 90% of maximum HR for aerobic exercise. Six of the
included studies did not register the intensity of the inter-
vention. None of the 12 studies included a nutrition (ei-
ther interventional or educational) intervention.

3.4 Outcomes

3.4.1 Physical capacity

There was mixed evidence on the benefits of exercise on
physical performance. Six studies [9, 10, 14, 15, 18, 20]
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Fig. 1 Flowchart of literature search
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Table 2 Studies analyzing the effects of exercise intervention on CCS

Study Study design Sample
demographics
(n, sex, age)

Main cancer
characteristics

Intervention Endpoints Main results

Dubnov-Raz
et al. [9]

Non-randomized
controlled trial

− EXP: n = 10
CCS (6
female),
11 years
(8–14)

− CT: n = 10*
CCS (5
female),
12 years
(9–13)

Type of cancer:
different types

Age at diagnosis:
N/R

Time since
diagnosis: N/R

Time since
treatment: EXP:
3 years (1–6);
CT: 3 years
(2–4)

Time of remission:
N/R

Treatment:
chemotherapy
and/or HSCT
and/or
radiotherapy

Type: aerobic
and resistance
exercise

Frequency:
3 days/week

Duration:
6 months

Intensity: N/R
Supervised: yes

− CRF (VO2peak)
− Fat and lean mass, BMC

and BMD (DXA)
− QoL (PedsQL 4.0)
− Mood (CDI)

− No changes in CRF
− ↑ lean mass, total body and

lumbar spine BMD
− No changes in fat mass
− ↑ total body BMC and

femoral neck BMD
− ↓ QoL
− No changes in mood

Järvelä et al.
[10]

Noncontrolled
trial

− EXP: n = 17
CCS (9
female),
22 years
(16–30)

− No CT

Type of cancer:
ALL

Age at diagnosis:
≤ 16 years

Time since
diagnosis:
16 years (11–21)

Time since
treatment: N/R

Time of remission:
first remission

Treatment:
anthracyclines
and/or CRT

Type: aerobic
and resistance
exercise

Frequency:
3–4 days/-
week

Duration:
16 weeks

Intensity: N/R
Supervised: no

− CRF (VO2peak)
− LV function

(echocardiography)
− Dynamic muscle strength

(sit-up and back tests, a
30-s full squat test, and
lifting weights)

− Muscle power of the
lower extremities
(vertical squat jump)

− Maximal isometric
handgrip strength
(dynamometer)

− BMI, weight, waist
circumference, and
waist-to-hip ratio

− % fat mass (skinfold)
− BP
− PA levels (questionnaire)
− Plasma glucose, insulin,

HOMA-IR, HDL, LDL
and total cholesterol, and
triglyceride
concentrations (blood
analysis)

− ↑ CRF
− No changes in LVEF and

FS
− ↑ sit-up and back test, and

full squat test
− ↓ waist circumference,

waist-to-hip ratio, and %
fat mass

− No changes in weight and
BMI

− ↓ diastolic BP
− ↑ PA levels
− ↓ plasma insulin and

HOMA-IR
− No changes in plasma

glucose, HDL, LDL and
total cholesterol, and
triglyceride concentrations

Järvelä et al.
[11]

Noncontrolled
trial

− EXP: n = 17
CCS (9
female),
22 years
(16–30)

− No CT

Type of cancer:
ALL

Age at diagnosis:
≤ 16 years

Time since
diagnosis:
16 years (11–21)

Time since
treatment: N/R

Time of remission:
first remission

Treatment:
anthracyclines
and/or CRT

Type: aerobic
and resistance
exercise

Frequency:
3–4 days/-
week

Duration:
16 weeks

Intensity: N/R
Supervised: no

− IMT and FMD (vascular
ultrasound)

− ↓ IMT
− ↑ FMD40
− No changes in FMDmax

and FMDauc

Järvelä et al.
[12]

Noncontrolled
trial

− EXP: n = 17
CCS (3
female),

Type of cancer:
ALL

Type: aerobic
and resistance
exercise

− LV structure and function
(echocardiography)

− No changes in LVEF and
FS
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Table 2 (continued)

Study Study design Sample
demographics
(n, sex, age)

Main cancer
characteristics

Intervention Endpoints Main results

23 years
(17–30)

− No CT

Age at diagnosis:
5 years (2–13)

Time since
diagnosis:
16 years (11–21)

Time since
treatment: N/R

Time of remission:
first remission

Treatment:
anthracyclines
and/or CRT

Frequency:
3–4 days/-
week

Duration:
16 weeks

Intensity: N/R
Supervised: no

− No changes in LV
end-systolic and
end-diastolic dimensions
and volumes,
intraventricular septum
thickness, and left ventricle
posterior wall thickness or
mass

− ↑ early diastolic mitral
inflow velocity

− No changes in late diastolic
mitral inflow velocity and
ratio early and late
diastolic mitral inflow
velocity

− ↑ peak circumferential
strain rate and diastolic
strain rate

Kim and
Park [13]

Noncontrolled
trial

− EXP: n = 2*
CCS (1
female),
11 years

− No CT

Type of cancer:
ALL, AML, and
severe aplastic
anemia

Age at diagnosis:
N/R

Time since
diagnosis: N/R

Time since
treatment:
2 years (1–3)

Time of remission:
N/R

Treatment:
chemotherapy
and/or HSCT

Type: aerobic
and resistance
exercise

Frequency:
2 days/week

Duration:
8 weeks

Intensity: N/R
Supervised: yes

− Physical fitness (PAPS)
− QoL (PedsQL 4.0)

