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Objective: To assess the available evidence on the effectiveness of high-intensity
interval training (HIIT) in addition to first-choice cancer treatment on cardiores-
piratory fitness (CRF), quality of life (QoL), adherence, and adverse effects of
HIIT in patients with cancer or cancer survivors.

Methods: An umbrella review and meta-meta-analysis (MMA) was performed.
A systematic search was conducted in MEDLINE, EMBASE, Cochrane Database,
CINAHL, Scopus, SPORTDiscus, and Web of Science until August 2021. Article
selection, quality assessment, and risk of bias assessment were performed by
two independent reviewers. The MMA were performed with a random-effects
model and the summary statistics were presented in the form of forest plot with
a weighted compilation of all standardized mean differences (SMD) and corre-
sponding 95% confidence interval (CI).

Results: Seven systematic reviews were included. Regarding CRF, the addition
of HIIT to cancer treatment showed statistically significant differences with a
small clinical effect, compared with adding other treatments (SMD = 0.45; 95%
CI 0.24 to 0.65). There was no significant difference when compared with adding
moderate-intensity continuous training (MICT) (SMD = 0.23; 95% CI —0.04 to
0.50). QoL showed positive results although with some controversy. Adherence
to HIIT intervention was high, ranging from 54% to 100%. Regarding adverse ef-
fects, most of the systematic reviews reported none, and in the cases in which
they occurred, they were mild.

Conclusion: In conjunction with first-choice cancer treatment, HIIT has been
shown to be an effective intervention in terms of CRF and QoL, as well as having
optimal adherence rate. In addition, the implementation of HIIT in patients with

cancer or cancer survivors is safe as it showed no or few adverse effects.
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1 | INTRODUCTION

Actually, cancer is one of the leading causes of mortality,
with lung cancer being the leading cause of cancer mor-
tality in both sexes (18% of cancer deaths) along with col-
orectal (9.4%), liver (8.3%), stomach (7.7%), and female
breast cancers (6.9%)." Adjuvant and neoadjuvant treat-
ment, such as chemotherapy, radiotherapy, surgery, or
hormonal therapy, has increased the survival of patients
with cancer,” although they are often accompanied with
adverse effects such as cardiotoxicity, fatigue, nausea,
mental health problems, disuse, or musculoskeletal dis-
orders.’ Therefore, research into safe and effective treat-
ments to mitigate the problems derived from cancer and
its treatment is mandatory, which in turn would also con-
tribute to reducing mortality.

Cancer survivors have a significant risk of death from
cardiovascular diseases, specifically some types of cancer
have a higher than average risk percentage (11.3%): can-
cer of the larynx (17.3%), prostate (16.6%), uterine body
(15.6%), colorectal (13.7%), and breast (11.7%).* One of the
main problems in patients with cancer or cancer survivors
is physical deconditioning, with several patients showing
decreased cardiorespiratory fitness (CRF).>® In addition
to the adverse effects of cancer treatments, other modifi-
able factors such as the usual sedentary lifestyles of these
patients’ and aging, influence this variable. Scientific ev-
idence has shown a negative association between CRF
level with mortality in cancer survivors.*” To counteract
these issues, exercise is presented as a useful treatment
in patients undergoing cancer treatment, thus having a
positive impact on the survival rate.'® For instance, resis-
tance exercises alone or in combination with aerobic ex-
ercise increased muscle mass compared with placebo or
non-treatment control in patients with cancer."' Exercise
has been shown to be a safe and effective intervention to
improve CRF, strength, fatigue, anxiety, depressive symp-
toms, or QoL both during and after cancer treatment.'> 1
Exercise prescription is usually based on the FITT princi-
ples (frequency, intensity, time, and type of exercise), with
intensity being one of the most important parameters to
manage in exercise interventions.'>'® Including exercise
during cancer treatment showed better results in terms of
CREF, strength and fatigue when using high intensity com-
pared to low-moderate intensity.'” High-intensity interval
training (HIIT) is a type of exercise that involves intervals
of high-intensity exertion, reaching a percentage of maxi-
mal oxygen consumption (VO,,,..) 290%, or >80% for clin-
ical populations, interspersed with intervals of passive or
active recovery at low intensity."*'? This type of training
has already been shown to be safe in patients, for example,
with cardiac pathology.”® Moreover, despite the sedentary
behavior of patients with cancer, HIIT does not seem to

contribute negatively to the dropout rate in asymptomatic
sedentary participants21 nor breast patients with cancer.*
Therefore, the implementation and adaptation of HIIT
may be suitable additional therapeutic option in patients
with cancer or cancer survivors.

Thus, the main aim of this umbrella review and meta-
meta-analysis was to synthesize and analyze the scientific
evidence regarding the effectiveness of high-intensity in-
terval training on cardiorespiratory fitness and QoL as well
as its influence on exercise adherence and high-intensity
interval training related adverse effects in patients with
cancer or cancer survivors.

2 | METHODS

We conducted a systematic review of reviews in accord-
ance with the Preferred Reporting Items for Overviews
of Systematic Reviews including harm checklist (PRIO-
harms), which consist of 27 items and 56 sub-items,
followed by a 5-stage process flow diagram.” The pro-
tocol of this study was registered in an international
register prior to starting the review (PROSPERO,
CRD42021275385).

