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Abstract

Background: The primary objective of this systematic review was to update our previous review on randomized
controlled trials (RCTs) of exercise in cancers other than breast or prostate, evaluating: 1) the application of
principles of exercise training within the exercise prescription; 2) reporting of the exercise prescription components
(ie, frequency, intensity, time, and type (FITT)); and 3) reporting of participant adherence to FITT. A secondary
objective was to examine whether reporting of these interventions had improved over time.

Methods: MEDLINE, EMBASE, CINAHL and SPORTDiscus databases were searched from 2012 to 2020. Eligible
studies were RCTs of at least 4 weeks of aerobic and/or resistance exercise that reported on physiological outcomes
relating to exercise (e.g., aerobic capacity, muscular strength) in people with cancer other than breast or prostate.

Results: Eighty-six new studies were identified in the updated search, for a total of 107 studies included in this
review. The principle of specificity was applied by 91%, progression by 32%, overload by 46%, initial values by 72%,
reversibility by 7% and diminishing returns by 5%. A significant increase in the percentage of studies that
appropriately reported initial values (46 to 80%, p < 0.001) and progression (15 to 37%, p =0.039) was found for
studies published after 2011 compared to older studies. All four FITT prescription components were fully reported
in the methods in 58% of all studies, which was higher than the proportion that fully reported adherence to the
FITT prescription components in the results (7% of studies). Reporting of the FITT exercise prescription components
and FITT adherence did not improve in studies published after 2011 compared to older studies.

Conclusion: Full reporting of exercise prescription and adherence still needs improvement within exercise oncology
RCTs. Some aspects of exercise intervention reporting have improved since 2011, including the reporting of the
principles of progression and initial values. Enhancing the reporting of exercise prescriptions, particularly FITT
adherence, may provide better context for interpreting study results and improve research to practice translation.
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Introduction

The number of randomized controlled trials (RCTSs)
evaluating the role of exercise in an oncology setting has
risen sharply. Accumulating evidence suggests exercise
can be prescribed as an adjunct therapy to manage the
acute and long-term adverse effects of anticancer therap-
ies and improve overall health and survivorship after a
cancer diagnosis [1, 2]. While initial research in exercise
oncology confirmed these benefits primarily in women
with early-stage breast cancer [3-5], followed by men
with prostate cancer [6—8], the past decade has seen a
surge in RCTs demonstrating similar benefits in numer-
ous other cancer types [2], as well as in advanced cancer
and in the palliative care setting [9, 10].

Within the field of exercise oncology, a new appreci-
ation for greater precision in prescribing exercise has
emerged, with the aim to optimally target specific
patient symptoms and health needs [11-14]. An exercise
intervention for individuals with cancer can be
prescribed or “dosed” to enhance its efficacy, which can be
accomplished through the application of well-established
exercise training principles: specificity, progression, over-
load, initial values, reversibility and diminishing returns
(Table 1). For example, in a study exploring the effect of
exercise on aerobic capacity, enrolling participants who
report low baseline levels of moderate-to-vigorous phys-
ical activity or who are actively undergoing therapies asso-
ciated with reductions in aerobic capacity would meet the
principle of initial values, as such participants are more
likely to benefit from an aerobic exercise intervention.

Table 1 Principles of exercise training
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Once the prescription has been designed based on these
principles of training, the delivery of the prescription is
operationalized by the appropriate manipulation of the
“FITT” exercise formula: Frequency, Intensity, Time, and
Type. Adequate exercise intervention replication or trans-
lation into a “real-world” setting requires clinical trials to
report these FITT prescription components in the
planned exercise prescription, along with participant ad-
herence to each FITT prescription component. This allows
for clarity on the exercise dose prescribed and the actual
dose received, which oftentimes can differ based on
variability in the tolerance of the study sample to the
prescribed program. Failing to consider differences in
adherence rates to an exercise intervention could result in
drawing false conclusions about efficacy of a specific exer-
cise prescription. Adhering to the principles of exercise
training and use of FITT for prescription and adherence
recording avoids mistakenly drawing conclusions that are
due to poor intervention design, monitoring, or reporting,
versus a lack of a true effect.

