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ABSTRACT

The aim of this work was to review the literature on the
mechanisms by which lifestyle interventions attenuate
radiation therapy-induced side effects. A scoping review
based on the Joanna Briggs Institute methodological
framework was undertaken. MEDLINE, CINAHL and
CENTRAL were searched up until 13 March 2024. Studies
assessing the potential mechanistic effects of lifestyle
interventions on outcomes in adult (>18 years of age)
cancer patients undergoing radiotherapy, including

any cancer type or intervention timing (before, during,
after radiotherapy), were included. Data were extracted
regarding study design, intervention characteristics and
included outcome measures. Nine studies were included
in the review. Study populations included patients with
a range of cancers, including head and neck, prostate,
breast, lung, lower gastrointestinal, rectal, pelvic and
leukaemia. Lifestyle interventions consisted primarily
of nutritional supplements, diets or traditional Chinese
medicinal ingredients. Exercise programmes were also
included. Those that were available involved either
resistance training alone or in combination with aerobic
exercise. The most common side effects included
site-specific toxicity, with some interventions noting
improvements to symptoms, alongside alterations to
inflammatory cytokine and lymphocyte concentrations.
Radiation-induced weight loss and frailty were noted,
which may be prevented with interventions that target
skeletal muscle metabolism. With more research to
fully elucidate the potential mechanisms and consistent
evidence of efficacy, lifestyle interventions may present
promising non-pharmacological therapeutic options to
alleviate some of the side effects of radiotherapy.

INTRODUCTION

Radiotherapy (RT) stands as a cornerstone
in the treatment against cancer, offering
a means of tumour control and symptom
relief.' Around 50% of individuals with cancer
receive RT over the course of their illness,”
with its utility both curative and palliative.
In contrast to drug-based systemic chemo-
therapy or immunotherapy, which affects the
whole body, RT is a localised treatment where
the tumour-destroying effect is focused on
a specific area, referred to as the radiation

field. RT acts to destroy cancer cells through
ionising or particle radiation, a mechanism
that damages cell DNA causing the cells to
stop dividing or die.

Despite its efficacy, RT is accompanied by
a spectrum of adverse effects that can signifi-
cantly impact patients’ quality of life (QoL).
Complications resulting from radiation
toxicity can occur and predominantly impact
the site of radiation.” Systematic effects, such
as debilitating fatigue, nausea and weakness,
are also common side effects of RT.* Both
systemic and local adverse effects resultant
from RT can induce weight loss, exhaus-
tion and physical deconditioning. The term
cancerrelated fatigue (CRF) is also used,
which encompasses the physical, emotional
and cognitive fatigue associated with cancer
and cancer treatment.” These adverse effects
not only compromise patients’ QoL but can
also lead to treatment interruptions and dose
reductions, potentially impacting treatment
efficacy.

In light of this, there arises a need to
explore complementary strategies that can
attenuate these adverse effects. Lifestyle inter-
ventions, such as exercise and nutrition, have
garnered increasing attention in this context,
with a growing body of evidence suggesting
their potential to mitigate the burdensome
side effects associated with RT.*” Studies
have demonstrated that tailored exercise
regimens can alleviate fatigue, improve func-
tional capacity and mitigate muscle wasting in
patients with cancer undergoing RT.®? Simi-
larly, dietary interventions focusing on opti-
mising nutritional status or supplementation
and minimising inflaimmation have shown
promise in reducing the severity of gastro-
intestinal symptoms and enhancing tissue
repair following radiation exposure.®

Despite this, the mechanisms underlying
the beneficial effects of these interventions
remain incompletely understood. Where
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work has presented mechanistic understanding of the
effect of lifestyle interventions, they have often not distin-
guished between treatment modality."’ "' Given that RT is
a localised treatment, with its own spectrum of local and
systemic side effects, it may not be comparable to other
cancer-related therapies.