2.1 | Review inclusion criteria

The selection criteria for this study were based on method-
ological and clinical factors such as population, interven-
tion, comparison, outcomes, and study design criteria.?*

2.1.1 | Population

The participants selected for the studies were patient older
than 18years with a diagnosis of cancer or cancer survi-
vors, including any type and stage of cancer. The patient’
gender was irrelevant.

2.1.2 | Intervention and control

Patients received the first-choice neo- or adjuvant treat-
ment (chemotherapy, radiotherapy, hormone therapy,
and surgery). The intervention group received the first-
choice treatment plus HIIT, performed before, during or
after cancer-related treatment. When systematic reviews
included interventions other than HIIT, they were in-
cluded only when the effect of HIIT could be isolated.
The comparison group also received the first-choice treat-
ment, alone or in combination with continuous training,
or other treatments (OT) different from HIIT.
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2.1.3 | Outcomes This initial analysis was performed based on information

The measures used to assess the results and effects
were CRF, QoL, adherence, and/or adverse events re-
lated to HIIT intervention. We included post-treatment
measurements.

2.1.4 | Study design

Systematic reviews (with or without a meta-analysis) of
randomized controlled trials (RCTs) or controlled clinical
trials (CCTs) were selected. There were no restrictions for
any specific language, as recommended by the interna-
tional criteria.?

2.2 | Search strategy

We conducted the search for published scientific arti-
cles between 1950 and August 24, 2021, in the following
databases: MEDLINE (PubMed), EMBASE, Cochrane
Database of Systematic Reviews, CINAHL, Scopus,
SPORTDiscus, and Web of Science. An additional man-
ual search was realized in Google Scholar. The reference
sections of the included studies and original studies were
screened manually, and the authors were contacted for
further information if necessary. The search strategy com-
bined Medical Subjects’ Headings (MeSH [“High-intensity
interval training”]), and non-MeSH terms (“cancer,”
“malignant neoplasm,” “malign neoplasm,” “malignant
tumor,” “malign tumor,” “oncology,” “high-intensity
interval exercise,” “high-intensity intermittent train-
ing,” and “high-intensity intermittent exercise”) adding
a Boolean operator (AND and/or OR) to combine them.
Appendix 1 shows the search strategy, which was adapted
for each database.

Two independent reviewers (A.H.G and C.V.R) con-
ducted the search using the same methodology, and dif-
ferences during this phase were resolved by consensus.
Rayyan QCRI software was employed to remove dupli-
cates and hand-checked and to perform the screening
process.”

G«

2.3 | Selection criteria and
data extraction

First, the two independent reviewers (A.H.G and C.V.R)
conducted a data analysis assessing the relevance of the
reviews regarding the study questions and objectives.

from each study's title, abstract, and keywords. If there
was no consensus or if the abstracts contained insuffi-
cient information, the full text was reviewed. The second
phase of the analysis using the full text was performed
to assess whether the studies met all the inclusion crite-
ria. Differences between the reviewers were resolved by
discussion and consensus moderated by a third reviewer
(J.C.G).”” The data described in the results were extracted
by means of a structured protocol that ensured that the
most relevant information was obtained from each study.*®

2.4 | Methodological quality assessment
The methodological quality of the included systematic re-
views was assessed by two independent reviewers (A.H.G
and C.V.R) based on the Modified Quality Assessment
Scale for Systematic reviews (AMSTAR), developed by
Barton et al., which was found to be a valid and reliable
tool for assessing the methodological quality of systematic
reviews. The scale has a total of 13 items, each one rated
between 0 and 2 (“yes” scoring 2; “in part- scoring 1; “no”
scoring 0), and the maximum possible score is 26 points,
with a score of 20 or more points being considered high
quality.”

Disagreements on the final quality assessment score
between the reviewers were resolved by consensus with
a third reviewer (J.C.G). The inter-rater reliability was cal-
culated using the kappa coefficient (x): (1) k> 0.7 indicates
a high level of agreement between the reviewers; (2) x of
0.5-0.7 indicates a moderate level of agreement; and (3)
k<0.5 indicates a low level of agreement.*

2.5 | Risk of bias assessment
The two independent reviewers (A.H.G and C.V.R) as-
sessed the risk of bias in the selected reviews with the
Risk of Bias in Systematic Reviews tool (ROBIS), which
evaluates the quality across 4 domains: (1) study eligi-
bility criteria; (2) study identification and selection; (3)
data collection and study appraisal; and (4) synthesis and
findings. The ROBIS tool includes signaling questions to
evaluate specific domains and the overall risk of bias is
therefore provided as low, high, or unclear.™
Disagreements between the reviewers were resolved
through consensus and mediation by a third reviewer
(J.C.G). The inter-rater reliability was estimated employ-
ing the same « cut-offs described in methodological qual-
ity assessment.
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2.6 | Overall strength of the evidence

We assessed the strength of the evidence across the sys-
tematic reviews using the Physical Activity Guidelines
Advisory Committee (PAGAC). For the PAGAC analy-
sis, the findings were evaluated according to five cri-
teria: (1) applicability of the study sample, exposures,
and outcomes to the research question; (2) generaliz-
ability to the population of interest; (3) risk of bias or
study limitations; (4) quantity and consistency of find-
ings across studies; and (5) magnitude and precision of
the effect. The strength of the evidence was classified
according to the PAGAC as strong, moderate, limited,
or not assignable.*

2.7 | Evidence map
The scientific evidence from each meta-analysis was pre-
sented in a mapping using the following criteria:

1. Number of studies (figure size): The size of each fig-
ure is directly proportional to the number of original
studies included in each of the meta-analysis.