− ↑ muscle strength and
overall physical fitness

− ↑ school functioning and
overall QoL

Long et al.
[14]

Crossover
controlled trial

− EXP: n = 13
CCS (7
female),
19 years
(16–23)

− CT: n = 13
CCS (7
female),
19 years
(16–23)

Type of cancer:
brain tumor,
ALL and
rhabdomyosar-
coma

Age at diagnosis:
3 years (0–10)

Time since
diagnosis:
15 years (7–22)

Time since
treatment:
13 years (7–21)

Time of remission:
N/R

Treatment: surgery
and/or HSCT
and/or
chemotherapy
and/or
radiotherapy

Type: aerobic
and resistance
exercise

Frequency:
3 days/week

Duration:
24 weeks

Intensity:
~ 50–60%
1-RM
(resistance
exercise) and
~ 60% HRmax

(aerobic
exercise)

Supervised: yes

− Dynamic muscle strength
(latissimus dorsi
pulldown and biceps
curl)

− Muscular endurance
(squats, sit-ups, and
push-ups)

− CRF (submaximal and
VO2peak)

− Lean and fat mass,
peripheral and visceral
adipose tissue (DXA)

− Weight and BMI
− HR and BP
− FMD and delta diameter

of the brachial artery
(vascular ultrasound)

− PA levels (accelerometer)

− ↑ biceps curl strength
− ↑ VE, RER and relative

VO2peak and ↓ absolute and
relative VO2peak

− No changes in lean and fat
mass, peripheral and
visceral adipose tissue

− No changes in weight and
BMI

− No changes in HR and BP
− ↑ delta diameter and FMD
− ↑ breaks in sedentary time

Piscione
et al. [15]

Crossover
controlled trial

− EXP: n = 28
CCS (12
female),
12 years
(8–17)

Type of cancer:
brain tumor

Age at diagnosis:
6 years (2–9)

Type: aerobic
exercise

Frequency:
2–3 days/-
week

− CRF (VO2peak and
pro-rated work rate)

− Motor performance
(BOTF-2)

− ↑ pro-rated work rate
− ↑ bilateral coordination
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Table 2 (continued)

Study Study design Sample
demographics
(n, sex, age)

Main cancer
characteristics

Intervention Endpoints Main results

− CT: n = 28
CCS (12
female),
12 years
(8–17)

Time since
diagnosis:
5 years (1–10)

Time since
treatment:
1–10 years

Time of remission:
N/R

Treatment: surgery
and/or CRT
and/or
chemotherapy

Duration:
12 weeks

Intensity: ~ 80%
HRmax

Supervised: yes

Rath et al.
[16]

Noncontrolled
trial

− EXP: n = 20
CCS (10
female),
20 years
(16–24)

− No CT

Type of cancer:
different types

Age at diagnosis:
4 years (0–15)

Time since
diagnosis: N/R

Time since
treatment:
11 years (11–21)

Time of remission:
N/R

Treatment: surgery
and/or CRT
and/or
chemotherapy

Type: aerobic
and resistance
exercise

Frequency:
3 days/week

Duration:
6 months

Intensity: N/R
Supervised: yes

− BP
− BMI and waist/hip

circumference
− Trunk:limb fat mass ratio

(DXA)
− Plasma glucose, insulin,

HbA1c, HOMA-IR,
HDL, LDL and total
cholesterol, triglyceride,
and C-peptide
concentrations (blood
analysis)

− Psychological function
(WASI-II and ABAS-II)

− Mental health (ASEBA)

− ↑ diastolic BP
− ↓ trunk:limb fat mass ratio
− ↑ insulin 1 h
− ↑ ABAS-II

Riggs et al.
[17]

Crossover
controlled trial

− EXP: n = 28
CCS (12
female),
12 years
(8–17)

− CT: n = 28
CCS (12
female),
12 years
(8–17)

Type of cancer:
brain tumor

Age at diagnosis:
6 years (2–9)

Time since
diagnosis:
5 years (1–10)

Time since
treatment:
1–10 years

Time of remission:
N/R

Treatment: surgery
and/or CRT
and/or
chemotherapy

Type: aerobic
exercise

Frequency:
2–3 days/-
week

Duration:
12 weeks

Intensity: ~ 80%
HRmax

Supervised: yes

− CRF (6MWD)
− Attention, processing

speed, and short-term
memory (CANTAB)

− White matter architecture
and hippocampal
volume (MRI)

− No differences in CRF
− ↓ reaction time
− ↑ white matter fractional

anisotropy and
hippocampal volume

Smith et al.
[18]

Noncontrolled
trial

− EXP: n = 5
CCS (2
female),
38 years
(33–41)

− No CT

Type of cancer:
Osteosarcoma
and Ewing
sarcoma

Age at diagnosis:
12 years (3–15)

Time since
diagnosis:
≥ 10 years

Time since
treatment: N/R

Time of remission:
N/R

Treatment: surgery
and
chemotherapy

Type: aerobic
and resistance
exercise

Frequency:
3–5 days/-
week

Duration:
12 weeks

Intensity:
40–70%
HRreserve

(aerobic
exercise) and
N/R
(resistance
exercise)

Supervised: no

− CRF (RER and VO2peak)
− Muscle strength (knee

extension peak torque)
− LV function

(echocardiography)
− Fat mass (DXA)
− Weight
− BP and HRmax

− ↑ CRF
− No changes in RER
− ↑ muscle strength
− ↑ LVEF
− ↓ fat mass
− ↓ weight
− No changes in BP and

HRmax
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analyzed cardiorespiratory fitness through the measure-
ment of peak oxygen uptake (VO2peak), with two studies
reporting an increase in VO2peak after exercise [10, 18]
and the remaining studies finding no changes. One study
[9] found an improvement in VO2peak with exercise, but
this trend was also observed in the non-exercising control
group. Furthermore, one study [17] evaluated CRF using
the 6-min walk distance, but no changes were found.