Our group first published two systematic reviews in
2012 and 2014 that summarized the utilization of the ex-
ercise training principles and associated adherence out-
comes in a total of 29 RCTs in women with breast
cancer [15] and 33 RCTs in all other cancer types [16].
We concluded that most exercise training principles
were inconsistently incorporated within studies and ad-
herence to the FITT prescription components was rarely
adequately reported. This conclusion, along with the ex-
ponential increase in published exercise oncology RCT's

Principle

Criteria for this review

Example

Specificity: Training adaptations are specific to
the organ system or muscles trained with

exercise outcome

Progression: Over time, the body adapts to
exercise. For continued improvement, the
volume or intensity of training must be increased

Overload: For an intervention to improve fitness,
the training volume must exceed current habitual
physical activity and/or training levels

Initial values: Improvements in the outcome of
interest will be greatest in those with lower initial

values physical activity levels

Reversibility: Once a training stimulus is
removed, fitness levels will eventually return to
baseline

Diminishing returns: The expected degree of
improvement in fitness decreases as individuals
become more fit, thereby increasing the effort

required for further improvements. Also known
as the ‘ceiling effect’

Appropriate population targeted and
modality selected based on primary

Stated exercise program was progressive and
outlined training progression

Rationale provided that program was of
sufficient intensity/exercise prescribed
relative to baseline capacity

Selected population with low level of
primary outcome measure and/or baseline

Performed follow-up assessment on partici-
pants who decreased or stopped exercise
training after conclusion of intervention

Performed follow-up assessment of primary
outcomes on participants who continued to
exercise after conclusion of intervention

Aerobic exercise such as brisk walking is more
appropriate for an intervention aimed at
increasing cardiovascular fitness than strength
training

Increase duration of walking program by 5% every
2 weeks depending on exercise tolerance

Prescribing intensity in a resistance training
program based on % of measured and/or
estimated 1-repetition maximum

Selecting a sample with high baseline fatigue
levels to participate in an aerobic training
program to increase cardiovascular fitness and
reduce fatigue

Participants who maintained training after a
supervised exercise program preserved strength
whereas those who stopped exercising returned
to baseline

Gains in muscle strength are greatest in the first
half of a training program unless the training
stimulus continually increases

(Campbell et al., 2012 [15]; Winters-Stone et al., 2014 [16]; Neil-Sztramko et al.,, 2017 [17]; Neil-Sztramko et al., 2019) [18]
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in the past decade, prompted our group to update our
previous reviews in breast cancer [17] and prostate can-
cer [18] to track the field’s progress in this area. Given a
major shift in the focus towards evaluating the role of
exercise across a diverse range of cancer types and treat-
ments, this updated systematic review summarizes the
literature to-date in all other cancer types (namely,
cancers other than breast and prostate). In this updated
review, our primary aim was to evaluate: 1) the use of
the principles of exercise training in the design of the
exercise prescription; 2) the reporting of the FITT exer-
cise prescription components in the study methods; and
3) the reporting of participant adherence to the FITT
prescription components in the study results. A second-
ary aim was to explore whether any improvement in
reporting on the principles of exercise training and FITT
exercise prescription components and adherence had oc-
curred since our last publication.

Methods

This systematic review followed the same protocol
reported previously [15-18]. A search of MEDLINE,
CINAHL, SPORTDiscus and EMBASE databases was
conducted with dates ranging from January 1, 2012 to
September 23, 2020, following up on the last search con-
ducted from 1990 to December 31, 2011. Studies that in-
cluded participants with any cancer diagnosis other than
prostate cancer from our previously published review
[16] were also included in this review. The search terms,
as previously used, included cancer (neoplasm, carcin-
oma) and exercise (physical activity, aerobic, resistance,
walking) specified for each database, in combination
with the AND term. Only English-language publications
were included. Other relevant systematic reviews were
manually searched for relevant publications for
inclusion. The protocol was not registered, as our ori-
ginal review [16] commenced prior to the launch of
PROSPERO. Because the protocol is already published,
we did not register this updated review.