2. Type of comparator (bubble color): The type of compar-
ison intervention determines each figure's color. The
risk of bias of the study was represented by the color
of the outline of the figure. The score for methodologi-
cal quality on the AMSTAR scale, out of 26 points, was
indicated within the bubble.

3. Effect size (x-axis): Each of the reviews was classified
according to the size effect as described by Hopkins.*®
The categorization of the effect size is described in the
Data synthesis and analysis section.

4. Strength of findings (y-axis): The reviews were sorted
into the following 4 categories according to the Physical
Activity Guidelines Advisory Committee (PAGAC):
strong, moderate, limited, or not assignable.

2.8 | Data synthesis and analysis

2.8.1 | Meta-Analysis of pooled results

Meta-Analyses of pooled results were performed using
Meta XL, version 5.3 (EpiGear International, Queensland,
Australia).** We used the same inclusion criteria for the
systematic review and meta-analysis but added 2 criteria:
(1) The Results section contained detailed information
on the comparative statistical data (mean, standard de-
viation, and/or 95% confidence interval [CI]) of the main
variables, and (2) data for the analyzed variables were rep-
resented in at least three meta-analyses. We presented the

summary statistics in the form of forest plots,35 which con-
sist of a weighted compilation of all standardized mean
differences (SMDs) and corresponding 95% CI reported
by each study and provide an indication of heterogene-
ity among the studies. To obtain a pooled estimate of the
effect in the meta-analysis of the heterogeneous studies,
we performed a random-effects model, as described by
DerSimonian and Laird.*® The estimated SMDs were in-
terpreted as described by Hopkins et al. an SMD of 4.0 was
considered to represent an extremely large clinical effect;
2.0-4.0 a very large effect; 1.2-2.0 a large effect; 0.6-1.2 a
moderate effect; 0.2-0.6 a small effect; and 0.0-0.2 a trivial
effect.®

When the results from meta-analyses were reported
as mean difference (MD) or weighted mean difference
(WMD), there were re-expressed as SMD. To realize it,
we entered in the primary studies in order to re-run
the meta-analyses using Meta XL, version 5.3 (EpiGear
International, Queensland, Australia).34 If necessary,
CI and standard error (SE) where converted in stan-
dard deviation (SD) using the formulas recommended
by the Cochrane Handbook for Systematic Reviews of
Interventions version 6.2: SD = \/(N)*(upper limit-lower
limit)/3.92 and SD = V(N)*SE, respectively.’’ If the au-
thors provided only graphics, we extracted data using the
software WebPlotDigitizer version 4.5 (Pacifica, California,
USA). 340

2.8.2 | Analysis of the influence of
duplicity of primary studies

To evaluate the robustness of our meta-analyses of pooled
results, we run an equivalent quantitative analysis where
primary studies appear only once. The purpose of this
analysis is to assess how the results of studies included in
multiple meta-analyses might affect the final results.

2.8.3 | Analysis of the heterogeneity

We estimated the degree of heterogeneity among the stud-
ies by employing Cochran's Q statistic test (p<0.1 was
considered significant) and the inconsistency index A
An I*>25% is considered to represent low heterogeneity,
while an I?> 50% is considered medium, and an I*> 75% is
considered to represent large heterogeneity.** The I” index
is complementary to the Q test, although it has a similar
problem with power as does the Q test with a small num-
ber of studies.** A study was therefore considered het-
erogeneous when it fulfilled one or both of the following
conditions: (1) the Q-test was significant (p <0.1), and (2)
the result of I* was >75%.
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2.8.4 | Detection of publication bias after treatment,” while the remaining three conducted

To detect publication bias, we performed a visual evalu-
ation of the DOI plot,* seeking asymmetry. In addition,
quantitative measure of Luis Furuya-Kanamori (LFK)
index was performed. This index has been shown to be
more sensitive than the Egger test to detect publication
bias in meta-analysis of a low number of studies.** LFK
index within +1 represents no asymmetry; LFK index ex-
ceeds +1 but within +2 represents minor asymmetry and
LFK index exceeds +2 involve major asymmetry.**

3 | RESULTS

The study screening strategy is presented in the form of
a flow chart (Appendix 2). Seven systematic reviews met
the inclusion criteria, six of the included studies were sys-
tematic reviews and meta-analysis,* >’ while the remain-
ing study was systematic reviews without quantitative
synthesis.”® The characteristics of the included studies
(study design, original studies included, demographic
characteristics, interventions, outcomes, and results) are
presented in Tables 1 and 2. Some of the original studies
were included in several reviews, with a duplication rate
of 44%, but none of the included reviews presented exactly
the same studies (Appendix 3).

3.1 | Characteristics of the included
systematic reviews

Our umbrella review and meta-meta-analysis (MMA)
included seven systematic reviews, including 33 original
studies, 30 RCTs and three CCTs, with a total of 2501
patients.

Regarding the study population, only two systematic re-
views exclusively analyzed patients with breast cancer*”!
while the remaining systematic reviews covered different
types of cancers such as colorectal, prostate, breast, blad-
der, or non-small cell lung carcinoma, among others.