Four studies analyzed different markers of muscle strength
[10, 14, 18, 20], of which one study [18] found an increase in
knee extension peak torque, one [10] found an increase in
performance during sit-up, back extensor, and full squat
tests—but not when lifting weights—and one [14] found an

increase in performance during the biceps curl exercise—but
not during the latissimus dorsi pulldown. Two studies found
no changes in maximal isometric handgrip strength [10, 20],
and one of these studies [10] found no changes in a vertical
squat jump test used to measure lower extremity muscle
power.

One study [13] reported an improvement in muscle
strength and overall physical fitness as measured
through the physical activity promotion system, a stan-
dardized measurement table for primary schoolchildren
in Korea that measures cardiorespiratory endurance,
flexibility, muscle strength, quickness, and body mass
index (BMI).

Table 2 (continued)

Study Study design Sample
demographics
(n, sex, age)

Main cancer
characteristics

Intervention Endpoints Main results

Szulc-Lerch
et al. [19]

Crossover
controlled trial

− EXP: n = 28
CCS (12
female),
12 years
(8–17)

− CT: n = 28
CCS (12
female),
12 years
(8–17)

Type of cancer:
brain tumor

Age at diagnosis:
6 years (2–9)

Time since
diagnosis:
5 years (1–10)

Time since
treatment:
1–10 years

Time of remission:
N/R

Treatment: surgery
and/or CRT
and/or
chemotherapy

Type: aerobic
exercise

Frequency:
2–3 days/-
week

Duration:
12 weeks

Intensity: ~ 80%
HRmax

Supervised: yes

− Cortical thickness and
brain volume (MRI)

− ↑ cortical thickness
− ↑ white matter volume

Takken et al.
[20]

Noncontrolled
trial

− EXP: n = 4
CCS (1
female),
~ 9 years
(6–14)

− No CT

Type of cancer:
ALL

Age at diagnosis:
N/R

Time since
diagnosis: N/R

Time since
treatment:
1–3 years

Time of remission:
continued
remission

Treatment:
chemotherapy

Type: aerobic
and resistance
exercise

Frequency:
4 days/week

Duration:
12 weeks

Intensity:
66–> 90% of
HRmax

Supervised: yes

− Maximal isometric
handgrip strength
(dynamometer)

− CRF (VO2peak)
− Fatigue (CIS-20)
− BMI, weight
− Fat mass (skinfold)
− Functional mobility

(TUDS and TUG)

− No changes in any variable

ABAS-II Adaptive Behavior Assessment Scale, second edition; ALL acute lymphoblastic leukemia; AML acute myeloid leukemia; ASEBA Achenbach
System Empirically of Based Assessment; BMC bone mineral content; BMD bone mineral density; BMI body mass index; BOT-2 the Bruininks-
Oseretsky Test of Motor Performance 2nd edition; BP blood pressure; CANTAB the Cambridge Neuropsychological Test Automated Battery; CCS
childhood cancer survivors;CDI children’s depression inventory;CIS-20 checklist individual strength questionnaire;CRF cardiorespiratory fitness;CRT
cranial radiation therapy; CT control group; DXA dual-energy X-ray absorptiometry; EXP experimental group; FMD40 flow mediation dilation at 40 s
after the cuff release; FMDauc flow mediation dilation area under curve; FS fractional shortening;HbA1c glycated hemoglobin;HOMA-IR homeostasis
model assessment, insulin resistance; HR heart rate; HRmax maximum heart rate; HSCT hematopoietic stem cell transplantation; IMT intima media
thickness; LVEF left ventricular ejection fraction;MRImagnetic resonance imaging;MWDminute walk distance;N/R not reported; PA physical activity;
PAPS physical activity promotion system; PedsQL Pediatric Quality of Life Inventory;QoL quality of life; RER respiratory exchange ratio;RM repetition
maximum; TUDS timed up and down stairs test; TUG timed up-and-go test; VAT visceral adipose tissue; VE minute ventilation; VO2peak peak oxygen
uptake; WASI-IIWechsler Abbreviated Scale of Intelligence, second edition; FMD flow mediated dilation FMDmax maximum flow mediated dilation

*Two participants were excluded because they had hematological disorders that were not cancers [9, 13] or had been less than a year off treatment [13]
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No changes were reported in the only study that assessed
functional mobility by means of the timed up-and-go test and
timed up and down stairs test [20].

Improvements were observed in bilateral coordination as
measured with the Bruininks-Oseretsky Test of Motor
Performance, 2nd edition [15], and benefits in reaction time
measured by means of the Cambridge Neuropsychological
Test Automated Battery were reported in childhood brain tu-
mor survivors [17].

Two studies assessed physical activity (PA) levels by
means of a questionnaire [10] and an accelerometer [14] and
both observed benefits, with one study finding an increase in
PA levels [10] and the other reporting an increase in the num-
ber of breaks in sedentary time [14].

