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Abstract
Purpose This review and meta-analysis aimed to evaluate the effects of high-intensity interval training (HIIT) compared to usual
care (UC) ormoderate-intensity training (MIE) on physical fitness and health-related outcomes in cancer patients across all stages
of therapy and aftercare.
Methods Databases were systematically searched in accordance with the PRISMA guidelines until October 4th, 2018. Eligibility
criteria included adult patients of various cancer types, performing HIIT vs. UC orMIE. Outcomes of interest included physical fitness
(cardiorespiratory fitness [VO2peak] and functional capacity) and health-related outcomes (body composition, quality of life, cancer-
related fatigue, and blood-borne biomarkers). Mean differences (MD) were calculated and pooled to generate effect sizes for VO2peak.
Results The search identified 1453 studies, out of which 12 articles were included. The average duration of interventions was 6.7 ±
3.0 weeks, with 2.8 ± 0.5 sessions per week. The meta-analysis for VO2peak showed superiority of HIIT compared to UC (MD 3.73;
95% CI 2.07, 5.39; p < 0.001) but not MIE (MD 1.36; 95% CI − 1.62, 4.35; p = 0.370). Similarly, no superior effects of HIIT
compared toMIEwere found for quality of life or changes in leanmass, while evidencewas provided for a larger reduction in fat mass.
Conclusion This systematic review showed that short-term HIIT induces similar positive effects on physical fitness and health-
related outcomes as MIE but seems to be superior compared to UC. Thus, HIIT might be a time-efficient intervention for cancer
patients across all stages of therapy and aftercare.
Implications for Cancer Survivors High-intensity interval training (HIIT) is superior compared to usucal care in improving physical
fitness and health-related outcomes in cancer patients across all stages of therapy and aftercare. Currently, there is no evidence for the
benefits of HIITcompared to aerobic training ofmoderate intensity (MIE) for changes in cardiorespiratory fitness, leanmass and patient-
reported outcomes. Reductions in fat mass may be more pronounced in HIITcompared to MIE when training is performed in aftercare.
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Introduction

Oncological prehabilitation, rehabilitation, and palliative care
are essential components for the treatment and/or secondary
prevention of cancer- or treatment-related impairments [1, 2].
In addition, independent of the treatment phase, supervised ex-
ercise training is commonly performed to ameliorate quality of
life (QoL) and to cope with activities of daily living by improv-
ing independency and psychosocial and cognitive health as
well as physical fitness in cancer patients [1, 2]. Exercise as
part of standard care to improve overall and progression-free
survival of cancer patients was previously outlined by the
Clinical Oncological Society of Australia position statement
and the first clinical practice exercise guidelines [3, 4].

Previous research has provided evidence for a remarkable
potential to reduce cancer-related and cancer-treatment–relat-
ed effects through physical exercise [5, 6]. Furthermore, nu-
merous types of physical training might reduce mortality and
recurrence rates of various cancer entities [7–9]. It is likely
that these beneficial effects are brought about in a dose–
response manner, where exercise regimens which improve
physical fitness and health-related outcomes to the greatest
extent may have the largest impact in reducing cancer-
related morbidity and mortality [10, 11].

High-intensity interval training (HIIT) has been proven to
be a safe, feasible, and especially effective method to improve
physical fitness, health-related outcomes, and patient-reported
outcomes, e.g., improved QoL [10, 12–14] in various chronic
diseases. However, research regarding HIIT in cancer patients
remains scarce, with recent evidence suggesting that HIIT
may also be an effective intervention for distinct cancer enti-
ties, such as breast [15], colorectal [16], and testicular cancer
[17]. In addition to improvements in cardiorespiratory fitness
and patient-reported outcomes, HIIT was found to be also
more cost-effective in adult cancer patients compared to other
types of endurance training, i.e., by lowering supervision time
and overhead costs or by reducing medication use [18].
However, despite these preliminary benefits, concerns have
been brought forward regarding possible detrimental effects
of HIIT on inflammatory profiles, which may also affect tu-
mor biology [19].

A recent systematic review on the impact of high-intensity
exercise in cancer patients concluded that high-intensity exer-
cise is feasible and safe in various cancer entities [20].
However, no clear distinction between intensive aerobic and
strength training was made. Therefore, conclusions about the
sole contribution of aerobic HIIT on the outcome parameters
like body composition or cardiorespiratory fitness may not be
reasonable. In addition, it was not distinguished between in-
terventions carried out during or after treatment.
Consequently, we performed a systematic literature review
to investigate primarily the effects of sole HIIT on physical
fitness (i.e., cardiorespiratory fitness [VO2peak] and functional

capacity [6-min walking test]) and health-related outcomes
(i.e., body composition [BMI, lean and fat mass, waist and
hip circumferences], blood-borne biomarkers [C-reactive pro-
tein, low-density lipoprotein, blood glucose concentration]) as
well as patient-reported outcomes (i.e., QoL, cancer-related
fatigue, anxiety, depression, treatment-related side effects) of
cancer patients during all stages of therapy and aftercare.
Special consideration was given to investigate whether HIIT
is more effective than moderate-intensity training (MIE) in
cancer patients and if this effect is dependent on the therapy
phase (i.e., prehabilitation, during treatment, or aftercare).

Methods

A systematic literature search was conducted in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) [21] and was registered with
the international database of prospectively registered system-
atic reviews in health and social care (PROSPERO:
CRD42018096817).

The electronic databases of PubMed, Web of Science, and
EMBASE were systematically searched until October 4th,
2018, using identical search strings (Table 1). English and
German language publications in human populations with
no restrictions to the study design were included. Two authors
(HM; NF) independently performed the literature search and
disagreements were resolved by further consultation from a
third author (MS). The search process included removing du-
plicates and screening titles, abstracts, and eligible full texts.
Additionally, reference lists of all potentially eligible full texts
and excluded cancer and exercise-related review articles were
manually checked for further studies of relevance.