The entire study population was undergoing or await-
ing first-choice cancer treatment, including radiotherapy,
chemotherapy, hormonal therapy, immunotherapy, and/
or surgery. During this process, patients in the interven-
tion group also performed aerobic HIIT in five articles,
and in two of them, they included aerobic HIIT and re-
sistance exercises.*>”" The control group added OT or
moderate-intensity continuous training (MICT) to the
first-choice cancer treatment. In terms of the timing of the
intervention, two studies conducted prehabilitation,**¢
one study conducted rehabilitation during cancer treat-
ment,*” one study conducted rehabilitation during and

both prehabilitation and intervention during and after
treatment.**~>°

3.2 |
quality

Results of the methodological

Regarding the methodological quality, the scores ranged
from 12 to 18 points out of a possible 26. All the system-
atic reviews presented low methodological quality with a
score of lower than 20 points. The items with the lowest
scores were those related to address the level of evidence
in the conclusion, exclusion of the studies, and heteroge-
neity in the meta-analyses (Table 3). The inter-rater reli-
ability of the methodological quality assessment was high
(x = 0.767).

3.3 | Results of the risk of bias

Regarding risk of bias, two systematic reviews had a low
risk of bias,*”*° while the remaining five had a high risk
of bias. The domain “synthesis of findings” presented
the highest risk of bias (Table 4 and Figure 1). The inter-
rater reliability for the risk of bias assessment was high
(k = 0.842).

3.4 | Evidence map

Figure 2 presents the results of the evidence map for the
seven studies. Table 5 shows the results of the strength of
evidence according to PAGAC.

3.5 | Cardiorespiratory fitness

Seven studies evaluated CRF when implementing HIIT in
patients with cancer or cancer survivors. Five of the studies
found a significant increase in VO,,,,, when implement-
ing HIIT versus OT, both added to the first-choice can-
cer treatment. Three of these studies used prehabilitation
and rehabilitation HIIT,**° one only prehabilitation,45
and one rehabilitation.*’ However, there was no statisti-
cally significant improvement when compared with add-
ing MICT during prehabilitation and rehabilitation.**>°
Smyth et al. found no significant differences when com-
paring HIIT against OT or MICT plus first-choice can-
cer treatment during prehabilitation,*® while Tsuji et al.
found that CRF improved in cancer survivors, but not
in the on-treatment intervention with a rehabilitation
intervention."
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HERRANZ-GOMEZ ET AL. Wi LEYM
TABLE 3 Quality assessment scores
Study 1 2 3 4 5 6 7 8 9 10 11 12 13 Score
Palma et al., 2021 0 2 0 1 1 2 1 2 2 0 2 1 0 14
Smyth et al., 2021 2 2 1 0 1 2 0 2 1 2 2 1 0 16
Tsuji et al., 2021 2 2 1 1 1 1 1 1 1 0 0 1 0 12
Maginador et al., 2020 2 1 2 2 0 2 0 2 2 0 2 1 0 16
Wallen et al., 2020 1 1 1 2 0 1 0 1 1 1 2 1 0 13
Mugele et al., 2019 2 1 2 2 1 1 2 0 2 2 2 1 0 18
Blackwell et al., 2018 1 2 2 1 2 1 1 2 1 0 2 1 0 16

Note: 1. Explicitly described to allow replication; 2. Adequate number and range of databases; 3. Alternative searches; 4. Adequate range of key words:
“Cancer,” “Neoplasm,” “Oncology,” “HIIT,” “High-intensity interval training,” “Cardiorespiratory fitness,” “Quality of Life;” 5. Non-English-language papers
included in the search; 6. Inclusion criteria explicitly described to allow replication; 7. Excludes reviews which do not adequately address inclusion (cancer
and HIIT/igh-intensity interval training) and exclusion (High-intensity continuous training) criteria; 8. Two independent reviewers assessing selection bias; 9.
Quality assessment explicitly described to allow replication; 10. Meta-analysis conducted on only homogeneous data or limitations to homogeneity discussed;
11. Confidence intervals/effect sizes reported where possible; 12. Conclusions supported by the meta-analysis or other data analysis findings 13. Conclusions

address levels of evidence for each intervention/comparison.

TABLE 4 Risk of bias assessment in systematic reviews through ROBIS scale

Phase 2 Phase 3

1. Study

Eligibility 2. Identification and 3. Data collection and 4. Synthesis Risk of bias
Study Criteria selection of studies study appraisal of findings in the review
Palma et al., 2021 H H L H H
Smyth et al., 2021 L L IL, H H
Tsuji et al., 2021 H H H H H
Maginador et al., 2020 L L L L L
Wallen et al., 2020 L L H L H
Mugele et al., 2019 L L L H H
Blackwell et al., 2018 L L L L L

Abbreviations: H, high concern; L, low concern.

With regard to the quantitative analysis, the meta-
analysis of pooled results of CRF for adding HIIT against OT
did reveal a statistically significant differences with small
clinical effect in favor of HIIT in four studies (SMD = 0.45;
95% CI 0.24 to 0.65) with no evidence of significant hetero-
geneity (Q = 2.61, p = 0.45, I* =0%)"*~° (Figure 3). The
shape of the funnel and DOI plot presented asymmetry,
and the LFK index showed major asymmetry (LFK = 4.16),
indicating the risk of publication bias (Appendix 4A). The
analysis of duplicity reveals almost no influence of the du-
plicity (SMD = 0.49; 95% CI 0.23 to 0.76; Appendix 5A). The
certain of evidence was moderate, showing that HIIT in-
creases VO, compared with OT (Table 5).