3.4.2 Cardiovascular function and structure

Three studies assessed left ventricular systolic function [10,
12, 18]. Of these, one reported an improvement in ejection
fraction (EF) after exercise [18], but no benefits on EF or
shortening fraction were found in the other two studies [10,
12]. One study [12] analyzed the left ventricular structure and
found an increase in early diastolic mitral inflow velocity and
peak circumferential strain rate and diastolic strain rate.

Two studies analyzed endothelial function and structure
through vascular ultrasound. Of these, one reported a decrease
in intima-media thickness (IMT) and an increase in brachial
artery flow-mediated dilation (FMD) at 40 s after the cuff
release [11], whereas the other found an increase in FMD
and delta diameter of the brachial artery [14].

Four studies analyzed blood pressure (BP) [10, 14, 16, 18].
One study found a reduction in diastolic BP [10] and one
reported an increase in diastolic BP [16], but no changes were
observed for BP or HR in the other two studies [14, 18].

3.4.3 Body weight and composition

Six studies analyzed the effects of exercise on body weight
and composition [9, 10, 14, 16, 18, 20]. Only one [18] out of
five studies found a reduction in body weight or BMI with
exercise, with the remaining studies reporting no changes [10,
14, 16, 20]. Six studies analyzed fat mass or other markers of
adiposity (such as peripheral and visceral adipose tissue) by
means of skinfold thickness [10, 20] or dual-energy X-ray
absorptiometry (DXA) [9, 14, 16, 18], with only three studies
finding benefits on the percentage of fat mass [10], total fat
mass [18], or trunk:limb fat mass ratio [16]. Two studies eval-
uated lean mass by DXA [9, 14], with one study finding an
increase after exercise, but this was also reported in the non-
exercising control group [9]. Only one study assessed bone
health, finding an increase in total body bone mineral content
and femoral neck bone mineral density [9]. Benefits in waist

circumference and waist-to-hip ratio were also reported after
the exercise interventions in one study [10].

3.4.4 Psychological status

Two studies analyzed health-related quality of life using the
Pediatric Quality of Life Inventory 4.0 [9, 13], of which one
study found an improvement in the school functioning sub-
scale and in the total score [13], and the other found a decrease
in total score after the exercise intervention [9]. No changes
were reported in the two studies that analyzed the effects of
exercise on mood [9] and fatigue [20]. One study evaluated
psychological function using the Wechsler Abbreviated Scale
of Intelligence (second edition) to examine cognitive function,
the Adaptive Behavior Assessment Scale (second edition) for
adaptive function, and the Achenbach System of Empirically
Based Assessment for mental health, finding improvements in
adaptive function [16].

3.4.5 Biochemical parameters

Two studies assessed the influence of exercise on biochemical
parameters, reporting a reduction in plasma insulin levels and
homeostatic model assessment for insulin resistance [10] or an
increase in plasma insulin levels [16], but no changes in plas-
ma glucose, HDL,LDL and total cholesterol, and triglyceride
[10, 16] or in glycated hemoglobin and C-peptide [16]
concentrations.

3.4.6 Brain volume and structure

Two studies in childhood brain tumor survivors, which shared
the same sample, found benefits on white matter fractional
anisotropy and hippocampal volume [17] and on cortical
thickness and white matter volume [19].

3.4.7 Adverse events

The prevalence of adverse events associated with the exercise
intervention was reported in five studies [13, 16–18, 20], and
only two studies found adverse effects or problems regarding
tolerance or safety [16, 20].

4 Discussion

This systematic review summarizes evidence on the effects of
physical exercise in CCS who had been off treatment for at
least 1 year before the beginning of the exercise intervention.
Although controversial, there is evidence to suggest that exer-
cise leads to improvements in endothelial function, PA levels,
and markers of central adiposity (such as waist circumference
and waist-to-hip ratio). Preliminary evidence also shows that
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physical exercise might provide benefits on brain volume and
structure. Also, exercise appears to be overall safe in this pop-
ulation, with only two studies having reported exercise-related
adverse events, although more research is needed.

CCS have been reported to present with a high waist-to-hip
ratio [3] and a high prevalence of abdominal obesity [21] as
compared with their healthy peers with no previous history of
cancer. The low PA levels commonly observed in the former,
with > 50% of adult CCS not meeting the minimum PA guide-
lines [22, 23], could be an important contributor to these find-
ings. Given that both central fat and physical inactivity are
related to an increased morbimortality risk [24–26], the ob-
served benefits of exercise interventions on these outcomes
are potentially relevant. There is also strong evidence showing
that CCS present with a worrying prevalence of cardiovascu-
lar risk factors [27, 28], and indeed, some anticancer treat-
ments cause endothelial dysfunction [29–31], which increases
the risk for cardiovascular disease [32–34]. Treatment-related
cardiovascular events are indeed the leading non-malignant
cause of death among CCS [35]. By contrast, exercise seems
to provide benefits for the endothelium by decreasing the IMT
and increasing the FMD, thereby improving cardiovascular
health. For instance, for a difference of 0.1 mm in carotid
IMT, the future risk of cardiovascular events changes by 10–
18% [32], and Järvelä et al. [11] found a mean reduction of
0.02 mm after 16 weeks of exercise intervention. While these
results are encouraging, further research is needed to confirm
the effects of exercise on vascular function and structure.