The purpose of this scoping review is to identify the
potential mechanisms through which lifestyle interven-
tions may alleviate potential side effects in the context of
RT, via a comprehensive evaluation of the available liter-
ature. By elucidating how interventions interact with the
biological pathways affected by RT, we can gain insights
into how they attenuate radiation-induced effects and
optimise their implementation in clinical practice. The
work seeks to address this gap by synthesising existing
literature on the topic, with the aim of informing future
research directions and enhancing patient care in the
context of cancer treatment.

MATERIALS AND METHODS

Protocol and registration

We conducted a scoping review in line with the meth-
odological framework of the Joanna Briggs Institute
(JBI)," following five key stages: (1) identifying the
research questions; (2) identifying the relevant studies;
(3) selecting the studies; (4) charting the data and (5)
collating, summarising and reporting the results. An
a priori draft review protocol was developed and then
revised on receiving feedback from the research team.
The final version of the protocol was published on the
Open Science Framework and is available at: https://doi.
org/10.17605/OSF.IO/HRCTX. Findings are reported
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for
Scoping Reviews (PRISMA) checklist."

Eligibility criteria

We sought to summarise studies that explored or evalu-
ated local mechanistic processes of lifestyle interventions
on the effects associated with radio-therapeutic treat-
ments. We considered studies that explored mechanisms
related to a range of RT toxicity associated outcomes
such as CREF, physical function (strength, mobility), QoL,
gastrointestinal issues and mucositis. Sources of evidence
pertaining to any contextual setting, that s, health setting,
country or health system were eligible for inclusion. In
addition, mechanistic studies that applied interventions
either prior (prehabilitation), during and/or post treat-
ment were all considered.

Study participants were individuals with a diagnosis of
cancer who had received RT of any type and were at least
18 years old. All types and stages of cancer were consid-
ered. We excluded studies that included individuals who
had undergone chemotherapy, hormone therapy or
immunotherapy only and did not have RT as the primary
treatment. Surgical treatment was not an exclusion
criterion.

Information sources

An initial limited search of CINAHL and PubMed was
undertaken to identify articles on the topic. In addition,
a limited search of the Cochrane Database for systematic
reviews was also undertaken. The text words contained
in the titles and abstracts of relevant articles, the index
terms used to describe the articles, and adapting existing
search strategies from systematic reviews within the field
were used to develop a full search strategy for CINAHL
(EBSCO) (see online supplemental appendix 1). The
search strategy was reviewed by AH and OC and refined
following the identification of syntax errors (online
supplemental appendix 2). The revised search strategy
was then adapted for MEDLINE (PubMed) and Cochrane
Central Register of Controlled Trials (CENTRAL, The
Cochrane Library). The final searches were conducted
on 13 March 2024.

Published (peerreviewed) articles in the English
language from database conception to March 2024 were
included. No limits were placed on study type. In addi-
tion to searching bibliographic databases, reference lists
of relevant adjacent reviews were screened for relevant
studies. Search results were imported for screening and
further reviewing in Covidence systematic review software
2020 (Veritas Health Innovation, Melbourne, Australia)
where duplicates were identified and removed.

Search
The search strategy has been included as online supple-
mental material.

Selection of sources of evidence

Three authors (OC, AH and AW) independently
screened titles and abstracts of all retrieved citations
against the inclusion and exclusion criteria. If disagree-
ment occurred, consensus was achieved by the final vote
of the author yet to screen the respective paper. The full
texts of included studies were then further examined for
eligibility via the same process.

Data charting process

A data extraction excel spreadsheet was jointly developed
by two authors (OC and AH), created in line with the JBI
data extraction methodology.'” The tool was designed to
capture relevant information, including key study char-
acteristics and details used to elucidate the effects of the
interventions on RT-induced side effects. One author
(OC) then independently extracted all prespecified data
from each included study, with member checking (AH).