Eligibility criteria included: 1) RCTs with one or more
arms involving at least 4 weeks of aerobic and/or resist-
ance exercise; 2) reported one physiological outcome
related to exercise (e.g., aerobic capacity, muscular
strength, physical function, body composition); and 3)
included patients with a cancer diagnosis other than only
breast or prostate. The criteria of a minimum 4 week-
long exercise intervention and reporting on physiological
outcomes relating to exercise were not applied in our
original 2014 review [16]. As a result, studies included in
our 2014 review that did not meet these updated criteria
were excluded from the current analysis. Exclusion cri-
teria included: 1) alternative forms of exercise (e.g., yoga,
tai chi) or complimentary alternative methods (i.e., phys-
ical therapy, stretching); 2) studies that only included
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patients with metastatic or incurable cancer diagnoses
(e.g., inoperable lung cancer); and 3) studies that focused
on prehabilitation (i.e., exercise exclusively prior to sur-
gery), or physical activity and/or nutrition behaviour
change.

Four reviewers (KB, KZ, MM and SNS) independently
determined eligibility using an online software system
(Covidence Systematic Review software, Veritas Health
Innovation, Melbourne, Australia). Article titles and ab-
stracts were screened for study eligibility and full-text
versions of relevant papers were then reviewed to
determine eligibility. Discrepancies were discussed and
resolved by the input of a senior team member (SNS,
KWS, and KC), as required. Reviewers independently
extracted relevant data using the online software system
(KB, KZ, MM and JK), followed by a discussion and
resolution of discrepancies between reviewers or by a
third reviewer (SNS, KWS, and KC). Data extraction in-
cluded: cancer type, sample size, timing of intervention
delivery (during or after cancer treatment), treatment
type, intervention duration and mode of delivery
(supervised or home-based), timing of follow-up mea-
sures, primary outcomes, secondary physical fitness and
physiological outcomes, and reported study findings.
“FITT” (frequency of sessions per week, relative or abso-
lute intensity of exercise, time (duration) of exercise, and
type of exercise) was used to summarize the exercise
prescription. Participant adherence to each FITT pre-
scription component was also extracted where reported
by study authors.

For all exercise training principles, reporting of FITT
prescription components, and reporting of participant
adherence to FITT prescription components, reviewers
independently allocated a rating system where a ‘+” was
assigned when the outcome was comprehensibly re-
ported, a ‘NR’ was assigned when the outcome was not
reported in the exercise prescription, and a ‘7 was
assigned when the outcome was mentioned but the de-
scription was unclear and would not allow for interven-
tion replication. These ratings were also applied to the
reporting of participant adherence to the prescription.
All available publications and supplementary files were
reviewed for a given study to determine ratings. For
multi-arm trials, the training principles were considered
separately for each intervention arm. For RCTSs included
in our previous 2014 review across all cancer types [16],
if new publications from the same study or data set were
identified, ratings were updated in the present review, if
more information was available in the newer publication.
In line with the methods described in our other updated
reviews [17, 18], we report frequencies and percentages
of studies meeting the criterion for each training
principle, FITT prescription component, and participant
adherence to each FITT prescription component.
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To determine whether there had been an improve-
ment in the reporting of each exercise training principle,
FITT prescription components, and adherence to FITT
components since our original search for our previous
review [16], a chi-square test was used to calculate the
difference in the number of studies reporting ‘+” versus
? or ‘NR’ in studies published after 2011 compared to
older studies.

Results

The flow chart of search results and study selection
process is shown in Fig. 1. A total of 127 new manu-
scripts, describing 86 studies were identified in our up-
dated search. Of the 33 studies included in the last
review, five studies were not included in the current
review’s analysis as they did not meet our updated
inclusion criteria of a four week minimum intervention
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relating to exercise [23]. Three previous studies [24—26]
had a total of seven additional papers published after the
original search [27-33]. Upon reviewing newly published
manuscripts for previous studies, no changes to the
study ratings were made. The results for seven prostate
cancer studies from our previous 2014 review were in-
cluded in a separate updated review specifically in pros-
tate cancer studies [18]. Thus, a total 107 studies, with
122 distinct intervention arms, were included in the final
analysis.