The benefits observed on brain health in survivors treated
for childhood brain tumors are also worth noting. These pa-
tients commonly experience brain injuries and cognitive def-
icits due to cancer and its treatment [36], which has been
related to a reduction in white matter volume and hippocampal
atrophy [37, 38]. Moreover, white matter fractional anisotropy
has proven to be a clinically useful biomarker for the assess-
ment of neurocognitive function in CCS (notably, in medul-
loblastoma survivors) [39, 40]. Thus, the observed benefits on
white matter fractional anisotropy with exercise interventions
might be clinically relevant in childhood brain tumor
survivors.

Some limitations of the present systematic review in-
clude the low methodological quality and the small sam-
ple size of most included studies. It must be noted, how-
ever, that childhood cancer is a rare disease. Also, al-
though ~ 80% of children diagnosed with cancer will sur-
vive the disease [1], studies on CCS experience enormous
recruitment difficulties. Another limitation of the present
work is the heterogeneity in the characteristics of the pop-
ulations (different ages, cancer types, treatments, and
times since diagnosis and since end of treatment) and
exercise interventions (different frequencies, durations,
and intensities) of the included studies. Finally, there is
a lack of control of nutritional variables, which might

exert a major influence on the effects of exercise on body
composition.

5 Conclusions

Although no consistent benefits were observed in the present
review, physical exercise interventions appear as a safe and, at
least partly, effective option for the improvement of health-
related markers in CCS who have been off treatment for at
least 1 year before beginning the exercise intervention. More
researches (especially randomized controlled trials) are, how-
ever, needed to validate these findings.

Funding information Research by the authors is supported by the
Spanish Ministry of Education, Culture and Sport (Javier S. Morales,
contract #FPU14/03435; Cecilia Rincón-Castanedo, contract #FPU16/
03956; and Alba M. Herrera-Olivares, contract #FPU18/00215);
Universidad de Alcalá (Pedro L. Valenzuela, contract #FPI2016); the
Spanish Ministry of Economy and Competitiveness and Fondos Feder
(Alejandro Lucia, grant #PI15/00558 and PI18/00139); the Spanish
Ministry of Economy and Competitiveness (Miguel Servet research con-
tract (Carmen Fiuza-Luces, ref. #CP18/00034)); and “Fundación
Unoentrecienmil” and “Fundación MAPFRE” (Convocatoria Ignacio
H. de Larramendi). Research in exercise and cancer by Carmen Fiuza-
Luces is funded by the National Strength and Conditioning Association
(NSCA).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Ward, E., DeSantis, C., Robbins, A., Kohler, B., & Jemal, A.
(2014). Childhood and adolescent cancer statistics, 2014. CA: a
Cancer Journal for Clinicians, 64(2), 83–103. https://doi.org/10.
3322/caac.21219.

2. Robison, L. L., & Hudson, M. M. (2014). Survivors of childhood
and adolescent cancer: life-long risks and responsibilities. Nature
Reviews. Cancer, 14(1), 61–70. https://doi.org/10.1038/nrc3634.

3. Morales, J. S., Valenzuela, P. L., Rincón-Castanedo, C., Santos-
Lozano, A., Fiuza-Luces, C., & Lucia, A. (2019). Is health status
impaired in childhood cancer survivors? A systematic review and
meta-analysis A systematic review and meta-analysis. Critical
Reviews in Oncology/Hematology. https://doi.org/10.1016/j.
critrevonc.2019.07.008.

4. Morales, J. S., Valenzuela, P. L., Rincón-Castanedo, C., Takken, T.,
Fiuza-Luces, C., Santos-Lozano, A., & Lucia, A. (2018). Exercise
training in childhood cancer: a systematic review and meta-analysis
of randomized controlled trials. Cancer Treatment Reviews, 70,
154–167. https://doi.org/10.1016/j.ctrv.2018.08.012.

5. Braam, K. I., van der Torre, P., Takken, T., Veening, M. A., van
Dulmen-den Broeder, E., &Kaspers, G. J. (2016). Physical exercise
training interventions for children and young adults during and after
treatment for childhood cancer. Cochrane Database of Systematic
Reviews, 3, CD008796. https://doi.org/10.1002/14651858.
CD008796.pub3.

Cancer Metastasis Rev (2020) 39:115–125 123

https://doi.org/10.3322/caac.21219
https://doi.org/10.3322/caac.21219
https://doi.org/10.1038/nrc3634
https://doi.org/10.1016/j.critrevonc.2019.07.008
https://doi.org/10.1016/j.critrevonc.2019.07.008
https://doi.org/10.1016/j.ctrv.2018.08.012
https://doi.org/10.1002/14651858.CD008796.pub3
https://doi.org/10.1002/14651858.CD008796.pub3


6. Scott, J. M., Li, N., Liu, Q., Yasui, Y., Leisenring, W., Nathan, P. C.,
et al. (2018). Association of exercise with mortality in adult survi-
vors of childhood cancer. JAMA Oncology, 4(10), 1352–1358.
https://doi.org/10.1001/jamaoncol.2018.2254.

7. Bourdon, A., Grandy, S. A., & Keats, M. R. (2018). Aerobic exer-
cise and cardiopulmonary fitness in childhood cancer survivors
treated with a cardiotoxic agent: a meta-analysis. Support Care
Cancer, 26(7), 2113–2123. https://doi.org/10.1007/s00520-018-
4208-z.

