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Micro-abstract:

The optimal exercise intensity and frequency to nmte clinically significant improvements in
cardiorespiratory fithess and body composition doforectal cancer survivors is unknown. In a graip
colorectal cancer survivors (n=57), high intengitterval exercise promoted superior benefits to ¢heent

moderate intensity exercise guidelines, even witsubstantially reduced training frequency and fwiig

short-term training withdrawal.

Abstract:

Introduction: Deteriorations in cardiorespiratoitnéss (\O,peak) and body composition are associated with
poor prognosis following colorectal cancer treatmétowever, the optimal intensity and frequencyaefobic
exercise training to improve these outcomes inreakal cancer survivors is unknown. Methods: Thial t
compared eight weeks of moderate intensity contisuexercise [MICE; 50min; 70% peak heart rate {HR

24 sessions], with high intensity interval exercB#IE; 4x4min; 85-95% HR..) at an equivalent (HIIE; 24
sessions) and tapered frequency (HIIE-T; 16 sespion VOpeak, lean and fat mass, measured at baseline,
four, eight and twelve weeks. Results: Increase¥Mpeak were significantly greater following both four
(+3.0ml-kg" min?, p=0.008) and eight (+2.3ml-kgmin®, p=0.049) weeks of HIIE compared with MICE.
After eight weeks, there was a significantly greaggluction in fat mass after HIIE compared to MICE 7kg,
p=0.038). Four weeks following training, the HIlEogp maintained elevatedOgpeak (+3.3ml-kg: min?,
p=0.006) and reduced fat mass (-0.7kg, p=0.045)pened to the MICE group, with ®peak in the HIIE-T
also being superior to the MICE group (+2.8mi*kmin®, p=0.013). Conclusions: Compared to MICE, HIIE
promotes superior improvements and short-term maanice of \D,peak and fat mass improvements. HIIE
training at a reduced frequency also promotes migmable cardiorespiratory fitness improvementsaddition

to promoting accelerated and superior benefitsh® durrent aerobic exercise guidelines, HIIE pranot
clinically relevant improvements even with a sub#td reduction in exercise training and for a pdri

following withdrawal.

Clinical Practice Points
What is already known about this topic?
There is a strong relationship between cardioratmiy fithess, body composition and clinical progjso

following colorectal cancer. Whilst exercise hagieshown to improve these outcomes, the optimahsity



and frequency of exercise to maximise clinicalllevant improvements for colorectal survivors remsaim be
determined.

What are the new findings?

When compared to the current aerobic guidelinesiéraie intensity continuous exercise), eight wexksgh
intensity interval exercise (HIIE) promoted accated and superior improvements in cardiorespirafibmgss
and reductions in fat mass. Importantly followingmplete withdrawal of the training intervention ffmur
weeks, participants who completed HIIE maintainbéseé improvements without an additional training
stimulus. Furthermore, a tapered HIIE training paog (training frequency reduced by two-thirds foe tatter
half of the intervention) was sufficient to maimtaguperior increases in cardiorespiratory fithesking
training cessation relative to the group prescritbedcurrent guidelines.

How might it impact clinical practice in the future?

Collectively the results of this investigation seggthat in addition to promoting accelerated amgesor
benefits to the current moderate intensity exergsilelines in colorectal cancer survivors, HIIEnhcaso
promote clinically relevant improvements even vdtBubstantial reduction in exercise training arrdafperiod
following complete training withdrawal. This findins particularly important given the difficultiggomoting
long-term adherence to exercise programs in casumivors; these results suggest that HIIE may e\l
approach to promote health-related improvementk wisubstantially reduced time commitment in caltaie

cancer survivors.



I ntroduction

Deteriorations in cardiorespiratory fitnésand body composition (decreases in lean rhassl increases in fat
mass™ 9 are independently associated with poor progrfogiiswing colorectal cancer diagnosis and treatment
Substantial reductions in(peak have been shown to predict both morbitlapd cancer-specific mortality

3, Specific to the musculoskeletal system, decredsad muscle mass is a prevalent comorbidity fathmw
colorectal cancer diagnosis that can predict rafedisease-free and overall survivalDecreases in muscle
mass are often masked by increases in fat ashich is independently associated with a rangaderse
clinical outcomes, including lower overall survivalcolorectal cancer patiert$. Cardiorespiratory fithess and
body composition are thus clinically important pmogtic measures that significantly predict longrter

outcomes for survivors.