Eligibility criteria

Adult male and female cancer patients with malignant cancer
types who were undergoing (in treatment) or completed
(aftercare) common standalone or combinations of neo- or
adjuvant therapies, including chemotherapy, radiation, hor-
monal therapy, immunotherapy, stem cell transplantation,
and surgery, were eligible for this systematic review and me-
ta-analysis. Studies comparing cancer patients participating in
aerobic HIIT with either receiving aerobic MIE or usual care
(UC) were considered. Studies involving high-intensity
strength training, aerobic high-intensity continuous training,
or a mixture of HIIT and continuous training or strength inter-
ventions were excluded. Furthermore, only training interven-
tions with a duration of at least 3 weeks of HIITwere included
to assure sufficient time for chronic adaptations to take place.
High intensities were a priori defined as ≥ 75% of peak work
rate (WRpeak), peak oxygen uptake (VO2peak), peak heart rate
(HRpeak), maximal heart rate (HRmax) [22], or equivalent
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rating of perceived exertion (RPE) ≥ 16 on the BORG’s 6–20
scale [23]. Primary endpoints of interest were the effects of
HIITon physical fitness (i.e., VO2peak, outcome parameters of
functional assessments like the 6-minute walking test) and
health-related outcomes (i.e., lean body mass, fat mass, and
blood-borne biomarkers like C-reactive protein, blood lipids,
and blood glucose) as well as patient-reported outcomes (i.e.,
QoL and cancer-related fatigue).

Data extraction

The following data were extracted from each eligible full text:
(a) general study information (author’s last name, publication
year, study design, study aim, and outcome measures), (b) sub-
ject information (sample size, dropout rate, gender, age, current
treatment/time point of therapy, type and stage of cancer), and
(c) intervention data for HIIT and control groups (description,
supervision, location, intensity, frequency, duration, start of in-
tervention, follow-up period, compliance, and effects).

Furthermore, objective measures of physical fitness (cardiore-
spiratory fitness [VO2peak] and performance in the 6-minute
walking test), as well as of body composition (BMI, lean body
mass, body fat mass, waist and hip circumferences) and blood-
bornemarkers (C-reactive protein, blood glucose concentration,
and low-density lipoprotein levels) were assessed. Furthermore,
patient-reported outcomes which are described at any health
status or condition directly reported by the patient without in-
terpretation by a clinician [24] were extracted. These included
QoL, cancer-related fatigue, depression, anxiety, sleep quality,
self-esteem, and treatment-related side effects. QoL included
the assessment of the subscales physical functioning, emotional
functioning, role functioning, cognitive functioning, and social
functioning as well as reporting about the treatment-induced
side effects, such as nausea, fatigue, insomnia, diarrhea, dys-
pnea, pain, or the loss of appetite. Cancer-related fatigue, on the
other hand, was extracted through questionnaire-assessed mea-
sures of motivation, general, mental and physical fatigue, and
reported reduced levels of physical activity. Additionally, any

Table 1 Search terms used for PubMed, Web of Science, and EMBASE

Database Category

Cancer Therapy HIIT

PubMed neoplas*[Title/Abstract])
metastat*[Title/Abstract])
cancer*[Title/Abstract])
carcino*[Title/Abstract])
carcinoma*[Title/Abstract])
onco*[Title/Abstract])
tumor*[Title/Abstract])
tumour*[Title/Abstract])
malignan*[Title/Abstract])

medical oncology [Title/Abstract])
radiation[Title/Abstract])
immunotherp*[Title/Abstract])
chemotherp*[Title/Abstract]) hormonal
therap*[Title/Abstract])
Aftercare[Title/Abstract]) After
care[Title/Abstract]) After
treatment[Title/Abstract]) usual
care[Title/Abstract])
adjuvant*[Title/Abstract])
neoadjuvant*[Title/Abstract])
rehabilitation[Title/Abstract])

HIT[Title/Abstract]) HIIT[Title/Abstract])
High-intensit*[Title/Abstract]) High
Intensity Interval Training*[Title/Abstract])
High intensity training*[Title/Abstract])
High intensity exercise
program*[Title/Abstract]) High intensity
aerobic exercise training*[Title/Abstract])
Interval training*[Title/Abstract]) High
intensity exercise
intervention*[Title/Abstract]) Intermittent
Exercise*[Title/Abstract]) High intensity
aerobic exercise progam*[Title/Abstract])

Web of
Science

(TS = (neoplas* metastat* cancer*
carcino* carcinoma* onco*
tumor* tumour* malignan*)

(TS = (medical oncology radiation
immunotherp* chemotherp* hormonal
therap* Aftercare After care After
treatment usual care adjuvant*
neoadjuvant* rehabilitation)

(TS = (HIT HIIT High-intensit* High Intensity
Interval Training* High intensity training*
High intensity exercise program* High
intensity aerobic exercise training* Interval
training* High intensity exercise intervention*
Intermittent Exercise* High intensity aerobic
exercise progam*)

EMBASE (neoplas* metastat* cancer*
carcino* carcinoma* oncol*
tumor* tumour* malignan*):ab,ti.

(medical oncology radiation immunotherp*
chemotherp* hormonal therap* Aftercare
After care After treatment usual care
adjuvant* neoadjuvant* rehabilitation):ab,ti.