8. Verhagen, A. P., de Vet, H. C., de Bie, R. A., Kessels, A. G., Boers,
M., Bouter, L. M., & Knipschild, P. G. (1998). The Delphi list: a
criteria list for quality assessment of randomized clinical trials for
conducting systematic reviews developed by Delphi consensus.
Journal of Clinical Epidemiology, 51(12), 1235–1241.

9. Dubnov-Raz, G., Azar, M., Reuveny, R., Katz, U., Weintraub, M.,
& Constantini, N. W. (2015). Changes in fitness are associated with
changes in body composition and bone health in children after
cancer. Acta Paediatrica, 104(10), 1055–1061. https://doi.org/10.
1111/apa.13052.

10. Järvelä, L. S., Kemppainen, J., Niinikoski, H., Hannukainen, J. C.,
Lähteenmäki, P. M., Kapanen, J., et al. (2012). Effects of a home-
based exercise program on metabolic risk factors and fitness in
long-term survivors of childhood acute lymphoblastic leukemia.
Pediatric Blood & Cancer, 59(1), 155–160. https://doi.org/10.
1002/pbc.24049.

11. Järvelä, L. S., Niinikoski, H., Heinonen, O. J., Lähteenmäki, P. M.,
Arola, M., & Kemppainen, J. (2013). Endothelial function in long-
term survivors of childhood acute lymphoblastic leukemia: effects
of a home-based exercise program. Pediatric Blood & Cancer,
60(9), 1546–1551. https://doi.org/10.1002/pbc.24565.

12. Järvelä, L. S., Saraste, M., Niinikoski, H., Hannukainen, J. C.,
Heinonen, O. J., Lähteenmäki, P. M., Arola, M., & Kemppainen,
J. (2016). Home-based exercise training improves left ventricle di-
astolic function in survivors of childhoodALL: a tissue doppler and
velocity vector imaging study. Pediatric Blood & Cancer, 63(9),
1629–1635. https://doi.org/10.1002/pbc.26051.

13. Kim, Y., & Park, S. (2019). Feasibility and benefits of a combined
programme of exercise and play for paediatric cancer survivors: a
pilot study. European Journal of Cancer Care (England), e13111.
https://doi.org/10.1111/ecc.13111.

14. Long, T. M., Rath, S. R., Wallman, K. E., Howie, E. K., Straker, L.
M., Bullock, A., Walwyn, T. S., Gottardo, N. G., Cole, C. H.,
Choong, C. S., & Naylor, L. H. (2018). Exercise training improves
vascular function and secondary health measures in survivors of
pediatric oncology related cerebral insult. PLoS One, 13(8),
e0201449. https://doi.org/10.1371/journal.pone.0201449.

15. Piscione, P. J., Bouffet, E., Timmons, B., Courneya, K. S., Tetzlaff,
D., Schneiderman, J. E., de Medeiros, C. B., Bartels, U., &
Mabbott, D. J. (2017). Exercise training improves physical function
and fitness in long-term paediatric brain tumour survivors treated
with cranial irradiation. European Journal of Cancer, 80, 63–72.
https://doi.org/10.1016/j.ejca.2017.04.020.

16. Rath, S. R., Long, T. M., Bear, N. L., Miles, G. C. P., Bullock, A.
M., Gottardo, N. G., Cole, C. H., Naylor, L. H., & Choong, C. S. Y.
(2018).Metabolic and psychological impact of a pragmatic exercise
intervention program in adolescent and young adult survivors of
pediatric cancer-related cerebral insult. Journal of Adolescent and
Young Adult Oncology, 7(3), 349–357. https://doi.org/10.1089/
jayao.2017.0105.

17. Riggs, L., Piscione, J., Laughlin, S., Cunningham, T., Timmons, B.
W., Courneya, K. S., Bartels, U., Skocic, J., de Medeiros, C., Liu,
F., Persadie, N., Scheinemann, K., Scantlebury, N., Szulc, K. U.,
Bouffet, E., & Mabbott, D. J. (2017). Exercise training for neural
recovery in a restricted sample of pediatric brain tumor survivors: a
controlled clinical trial with crossover of training versus no training.

Neuro-Oncology, 19(3), 440–450. https://doi.org/10.1093/neuonc/
now177.

18. Smith, W. A., Ness, K. K., Joshi, V., Hudson, M. M., Robison, L.
L., & Green, D. M. (2013). Exercise training in childhood cancer
survivors with subclinical cardiomyopathy who were treated with
anthracyclines. Pediatric Blood & Cancer. https://doi.org/10.1002/
pbc.24850.

19. Szulc-Lerch, K. U., Timmons, B. W., Bouffet, E., Laughlin, S., de
Medeiros, C. B., Skocic, J., Lerch, J. P., & Mabbott, D. J. (2018).
Repairing the brain with physical exercise: cortical thickness and
brain volume increases in long-term pediatric brain tumor survivors
in response to a structured exercise intervention. Neuroimage
Clinical, 18, 972–985. https://doi.org/10.1016/j.nicl.2018.02.021.

20. Takken, T., van der Torre, P., Zwerink, M., Hulzebos, E. H.,
Bierings, M., Helders, P. J., & van der Net, J. (2009).
Development, feasibility and efficacy of a community-based exer-
cise training program in pediatr ic cancer survivors .
Psychooncology, 18(4), 440–448. https://doi.org/10.1002/pon.
1484.