Given the substantial impairments in cardiorespimafitness and body composition following treatméor
colorectal cancer, there is a clear need for affednterventions to ameliorate these deterioratiorhough
aerobic exercise training improve©ypeak, which can subsequently improve prognfsiseta-analyses show
that longer-term (>8 weeks) interventions of motketa-vigorous intensity exercise training promately
modest (+2.9ml-K§ min?) VO,peak improvements in cancer survivrén comparison to moderate intensity
continuous exercise (MICE), high intensity intervakercise (HIIE) has been shown to offer superior
cardiorespiratory fitness improvements in healttyls '° and patients with lifestyle-induced cardiometaboli
diseasé™. Potential similar relationships between exeraisensity and changes in cardiorespiratory fitrass
body composition in cancer survivors have reveatedlear consensus regarding the superiority ofspegific
exercise intensity?*% As with any novel therapeutic prescription, diefinthe optimal exercise intensity to
promote clinically relevant improvements in carégpiratory fitness and body composition should enmss
factors beyond the magnitude of change, to incthdetime-course and reversibility of changes ipoese to
the prescription, with the latter factors yet to fodly investigated in cancer survivors. To dat&jdges
examining the influence of exercise intensity orialzles in cancer survivors have only compared @ne-post-
training measures; the time-course of these chahges not been evaluated. Equivalent long term gésn
between HIIE and MICE™"® does not preclude differences existing between reties of physiological
adaptation, as we have previously shown that Hi@Emotes improvements inMpeak and reductions in fat
mass in response to short term training (four weeksolorectal cancer survivofd. Elucidation of potential
differences in the velocity of adaptations provideportant information regarding the duration oégeription

required for improvements in response to exerdishifferent intensities.



In addition to the effectiveness in reversing tdegease changes following colorectal cancer, intetioas also
need to promote engagement by considering commuoietsato participation in exercise programs. Ackeof
time’ for exercising, when coupled with cancer-spedactors such as fatigu¥, emphasises the need to
identify exercise interventions that can maximise tlinical benefits of exercise for colorectal @amsurvivors
whilst minimising barriers to participation due gocial or disease-specific factors. The concepapéring or
reducing training volume (via reduction in exerdissguency, intensity or duration) is widely usedoptimise
athletic performanc® and to maintain improvements irOypeak'®. Tapering may also be time-effective in the
oncology setting, where improvements following aitial high-frequency loading period can be effeely
maintained with a reduced training frequency. Trhisy promote increased adherence to longer-ternciseer

programs due to the reduced training load and tiommitment.

In addition to the within-intervention time courgé changes, recent data suggest that supervisdterhig
intensity exercise leads to more maintainable im@neents in \D,peak when continued with a home-based
prescription compared to MICE®. However whether adaptations are maintained afofithwing complete
withdrawal of the training stimulus in response differential exercise intensities is yet to be ased.
Establishing the magnitude and rate at which adiapt are lost will provide insight into whetheresgise-
induced improvements can be at all maintained vitienruptions to longer term exercise programs gcsuch

as through non-adherence, clinical complicationsoaial interruptions (e.g. travel).

The purpose of this study was to describe the todrse of changes in cardiorespiratory fitness laodly
composition in responses to an eight-week (1) MI@Ervention, (2) HIIE intervention of equivalent
frequency, and (3) a HIIE intervention utilisingagoered frequency prescription in a cohort of cadtal cancer
survivors. Short-term maintenance of these chaogesfour weeks was then assessed following withdraf
the training interventions. It was hypothesised thlaen compared with MICE, both HIIE prescriptionsuld
elicit greater improvements inGjpeak and body composition, and that these changekivbe less reversible

in the short-term following training completion.

Methods

This study was granted ethical approval by the Huilthics Committee of The University of Queensland

is registered under the Australian and New Zeal&tidical Trials Registry (ACTRN12615000908538;
www.anzctr.org.au). This study presents the eafieroved trial and adds to data previously repagteewhere

12 which was subsequently expanded since the tinpailiication.



Participants

Men and women previously diagnosed with colorecihcer were recruited from Brisbane (Queensland,
Australia) for this randomised controlled trialclusion criteria were as follows: (i) aged8 years old; (iip
one-month post-treatment for colorectal cancer aod anticipating undergoing treatment during thedgt
period; and (iii) free of any musculoskeletal, ridagical, respiratory, metabolic or cardiovascudanditions
that may have prevented safe completion of thecéseerdemands of the study. Details of the recruitme

processes have been reported elsewlere

Study Protocol

Participants were required to obtain physician eahdor participation in the program, and were vlially
screened via a medical history form and intervieithvhe investigators to determine eligibility. #te first
session, participants were provided with furthemaile of the research program and afforded the dppity to
seek clarification relating to any aspects of thedg, after which informed consent was obtainednfrall
individual participants included in the study. eeling this, participants completed a familiarisatisession
consisting of a test of peak oxygen consumptio@f¢ak) to assess cardiorespiratory fitness. Sevgsldter,
each participant completed a baseline testing @esginsisting of an assessment of body composiiuh a
VO,peak test. Prior to each testing session, partitipaere asked to: (i) consume plenty of watey;afiistain
from caffeine and alcohol intake for 12 hours; i)l avoid any high, vigorous, or unaccustomed eGde
intensity physical activity for 48 hours. Externakekly physical activity behaviours of participam&re
measured at baseline using the Godin leisure-tirecise questionnairé’. Following baseline testing, a
researcher independent to the study stratifiedp#récipants according to age (<5555 years) and sex, and
randomised participants via a computer generatedora number assignment process to one of thregpgrou
(1) MICE, (2) HIIE or (3) HIlE-tapered (HIIE-T). Algroups trained three times per week for the ahifibur
weeks. For the subsequent four-week period, th& Hihd MICE groups continued to train three times pe
week, whereas the HIIE-T group trained once a wikdt: and endpoint testing, involving identical pealures
to those used at baseline testing, was completegeba three and seven days after four and eighksvet
training, respectively. All participants were ingtted to maintain their normal diet and physicativay
behaviours throughout the eight-week interventias,well as for the four weeks immediately followitige
intervention when the specific training sessionsspribed were ceased. Participants were then tedtésur

weeks following cessation of the eight-week intatians.