(HIT HIIT High-intensit* High Intensity
Interval Training* High intensity training*
High intensity exercise program* High
intensity aerobic exercise training* Interval
training* High intensity exercise
intervention* Intermittent Exercise* High
intensity aerobic exercise program*):ab,ti

The Boolean operator BOR^was used to nest search terms of each individual category and BAND^ to combine the categories with one another. For each
database, the Boolean operator BNOT^was used to filter for nonhuman, noncancerous, and nonexercise studies as follows: (animals; rat*; mice; mouse;
murine; porcine; pig; piglet*; swine; rodent*; chicken*; rabbit*; canine; horse*; cattle*; turkey; sheep; rainbow trout; goat*; salmon*; zebrafish; heart
failure; heart attack; coronary heart disease; stroke; Alzheimer disease; COPD; chronic obstructive pulmonary disease; asthma*; bronchitis; cystic
fibrosis; adipositas; osteoporosis; diabet*; multiple sclerosis; Parkinson* disease; spinal cord injury; seizure*; hemophagocytic syndrom*; encephalop-
athy; epilepsy; neuropathy; arthroscopy; ACL; restless leg syndrom*; ankle instability*; ankle sprain*; lower back pain syndrom*; high-intensity forced
ultrasound; high intensity forced ultrasound; HIFU)
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reported adherence and completion rates as well as the number
of adverse events were extracted.

Data synthesis and analysis

Intentionally, the meta-analysis was planned to be calculated
for all outcomes of interest, but due to the overall low number
of included studies, a reasonable calculation was possible for
changes in VO2peak only. The meta-analysis was performed
using the statistical software R (www.r-project.org, General
Package for Meta-Analysis). Considering the same outcome
and unit of measure, the pooled mean differences (MD) were
combined. The effect size of each study was then calculated
by Cohen’s d and was given weight by its inverse variance. A
Cohen’s d of 0.2, 0.5, and 0.8 represented small, moderate,
and large effect sizes, respectively [25]. Based on the assump-
tion of different true effect sizes, a random-effects model was
used [26]. The heterogeneity was assessed with I2 and Q-test-
ing. The I2 values were classified as a small (< 25%), medium
(25–50%), and large (> 50%) heterogeneity, respectively [27].
A visual and statistical analysis for publication bias was con-
ducted both using a funnel plot and the Egger’s test [28]. Data
are presented with 95% confidence intervals (CI).

Risk of bias assessment

The Cochrane Collaborations’ risk of bias assessment tool
[29] was used to evaluate the internal validity of the included
randomized controlled trials (RCTs). Independently, two au-
thors (HM; NF) examined the studies of interest for the fol-
lowing sources of bias: selection (sequence generation and
allocation concealment), performance (blinding of partici-
pants/personnel), detection (blinding outcome assessors), at-
trition (incomplete outcome data), reporting (selective
reporting), and other potential bias (e.g., recall bias).
Additionally, included controlled trials (CTs) were assessed
with the Cochrane risk of bias in nonrandomized studies
(NOS)—of Interventions (ROBINS-I) assessment tool [30].
This tool assesses the risk within specific domains, such as
bias due to confounders, selection, intervention, missing data,
and measurement of outcomes. Despite the fact that blinding
is nearly impossible in exercise interventions, this quality cri-
terion was still assessed for integrity and in agreement with
other systematic reviews in the field.

Results

A detailed overview of individual results across the included
studies is provided in Tables 2 and 3. A total of 1453 studies
were identified through the initial search strategy (Fig. 1).
After screening of titles and abstracts, 1436 articles were
found to be ineligible and were excluded. Seventeen full text

articles remained for further eligibility assessment.
Additionally, screening reference lists of related articles re-
trieved further five studies. Out of 22 full texts screened, ten
papers were excluded based on reasons specified in Fig. 1.
Consequently, 12 [16, 17, 31–40] articles were included for
final evaluation.

Study and intervention characteristics

Ten RCTs and two CTs were identified in the systematic lit-
erature search, including one pilot RCT and one pilot CT,
respectively. Among these studies, eight studies compared
HIIT with UC [17, 31–37], while five studies compared
HIIT with MIE [16, 33, 38–40]. One study included HIIT
and both UC and MIE [33]. Out of the studies comparing
HIITwith UC, two studies were carried out during a preoper-
ative waiting period [34, 36] and one study performed HIIT
during targeted therapy (i.e., in treatment) [31]. The remaining
studies integrated HIIT after completion of different combina-
tions of surgery, chemotherapy, radiation, and hormonal ther-
apy (i.e., aftercare) [17, 32, 33, 35, 37]. All studies comparing
HIITwith MIE were performed in aftercare, i.e., 1–24 months
posttreatment.

A total number of n = 448 participants (mean age 58 ±
10 years) were included in the systematic review. More pre-
cisely, n = 245 (58 ± 10 years), n = 69 (58 ± 10 years), and n =
134 received HIIT, MIE, and UC, respectively. Recruited pa-
tients were diagnosed with various types of cancer, i.e., non-
small cell lung cancer (38.5%) [31, 34, 36], colorectal (22.9%)
[16, 40], rectal (7.7%) [32, 35], testicular (13.8%) [17, 37],
and breast cancer (7.9%), as well as various cancer types
(9.2%) [33, 38, 39]. Studies recruiting patients with various
cancer entities included breast, cervical, colon, ovarian, and
vaginal tumors, as well as melanoma, noninvasive urothelial
carcinoma, and non-Hodgkin’s lymphoma [38, 39]. Studies
using the same study population (i.e., 37 and 38, 31 and 39,
as well as 17 and 41) were included only once for pooled
analysis.

The duration of the interventions ranged from a minimum
of 21 days during a preoperative waiting period [34, 36] to a
maximum of 8 weeks in treatment [31] and 12 weeks during
aftercare [16, 17, 32, 33, 35, 37–40], respectively. The number
of weekly HIIT sessions during the preoperative waiting peri-
od and treatment was on average 3.0 (0.0), while during after-
care 2.8 (0.4) weekly HIIT or MIE sessions were completed.