21. Guler, E., Col, N., Buyukcelik, M., & Balat, A. (2018). Prevalence
of hypertension determined by ambulatory blood pressure monitor-
ing (ABPM) and body composition in long-term survivors of child-
hood cancer. Pediatric Hematology and Oncology, 35(1), 1–10.
https://doi.org/10.1080/08880018.2018.1425784.

22. Hocking, M. C., Schwartz, L. A., Hobbie, W. L., Derosa, B. W.,
Ittenbach, R. F., Mao, J. J., Ginsberg, J. P., & Kazak, A. E. (2013).
Prospectively examining physical activity in young adult survivors
of childhood cancer and healthy controls. Pediatric Blood &
Cancer, 60(2), 309–315. https://doi.org/10.1002/pbc.24144.

23. Ness, K. K., Leisenring,W.M., Huang, S., Hudson,M.M., Gurney,
J. G., Whelan, K., et al. (2009). Predictors of inactive lifestyle
among adult survivors of childhood cancer: a report from the
Childhood Cancer Survivor Study. Cancer, 115(9), 1984–1994.
https://doi.org/10.1002/cncr.24209.

24. Rost, S., Freuer, D., Peters, A., Thorand, B., Holle, R., Linseisen, J.,
& Meisinger, C. (2018). New indexes of body fat distribution and
sex-specific risk of total and cause-specific mortality: a prospective
cohort study. BMC Public Health, 18(1), 427. https://doi.org/10.
1186/s12889-018-5350-8.

25. Streng, K.W., Voors, A. A., Hillege, H. L., Anker, S. D., Cleland, J.
G., Dickstein, K., Filippatos, G., Metra, M., Ng, L. L., Ponikowski,
P., Samani, N. J., van Veldhuisen, D., Zwinderman, A. H., Zannad,
F., Damman, K., van der Meer, P., & Lang, C. C. (2018). Waist-to-
hip ratio and mortality in heart failure. European Journal of Heart
Failure, 20(9), 1269–1277. https://doi.org/10.1002/ejhf.1244.

26. Lacombe, J., Armstrong, M. E. G., Wright, F. L., & Foster, C.
(2019). The impact of physical activity and an additional behav-
ioural risk factor on cardiovascular disease, cancer and all-cause
mortality: a systematic review. BMC Public Health, 19(1), 900.
https://doi.org/10.1186/s12889-019-7030-8.

27. Chen, Y., Chow, E. J., Oeffinger, K. C., Border, W. L., Leisenring,
W. M., Meacham, L. R., et al. (2019). Traditional cardiovascular
risk factors and individual prediction of cardiovascular events in
childhood cancer survivors. Journal of the National Cancer
Institute. https://doi.org/10.1093/jnci/djz108.

28. Pluimakers, V. G., van Waas, M., Neggers, S. J. C. M., & van den
Heuvel-Eibrink, M. M. (2019). Metabolic syndrome as cardiovas-
cular risk factor in childhood cancer survivors. Critical Reviews in
Oncology/Hematology, 133, 129–141. https://doi.org/10.1016/j.
critrevonc.2018.10.010.

29. Sadurska, E., Brodzisz, A., Zaucha-Prażmo, A., & Kowalczyk, J.
(2016). The estimation of intima-media thickness and cardiovascu-
lar risk factors in young survivors of childhood cancer. Journal of
Pediatric Hematology/Oncology, 38(7), 549–554. https://doi.org/
10.1097/MPH.0000000000000513.

124 Cancer Metastasis Rev (2020) 39:115–125

https://doi.org/10.1001/jamaoncol.2018.2254
https://doi.org/10.1007/s00520-018-4208-z
https://doi.org/10.1007/s00520-018-4208-z
https://doi.org/10.1111/apa.13052
https://doi.org/10.1111/apa.13052
https://doi.org/10.1002/pbc.24049
https://doi.org/10.1002/pbc.24049
https://doi.org/10.1002/pbc.24565
https://doi.org/10.1002/pbc.26051
https://doi.org/10.1111/ecc.13111
https://doi.org/10.1371/journal.pone.0201449
https://doi.org/10.1016/j.ejca.2017.04.020
https://doi.org/10.1089/jayao.2017.0105
https://doi.org/10.1089/jayao.2017.0105
https://doi.org/10.1093/neuonc/now177
https://doi.org/10.1093/neuonc/now177
https://doi.org/10.1002/pbc.24850
https://doi.org/10.1002/pbc.24850
https://doi.org/10.1016/j.nicl.2018.02.021
https://doi.org/10.1002/pon.1484
https://doi.org/10.1002/pon.1484
https://doi.org/10.1080/08880018.2018.1425784
https://doi.org/10.1002/pbc.24144
https://doi.org/10.1002/cncr.24209
https://doi.org/10.1186/s12889-018-5350-8
https://doi.org/10.1186/s12889-018-5350-8
https://doi.org/10.1002/ejhf.1244
https://doi.org/10.1186/s12889-019-7030-8
https://doi.org/10.1093/jnci/djz108
https://doi.org/10.1016/j.critrevonc.2018.10.010
https://doi.org/10.1016/j.critrevonc.2018.10.010
https://doi.org/10.1097/MPH.0000000000000513
https://doi.org/10.1097/MPH.0000000000000513


30. Cameron, A. C., Touyz, R. M., & Lang, N. N. (2016). Vascular
complications of cancer chemotherapy. The Canadian Journal of
Cardiology, 32(7), 852–862. https://doi.org/10.1016/j.cjca.2015.
12.023.