Outcome measures

VO,peak testing was completed using a cycle ergomg@iede Excalibur Sport, Lode B.V., Groningen,
Netherlands) and a portable metabolic cart systearvoMedics TrueOne 2400, Sandy, USA). Following a
four-minute warm up at 50W, participants cycled6@t70 revolutions.mifwith incremental 20-30W.mih
increases in resistance until volitional fatigu€®,@eak was recorded as the mean of the two highesedénd

VO, epochs. Full details of this test have been repostsewheré’.

Subtotal (whole body minus the head) fat and leass®as were measured by dual energy x-ray absosritypm
(DXA; Hologic Discovery A, Waltham, MA). The coeffients of variation values in our laboratory forold
body fat and lean mass are <1.1%. Scans were ctwtland analysed by two accredited DXA technicians;
inter-tester analysis CV: subtotal fat mass=0.48btctal lean mass=0.3%; subtotal body fat percestag%).

Due to equipment malfunction a subset of baseliXé& Bcans were unavailable for 10 participants wherev
subsequently excluded from body composition anslysleight and body mass were measured using a
stadiometer (Seca, Birmingham, United Kingdom) afettronic scales (A & D Mercury, Pty Ltd, Thebarto

Australia), respectively.

Exercise Interventions

The MICE training protocol consisted of 50 minutefs cycling at 50-70% peak heart rate (. The
frequency and volume of MICE was consistent with turrent aerobic physical activity guidelines ¢éancer
survivors # % HIIE training sessions involved a 10 minute waup at 50-70% HR. before the
commencement of a four minute interval, cyclin@at95% HR..«Each interval was interspersed with a three
minute period of active recovemgpeated four times for a total of 38 minutes foe session. Intervention

feasibility (completion rates), safety (adversergspand adherence were calculated as previousbyrided

Statistical Analysis

As the aim of this trial was to investigate effigamutcomes, a per protocol approach was utiliséiterathan
intention to treat. All data were analysed usingSSRversion 23.0; Chicago, IL). Linear mixed (fixadd
random) modelling was used to assess changes iowerand differences among intervention groups. @rou
time, and group by time interaction were treatedixed factors; participants were treated as a eamdactor
with individual intercepts. Each model included sexa covariate and was adjusted using the baselloe as

a fixed continuous covariate as previously desdrfi&¢* Model residuals were formally assessed for naitynal



by use of the Shapiro-Wilk test and visual inspetif histogram plots. Bonferroni pairwise adjustiisewere

made for all subsequent comparisons. Statistigaifsiance was set at an alpha of p<0.05.

Results

Participant flow through the intervention and cleteastics for the 57 participants are reporteéigure 1 and
Table 1, respectively. Details of the most commarited reasons for non-participation reported hyilele
participants are also presented in Figure 1. Feweenen were randomised to the HIIE group (27.8%) manad
to the HIIE-T (50.0%) and MICE (52.6%) groups. Tareunt for any potential influence of this imbalanall
analyses included sex as a covariate, however stnve a significant 0.05) factor in any of the analyses.
Intervention completion rates for participants witthe HIIE, HIIE-T and MICE groups were 94.7%, @%
and 89.5%, respectively. A total of four particimwithdrew prior to the completion of the intertien period
(8 week time point) due to personal reasons (nfat)jly commitments (n=2) or due to ongoing intetiaps
resulting from additional medical diagnostic tegtiior an unrelated condition (n=1). Seven partictpavere
unable to be assessed at the follow up time paoiithifi the stipulated 4+1 week timeframe) following
completion of the intervention and therefore thdata were absent at the 12-week time point. Assasseby
the Godin questionnaire, there were no signifiedfects of group allocation (p=0.203), time poipt0.736) or
an interaction between these factors (p=0.898)heneixercise frequency index, weighted for the peede
intensity of the session. There were no severeradwevents as a result of exercise testing oritigirand no

additional adverse events to those previously ket

Cardiorespiratory fithess

Changes in D, peak are displayed in Table 2. Both HIIE and HlIBAowed superior increases iOyeak
after just 4 weeks of training compared to the MIgBup at this time point (HIIE vs. MICE: +3.0ml-kgnin

! p=0.008; HIIE-T vs. MICE: +2.3ml-kgmin®, p=0.030). Improvements in¥peak after eight weeks of
HIIE were significantly greater than the improvenseriollowing MICE (+2.3 ml-kg-min®, p=0.049).
Following the four-week withdrawal of the trainisgmulus, \O,peak in the HIIE and HIIE-T groups remained
significantly higher than the MICE group (HIIE: 88al-kg" min®, p=0.006; HIIE-T: +2.8ml-Kg§ min?,
p=0.013). There were no significant>(p05) differences between the HIIE and HIIE-T gew any time

point.