Training adherence and compliance was generally moder-
ate to high in both HIIT and MIE groups. Training adherence
for HIIT ranged from 87.2% (18.0%) during a preoperative
waiting period [34] to 83.6% (12.4%) in treatment [31]. In
aftercare, training adherence was 96.7% (1.7%) and 94.1%
(3.7%) in HIIT and MIE, respectively [16, 32, 33, 35, 39,
40]. In the study by Schmitt and colleagues, 93% of all par-
ticipants performed all HIIT or MIE sessions [38], while
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w
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w
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w
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5]

Ŧ
Ŧ

H
II
T
:n

=
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m
en

an
d
8
w
om

en
;

ag
e
64

(4
5–
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)
ye
ar
s

H
II
T
:s
up
er
vi
se
d
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cl
in
g;

3
m
in

m
od
er
at
e

w
ith

w
or
k
ra
te
of

80
%

of
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yg
en
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ta
ke

at
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at
e
th
re
sh
ol
d;

2
m
in

vi
go
ro
us

w
ith

w
or
k
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te
of

50
%
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er
en
ce

in
w
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k

ra
te
be
tw
ee
n
V
O
2
p
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k
an
d
ox
yg
en

up
ta
ke

at
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ct
at
e
th
re
sh
ol
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5
m
in

w
ar
m
-u
p/
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ol
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ow

n;
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io
n
le
ng
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:t
ot
al
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20

m
in

pr
og
re
ss
ed

to
40

m
in
;

6
×
3
m
in

m
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er
at
e
an
d
6
×
2
m
in
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re
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te
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T
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d
no
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w
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er
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s
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ep
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d
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m
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re
d
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C
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s
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.
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C
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9
m
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an
d
4
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en
;
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e
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)
ye
ar
s;
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op
ou
tt
ot
al
:n

=
4

3×
w
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k

U
C
:n
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rv
en
tio

n

K
ar
en
ov
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s
et
al
.
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Ŧ
Ŧ
Ŧ
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N
S
C
L
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R
C
T

H
II
T
:n

=
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m
en

an
d
33

w
om

en
;a
ge

64
±
13
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ar
s;
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op
ou
ts
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=
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to
33

da
ys

H
II
T
:s
up
er
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d
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in
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2
×
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m
in
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w
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d
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s
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iv
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in

re
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ee
n
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;5

m
in
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ar
m
-u
p

at
50
%
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ak
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w
er

ou
tp
ut

an
d
5
m
in
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ol
-d
ow

n
at
30
%

of
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ak
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w
er
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;
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lo
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m
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ov
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in

ca
rd
io
re
sp
ir
at
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y
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s
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ra
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at
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an
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tio
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al
ou
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w
er
e
ob
se
rv
ed

1
ye
ar
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te
r
lu
ng

ca
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er
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rg
er
y
be
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ee
n
H
II
T
an
d
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C
.
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w
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50
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an
d
22
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om

en
;

ag
e
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±
10

ye
ar
s;
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op
ou
ts
:

n
=
6

U
C
:4

×
30

m
in

w
al
ks

pe
r
w
ee
k;

pa
tie
nt

ed
uc
at
io
n

A
da
m
s
et
al
.

(2
01
7)
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7]

Te
st
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ul
ar
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C
)

R
C
T

H
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T
:n

=
35

m
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;a
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44
±
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ye
ar
s;
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ou
ts
:

n
=
0
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w
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ks

H
II
T
:s
up
er
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d
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w
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ng
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ng
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×
4
m
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k
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m
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w
ar
m
-u
p/
co
ol
-d
ow

n
±
5%

of
ve
nt
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lo
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T
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C
in

te
st
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3×
w
ee
k

U
C
:n

=
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m
en
;a
ge

43
±
10

ye
ar
s;
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op
ou
ts
:

n
=
2

U
C
:m

ai
nt
ai
ne
d
ha
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tu
al
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er
ci
se

A
da
m
s
et
al
.
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Ŧ
Ŧ
Ŧ
Ŧ

[3
7]
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C
)
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C
T
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en
;a
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44
±
11

ye
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s;
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op
ou
ts
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lo
st
in

fo
llo

w
-u
p:

n
=
4
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ee
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T
:s
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d
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ll
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ea
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w
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ng
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ng
;4

×
4
m
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og
re
ss
in
g

fr
om

75
to

95
%

V
O
2
p
ea
k
;3

m
in

ac
tiv

e
re
co
ve
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5
to
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%

be
lo
w
ve
nt
ila
to
ry

th
re
sh
ol
d;

5
m
in

w
ar
m
-u
p/
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ol
-d
ow

n
±
5%

of
ve
nt
ila
to
ry

th
re
sh
ol
d;

to
ta
lo

f
35

m
in

H
II
T
le
d
to

si
gn
if
ic
an
tly
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pr
ov
ed

va
lu
es

of
se
lf
-e
st
ee
m
,c
an
ce
r-
re
la
te
d

fa
tig

ue
,a
nd

he
al
th
-r
el
at
ed

Q
oL

co
m
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re
d
to

U
C
.