A comprehensive description of all evaluated studies,
including patient population, sample size, intervention,
and outcome measures, is provided in Supplementary
File 1. There were 58 (54%) studies conducted among
adults diagnosed with solid tumours [24, 34-90], 25
(23%) studies in haematological cancers [25, 91-114]
and 24 (22%) studies including patients with mixed can-

[19-22] and reporting on physiological outcomes cer diagnoses [26, 115-137]. For the studies in solid
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tumours, exercise interventions were delivered during
cancer treatment in 20 (34%) studies [34-53], during
and after treatment in 12 (21%) studies [24, 54—64], and
entirely after treatment in 26 (45%) studies [65-90]. The
most common solid tumour groups investigated were
cancers of colon or rectum (n =15, 26%), lung (n =12,
21%), and head and neck (=10, 17%). For studies in
haematological cancers, 13 (52%) delivered exercise in-
terventions during treatment [91-103], specifically stem-
cell transplant or chemotherapy, four (16%) during and
after treatment [25, 104-106] and eight (32%) after
treatment [107—-114]. In studies that enrolled adults with
mixed cancer diagnoses, seven (29%) of these studies
delivered interventions during cancer treatment [26,
115-120], six (25%) during and after treatment
[121-126], and 11 (46%) after treatment [127-137].

Application of the principles of exercise training

Ratings for the application of the exercise training prin-
ciples for all studies and intervention arms, categorized
by tumour and treatment type, are shown in Table 2.
Differences in the reporting of training principles by
study publication year are depicted in Fig. 2A. Only two
studies fully reported and applied all six training princi-
ples to their interventions. Full application and reporting
of at least half of the training principles (i.e., three out of
a total six) was found for 53 (49%) studies in total. Five
(4%) studies did not adequately report applying any of
the six training principles.

Specificity was the most frequently applied training
principle and appropriately reported in 97 (91%) studies.
Given specificity was commonly adequately applied
across all studies, no significant difference in the report-
ing of specificity was found among new studies published
after 2011 compared to older studies (91% vs. 88%; p =
0.659). The principle of initial values was the second
most applied training principle and was appropriately re-
ported in 77 (72%) studies overall. A significant im-
provement in the reporting of initial values was found
for new studies published after 2011 compared to older
studies (80% vs. 46%, p < 0.001). Progression was appro-
priately reported and applied in 34 (32%) studies. Like
initial values, appropriate reporting of progression also
improved in new studies published after 2011 compared
to older studies (37% vs. 15%, p =0.039). The principle
of overload was appropriately applied and reported in 49
(46%) studies in total. While the number of studies ad-
equately reporting overload increased in new studies
compared to older ones, this difference was not statisti-
cally significant (49% vs. 35%, p =0.189). Most studies
did not adequately report or unclearly reported the prin-
ciples of reversibility and diminishing returns. Reversibil-
ity was only appropriately applied in 7 (7%) studies
overall, all of which were new studies published after
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2011. Reporting of reversibility was not significantly dif-
ferent between new and older studies (7% vs. 0%, p =
0.121). Diminishing returns was appropriately reported
in 5 (5%) studies overall and no difference in the report-
ing of diminishing returns was found between new and
older studies (4% vs. 8%, p = 0.402).

Reporting of the FITT prescription components

Ratings for the reporting of the FITT exercise prescrip-
tion components for all studies and intervention arms
are shown in Table 2. Differences in the reporting of the
FITT prescription components between new studies
published after 2011 compared to older studies is
depicted in Fig. 2B. All four FITT prescription compo-
nents were reported in full within the study methods in
62 out of 107 (58%) studies. There were 97 (91%) studies
that fully reported at least half of the FITT prescription
components (i.e., at least two out of four). Only two
(2%) studies did not fully report any of the four FITT
prescription components in the study methods.

The prescribed exercise session frequency (i.e., days
per week) was the most frequently fully reported FITT
prescription component and was reported in 99 (93%)
studies overall. There was no difference in the reporting
of frequency between new studies published after 2011
compared to older studies (93% vs. 92%, p = 0.962). The
prescribed target exercise intensity was fully reported in
77 (72%) studies, with no difference in reporting be-
tween new studies published after 2011 and older studies
(70% vs. 77%, p =0.518). A target exercise duration, or
time, was fully reported for 90 (84%) studies overall and
no difference in the reporting of the prescribed exercise
time was found between new studies and older studies
(85% vs. 85%, p =0.936). Lastly, the prescribed exercise
type was fully reported for 89 (83%) studies overall. Simi-
larly, there was no difference in the reporting of exercise
type between new studies and older studies (80% vs.
92%, p =0.153).