Body composition

Lean mass and fat mass changes in response toirgackention are shown in Table 3. There were no
significant (>0.05) between or within-group changes in lean nfassny group across the eight weeks of
training. Following removal of the training stimsluhere was a significant increase in lean masiseiMICE
group (+0.2kg, p=0.027), however this was not digaitly different from either of the HIIE group$he HIIE
group demonstrated a significantly superior dee@éadat mass compared to the MICE group afterteigreks

of training (-0.7kg, p=0.038) and this was maingairiollowing four weeks without training (-0.7kg=@.045).

Discussion

This study compared the time course of changesiidiarespiratory fitness (@;peak) and body composition
between HIIE and MICE, and the maintenance of tlestaptations following a tapered training frequensy
well as training cessation in colorectal cancevisors. Compared to MICE (which aligns with curremrobic
exercise-oncology guidelines), HIIE promoted supreiinprovements in @,peak and reductions in fat mass
following eight weeks of training. Relative to tNECE intervention, which had regressed to basdiitiewing
four weeks without training, superiorOgpeak and fat mass changes were maintained in the gtoup.
Additionally, following withdrawal of the trainingntervention, \O,peak in the HIIE-T group also remained
significantly elevated above the MICE group indiegtimprovements accrued following an initial higgfad
HIIE prescription were maintained with a substdhtieeduced training requirement. In addition te tuperior
VO,peak and fat mass changes, these preliminary sdsdicate that prescription of HIIE for colorectaincer
survivors may also prevent regression of thesetatlaps during interruptions to longer term exezaisedicine
programs and improve adherence due to the propefasiimprovements in @peak with reduced training

frequency.

The magnitude of @.peak improvement (+2.7ml-Kgmin™) following MICE, which equated to the aerobic
component of the current physical activity guidetinfor cancer survivors, was consistent with the
improvements reported from a meta-analysis of prédantly moderate-to-vigorous intensity trials iancer
patients and survivors In comparison, the improvements from baselineofdhg eight weeks of equivalent
frequency HIIE training (+5.2ml-Kgmin) were significantly greater (p=0.049), with thelogity of
adaptation also being superior in the HIIE group. dfhanges in @.peak were observed after four weeks of
MICE, whereas significant increases (+4.2mi*kgin*, p<0.001) constituting 81% of the total improvemint

VO,peak occurred with HIIE during the initial four wese indicating acceleratedQgpeak improvements in

10



response to short term HIIE. This finding confirthe efficacy of HIIE in producing rapid and sigondint

improvements in cardiorespiratory fitness.

Lower levels of \O,peak are associated with elevated rates of capesific mortality > 3 Increasing
cardiorespiratory fithess has been associated swghificant reductions in cancer-specific mortalityhich
underscores the importance of the present findin@sven the breadth of physiological impairmentar@iac
output, endothelial and skeletal muscle functianlofving colorectal cancer diagnosis and treatminsg not
surprising that such a strong relationship with tality exists given that @,peak measures the integrated
maximal function of these systems in response &raise®. To contextualise the magnitude of the present
VO,peak changes and their potential clinical relevadeg¢a from the Cooper Center Longitudinal Study=(n
13,949) estimated that each 1-metabolic equival®iET; equivalent to 3.5 ml.kgmin) increase in
cardiorespiratory fithess in a population of caratients was associated with a 10% [Hazard rati-(0.84—
0.97)] reduction in cancer-specific mortality an@%%6 [Hazard ratio=0.75 (0.66—0.87)] reductionhia tisk of
cardiovascular disease mortalityAdditional data from the Aerobics Center Longinal Study (n = 13,930)
reported similar relationships (albeit non-sigrafit) between changes in cardiorespiratory fitnedisviing
diagnosis (rather than baseline valu&sh linear relationship was found between improvetaén maximal
METs and reduction in cancer specific mortality £p0.05), with each 1-MET increase being marginally
associated with a 5% reduction in mortality (p 20).% Whilst it is not possible to directly estimatesth
potential magnitude of mortality risk reductione tlegree of D,peak improvement after HIIE completed three
times per week (HIIE = +5.2 ml.Kgmin™) or even at a tapered frequency (once per wedE-HI= +4.1 ml.kg

' min?) is likely to be clinically meaningful. Additionlgl even following a 4-week withdrawal of the
prescribed exercise, participants in both HIIE gumaintained their previous increases iD,eak
(HIE=+4.2ml-kg" min®; HIIE-T=+3.4ml-kg" min?). Therefore including HIIE as part of exercise-io&te
programs may provide substantial flexibility in gramming frequency when promoting long-term maiater®

of improvements in @,peak. This includes the capacity to account fagrimiptions to exercise programs (e.g.
clinical complications or travel) that may preveither total or high frequency exercise participatvithout a
complete regression ofpeak improvements. In contrast, the present daliadte that whilst eight weeks of
MICE significantly improves D,peak (2.7ml-kg: min?), longer duration MICE programs may be necessary t
achieve improvements associated with clinicallyevaht reductions in mortality. This necessitateat th
programs primarily focusing on the prescriptionMfCE (as per the current aerobic exercise guidslifoe

cancer survivors) require inclusion of strategegtomote long term exercise adherence to enahially

11



meaningful changes to be achieved and that grasttamtion is given to avoiding periods of non-adinee to

sustain elevated ®,peak levels.