U
C
:m

ai
nt
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ne
d
ha
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tu
al
ex
er
ci
se

U
C
:n

=
28

m
en
;a
ge

43
±
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ye
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ou
ts
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n
=
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in
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-u
p:

n
=
6
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w
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[3
8]

V
ar
io
us

(A
C
)

R
C
T

H
II
T
:n

=
13

w
om

en
;a
ge

53
±
8
ye
ar
s;
dr
op
ou
t:
N
/R

3
w
ee
ks

H
II
T
:s
up
er
vi
se
d
up
hi
ll
w
al
ki
ng
;8

×
1
m
in

w
al
ki
ng

w
ith

w
or
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oa
d
at
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pr
ox
.9
5%
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pe
ak

he
ar
tr
at
e;
2
m
in
of

sl
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ki
ng
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tiv

e
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ve
ry
;5

m
in
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ar
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-u
p
w
ith

w
or
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oa
d
at
70
%

pe
ak

he
ar
tr
at
e;
to
ta
lo

f
29

m
in

H
II
T
an
d
M
IE

w
er
e
si
m
ila
rl
y
ef
fe
ct
iv
e

in
im

pr
ov
in
g
Q
oL

,c
an
ce
r-
re
la
te
d

fa
tig

ue
,a
nd

bo
dy

co
m
po
si
tio

n
in

ca
nc
er

su
rv
iv
or
s
of

va
ri
ou
s
en
tit
ie
s.

H
II
T
:3

×
w
ee
k

M
IE
:n

=
13

w
om

en
;a
ge

54
±
9
ye
ar
s;
dr
op
ou
t:
N
/R

M
IE
:2

×
w
ee
k

M
IE
:s
up
er
vi
se
d
co
nt
in
uo
us

w
al
ki
ng

or
cy
cl
in
g;

75
m
in

m
od
er
at
e
in
te
ns
ity
,i
.e
.,

60
m
in

ou
td
oo
r
w
al
ki
ng

an
d
15

m
in

in
do
or

cy
cl
in
g
w
ith

w
or
kl
oa
d
at
60
%

pe
ak

he
ar
tr
at
e

D
ol
an

et
al
.

(2
01
6)

[3
3]

B
re
as
t(
A
C
)

P
ilo

tR
C
T

H
II
T
:n

=
12

w
om

en
;a
ge

56
±
9
ye
ar
s;
dr
op
ou
t:
n
=
0

6
w
ee
ks

H
II
T
:s
up
er
vi
se
d
tr
ea
dm

ill
w
al
ki
ng
/r
un
ni
ng
;

2
w
ee
ks

of
3
to
4
m
in
at
80
%

of
V
O
2
p
ea
k
;

1
to

3
m
in

ac
tiv

e
re
co
ve
ry

at
50
–5
5%

of
V
O
2
p
ea
k
;r
em

ai
ni
ng

4
w
ee
ks

pr
og
re
ss
io
n

w
ith

2
to

3
m
in

at
80
–9
5%

of
V
O
2
p
ea
k
;

2
m
in

ac
tiv

e
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ve
ry

at
55
–6
0%

of
V
O
2
p
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k
;t
ot
al
4–
6
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ut
s;
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er
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e
to
ta
lo

f
36

m
in

H
II
T
w
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si
m
ila
rl
y
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ct
iv
e
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M
IE
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im
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ov
in
g
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ir
at
or
y
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tn
es
s

an
d
bo
dy
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m
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si
tio

n
in
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ea
st
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er

su
rv
iv
or
s.

M
IE
:n

=
12

w
om

en
;a
ge

56
±
9
ye
ar
s;
dr
op
ou
t:
n
=
1

H
II
T
:3

×
w
ee
k

M
IE
:3

×
w
ee
k

M
IE
:s
up
er
vi
se
d
co
nt
in
uo
us

tr
ea
dm

ill
w
al
ki
ng
/r
un
ni
ng
;w

ee
ks

1
to

4
w
ith

3.
22

km
at
55
–6
0%

of
V
O
2
p
ea
k
;

pr
og
re
ss
ed

to
4.
02

km
at
70
%

of
V
O
2
p
ea
k
;

av
er
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e
tim

e
of

40
m
in

D
ev
in

et
al
.

(2
01
6)

[1
6]

C
ol
or
ec
ta
l

(A
C
)

R
C
T

H
II
T
:n

=
18

m
en

an
d
12

w
om

en
;a
ge

61
±
11

ye
ar
s;

dr
op
ou
ts
:n

=
1

4
w
ee
ks

H
II
T
:s
up
er
vi
se
d
cy
cl
in
g;

4
×
4
m
in

w
ith

w
or
kl
oa
d
at
85
–9
5%

at
pe
ak

he
ar
tr
at
e;

3
m
in

ac
tiv

e
re
co
ve
ry

w
ith

w
or
kl
oa
d
at

50
–7
0%

of
pe
ak

he
ar
tr
at
e;
10

m
in

w
ar
m
-u
p
w
ith

w
or
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d
at
50
–7
0%

of
pe
ak

he
ar
tr
at
e;
to
ta
lo

f
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m
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H
II
T
le
d
to

su
pe
ri
or
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tio
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in

ca
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io
re
sp
ir
at
or
y
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tn
es
s
an
d
bo
dy

co
m
po
si
tio

n
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m
pa
re
d
to

M
IE

in
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lo
re
ct
al
ca
nc
er

su
rv
iv
or
s.

H
II
T
:3

×
w
ee
k

M
IE
:n

=
8
m
en

an
d
9
w
om

en
;

ag
e
62

±
11

ye
ar
s;
dr
op
ou
ts
:

n
=
1

M
IE
:3

×
w
ee
k

M
IE
:s
up
er
vi
se
d
co
nt
in
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ly

cy
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in
g
of

50
m
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w
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w
or
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d
at
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–7
0%
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pe
ak
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at
e
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et
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.
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6)
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9]
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(A
C
)

R
C
T

H
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T
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8
w
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en
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w
ee
ks

H
II
T
:s
up
er
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se
d
cy
cl
in
g
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in
g;
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iv
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y
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si
ng

fr
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3
to

7
×
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s
w
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d
at
≥
85
%

pe
ak

he
ar
t

ra
te
;1

m
in

re
st
;5

m
in

w
ar
m
-u
p/
co
ol
-d
ow

n;
to
ta
lo

f
14
.5

to
20
.5

m
in

H
II
T
an
d
M
IE

le
d
to
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m
ila
r
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pr
ov
em

en
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in

fu
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tio

na
l
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ci
ty

an
d
Q
oL

.A
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ol
ut
e
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t

m
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s
si
gn
if
ic
an
tly

de
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se
d
in

H
II
T
bu
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ot
M
IE

in
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su
rv
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or
s
of

va
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ou
s
en
tit
ie
s.