Data items

The following data were extracted from each included

study:

1. Author(s).

2. Year of publication.

3. Origin/country of origin (where the source was pub-
lished or conducted).

4. Aims/purpose.
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Figure 1 PRISMA diagram—scoping review of interventions
for patients undergoing radical radiotherapy. PRISMA,
Preferred Reporting ltems for Systematic Reviews and Meta-
Analyses.
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Synthesis of results

We grouped the studies by the type of lifestyle intervention
they employed (nutritional or exercise). We narratively
summarised the content and delivery of interventions for
each group, along with the outcomes and main findings
in the context of RT-induced side effects.

RESULTS

Selection of sources of evidence

The literature search identified a total of 16280 papers.
Following an additional search of relevant study refer-
ence lists, duplicate removal and screening, 78 studies
had their full texts examined for eligibility, with 9 being
included in the final review. For full details of the search,
the PRISMA flow diagram is presented in figure 1.

Characteristics of sources of evidence
General characteristics of the included studies are
displayed in table 1. Four of the included studies were

randomised controlled trials (RCTs),M—17 and two
were pilots of RCTs."® ' The final three studies were a
prospective pilot study,”’ a prospective case series® and
a non-RCT.*

Results of sources of evidence

Intervention-specific information for each included study
is presented in table 2. Studies included a wide range
of cancers, with head and neck, prostate and breast
cancers being the most common. Most studies included
at least one participant who was receiving concomitant
RT alongside either chemo or hormone therapy. Three
studies included participants who had received prior
surgery,"”® ' # five did not'*""*" and the remaining study
did not provide this information.?! There were seven
nutritional interventions,!* 182! 22 consisting of Chinese/
traditional medicine, a nutritional supplement or a diet
over the course of treatment. The remaining two studies
involved an exercise intervention,19 2 consisting of either
resistance training alone or in combination with aerobic
exercise.

RESULTS
Nutritional interventions
A study in head and neck cancer delivered a solution of
indigowood root powder and water to be rinsed in the
mouth and swallowed three times daily over the course of
treatment and showed the grade of site-specific inflamma-
tion, mucositis, was reduced compared with the control
group.'* The reduction in symptoms was correlated
with lower serum concentrations of the cytokine IL-6.
Another trial, in lung cancer, delivering daily rhubarb
extract, observed reductions in lung toxicity, which was
also correlated with concentrations of IL-6, along with the
growth factor TGF-B1."” Wedlake ¢t al'® had participants
with gastrointestinal cancer consume either a high fibre,
low fibre or habitual diet for 57 weeks during RT. While
gastrointestinal toxicity was reduced, no differences were
shown in short-chain fatty acid production, which would
have been indicative of an anti-inflammatory response.
Another study of head and neck cancer compared the
use of a daily mouth solution of QYN to a placebo over the
course of treatment. They noted lower grades of muco-
sitis and elevations of salivary epithelial growth factor in
the intervention group compared with the placebo group
following treatment.'® Furthermore, concentrations of
CD4 and CDS8 T-lymphocytes were elevated compared
with the placebo group, indicating an enhanced immune
response. Bounous et al® showed similar findings in
those with pelvic malignancies, following the use of an
elemental diet powder consisting of hydrolysed protein,
triglycerides and carbohydrates. Compared with a
control group following what the authors only describe
as a ‘normal diet’, the intervention group demonstrated
elevations in immunoglobulin concentrations, and a
blunted decline in lymphocyte levels following RT. This
was paired with reductions in the incidence of diarrhoea.
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Table 2

Intervention characteristics for the included studies in the scoping review

Study Intervention

Time and duration

Control Key findings

You et al 2009 Indigowood root powder

solution

Wedlake et al 2017  Low-fibre or high-fibre diet

Wu et al 2007 QYD

RT

Yu et al 2008"" Rhubarb powder

of RT

Bounous et al 1975°2 Elemental diet powder

dissolved in water

Klement and
Sweeney, 2016%'

Self-administered ketogenic
diet
73days

Saadipoor et al Nanocurcumin capsule

2019'® the course of RT until

study endpoint of

proctitis development.
Lonkvist et al 2017?° Resistance exercises of major 12 weeks, 3 times per NA

muscle groups. 2-3 sets and
15-8 RM, moving from low
load/high rep to high load/low
rep over the 12 weeks.