The meta-analysis of pooled results of CRF for adding
HIIT against MICT did not reveal a statistically significant
differences in three studies (SMD = 0.23; 95% CI —0.04
to 0.50) with no evidence of significant heterogeneity
(Q = 0.04, p = 0.98, I* =0%)"*° (Figure 4). The shape of
the funnel and DOI plot presented asymmetry, and the

LFK index showed minor asymmetry (LFK = 1.79), indi-
cating risk of publication bias (Appendix 4B). The analysis
of duplicity reveals an influence on the estimated effect
with an overestimation of the effect (SMD = 0.08; 95% CI
—0.27 to 0.43; Appendix 5B). The certain of evidence was
moderate, showing that HIIT probably does not increase
VO, .« compared with MICT (Table 5).

3.6 | Quality of life

QoL was assessed in four systematic reviews. Two of the
studies showed that an intervention adding HIIT ver-
sus OT to routine cancer treatment as prehabilitation*
or rehabilitation®® improved QoL, while the remaining
two studies showed controversial results adding HIIT as
prehabilitation and rehabilitation.**>° On the one hand,
Mugele et al. found no statistically significant differ-
ences in two of their primary studies, while one did find
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differences in some 36- item short form survey subscales
in favor of HIIT.* On the other hand, Blackwell et al.
showed an increase in QoL when analyzing a HIIT ver-
sus OT, however, when comparing HIIT versus MICT,
they observed that mental health subscales improved
with HIIT, while physical health subscales improved for
MICT.”

3.7 | Adherence and/or adverse events
Five systematic reviews evaluated adherence to the HIIT-
based intervention.*>*®*43! 1n three of the studies,
adherence was high, ranging from 71% to 100% during
prehabilitation HIIT* or prehabilitation and rehabilita-
tion.***’ The remaining two studies had slightly lower
adherence, ranging from 54 to 97%,**°! during prehabili-
tation or rehabilitation, respectively. Tsuji et al. observed
that adherence was lower in cancer survivors, ranging
from 57% to 75%, compared with adherence during active
treatment, ranging from 57% to 97%.” !

In relation to the adverse events of the HIIT inter-
vention, four systematic reviews evaluated this out-
come.*>***1 In most of the studies there were no adverse
effects of any kind. Only a few primary studies presented
mild adverse effects, mainly related to discomfort during
exercise, acute post-exercise pain, nausea, or blood pres-
sure alterations.

4 | DISCUSSION

The aim of this umbrella review and MMA was to an-
alyze the effectiveness, safety, and feasibility of HIIT
added to the first-choice cancer treatment on CRF, QoL,
adherence level, and its safety in patients with cancer

m High Concern

or cancer survivors. The results showed a statistically
significant increase in VO,,,, when adding HIIT com-
pared with OT, but no statistically significant difference
when compared with adding MICT. Similarly, on QoL,
first-choice treatment plus HIIT compared with OT did
show differences, but compared with MICT, its benefits
were unclear. Adherence to the HIIT intervention was
adequate and, in addition, there were very few and mild
adverse events.

The clinical relevance of these CRF findings lies in the
fact that cancer is one of the leading causes of mortality
and, in addition, cancer survivors have a significant risk
of death from cardiovascular diseases. CRF is considered
an important predictor for survival in patients with can-
cer or cancer survivors, although the association between
CRF and mortality risk may vary depending on the type
of cancer, due to cancer-specific biological mechanisms.
Schmid and Leitzmann found a significantly decreased
risk of mortality in patients with cancer with high versus
low CRF (relative risk [RR] = 0.55; 95% CI 0.47 to 0.65)
and moderate versus low CRF (RR = 0.80; 95% CI 0.67 to
0.97).

It appears that moderate to high intensity resistance
exercise has better results than light intensity in terms of
its effectiveness on tumor factors.”> However, the results
of this study showed that no such differences were found
between moderate and high intensity training, with mod-
erate evidence. An important factor to take into account
is that the intervention used in the primary studies of the
reviews was mostly aerobic HIIT. Only the systematic re-
views by Palma et al. and Tsuji et al. included resistance
exercise in combination with HIIT.*>*!

HIIT has shown a 10-13% increase in CRF or improved
QoL in cancer survivors after chemotherapy treatment.>
Future research in the oncology population could evaluate
whether specific type of HIIT is superior, in terms of CRF,
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fatigue or QoL, or whether the combination of both could
enhance treatment outcomes. Structured exercise models
employing HIIT have been widely studied in the literature
and have showed to have positive results in different pa-
thologies, such as cardiometabolic disease, cardiovascular
disease, or diabetes compared with MICT.>™7 However,
some difficulties that must be considered may arise when
implementing exercise in patients with cancer or cancer
survivors. Age or disease treatments may affect processes
related to oxygen supply. It could result in exercise intol-
erance or limited exercise capacity.”® Structured aerobic
exercise has been proposed to try to mitigate this exercise
intolerance.*®

The antitumor mechanism of exercise or its effect on
patients with cancer is not yet fully understood, partly
due to the observational design of most of the studies
that address it.*® It seems that the antitumor effect derives
from the influence of exercise on regulatory mechanisms
of the tumor microenvironment, such as angiogenesis
or immune regulation, as well as from increased blood
perfusion and reduced tumor hypoxia.”® Some findings
in the current scientific literature suggest promising re-
sults added to the first-choice treatment. At the biologi-
cal level, tumor cells present cell's metabolism alteration
favoring cancer progression.’’ Due to the energy expen-
diture involved, it seems that exercise influences intratu-
moral metabolism, biological mechanisms and some of