Reporting of FITT prescription adherence

Ratings for the reporting of participant adherence to
the FITT exercise prescription components for all
studies and intervention arms are shown in Table 2.
Full reporting of adherence to the FITT prescription
components within the study results is shown for
new studies published after 2011 compared to older
studies in Fig. 2C. In total, adherence to all four
FITT prescription components was reported in the
study results for 8 out of 107 (7%) total studies. Ad-
herence to at least half of the FITT prescription com-
ponents was reported in 31 (29%) studies. There were
33 (31%) studies that did not fully report adherence
to any FITT prescription component. All evaluated
studies appeared to be much more likely to fully
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A) Exercise Training Principles
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B) FITT Prescription Components
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C) FITT Adherence
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Fig. 2 Full Reporting of A) Exercise Training Principles, B) FITT Prescription Components and C) Adherence to FITT Prescription Components.
Percentage of studies published between 2012 and 2020 compared to studies published up to 2011 that fully reported '+ each outcome.
*Significant difference in the percentage of studies published between 2012 and 2020 compared to studies published up to 2011 that fully
reported applying the principles of initial values and progression (p < 0.05). No significant difference in the reporting of FITT prescription
components or adherence to FITT prescription components

report all four FITT prescription components in the Adherence to exercise session frequency (i.e., attend-
study methods (58%) compared to adherence to all ance) was the most fully reported adherence outcome
four FITT prescription components in the study re- and was reported in 66 (62%) studies overall. Among
sults (7%). new studies published after 2011, only 58% of studies
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fully reported adherence to exercise session frequency
compared to 73% of older studies (p = 0.170). There was
full reporting of exercise adherence to intensity for 16
(15%) studies in total, with no difference between new
studies and older studies (14% vs. 19%, p=0.482).
Adherence to exercise time was fully reported for 25
(23%) studies overall, with no difference between new
studies and older studies (21% vs. 31%, p=0.305).
Adherence to exercise type was fully reported in 23
(22%) studies and there was no difference between new
studies and older studies (17% vs. 35%, p = 0.061).

Discussion

In this systematic review, which included data from par-
ticipants diagnosed with solid tumours and haemato-
logical cancers, the overall application and reporting of
the principles of exercise training, the FITT prescription
components, and exercise adherence varied. Less than
50% of all evaluated studies applied at least half of the
exercise training principles (i.e., three or more out of
six). However, a significant improvement in the applica-
tion and reporting of initial values (46 to 80%) and pro-
gression (15 to 37%) was found for studies published
after 2011 compared to older studies. Regarding the
FITT exercise prescription components, 58% of all eval-
uated studies reported applying all four FITT prescrip-
tion components in the study methods, yet a much
smaller proportion (7% of studies) reported adherence to
all four FITT prescription components in the study
results. No significant improvements over time were
observed in the reporting of the FITT exercise prescrip-
tion components or adherence to the FITT prescription
components.