Sprod et al 2010"°
steps by 5%-20% while
performing activity at a
moderate intensity. Combined
with low to moderate intensity
resistance training.

3min 3 times per day
before meals for 7 weeks
over course of RT

5-7 weeks over the
course of radiotherapy

28 days over course of

6 weeks over the course

Over the course of RT—
time frame not specified

Over the course of

RT —ranging from 36 to

3 times per day during

week (36 sessions)

Instructions to increase daily 4 week programme, with Encouragement to remain
exercise prescribed daily only as active as they were

Saline solution Intervention group had less
severe mucositis and this
correlated with significantly

reduced serum IL-6.

High-fibre diet reduced Gl
toxicity both acutely and at

1 year. However, this did not
correlate with increased SCFA
production.

QRLYS increased EGF
concentration in saliva and
reduced mucocitis. In addition,
QRLYS increased peripheral T-
lymphocyte counts.

Habitual diet

Dobell’s solution

Rhubarb extract reduced

RILT and improved pulmonary
function. This correlated with
significantly lower TGF-B1 and
IL-6.

Intervention group had lower
incidence of diarrhoea,
maintained serum protein and
the drop in lymphocytes was
significantly less compared with
control.

Placebo containing starch

Normal diet

None Although significant weight loss
occurred in some patients, this

occurred mainly due to fat mass
loss. The diet had no significant

impact on blood biomarkers.

Placebo capsule No significant difference was
found between groups for
radiation-induced proctitis,

cystitis or heamtologic nadirs.

Functional performance
maintained during treatment

and increased during follow-up.
Strength was regained after an
initial dip during treatment and
paralleled responses in lean body
mass and sarcomere protein
content. This correlated with

the upregulation of the pentose
phosphate pathway.

There was a greater improvement
in sleep quality in the exercise
group from preintervention to
postintervention, although the
difference was not significant.
Additionally, there were
associations between IL-6 and
sleep efficiency/duration.

prior to study inclusion.

EGF, epidermal growth factor; Gl, gastrointestinal; NA, not available; QRLYS, Qingre Liyan Decoction; QYD, Qingre Liyan Decoction; RILT, radiation
induced lung toxicity; RM, repetition maximum; RT, radiotherapy; SCFA, short-chain fatty acid.

Serum total protein (albumin and globulin) was also
maintained throughout the intervention in the interven-
tion group, but not in the control condition. Conversely,
a randomised, placebo-controlled trial in prostate cancer
did not detect any differences in concentrations of
lymphocytes, neutrophils, platelets or haemoglobin, nor

reductions in the grade of proctitis following oral supple-
mentation of nanocurcumin.” Finally, one study had
participants consume a ketogenic diet over the course
of RT.*" While weight loss was apparent, this occurred
mainly via reductions in fat mass (as measured via bioelec-
trical impedance), with participants largely maintaining
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muscle mass. No differences were, however, shown in
blood biomarkers, including markers of insulin signalling
or concentrations of cholesterol or triglycerides.

Exercise interventions

Only two studies were included that involved an exercise
intervention. The first investigated an exercise interven-
tion among participants with breast or prostate cancer,
and outcomes included sleep quality/efficiency/duration
and mediators of sleep.'” The intervention consisted of
increasing daily step counts, alongside a 4-week progres-
sive resistance training regime, exercising daily, while
the control group maintained their regular lifestyle.
Concentrations of IL-6 did not change between base-
line and follow-up in either group. However, the exer-
cise group had significantly lower concentrations than
the control group postintervention, when adjusting for
baseline values and age. Associations were noted between
sleep quality and sTNF, and between sleep efficiency and
IL-6, which the authors took to indicate that the sleep-
mediating cytokines may be moderated by exercise.