H
II
T
:3

×
w
ee
k

M
IE
:3

×
w
ee
k

M
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d
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m
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0
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%

pe
ak

he
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tr
at
e;
5
m
in

w
ar
m
-u
p/
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ol
-d
ow

n

D
ev
in

et
al
.

(2
01
8)

[4
0]

C
ol
or
ec
ta
l

(A
C
)

R
C
T

H
II
T
:n

=
13

m
en

an
d
5
w
om

en
;

ag
e
61

±
12

ye
ar
s;
dr
op
ou
t:

n
=
1

8
w
ee
ks

H
II
T
:s
up
er
vi
se
d
cy
cl
in
g;

4
×
4
m
in

w
ith

w
or
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oa
d
at
85
–9
5%

of
pe
ak

he
ar
tr
at
e;

3
m
in

ac
tiv

e
re
co
ve
ry

w
ith

w
or
kl
oa
d
at

50
–7
0%

of
pe
ak

he
ar
tr
at
e;
10

m
in

w
ar
m
-u
p
w
ith

w
or
kl
oa
d
at
50
–7
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of
pe
ak

he
ar
tr
at
e;
to
ta
lo

f
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m
in

H
II
T
le
d
to

su
pe
ri
or

im
pr
ov
em

en
ts
in

ca
rd
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re
sp
ir
at
or
y
fi
tn
es
s
an
d

de
cr
ea
se
s
in

fa
tm

as
s.
N
o

di
ff
er
en
ce
s
w
er
e
ob
se
rv
ed

be
tw
ee
n

H
II
T
an
d
H
II
T-
ta
pe
re
d.
B
en
ef
ic
ia
l

ad
ap
ta
tio

ns
w
er
e
m
ai
nt
ai
ne
d
du
ri
ng

a
4-
w
ee
k
fo
llo

w
-u
p
in

H
II
T
an
d

H
II
T-
ta
pe
re
d
bu
tn

ot
in

M
IE

fo
r
co
-

lo
re
ct
al
ca
nc
er

su
rv
iv
or
s.

H
II
T
:3

×
w
ee
k

H
II
T
t:
n
=
10

m
en

an
d
10

w
om

en
;a
ge

62
±
10

ye
ar
s;

dr
op
ou
t:
n
=
1

H
II
T
t:
3×

fo
r

w
ee
ks

1
to

4
an
d
1×

w
ee
k
til
l

en
d

H
II
T
t:
su
pe
rv
is
ed

cy
cl
in
g;

4
×
4
m
in

w
ith

w
or
kl
oa
d
at
85
–9
5%

of
pe
ak

he
ar
tr
at
e;

3
m
in

ac
tiv

e
re
co
ve
ry

w
ith

w
or
kl
oa
d
at

50
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0%
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ak

he
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at
e;
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m
in
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p
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ith
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or
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at
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at
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to
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f
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nc
y

M
IE
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=
9
m
en

an
d
10

w
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en
;

ag
e
60

±
11

ye
ar
s;
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ou
t:

n
=
2

M
IE
:3

×
w
ee
k

M
IE
:s
up
er
vi
se
d
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nt
in
uo
us

cy
cl
in
g
of

50
m
in

w
ith

w
or
kl
oa
d
at
70
%

of
pe
ak

he
ar
tr
at
e

A
ll
re
su
lts

ar
e
pr
es
en
te
d
as

m
ea
n
±
S
D

Ŧ
in
cl
ud
ed

an
H
II
T,

a
M
IE
,a
nd

an
U
C
gr
ou
p

Ŧ
Ŧ
S
am

e
sa
m
pl
e
as

W
es
te
ta
l.
[3
2]

Ŧ
Ŧ
Ŧ
S
am

e
sa
m
pl
e
as

L
ic
ke
r
et
al
.[
34
]+

1
ye
ar

fo
llo

w
-u
p

Ŧ
Ŧ
Ŧ
Ŧ
S
am

e
sa
m
pl
e
as

A
da
m
s
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Toohey and colleagues reported only an overall adherence of
93.8% [39], irrespective of HIIT or MIE training. Overall re-
ported dropout rates ranged from 4.9 to 9.9% (HIIT: n = 12
(4.9%); MIE: n = 4 (5.8%); and UC: n = 14 (9.9%)). If item-
ized by timing of the intervention, n = 13 (2.9%) terminated
training during a preoperative waiting period and n = 6 (1.3%)
in treatment, while n = 15 (3.3%) dropped out in aftercare.

Risk of bias assessment

The results of the methodological quality assessment of all
included studies are summarized in Fig. 2. An appropriate
procedure for a randomly generated sequence was fully de-
scribed in six studies [16, 17, 31, 37, 38, 40], out of which
three concealed the allocation [16, 31, 40]. Performance bias
was found in all included trials. However, due to the charac-
teristics of exercise interventions and the fact that blinding of
participants is nearly impossible, this poses no threat to inter-
nal validity. Only three studies [17, 31, 37] blinded outcome
assessors. A high risk of incomplete outcome data was found
in one trial [31]. One study displayed moderate [32] and an-
other serious risk [35] in the confounding domain. All other
domains were rated as low risk.