7N
G

Number of Articles
in Meta-analysis

Comparator  Risk of bias  Methodological

@ ot QO High @ AMSTAR
© MICT O Low score

the cellular processes associated with cancer.”® Besides
that, the change in VO,,,,,, has been considered the vari-
able to be analyzed to determine the effectiveness of
exercise-based interventions, whether aerobic or endur-
ance.®® VO, could influence tumor biology, since the
tumor environment is usually hypoxic, and such hypoxia
could reduce the response to treatment and, therefore, the
prognosis of the disease.”® Thus, exercise generates adap-
tations at the systemic level related to hypoxia, vascular-
ization or reduction of oxidative stress. Those adaptations
may influence the tumor and even the response to adju-
vant treatment.* Tumor and host-related characteristics
could be determinant in the response of patients with
cancer to exercise therapy.”® Further study of this aspect
would allow us to understand the mechanisms of action
and to propose individualized exercise models. HIIT, as
an exercise model, would comply with these physiological
underpinnings and therefore act in the same way on the
cancerous process.

Given that our results did not show that the intensity
and intervallic or continuous pattern could have a poten-
tial role in the effectiveness of exercise in CRF and QoL,
other aspects to be taken into account should be evalu-
ated to determine which type of exercise would be more
favorable in patients with cancer or cancer survivors. The
evaluation of adverse effects and adherence to the HIIT
intervention allows us to assess its safety and feasibility.
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TABLE 5 Summary of findings and quality of evidence according to Physical Activity Guidelines Advisory Committee Grading Criteria (PAGAC)

Effect

2018 Physical activity guidelines advisory committee grading criteria

Absolute (95%

Quantity and Magnitude and
CI)

consistency

Risk of bias or study

limitations

Systematic review research
questions (N of studies)

Evidence

precision of effect

Generalizability

Applicability

Moderate

0.45 (0.24; 0.65)
0.23 (=0.04;

Strong

Limited

Limited

Strong

Strong

VO, a0 VS Other treatment (4)

V0,0 VS MICT (3)

Moderate

Strong

Limited

Limited

Strong

Strong

0.50)

Abbreviations: 95% CI, 95% confidence interval; MICT, moderate intensity continuous training; VO,,,,,, maximal oxygen uptake.

One of the main barriers described by patients to physi-
cal exercise is often lack of time. In relation to this, HIIT
allows similar benefits to MICT, but involves less time.%
In addition to being more time-effective, it can have cost
benefits by decreasing the treatment time of each patient.
Another common problem is a lack of motivation to exer-
cise. HIIT has shown higher rates of perceived enjoyment
than continuous exercise.® It has been shown to increase
enjoyment in sedentary subjects over a 6-week training,
whereas enjoyment with MICT was maintained or de-
creased.”’” Therefore, implementing exercise patterns that
are not too time-consuming and enjoyable would increase
exercise adherence. Since patients with cancer or cancer
survivors are prone to physical inactivity, it is critical to
ensure adherence to maintain exercise long enough to
achieve benefits in CRF or QoL. Safety is also an import-
ant factor of concern to both clinicians and patients them-
selves.®® It has been shown to be a safe training since it has
little or no adverse effects.

However, it is still necessary to know in depth the
specific biological mechanisms that HIIT could produce
compared with MICT in patients with cancer or cancer
survivors. This will make it possible to find out whether,
in addition to controlling the adverse effects derived from
the disease, HIIT could enhance the effect of neoadjuvant
cancer treatment. If true, furthermore, determining the
host and tumor factors that could modulate the response
to exercise would allow the evaluation of patients who are
candidates for a type of exercise and the use of interven-
tions based on tailored exercise models basis.

Regarding the parameters of exercise application, the
analysis of each of the different HIIT protocols in the
primary studies would allow us to offer some recommen-
dations based on the most common use of this type of ex-
ercise, which may be useful for application in the clinical
setting (Figure 5). This synthesis of the current literature
is intended to contribute positively to the development of
future research on the effectiveness, safety, and feasibility
of HIIT in patients with cancer or cancer survivors. In ad-
dition, it may provide a starting point for the development
of future experimental studies that specifically evaluate
which application parameters are most effective in differ-
ent cancer populations.

4.1 | Limitations

This umbrella review and MMA has some limitations.
First, the small number of studies, as well as their low
methodological quality and high risk of bias could have
influenced the results. In addition, due to the low number
of studies, it was not possible to quantitatively synthesize
the evidence regarding QoL, adherence to treatment and
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represent a 95% confidence interval (CI).

adverse events. Second, despite the absence of heteroge-
neity in the MMA, the studies showed variability in terms
of the type of cancer included and the HIIT protocol used.
This has not made it possible to analyze each type of can-
cer and/or exercise in isolation. Although all reviews stud-
ied aerobic HIIT, it was not possible to analyze the type of
exercise in terms of intensity, frequency, and time. Third,
regarding the methodological design, the analysis of the
influence of duplicity carried out reveals some problems
derived from the statistical pooling of data extracted from
systematic reviews. In the two MMA performed in our
study, this problem does not affect the presence or ab-
sence of statistically significant differences and the varia-
tion in effect size is small. It is possible that this is due to
the low number of primary studies included. This factor
should be taken into account in the interpretation of the
findings. In addition, one of the main limitations of the
studies currently being carried out in patients with can-
cer or cancer survivors derives from the methodological
design.59 Observational studies stand out, so the results
derived from them should be interpreted with caution.