The other study recruited participants with head and
neck cancer.” The intervention involved progressive
resistance training, three times per week over the course
of 12 weeks. Functional performance was maintained
and eventually improved during long-term follow-up. An
initial decline in muscular strength and lean body mass
during RT was shown, which then recovered following
treatment. This was not the case for sarcomeric protein
abundance, as differences were not significant. Metabolic
pathways were examined with biopsies from the vastus
lateralis, via the expression of enzymes involved in glycol-
ysis and the pentose phosphate pathway. The authors
report an upregulation of the pentose phosphate pathway
at 6weeks, while the glycolysis pathway was unchanged.
However, it is not discernible which enzymes were differ-
entially expressed.

DISCUSSION

This scoping review sought to elucidate the mechanisms
by which lifestyle interventions may attenuate RT-induced
side effects and to identify gaps in the existing literature.
Most included studies comprised nutritional interven-
tions, consisting of either supplementation, traditional
Chinese medicine or prescription of specific diets. Exer-
cise programmes were also used, consisting of either
resistance training alone, or in combination with aerobic
exercise.

Summary of evidence

Site-specific toxicity

Exposure to RT is known to induce a pro-inflammatory
tumour microenvironment. It is thought that to drive
an immune response, inflammatory cytokines modu-
late tumour neo-antigen expression, allowing for the
targeting of cancerous cells.” High doses of ionising
radiation can, however, also lead to myriad negative

inflammatory-related side effects, such as mucositis, proc-
titis, pneumonitis and dermatitis.** There may also be
systemic, non-targeted effects, resulting in chronic, low-
grade inflammation, which may inadvertently lead to
caurcinogenesis.25 % There is, therefore, a trade-off between
the immuno-stimulatory effects of RT, driving inflamma-
tion to promote cancer targeting by the immune system,
and the negative side effects of chronic inflammation.
Approaches to ameliorate these inflammatory cascades
are warranted, with lifestyle interventions becoming a
promising avenue for exploration. Nutritional supple-
ments, diets and traditional Chinese medicinal ingredi-
ents have shown promise at alleviating inflammation.?”
While reductions in the concentration of singular cyto-
kines do not necessarily indicate alleviations in inflam-
mation, studies in the present review have demonstrated
alterations in cytokine concentrations alongside reduc-
tions in symptoms associated with RT-induced inflamma-
tion. While exercise in acute bouts, as with RT, induces a
pro-inflammatory environment,” long-term exposure to
endurance exercise and/or physical activity is known to
reduce chronic low-grade inflammation,” by stimulating
the release of nitric oxide, a potent free radical scavenger,
as well as promoting mitochondrial biogenesis to alleviate
oxidative stress.”*** One study in the present review investi-
gated cytokine concentration following an intervention of
aerobic and resistance exercise. While the authors noted
significantly lower concentrations of IL-6 in the exercise
compared with control group postintervention, neither
group significantly changed from baseline.' More work
is therefore required to clarify whether exercise training
can offset radiation-induced inflammation. Given that
those who chronically exercise have reduced systemic
inflammation, future work should also assess whether
those who are active prior to the commencement of RT
are protected from ionising radiation-induced inflamma-
tion, and thus RT-associated side effects.