Intervention effects and pooled analysis

Physical fitness

An overview of the effects of individual studies is presented in
Fig. 3. The meta-analysis for changes in VO2peak revealed a
large effect for HIITcompared to UC (MD 3.73, 95% CI 2.07,
5.39; p < 0.001). However, no additional benefit of HIIT was
found compared to MIE (MD 1.36; 95% CI − 1.62, 4.35; p =
0.370). When combining evidence of all studies, which com-
pared HIIT to a control condition (i.e., UC and MIE), the MD
was 3.00 (95% CI 1.65, 4.36; p < 0.001).

Functional capacity was assessed only in two studies.
During a preoperative waiting period, HIIT induced statisti-
cally significant improvements in the 6-minute walking test as
compared to UC (median + 66 vs. − 2 m, p = 0.001) [34],
while this was not observed when compared to MIE in after-
care [39].

Body composition

Body composition was assessed exclusively in studies com-
paring HIITandMIEwith the exception that one study includ-
ed an UC group as well [16, 33, 38–40]. Body composition
parameters were measured by dual-energy X-ray absorptiom-
etry (DXA) [16, 38–40] and anthropometric measures [33].
No significant between-group differences were observed for
changes in lean mass in either of the studies. However, in two
studies [39, 40], changes in fat mass were statistically largerT
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during HIIT compared to MIE in aftercare (− 5.5 vs. + 0.29%,
p = 004 and − 4.0 vs. − 1.1%, p = 0.038, respectively). No
between-group differences for changes in waist and hip cir-
cumferences were observed in the study by Dolan and col-
leagues [33].

Blood-borne biomarkers

HIIT compared to UC in aftercare resulted in significant re-
ductions in C-reactive protein (CRP) (no Δ% provided, p =
0.045) and low-density lipoprotein levels (no Δ% provided,
p = 0.014) [17]. In contrast, no significant interaction was ob-
served for HIIT and UC during targeted therapy [31]. When
comparing HIIT and MIE, no differences in the changes of
CRPwere observed, while a significant interaction in favor for

HIIT but not MIE was found in fasting blood glucose levels
(− 2.40 vs. + 1.41%, p = 0.01) [39].

Patient-reported outcomes

Very few studies have used similar tools for the evaluation of
patient-reported outcomes, hindering direct comparisons be-
tween different studies. Comparing HIIT and UC, two studies
[31, 35] incorporated measures of QoL, assessed by the
European Organization for Research and Treatment of
Cancer Core Quality of Life Questionnaire (EORTC QLQ-C
30), while onemore study used the Health Survey (SF-36). No
between-group differences were observed for the global health
status and QoL in treatment [31] and the multi-item symptom
scales Bpain^, Bfatigue,^ and Binsomnia^ in aftercare [35]. In

Fig. 1 PRISMA flowchart of the systematic review process. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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contrast, HIIT showed statistically significant improvements
compared to UC for some item scales of the SF-36 [37].
Compared to UC, HIIT led to significantly improved cancer-
related fatigue assessed by the Functional Assessment of
Cancer Therapy Fatigue scale (FACT-F) as well as improved
values for self-esteem but not for depression, anxiety, stress, or
sleep quality [37] (Table 3).

Similarly, changes in QoL induced by HIIT and MIE were
assessed only in two studies carried out in aftercare [38, 39],
using different tools (i.e., Functional Assessment of Cancer
Therapy-General [FACT-G] and EORTC-QLQ-C30 as well
as the Multidimensional Fatigue Inventory [MFI-20]). While
Toohey and colleagues did not report statistical between-
group differences [39], Schmitt and colleagues reported MIE

Fig. 2 Risk of bias assessment for the included study
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to be superior to HIIT for subscales of Bgeneral fatigue^ (−
22.1 vs. − 11.2%, p = 0.04), Bsocial functioning^ (+ 35.5 vs. −
3.5%, p = 0.02), Bemotional functioning^ (+ 79.3 vs. + 18.1%,
p = 0.03), and Bpain^ (− 41.9 vs. + 18.1%, p = 0.02) [38].

Discussion

The purpose of this systematic review and meta-analysis was
to determine if HIIT positively affects physical fitness and
health-related outcomes in cancer patients during any stage
of treatment and aftercare. The effect sizes of our meta-
analysis indicate larger improvements in VO2peak when HIIT
was compared to UC. However, this effect declined when
compared to MIE both in treatment and aftercare, indicating
that HIIT may not be necessary to achieve favorable cardio-
respiratory adaptations in cancer patients. Furthermore, our
systematic literature review revealed no superior effects of
HIIT on QoL and changes in lean mass as compared to MIE,
while some evidence was provided for a larger reduction in fat
mass following HIIT in aftercare.

For several years, HIIT has been utilized in clinical popu-
lations other than cancer with positive effects being reported
on vascular function, cardiorespiratory fitness, cardiovascular
risk factors, blood-borne biomarkers, and body composition
[41]. However, only recently, the scientific interest has arisen
to implement HIIT in the supportive therapy of cancer pa-
tients. These studies predominantly usedmultimodal interven-
tion strategies including aerobic and resistance training as well
as other modalities or therapies, such as relaxation and

psychosocial support [20]. This is making it difficult to attri-
bute the observed beneficial effects to aerobic HIIT.

Our review with meta-analysis expands to previous studies
by exclusively investigating the effectiveness of aerobic HIIT
for cancer patients. In fact, our meta-analysis revealed signif-
icantly larger improvements in VO2peak in HIIT compared to
UC, while this difference was negligible when HIITwas com-
pared to MIE. Thus, a clear advantage of HIIT over other
aerobic training modes may not be confirmed at this time,
based on adaptations in VO2peak. However, it should be noted
that this conclusion was based on four studies only. Although
our risk of bias assessment revealed a high quality for the
majority of the included studies, the overall low number of
investigations should be considered, especially in light of the
multiple facets of this disease (i.e., various cancer types and
numerous treatment options). Moreover, a rather short dura-
tion of interventions (3 to 6 weeks) across a number of includ-
ed studies might have not been sufficient enough to distin-
guish between the induced physiological responses of HIIT
or MIE [16, 33, 38].