31. Poręba, M., Gać, P., Usnarska-Zubkiewicz, L., Pilecki, W.,
Kuliczkowski, K., Mazur, G., Sobieszczańska, M., & Poręba, R.
(2016). Endothelial function in patients with hematologic malig-
nancies undergoing high-dose chemotherapy followed by hemato-
poietic stem cell transplantation.Cardiovascular Toxicology, 16(2),
156–162. https://doi.org/10.1007/s12012-015-9324-0.

32. Lorenz, M. W., Markus, H. S., Bots, M. L., Rosvall, M., & Sitzer,
M. (2007). Prediction of clinical cardiovascular events with carotid
intima-media thickness: a systematic review and meta-analysis.
Circulation, 115(4), 459–467. https://doi.org/10.1161/
CIRCULATIONAHA.106.628875.

33. Inaba, Y., Chen, J. A., & Bergmann, S. R. (2010). Prediction of
future cardiovascular outcomes by flow-mediated vasodilatation of
brachial artery: a meta-analysis. The International Journal of
Cardiovascular Imaging, 26(6), 631–640. https://doi.org/10.1007/
s10554-010-9616-1.

34. Bots, M. L., Hoes, A.W., Koudstaal, P. J., Hofman, A., & Grobbee,
D. E. (1997). Common carotid intima-media thickness and risk of
stroke and myocardial infarction: the Rotterdam Study.Circulation,
96(5), 1432–1437. https://doi.org/10.1161/01.cir.96.5.1432.

35. Mertens, A. C., Liu, Q., Neglia, J. P., Wasilewski, K., Leisenring,
W., Armstrong, G. T., Robison, L. L., & Yasui, Y. (2008). Cause-
specific late mortality among 5-year survivors of childhood cancer:
the Childhood Cancer Survivor Study. Journal of the National
Cancer Institute, 100(19), 1368–1379. https://doi.org/10.1093/
jnci/djn310.

36. Lassaletta, A., Bouffet, E., Mabbott, D., & Kulkarni, A. V. (2015).
Functional and neuropsychological late outcomes in posterior fossa
tumors in children. Child’s Nervous System, 31(10), 1877–1890.
https://doi.org/10.1007/s00381-015-2829-9.

37. Riggs, L., Bouffet, E., Laughlin, S., Laperriere, N., Liu, F., Skocic,
J., et al. (2014). Changes to memory structures in children treated
for posterior fossa tumors. Journal of the International
Neuropsychological Society, 20(2), 168–180. https://doi.org/10.
1017/S135561771300129X.

38. Reddick, W. E., Taghipour, D. J., Glass, J. O., Ashford, J., Xiong,
X., Wu, S., Bonner, M., Khan, R. B., & Conklin, H. M. (2014).
Prognostic factors that increase the risk for reduced white matter
volumes and deficits in attention and learning for survivors of child-
hood cancers. Pediatric Blood&Cancer, 61(6), 1074–1079. https://
doi.org/10.1002/pbc.24947.

39. Khong, P. L., Leung, L. H., Fung, A. S., Fong, D. Y., Qiu, D.,
Kwong, D. L., Ooi, G. C., McAlonan, G., Cao, G., & Chan, G.
C. (2006). White matter anisotropy in post-treatment childhood
cancer survivors: preliminary evidence of association with
neurocognitive function. Journal of Clinical Oncology, 24(6),
884–890. https://doi.org/10.1200/JCO.2005.02.4505.

40. Aukema, E. J., Caan,M.W., Oudhuis, N.,Majoie, C. B., Vos, F.M.,
Reneman, L., et al. (2009). White matter fractional anisotropy cor-
relates with speed of processing and motor speed in young child-
hood cancer survivors. International Journal of Radiation
Oncology, Biology, Physics, 74(3), 837–843. https://doi.org/10.
1016/j.ijrobp.2008.08.060.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Cancer Metastasis Rev (2020) 39:115–125 125

https://doi.org/10.1016/j.cjca.2015.12.023
https://doi.org/10.1016/j.cjca.2015.12.023
https://doi.org/10.1007/s12012-015-9324-0
https://doi.org/10.1161/CIRCULATIONAHA.106.628875
https://doi.org/10.1161/CIRCULATIONAHA.106.628875
https://doi.org/10.1007/s10554-010-9616-1
https://doi.org/10.1007/s10554-010-9616-1
https://doi.org/10.1161/01.cir.96.5.1432
https://doi.org/10.1093/jnci/djn310
https://doi.org/10.1093/jnci/djn310
https://doi.org/10.1007/s00381-015-2829-9
https://doi.org/10.1017/S135561771300129X
https://doi.org/10.1017/S135561771300129X
https://doi.org/10.1002/pbc.24947
https://doi.org/10.1002/pbc.24947
https://doi.org/10.1200/JCO.2005.02.4505
https://doi.org/10.1016/j.ijrobp.2008.08.060
https://doi.org/10.1016/j.ijrobp.2008.08.060

	What are the effects of exercise training in childhood cancer survivors? A systematic review
	Abstract
	Introduction
	Patients and methods
	Literature search
	Study selection and data extraction
	Quality assessment of the included studies

	Results
	Included studies
	Quality assessment and publication bias
	Participants’ and intervention characteristics
	Outcomes
	Physical capacity
	Cardiovascular function and structure
	Body weight and composition
	Psychological status
	Biochemical parameters
	Brain volume and structure
	Adverse events


	Discussion
	Conclusions
	References