Previous studies in cancer survivors have genenadly found higher intensity exercise to offer suger
improvements in \D,peak above moderate intensity exercis8 However, this may be due to the considerable
heterogeneity amongst the high-intensity presamtiused in these studies. High intensity intessadrcise
allows for increases in the duration of exercisens@t high workloads via regular recovery perias can be
manipulated based on several variables (includirykirecovery intensity, duration of interval/recoye
repetition number§®. It is generally thought that prescription withihe high-intensity domain extends a dose-
response relationship between training load (asrdéned by the manipulation of the above variabkes)
physiological adaptation due to the greater demaased on various systems involved with high isten
exercise?®. Considering this, the low overall training loafl the short duration HIIE program reported by
Schmitt et al® (8x1min) compared to the present protocol (4x4mimy explain the lack of @,peak change
observed by this group, which is in contrast tofthdings of the present study. Two longer duratidals that
reported similar improvements between higher amwgefointensity interventions gradually increasednfra
lower HIIE frequency (2.weeR '* and intensity (intervals ranging from 50-75%eak)®® than the present
trial. Additionally, Martin et al® did not find any differences using a higher-intgnsontinuous rather than
interval prescription (75-80% HR atQjpeak). However, the exercise intensity of the loinggnsity group was
only 9% less than the higher intensity group; thesy have been insufficient to elicit differencesataptations
between the intensities. Therefore, the total laddthese higher intensity prescriptions may havenbe
insufficient, when compared to both the physiolagistimulus of the parallel low-moderate intensity
prescriptions and current HIIE protocol, to promsigerior improvements in@peak. It appears that the total
training volume is key to the initial acquisitiofi \O,peak changes, which may explain why accelerated and

superior improvements were observed in the presaht

Following accrual of changes inO¢peak in response to high-load HIIE, a tapered itngirfrequency was
investigated as a potentially effective strategyntaintain exercise-induced adaptations. Taperingahing
frequency is widely used to maximise athletic perfance in advance of competition, whilst also beihgwn
to maintain improvements in®peak'®. In the oncology setting, maintenance of adaptatisith a decreased
training frequency may have important implicatidios long-term exercise adherence. Despite the itrgin
frequency of the HIIE-T group being two-thirds lawtban that of the HIIE group from weeks four tghdi

there were no significant differences>(p05) in VO,peak between the groups at any time point. Tlepéak

12



improvements following four weeks without trainimgere also superior to the MICE group (HIIE, p=0.006
HIIE-T, p=0.013), indicating similar improvementstiveen the HIIE groups. This is a particularly imtpat
finding as ‘lack of time’ is a commonly reportedrbear to maintaining adequate physical activitydesvfor
colorectal cancer survivors. This is further supported in the present trialevehthe most commonly cited
reason for non-participation was due to the ‘timetravel commitment’ (57.5%). These data suggeat th
improvements in D,peak can be effectively maintained with a subsaélyitieduced HIIE session requirement,
which may help address one of the most commonlggdezd barriers to physical activity for colorectaincer
survivors. This reduced training requirement magoaiave important implications for maintainingdyeak

during periods of additional cancer- or comorbidilated treatments.

The present data support the design of clinicatese programs that include an initial acute blo€tkigh load

(3 sessions.weé¥ HIIE training to provide significant improvemerits VO,peak followed by a maintenance
period of reduced frequency of HIIE. Whilst thisidy only included a relatively short four-week periof
tapered training, Martin et al®> demonstrated that clinic-based improvements @ypéak were effectively
maintained with an individualised home based pnog@ver a four-month follow up in participants who
completed 8 weeks (3 sessions.wBetf higher intensity exercise (75-80% HR a@Dpeak); participants who
completed low intensity exercise (60-65% HR ‘@.,peak) regressed to baseline over the same timeframe
Whether or not maintenance ofOwpeak with reduced training lasts beyond four weeksiains to be

established.

Maintenance of D,peak changes following the withdrawal of the tragnistimulus appears to be intensity
specific. Both HIIE groups maintained an elevatéd,peak significantly above baseline and the MICE grou
after a four-week period without training, wheraasults from participants in the MICE group weré no

I®> and shows that @,peak improvements

different from baseline. This finding extends therkvof Martin et al
can be maintained, at least in the short term, exigout an additional training stimulus. The metkans that
explain this differential \D,peak maintenance between intensities are yet tetemined, however they may
be specific to the primary location of adaptatiqne. central (cardiovascular) versus peripherdielgtal
muscle)]. Future research is needed to investitfage specific improvements responsible for changes i
VO,peak to better understand the mechanisms explathinglifferential velocity, magnitude and mainteren

of these changes between exercise intensitiedctarty if differential adaptations are indeedpessible for

VO,peak changes following HIIE and MICE, a more spediinderstanding of tumour and treatment related
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physiological impairments that underscore globauations in \O,peak will facilitate the development of

patient-specific prescriptions to optimise the Higs®f exercise for colorectal cancer survivots