A possible practical explanation for our findings may be
related to the exercise intensity and HIIT modality. While
current guidelines for cancer patients [42] recommend a week-
ly volume of 150 min of moderate or 75 min of vigorous
aerobic exercise, it remains unknown whether intensity zones
used in healthy individuals or in the therapy of chronic dis-
eases can be ultimately applied to cancer patients in different
phases of therapy. In a study by Scharhag-Rosenberger and
colleagues [43], it was shown that standardized intensities
typically used for exercise prescription in healthy individuals

Fig. 3 Forest plot illustrating changes in cardiorespiratory fitness (VO2peak) as a result of HIIT vs. UC or HIIT vs. MIE. HIIT, high-intensity interval
training; UC, usual care; MIE, moderate-intensity training
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may easily under- or overestimate the actual intensity per-
ceived by breast cancer survivors. According to the authors,
maximal heart rate appeared to be the most valid measure to
prescribe exercise intensities, whereas a slight under- and
overestimation of intensity zones was observed when intensi-
ties were prescribed based on VO2peak or heart rate reserve.
While it remains unknown whether these findings may be
applied to patients diagnosed with other cancer entities, the
included studies of this review used both peak/maximal mea-
sures of VO2 and maximal heart rate for intensity control.

In line with the findings for cardiorespiratory fitness, our
systematic review also revealed that the aerobic training mode
does not seem to affect changes in lean mass, while reductions
in fat mass may be larger in HIIT compared to MIE [16,
38–40]. This finding is of importance as increased visceral
body fat is associated with negative health outcomes and in-
creased mortality in cancer patients [44, 45]. Furthermore,
body composition may impact chemotherapy tolerance and
severity of treatment side effects [46, 47]. Interestingly, in con-
trast to our findings, in a recent review on the effects of high-
intensity exercise in cancer patients, both reductions in fat mass
and concomitant increases in lean mass following high-
intensity exercise training were observed [20]. However, since
this review included combined interventions (i.e., HIIT and
resistance training), it is likely that these effects were induced
by strength training rather than the HIIT modality.

Only very few studies have assessed the effects of HIIT on
QoL or cancer-related fatigue in treatment [31] or aftercare [35,
38, 39]. Results of these studies indicated no beneficial effect of
HIIT for cancer-related fatigue or QoL when compared toMIE.
However, one study showed superior effects of HIIT compared
to UC in terms of improving cancer-related fatigue and vitality,
even during a 3-month follow-up [37]. Furthermore, it was
shown that improvements in cardiorespiratory fitness mediated
cancer-related fatigue and QoL parameters [37]. This finding is
in line with a meta-analysis of exercise interventions for cancer
patients, showing that intense aerobic exercise was more suc-
cessful in improving QoL [48]. Furthermore, these findings
advocate a dose–response hypothesis, where exercise-induced
improvements in QoL might be dependent on exercise intensi-
ty. Recently, Mijwel and colleagues [15] showed significantly
improved QoL in breast cancer compared to UC by adding
HIIT to other exercise therapy modalities during chemotherapy.
However, the largest improvements were shown within the
concurrent training group combining resistance exercise and
HIIT. Therefore, the contribution of either of the training mo-
dalities cannot be teased out. In addition, the heterogeneity of
the instruments used to assess patient-reported outcomes in the
studies included in this review could have at least partially
contributed to the controversial results.

Blood-borne biomarkers were assessed in three studies on-
ly. Interestingly, these studies showed positive effects of HIIT
when carried out in an aftercare setting [17, 39] but not during

targeted therapy [31]. These positive effects were reflected by
the reduced concentrations of inflammatory markers and in-
creased insulin sensitivity [17]. The anti-inflammatory mech-
anisms of HIIT may be crucial for cancer patients, not only
because inflammation is directly linked to tumor growth but
also as a protection in patients at high risk of chemotoxicity or
treatment-related cardiotoxicity [49].

When interpreting the findings of this review, one should
bear in mind a few limitations. Firstly, there has been a lan-
guage bias, which could have resulted in missing potential
studies of interest. Furthermore, the overall number of includ-
ed studies was low and the included patients varied consider-
ably in cancer diagnoses and statuses as well as treatments
(i.e., in treatment vs. aftercare). Despite a low risk of bias in
all included studies, this limits the comparison between stud-
ies and makes it difficult to draw definite conclusions for all
cancer entities. Furthermore, HIIT protocols also differed con-
siderably inmodality, frequency, intensity, and duration across
included studies. Therefore, the performance of further ran-
domized controlled trials with the following focus is highly
encouraged: (a) direct comparisons between HIIT and MIE;
(b) effects of different HIIT protocols on cancer-related out-
comes, such as treatment completion and tumor biology; and
(c) the feasibility and motivational impact of HIIT across ma-
jor cancer entities, disease stage, and different treatments.

Conclusion

Our systematic review with meta-analysis revealed that short-
term HIIT appeared to be more beneficial than UC for im-
provements of physical fitness and health-related outcomes,
while a clear advantage compared to continuous training with
moderate intensities remains questionable. As such, the im-
plementation of HIIT for cancer patients both during treatment
and aftercare may be encouraged, especially in patients where
time is of concern. However, due to the overall low number of
available studies focusing on body composition, patient-
reported outcomes, and blood-borne biomarkers, there is an
urgent need for further studies investigating the effectiveness
of HIIT in this population and during all stages of treatment
and aftercare.
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