The release of inflammatory cytokines because of RT is
thought to drive an immune response, thereby reversing
the immuno-suppressive tumour microenvironment to
target cancer cells.” RT can also upregulate immuno-
suppressive molecules such as CTLA-4 and PD-1 involved
in the DNA damage repair pathway.” Increased expres-
sion of both CTLA-4 and PD-1 exerts an inhibitory effect
on circulating lymphocytes and so are frequently the
target of immune checkpoint inhibitors.”® Lymphopenia,
or a reduced number of circulating lymphocytes, can
exacerbate cancer-related side effects, diminish survival
rates and reduce the effectiveness of RT.** There is,
therefore, a need"’ for interventions or treatment options
that enhance lymphocyte production to both improve
the effects of RT and elicit positive outcomes. Again, life-
style interventions present a promising option. Studies
in the present review that assessed lymphocyte numbers
in response to nutritional interventions demonstrate
conflicting findings. This could be explained as lympho-
cyte distribution throughout the human body is not
uniform and varies by organ.*! Furthermore, the degree of
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immune response to RT appears to be dictated by the loca-
tion of treatment. A meta-analysis of ymphocyte responses
to RT showed that in response to radiation, a reduction in
T-lymphocytes occurred in head and neck cancer, but not
prostate or breast cancer.” Among studies included in
the present review, lymphocyte numbers and site-specific
toxicity improved following a nutritional intervention
in a study of head and neck cancer,'® whereas a study in
prostate cancer saw no changes.'® While this could be
due to the difference in supplements used, if lymphocyte
numbers do not reduce following RT in prostate cancer,
a nutritional supplement is less likely to produce a posi-
tive change. One study noted maintenance of lymphocyte
numbers when consuming an elemental diet powder,*
whereas those following what was described as a ‘normal
diet’ experienced declining numbers. The experimental
group also experienced less incidence of gastrointestinal
toxicity. Diets deficient in protein have previously demon-
strated reductions in lymphocyte numbers, which can be
overcome with protein supplementation.” ** However,*
the authors stated the protein content of the diet powder
in this study was only 8.8%. Despite this, serum protein
levels were significantly greater in the intervention group,
although the authors did not clarify the macronutrient
breakdown in the control group to compare protein
intake. Furthermore, both groups had their ideal calorie
requirement calculated, with no difference between
groups, so the difference shown in lymphocyte numbers
is likely not due to discrepancies in calorie intake. Studies
comparing varying doses of dietary protein on RT-induced
side effects are therefore warranted to confirm whether
there is a protective effect of protein intake, and whether
this is mediated by lymphocyte concentrations.” ***

Loss of lean body mass and strength

A common adverse side effect of RT is the progressive loss
of lean body mass, leading to muscular weakness, poor
QoL and impaired survival.”’ > Approaches to mitigate
such detrimental effects are therefore vital for ensuring
superior RT-related outcomes. Both dietary protein
intake and resistance exercise are non-pharmacological
approaches, known to stimulate muscle protein synthesis,
playing a key role in the regulation of lean body mass.”***
The studies included herein utilising both nutritional
and exercise interventions demonstrated beneficial
effects on muscle mass and protein metabolism. A study
using a ketogenic diet showed maintenance of lean body
mass, while total weight declined.”’ While an emphasis
was placed on certain ingredients, the diets were self-
administered, with no macronutrient breakdown, and so
total protein intake was not discernible. One study showed
serum total protein concentrations were reduced over a
course of RT while on ‘normal diets” but were maintained
in those consuming an elemental diet powder with hydro-
lysed protein, although there was no accompanying data
on functional outcomes. Additionally, although there was
no information on lean body mass, the control group saw
a greater reduction in body weight, despite calorie intake

being similar. Furthermore, one study deployed a resis-
tance exercise programme and showed both strength and
lean body mass to recover following resistance training.’
This study also showed an upregulation of enzymes in the
pentose phosphate pathway within skeletal muscle biop-
sies, which plays a key role in anabolism and protecting
from oxidative stress.”* Employing either exercise inter-
ventions or dietary changes alongside RT may, therefore,
offset some of the detrimental effects of RT and have ther-
apeutic potential in mitigating the occurrence of cancer-
related frailty and the resultant impairments to QoL.