In this review, specificity was the most consistently
applied exercise training principle. Specificity requires
selecting the exercise modality based on the primary
outcome (ie., to improve aerobic fitness, prescribe aer-
obic exercise, such as brisk walking). This application
should continue to be strong in future trials. To apply
the principle of specificity one step further, future re-
search could strive to narrow in on the most appropriate
modality of exercise to elicit a training effect. For ex-
ample, brisk walking may help to improve aerobic fitness
in some patients, but other aerobic exercise modalities
might be more effective. The elliptical trainer, on the
other hand, may allow participants to achieve higher ex-
ercise intensities, as it recruits both upper and lower
body muscle groups. Almost 70% of all interventions ap-
propriately reported initial values and reporting of this
principle improved significantly among studies published
after 2011. The principle of initial values considers par-
ticipants’ baseline levels of the target outcome of interest
(e.g., physical fitness levels), as improvements in the out-
come of interest will be greatest in those with lower
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initial values. Adequate reporting of the principle of pro-
gression also improved among new studies (22% in-
crease). However, over two-thirds of all studies did not
report progression or provided an unclear description of
how exercise was progressed, so that interventions may
be replicated (e.g., 5-10% increase in heart rate max-
imum every 2 weeks for aerobic exercise). The principle
of overload, which requires exercise to be prescribed
based on baseline exercise testing, was less commonly
applied, and did not improve in new studies. While stud-
ies may be limited by resources, funding, and personnel
to conduct gold-standard assessments of physical fitness
(e.g., cardiopulmonary exercise testing), submaximal ex-
ercise testing protocols or clinical measures of physical
function can still be utilized to facilitate prescribing
more appropriate exercise targets to participants. Con-
sideration of reversibility and diminishing returns were
the least frequently applied training principles. This is
understandable given that a follow up fitness test after
completing the intervention may not be done or re-
ported in the primary manuscript. However, performing
repeat testing in people who continue to exercise
(diminishing returns) and people who discontinue exer-
cise (reversibility) upon intervention completion can
help underscore the importance of delivering an ad-
equate exercise stimulus for continued improvement as
well as identify the minimal effective exercise dose re-
quired to achieve and maintain exercise health benefits.
The FITT exercise prescription components (i.e., pre-
scribed exercise) were consistently more fully reported
than participant adherence to the FITT prescription
components (i.e., completed exercise) among our evalu-
ated studies. Regarding adherence outcomes, frequency
was the most reported, often as attendance or number
of exercise sessions completed. However, we cannot
emphasize enough the importance of reporting adher-
ence beyond exercise session attendance; especially in
feasibility studies and studies that are delivering ‘novel’
exercise interventions, such as non-linear or high inten-
sity exercise prescriptions, or focusing on understudied
cancer populations. Reporting of adherence to exercise
intensity and duration, or resistance training volume,
can be challenging within studies. However, there are re-
cent publications that are examples of exemplary exer-
cise adherence reporting in oncology and can help guide
future research [13, 14, 138—140]. These papers illustrate
widespread variations or disruptions in exercise session
attendance and prescription adherence among partici-
pants and throughout cancer treatment. For example,
exercise session attendance and adherence to aerobic ex-
ercise was shown to gradually decrease over the course
of chemotherapy for breast cancer and over a third of
participants required aerobic exercise intensity adjust-
ments due to treatment symptoms [13]. If this study did
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not report on adherence to the prescribed intensity of
exercise, any practical application of this study in clinical
settings could risk injuring patients or participant drop-
out. This data highlights the the necessity of adjusting to
participant needs; especially during cancer treatment,
when individuals present with cyclic changes in symp-
tom severity between chemotherapy cycles and poten-
tially, accumulating symptom severity as treatment
duration lengthens. Less than perfect exercise adherence
does not indicate study failure and full reporting of exer-
cise prescription adherence should be considered a
strength across exercise oncology RCTs. Adherence
reporting and transparency is necessary for continued
improvement in exercise intervention design as well as
the development of evidence-informed approaches to
modifying exercise dose for appropriate translation of
RCT findings into clinic and community settings.

For some outcomes, we noted that the reporting of
FITT prescription components and adherence trended
towards being worse across new studies published after
2011 compared to earlier studies. Full reporting of the
prescribed exercise type, for example, was seen in 80% of
new studies published after 2011 compared to 92% of
earlier studies. There are several possible explanations
for this observation. Applying the FITT prescription
components and reporting adherence is more complex
for interventions that prescribe exercise outside of ‘typ-
ical’ aerobic or resistance-based training. One example is
the study by Crawford et al. that prescribed a wall-
climbing intervention to women who had undergone
treatment for gynaecological cancer [69]. For this type of
intervention, rating of perceived exertion (RPE) [141]
and exercise minutes can still be collected as proxies for
exercise intensity and duration. For home-based exercise
interventions, specifically, many studies prescribed exer-
cise duration as total minutes per week (e.g., 150 min
per week of moderate to vigorous exercise) and then re-
ported the total mean minutes per week completed for
the intervention group. In addition to this, reporting
how long the participants’ mean duration was for a sin-
gle bout of exercise would still be of value (adherence to
exercise time) as well as the number of days participants
chose to exercise per week (adherence to exercise fre-
quency). Moreover, studies prescribing home-based exer-
cise also frequently do not report the prescribed exercise
type, as it may be self-selected by participants. Reporting
some examples of “suggested” exercise types within the
study methods, such as walking outside, would clarify
the exercise prescription. Reporting the types of exer-
cises participants self-select in the adherence section of
results would then provide insight on participant
exercise preferences and help inform achievable exercise
recommendations in a clinical or community setting.
Reporting exercise adherence to resistance training
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exercise, is also somewhat of a challenge, given there are
several variables of interest (i.e., sets, repetitions, weight).
For resistance exercise training, prescribing a target RPE
and collecting patient-reported RPE following each exer-
cise is a pragmatic approach to exercise prescription and
adherence monitoring [142]. RPE helps gauge resistance
training intensity and whether patients are achieving vol-
itional fatigue. Training loads can then be adjusted or
progressed accordingly to ensure an adequate training
stimulus is being applied. Moreover, Fairman et al. have
recently provided guidance on how to clearly report ad-
herence to resistance training in exercise oncology [138].