Preclinical and clinical phase I, II, and III studies must
be carried out. To this end, we have showed that exercise
intervention, including high intensity design, are safe to
implement in people with oncological pathology.

4.2 | Perspective

The findings show the therapeutic potential of HIIT ad-
diction in the treatment of patients with cancer or cancer
survivors to improve CRF or QoL. These results on the ef-
ficacy of HIIT were similar to those shown in previous sys-
tematic reviews. However, the methodological design of
the umbrella review and MMA allowed us to assess other
issues in addition to the effectiveness of HIIT. We were
able to analyze the quality of the available reviews, as well
as to detect issues that have not yet been addressed in ex-
isting systematic reviews regarding HIIT in patients with
cancer or cancer survivors. The possible influence of dif-
ferent types of cancer or the first-choice cancer treatment
on the effectiveness of HIIT has not yet been studied.
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FIGURE 5 Recommendations for
implementation of high-intensity interval
training in cancer patients based on

FITT principles. HR ¢, peak heart rate;
VO, may maximal oxygen uptake; WR e,

Work rate peak

50%
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Recommendations based on FITT principles:
- Frequency: 3 times per week.

- Intensity: work/rest ratio: 1:1 or 1:2.

- Work Interval: 1 or 4 min, 80-95 %VO, max, 80-95% HR

peak

Rest Interval: 2 or 3 min, 60 % VO, max, 50-70% HR .1 50% WR,

85-100% WR

peak.

peak.

- 5 min warm-up and 5 min cold down. 50% VO, max, HR ., or WR,.

Time: >4 weeks (4-12 weeks), 30-40 minutes per session.

= Type: acrobic (cycle ergometer/treadmill).

Neither has the type and parameters of exercise used been
analyzed in depth, with the aim of being able to provide
recommendations on the most effective HIIT mode of
use in terms of FITT principles. It would also be interest-
ing to find possible predictors of HIIT efficacy in patients
with cancer or cancer survivors. This highlights the need
for future research questions including sub-analyses and
complementary analyses. Future research could address,
in addition to the effectiveness of HIIT in general, its effec-
tiveness according to different factors related to the type of
patient, cancer and treatment or the exercise prescription
itself.

We hope that the findings and concerns of this umbrella
review will establish a basis and provide a proposal for im-
provement for future systematic reviews. Future research
groups will be able to know which questions have already
been studied and have a conclusive answer and focus
their research on those questions that have not yet been
clarified. This will avoid wasting financial and human re-
sources on repeating reviews similar to the current ones.

5 | CONCLUSION

There is moderate evidence that adding HIIT to the
first-choice cancer treatment improves CRF in patients

with cancer or cancer survivors compared with adding
OT, but no significant difference was found compared
to MICT. Positive but controversial results were also
found in terms of QoL and, exercise adherence to the
HIIT intervention was adequate. Most studies reported
no adverse events, and in the few cases in which there
were, they were mild.

Therefore, although current evidence shows benefits of
adding HIIT to routine treatment in patients with cancer
or cancer survivors, further research is needed to ensure
the effectiveness, safety, and feasibility of its use.
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APPENDIX 1

Database search strategies
PubMed:

((((((Cancer) OR (Malignant neoplasm)) OR (Malign
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OR (Oncology)) AND (((((((High-intensity interval
training[MeSH Terms]) OR (High intensity interval train-
ing)) OR (High-intensity interval exercise)) OR (High-
intensity intermittent training)) OR (High-intensity
intermittent exercise)) OR (HIIT))) Filters: Meta-Analysis,
Systematic Review.

EMBASE:

(“high intensity interval training”/exp OR “high
intensity interval training”) AND (“malignant
neoplasm”/exp OR “malignant neoplasm”) AND
([cochrane review]/lim OR [systematic review]/lim OR
[meta analysis]/lim) AND [1966-2021]/py.

(“high intensity interval training”/exp OR “high
intensity interval training”) AND (“cancer therapy”/
exp OR “cancer therapy”) AND ([cochrane review]/lim
OR [systematic review]/lim OR [meta analysis]/lim) AND
[1967-2021]/py.

Cochrane Database of Systematic Reviews:

#1 “High intensity interval training” OR “HIIT” in
Cochrane Reviews

#2 MeSH descriptor: [High-Intensity Interval Training]
explode all trees

#3 “Cancer” in Cochrane Reviews

65. Avancini A, Skroce K, Tregnago D, et al. “Running with can-
cer”: a qualitative study to evaluate barriers and motiva-
tions in running for female oncological patients. PLoS One.
2020;15(4):e0227846. doi:10.1371/JOURNAL.PONE.0227846

66. Bartlett J, Close G, MacLaren D, Gregson W, Drust B, Morton J.
High-intensity interval running is perceived to be more enjoy-
able than moderate-intensity continuous exercise: implications
for exercise adherence. J Sports Sci. 2011;29(6):547-553. doi:10.
1080/02640414.2010.545427

67. Heisz 1], Tejada MGM, Paolucci EM, Muir C. Enjoyment for
high-intensity interval exercise increases during the first six
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ence in sedentary adults. PLoS One. 2016;11(12):¢0168534.
doi:10.1371/journal.pone.0168534

How to cite this article: Herranz-Gémez A,
Cuenca-Martinez F, Suso-Marti L, et al.
Effectiveness of HIIT in patients with cancer or
cancer survivors: An umbrella and mapping review
with meta-meta-analysis. Scand J Med Sci Sports.
2022;32:1522-1549. doi: 10.1111/sms.14223

#4 MeSH descriptor: [Neoplasms]| explode all trees

#5 #1 OR #2 in Cochrane Reviews

#6 #3 OR #4 in Cochrane Reviews

#7 #5 AND #6 in Cochrane Reviews

CINAHL:

(hiit or hit or high intensity interval training or high
intensity training) AND (cancer or tumor or neoplasm)
AND (systematic review or meta-analysis)

Scopus:

TITLE-ABS-KEY (“high intensity interval training” OR
“HIIT”) AND TITLE-ABS-KEY(“cancer”) AND TITLE-
ABS-KEY (“systematic review” OR “meta-analysis”).