All HIIE and MICE interventions were found to maiim lean mass. Very few trials have investigateanges

in lean mass in colorectal cancer survivors follugviexercise. These trials have also demonstratadasi
findings in lean mass following a supervis€dand a home baseé combined aerobic and resistance based
program. A lack of improvements in lean mass in phesent trial are likely explainable by the absent
anabolic-specific resistance training. In contrastack of change in studies including resistama@ing is
intriguing when considering that these populatioresy be more sensitive to skeletal muscle anabadjisten

the atrophy that can occur with colorectal canceatment® 3 Given resistance training constitutes an
important component of the exercise guidelinesdancer survivors, further research is warrantethetier
understand the anabolic responses to various erepecescriptions in colorectal cancer survivorse &hsence
of anabolic improvements may have been further eaamged by a lack of any post-exercise dietary
recommendations. Recent recommendations suggestides adults may require up to 40¢’Kgody weight of
dietary protein (double the requirement of youragults) following resistance-based exercise tonaigé post-
exercise protein synthesi§ Whether hypertrophic adaptations following HIIEutd be facilitated with acute

post-exercise protein intake remains to be detexthin

HIIE significantly reduced fat mass compared to MiEE group following eight weeks of training (-8
p=0.038); these greater reductions were also maedafollowing withdrawal of the training intervéon (-
0.7kg; p=0.045). Despite only a relatively modesiuction in fat mass from baseline in the HIIE grdu
1.1kg), a systematic review conducted in prostatecer survivors has shown that exercise trialsatation
often fail to consistently promote reductions in faass®. Similarly, previous comparative trials of exegcis
intensity on body composition in cancer survivoaségenerally found no differences between inteivas™
1418 further underlying the importance of the presémdings. Whilst the bioenergetics of MICE promotes
greater utilisation of fatty acids as a substrateehergy provision during exercide HIIE has been associated
with greater post-exercise fat oxidation, a fadtat may explain the present findinds® Higher intensity
exercise has been shown to evoke significantly drigtates of oxygen consumption and subsequent fat
oxidation compared to lower intensity exercise ap40 minutes post-exercise in healthy young adiflts
However other studies have shown non-significaffiéidinces in both net oxygen consumption (intrat tmee
hour post-exercise) and 24-hour energy expenditutefollowing HIIE and MICE in healthy young males,

suggesting additional factors may underscore tiffierdnces in fat mass changes between HIIE and MICE

14



beyond intra- and post-exercise energy expenditlmereases in resting energy expenditure have been
suggested as an additional mechanism contributirguperior reductions in fat mass following HIE® In
particular, resting energy expenditure has beemvshio be elevated up to 19 hours following 40-mésubf
moderate-vigorous aerobic exercise (*80‘V%JalR39- Increases in the rate of resting energy experelitere
linearly related to the intensity of exercise (80). p<0.05) suggesting that higher intensity eserainay
promote greater energy expenditure via prolongeckases in resting metabolic activity after thereise bout

39 However, whether a similar phenomenon existsaimcer survivors and if this contributes to ovechinges

in fat mass following exercise at various inteesitiemains to be confirmed.

In the only study to also measure body compositisimg DXA analysis, Schmitt et al° did not find any
significant differences in fat mass following adbrweek intervention of HIIE (8x1min; >95% HR: 3
sessions.weé® and MICE (75min; 60% HRak 2 sessions.weé Despite differences in the intervention
duration to the current study (3 vs. 8 weeks), dimilar weekly volume of the MICE interventions (dtion
equivalent with current exercise oncology guidainsuggests that the use of longer intervals (4dites) than
used by Schmitt et af® was important in promoting superior reductionsfah mass in the present trial.
Therefore, increasing exercise intensity in isolatioes not appear sufficient to promote supefianges in fat
mass to that of moderate intensity exercise, with duration of HIIE (and the subsequent effectepergy
expenditure) appearing to also mediate this redatip. In addition to these prescriptive factorgg(nsity and
duration), the present data also suggest a dope#res relationship between frequency of HIIE artdhfass
reductions. Despite similar responses between Hihd HIIE-T after four weeks of training (when the
interventions were equivalent), only the higherreise frequency, and therefore greater occurreridati@-
and post-exercise fat oxidation in the HIIE groag to superior reductions in fat mass compareti¢aviCE
group following eight weeks of training and withd of training. Hence, the use of a tapering stggtwhen
prescribing HIIE for fat mass loss does not appearffer the same effectiveness as when used @p¥ak
outcomes. Therefore, if the outcome goal of an@serintervention is to promote concurrent improeats in
VO,peak as well as reductions in fat mass using Hsiigcific consideration of the exercise duration and
frequency is required when determining the mostr@myate prescription to optimise these improversdot

colorectal cancer survivors.