Outside of the exercise oncology literature, it has been
shown that completeness or adequacy of intervention
reporting is lower in non-pharmacological trials versus
pharmacological trials [143]. For all clinical trials, full
reporting of a given intervention is essential and goes
beyond naming the intervention and listing its main
components. There are crucial features of an interven-
tion, including its setting, duration, mode of delivery,
monitoring and so forth, which must be adequately
described to allow for full intervention interpretation,
replication, and implementation. Completeness report-
ing of exercise oncology trials according to TIDieR
(template for intervention description and replication)
checklist, for example, has been calculated as ranging
from 46 to 96% [144]. The TIDieR checklist contains 12
items: name, why, what (materials), what (procedure),
who provided, how, where, when and how much, tailor-
ing, modifications, how well (planned), how well (actual)
[145]. We argue that in addition to standard complete-
ness reporting for clinical interventions, as outlined in
tools such as the TIDieR checklist, reporting of the
exercise training principles and adherence, as discussed
in this review, is necessary in exercise oncology for inter-
vention replication and translation. To adopt this
approach to study reporting, following the Consensus on
Exercise Reporting Template (CERT) guidelines is
recommended [146]. CERT highlights how to report fre-
quency, intensity, duration and type of exercise outlined
in section 13, “When, How Much” and exercise com-
pleted in section 16, “How Well: Planned, actual”.

Limitations

We did not contact authors for missing information.
Interventions may have been designed in line with the
principles of exercise training, yet were perhaps not
reported this way. Strict journal page limits can be a bar-
rier to full reporting of exercise interventions. Online
appendices and supplementary materials, however, can
be used to report this information. Further, we did not
include single-arm studies, studies in patients with in-
curable cancer or receiving palliative care, or studies
with prehabilitation interventions, alternative exercise
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(e.g., yoga), physical therapy interventions (e.g., arm re-
habilitation and mobilization following breast cancer
surgery), or interventions less than 4 weeks. Evaluating
the exercise intervention design and adherence for these
special cases is likely still valuable and should be consid-
ered in future reviews. However, a recent review by
Medysky et al. summarizes the reporting of exercise
training principles in RCTs of lung cancer and includes
both prehabilitation interventions and patients with in-
curable disease [147]. While we evaluated the application
and reporting of exercise training principles, understand-
ing how the application of these principles directly
influences fitness and cancer-specific outcomes is an
important area for ongoing research. A previous review
evaluated how prescribed FITT factors moderated
change in physical fitness in those living with and be-
yond cancer and found that greater exercise frequency
and longer session duration resulted in larger effects
[148]. Expanding this to include adherence to FITT and
the application of the principles of exercise training will
help pinpoint which intervention components should
receive the greatest consideration in oncology settings.

Conclusion

With the growing number of exercise oncology trials
conducted in a variety of cancer populations every year,
appropriate application of the basic principles of exercise
training highlighted in the current review is strongly en-
couraged. Since our previous reviews on this topic, we
found that most exercise training principles are still in-
consistently reported. However, we did find a significant
improvement in the reporting of the principles of initial
values and progression among studies published after
2011. Findings from the current review suggest the
reporting of exercise intervention adherence to all four
FITT prescription components requires the greatest im-
provement. The goal of adopting this style of interven-
tion reporting is to facilitate translation into clinical
practice, while also ensuring interventions are appropri-
ately designed and monitored to maximize efficacy.
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