SPORTDiscus:

(hiit or hit or high intensity interval training or high in-
tensity training) AND (cancer or cancer patients or neo-
plasm or tumor) AND (systematic review or meta-analysis)

Web of Science:

TS = (“High intensity interval training” OR “HIIT”)
AND TS = (“cancer” OR “neoplasm”) AND TS = (“sys-
tematic review” OR “meta-analysis”).

Google Scholar:

Field: “with all of the words;” filter: “in the title of the
article.”

“high-intensity interval training” AND cancer AND
(systematic review OR meta-analysis).

“high-intensity interval exercise” AND cancer AND
(systematic review OR meta-analysis).
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APPENDIX 2

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart diagram

Identification of studies via databases and registers

Identification of studies via other methods ]

—
Records identified from
= databases: 127 studies
0 Pubmed (MEDLINE) = 30
] EMBASE =7
= Cochrane =4 >
€ CINAHL= 53
k] Scopus = 14
SPORTDiscus = 10
Web of Science =9
S
—
Records screened
—>
(n=80)
Reports sought for retrieval
o (n=26) >
5
@
- }
o
7]
Reports assessed for eligibility
(n =26) ’
—

Studies included in review
(n =7 studies)

Records removed before
screening:
Duplicate records removed
(n=47)

Records identified from: 24
studies
References checking = 4
Google Scholar = 20

Records excluded
(n=54)

Reports not retrieved
(n=0)

Reports sought for retrieval

\4

Reports not retrieved
(n=0)

Reports excluded (n = 19):
Treatment (n=19)

(n=24)
|

Reports assessed for eligibility
(n=0)

Reports excluded (n = 24):
Treatment (n=24)
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APPENDIX 3

Overlapping of primary studies within systematic reviews with or without meta-analysis

Palma Smyth Tsuji Wallen Mugele
Systematic etal., etal., etal., Maginador etal., etal., Blackwell
reviews 2021 2021 2021 et al., 2020 2020 2019 et al., 2018 Duplicates

N°  Primary Studies
1 Blackwell et al., 2020 (] 1
2 Minnella et al., 2020 [ ] 1
3 Lee et al., 2020 () 1
4 Mijwel et al., 2020 (] 1
5 Bhatia and Kayser, 2019 [ ] [ ] 2
6 Egegaard et al., 2019 () () 2
7 Mijwel et al., 2019 o 1
8 Alizadeh et al., 2019a [} 1
9  Alizadeh et al., 2019b ® 1
10 Leeetal., 2019a o 1
11 Lee et al., 2019b [ ) [ ] [ ) 3
12 Northey et al., 2018 (] ( ] 2
13 Mijwel et al., 2018a o 1
14  Mijwel et al., 2018b [} 1
15  Mijwel et al., 2018c () 1
16  Schulz et al., 2018 [ ] 1
17 Adamsetal., 2018 (] 1
18  Devin et al., 2018 o 1
19  Ma, 2018 (] 1
20  Banerjee et al., 2017 (] o () 3
21 Karenovics et al., 2017 [ ] (] [ ] 3
22 Lickeretal., 2016 () [ ) o (] 4
23 Sebio Garcia et al., 2017 [ ] 1
24  Adamsetal., 2017 () [} 2
25  Brunetetal., 2017 [ 1
26  Dunne et al., 2016 o o ([ ) () 4
27  Dolan et al., 2016 ) o [ ] [ 4
28  Schmitt et al., 2016 () () [ 3
29  Devin et al., 2016 ([ ) [ ] o 3
30 Toohey et al., 2016 [ ) 1
31  Westetal, 2015 () (] [ ] 3
32  Hwangetal., 2012 o () o 3
33  Adamsen et al., 2009 () 1

The left column shows each of the primary studies (randomized controlled trials or controlled clinical trials) included
in the reviews. The following columns show the systematic reviews included in the umbrella review, indicating with a
dot the primary studies that included each of them.
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APPENDIX 4

Synthesis funnel and Doi plot (LFK index) for cardiorespiratory fitness to assess the presence of publication
bias. (A) High-intensity interval training (HIIT) training against other treatments, (B) HIIT against
moderate-intensity continuous training
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APPENDIX 5

WILEY-*

Analysis of duplicity for cardiorespiratory fitness for: (A) High-intensity interval training (HIIT) training
against other treatments (OT), (B) HIIT against moderate-intensity continuous training (MICT)

This forest plot summarizes the results of included studies (standardized mean differences [SMDs], and weight). The
small boxes with the squares represent the point estimate of the effect size and sample size. The lines on either side of the

box represent a 95% confidence interval (CI).

(A) Study SMD (95% ClI)
Bhatia et al., 2019 —-— 0.58 ( 0.25, 0.90)
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Mijwel et al., 2019 — 0.55 ( 0.18, 0.91)
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