Whilst this study has demonstrated important refethips between exercise intensity and cardioraspy
fitness and body composition, there are severatdiions worthy of comment. Firstly these data cdnoen a

relatively small sample of colorectal cancer sunvéy and as such these preliminary findings recaiiditional
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study from larger cohorts to confirm the presesulis. The sample size for body composition analysas
further reduced (n=10 consecutive participantsEH8, HIIE-T=5, MICE=2) due to equipment malfunctjon
which may have influenced the observed changesdy lzomposition. Secondly our follow up period was
relatively short (four weeks) so it is difficult gpeculate on the longevity of adaptations beybigitime point.
Future trials are necessary to determine the cdmjpleration of maintenance of improvements, andtldre
additional adjunctive prescriptions can further dbei this maintenance. It was also evident thapites
stratification by sex, there were fewer female ipgrants randomised into the HIIE group. Regardldse
inclusion of sex as a covariate in the analysiea&d no significant effects for any of the outcemedicating
that this imbalance following randomisation liketid not impact the outcomes. Additionally, beyond
instructions to participants to maintain their Usdigtary habits, it is not possible to completelclude the
possibility that alterations in dietary intake thgiout the intervention may have influenced chamgést mass

or contributed to the lack of changes in lean mass.

In addition to previous datg, the safety, high rates of completion, attendaand, adherence to the prescribed
exercise intensity and duration for both HIIE antCHE programs supports the feasibility of theserirgations
within the supervised clinical setting. Howeveresh data may overestimate the feasibility of Hihd MICE
programs in the community setting given the higbpporrtion of participants that declined to parti¢cgagiven
the travel and time commitments of this supervidédcal program. Whilst these results are encomgadased
on the clinical efficacy of HIIE interventions, fher research is undoubtedly required to deterrtiirewider

feasibility and subsequent efficacy and potentiiaical utility of these interventions in the comnity setting

40

Finally the use of D,peak in the present trial may have underestimaiecheart rate intensity prescriptions.
VO,max is defined as an individual’s maximal aerokapacity, however due to difficulties in achievirgst
true maximum, \D,peak is often used to describe the maximal obsevi@gdn a symptom limited exercise test
to volitional fatigue*’. Particularly in individuals unfamiliar with streaus exercise, @,peak testing to
volitional fatigue may underestimate true capatityHowever the mean achieved RER of 1.23 in theemtes
trial (an RER > 1.10 is recommended as an accarateeliable measure of subject exerflyrduring VO,peak
testing tends to support the conclusion that malkemartion was achieved in these tests. Additigndikere
were no significant changes in RER across thevatgion (baseline = 1.22; midpoint = 1.23; endpeirt.23;

follow-up = 1.24; p = 0.506), which suggests conapée levels of maximal exertion across the intetieenand
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supports the observed changes being the resulheofintervention rather than due to a learning éffifc

exercising to volitional fatigu&'.

Conclusions

In conclusion, the present study found greater @wpments in \D,peak and reductions in fat mass following
eight weeks of thrice-weekly HIIE when comparedhe current aerobic moderate-intensity exerciselogy
guidelines for cancer survivors. Based on the aleskesuperior and accelerated benefits in cardidagspy
fithess, HIIE interventions may promote clinicaltyeaningful improvements more efficiently and efifesiy
than programs implementing current aerobic exeroes®mmendations for cancer survivors, however this
remains to be confirmed with larger sample sizesrthHermore these preliminary findings indicate that
prescription of HIIE appears to offer greater pesgming flexibility and a decreased training burdesith
improvements in cardiorespiratory fitness beingraed even following a reduced frequency of trainargl
maintained even after four weeks of complete wihdd of exercise training. These findings are inguat; as
HIIE may be an effective strategy to address thesiplogical regressions that occur as a resulht@riuptions
and poor adherence to long-term exercise programs. study has provided substantial novel insigintthe
design and prescription of exercise-medicine pnograncluding HIIE to promote greater health outcerfa

colorectal cancer survivors.
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Table 1: Participant characteristics