Limitations

This review is not without limitations. First, given the
nature of the topic area, there was a wide range of cancer
subtypes and side effects investigated. This, combined
with the diversity of interventions, made direct compar-
isons between studies difficult. Additionally, the delivery
of therapy varied across studies, with some delivering RT
alone, while others involved concomitant chemotherapy
or hormone therapy, further restricting the comparison
of side effects. Only four of the included studies were
RCTs,'* "7 meaning possible conclusions regarding the
effects of each intervention in the remaining studies
are limited. Only two studies' * examined the effects
of exercise programmes. As a result, comparisons across
different types, durations and intensities of exercise, and
whether this influences RT-induced side effects were not
possible.

Research gaps

In vitro research into the mechanisms by which RT-
induced side effects may be alleviated is well established,
for example, with cell culture models identifying affected
genetic pathways and associated effects of different life-
style interventions.” > However, the present review high-
lights that there is a lack of translational research in this
area, with few studies examining potential mechanisms
in response to lifestyle interventions in humans. Without
statistically powered RCTs, the causality of these mecha-
nisms is unable to be established. While the authors of
one of the studies included in the present review® had
planned to explore their findings further with an RCT,
this was terminated prematurely due to poor recruit-
ment.” This highlights the challenges of conducting such
large-scale trials in these populations.

Furthermore, many of the studies classed as ‘nutri-
tional’ consisted of supplements at a single dose.
Research examining dose responses to these interven-
tions may further our understanding of both potential
mechanisms responsible, as well as optimal strategies to
alleviate any side effects. Additionally, only three studies
investigated specific diets. While supplements allow for
a more controlled study (ie, being able to have placebo
control), the broader impact of full dietary modifications
remains underexplored. The studies in the present review
provided no detail on the specific macro and/or micronu-
trient composition of the diets provided, greatly limiting
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our ability to attribute any links to potential mechanisms.
While diets rich in protein will inevitably aid in offsetting
losses in lean body mass during RT, investigating whether
different diets, with detailed macronutrient and micro-
nutrient compositions, influence other RT-induced side
effects through distinct biological pathways represents a
promising research direction. Such studies could provide
more clinically applicable dietary recommendations for
patients undergoing RT.

Additionally, while the feasibility and clinical benefits
of exercise programmes in patients undergoing cancer
treatment are relatively well established, research into
the mechanisms offsetting some of the RT-induced side
effects is much less extensively reported. Only two studies
in the present review explored exercise interventions,
none of which had an aerobic-only training programme.
To fully determine the mechanisms responsible for allevi-
ating RT-induced side effects, a range of exercise modes
and intensities, alongside in vitro/ex vivo data collection,
is required. Future research should also explore whether
those who are habitually active prior to RT are protected
from associated side effects, and, if so, what mechanisms
are responsible.

CONCLUSIONS

This scoping review assessed the existing literature
regarding whether lifestyle interventions may mitigate
RT-induced side effects. We identified some evidence that
both nutritional and exercise interventions can attenuate
a variety of side effects because of RT. The most common
side effects studied included site-specific toxicity and
losses in lean body mass and muscle strength. Potential
mechanisms by which these were alleviated included
alterations to inflammatory cytokine and lymphocyte
concentrations, as well as skeletal muscle metabolism.
However, to confidently assign causality to these poten-
tial mechanisms in these populations, robust RCTs are
required. Additionally, future research should explore
whether differing doses of supplements, as well as whole-
diet changes with varying macronutrient and micronu-
trient breakdowns, have diverging effects on RT-induced
side effects. A wider breadth of research investigating
mechanisms by which exercise interventions may alle-
viate these side effects is also needed, across a range of
modes and intensities. Elucidating whether those who
are habitually active are protected from RT-induced side
effects may also further our understanding of the mech-
anisms responsible. This could help refine both exercise
prescription and nutritional guidance, ensuring that they
are optimised to mitigate treatmentrelated toxicity and
potentially enhance patient outcomes.
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