All HIIE HIIE-T MICE
n 57 18 20 19
Age (years) 60.7 £10.9 60.7+11.7 615 +£10.2 598 £11.4
Body mass (kg) 80.6 +17.8 90.2+12.5 73.8 +18.1 78.6 £18.5
Body Mass Index (kg.i) 26.9 £45 29.8 £3.6 247 +45 26.5 +3.9
Women [n (%)] 25 (41.0) 5 (27.8) 10 (50.0) 10 (52.6)
Cancer History
Colon cancer [n (%)] 41 (71.9) 12 (66.7) 14 (70.0) 15 (78.9)
Rectal cancer [n (%)] 16 (28.1) 6 (33.3) 6 (30.0) 4 (21.1)
Time since diagnosis (years) 41 £25 34 £22 46+29 43 £2.3
Time since treatment (years) 34 £26 26 £23 41+31 3.3 23
Cancer Stage[n (%)]
I 10 (17.5) 2 (11.1) 4 (20.0) 4 (21.1)
A 7 (12.3) 3 (16.7) 1 (5.0) 3 (15.8)
IIB 0 (0.0 0 (0.0) 0 (0.0) 0 (0.0)
A 5 (8.8) 1 (5.6) 2 (10.0) 2 (10.5)
B 11 (19.3) 5 (27.8) 1 (5.0) 5 (26.3)
" c 4 (7.0) 0 (0.0 4 (20.0) 0 (0.0)
\% 5 (8.8) 3 (16.7) 1 (5.0) 1 (5.3)
Unknown 15 (26.3 4 (22.2) 7 (35.0) 4 (21.1)
Cancer Treatment [n (%)]
Surgery 20 (35.1) 7 (38.9) 6 (30.0) 7 (36.8)
Surgery & chemotherapy 29 (50.9) 9 (50.0) 11 (55.0) 9 (47.4)
Surgery & radiation 2 (3.5) 0 (0) 2 (10.0) 0 (0)
Surgery, chemotherapy & 5 (8.8) 2 (11.1) 0 0) 3 (15.8)
radiation
Radiation & chemotherapy 1 (1.8) 0 (0) 1 (5.0) 0 (0)
Ethnicity [n (%)]
Caucasian 54 (94.7) 17 (94.4) 19 (95.0) 18 (94.7)
Asian 2 (3.6) 0 (0) 1 (5.0) 1 (5.3)
African 1 (1.8) 1 (5.6) 0 (0) 0 (0)
Smoking History [n (%)]
Never 30 (52.6) 7 (38.9) 13 (65.0) 10 (52.6)
Former 27 (47.4) 11 (61.1) 7 (35.0) 9 (47.4)
Current 0 (0) 0 (0) 0 (0) 0 (0)
Education [n (%)]
Primary 4 (7.0) 1 (5.6) 2 (10.0) 1 (5.3)
Secondary 18 (30.6) 8 (44.4) 1 (5.0) 9 (47.4)
Trade 14 (24.6) 2 (11.1) 8 (45.0) 3 (15.8)
University 21 (36.8) 7 (38.9) 9 (40.0) 6 (31.6)
Marital Status[n (%)]
Not-married 1 (1.8) 0 (0) 1 (5.0 0 (0)
Married 50 (87.8) 17 (94.4) 18 (90.0) 15 (78.9)
Divorced/separated 6 (10.6) 1 (5.6) 1 (5.0) 4 (21.1)
Employment [n (%)]
Working 30 (52.6) 9 (50.0) 9 (45.0) 12 (63.2)
Retired 27 (46.4) 9 (50.0) 11 (55.0) 7 (36.8)
Intervention adherence
Attendance (% prescribed) - 99.3 £2.2 999 0.5 100.0 £ 0.0
Duration (% prescribed) - 99.8 £0.4 100.0 £0.0 100.0 £ 0.0
Peak HR (% HRea) - 90.6 +3.7 90.7 +4.3 71.4 £8.3

Continuous variables are presented as mean + SBjrdbvalues are presented as n (%)
& Average of peak HR recorded across the four HitErivals or at 15, 30,40 and 50 minutes during MICE

HIIE: High-intensity interval exercise; HIIE-T: Higintensity interval exercise — tapered; JdRR peak heart rate;
MICE: Moderate-intensity continuous exercise



Table 2: Cardiorespiratory fithess outcome measures achessitervention

0 weeks (Baseline) 4 weeks (Midpoint) 8 weeks (Endpoint) 12 weeks (Follow up)

VO.peak (ml-kg minY) Mean 95%Cl p Mean 95% ClI Mean 95% Cl p(4vs.8) p(Ovs.8) Mean 95% Cl p(8vs.12) p(0Ovs. 12)
HIIE (n = 16) 23.2 21.8-245 - 27.4 26.0-28.% < 0.001 284 27.1-298 p=0.349 p<0.001 274 25.9-288 p=0.349 p<0.001
HIE-T (n = 16) 235 22.2-248 - 26.8 25.5-28.1 <0.001 27.6 26.3-29.0 p=0.534p<0.001 269 255-282 p=0.534 p<0.001
MICE (n = 15) 23.4 22.1-247 - 245 23.1-258 p.3x0 26.1 24.8-27.4 p=0.054p<0.001 24.1 22.6-255 p=0.032 p=0.689
Between group differences p ((5) p (8) p (12)

HIIE vs. MICE -0.2 -2.2-1.8 p =1.000 3.0 0.6-5.3 p=0.008 23 0.0-47 p=0.049 - 3.3 0.8-58 p=0.006 -
HIIE-T vs. MICE 0.1 -1.8-2.0 p =1.000 2.3 0.2-45 p=0.030 15 -0.6-3.7 p =0.210 - 2.8 0.5-5.1 p=0.013 -
HIIE vs. HIIE-T -0.3 -2.7-2.0 p =1.000 0.6 -1.32. 0.8 -1.1-2.7 p=0.422 - 05 -15-25 =@637 -

 Within-group comparisons between the designatezksvef the intervention
® Between-group comparisons at the designated wiettle dntervention

Linear mixed modelling analysis; fixed factors: gpotime, group x time; fixed covariates: sex, tiasevariable score; random factors: participants

Data from six participants were excluded fro®)eak analysis due to inabilities in completing bdviest (HIIE = 1; HIIE-T = 2; MICE = 2). Additically, data from one participant in the HIIE-T growps
excluded as an outlier, as the participant wastanbally fitter than the average of the cohorOggeak = 53.9 ml.kg.min, cohort mean = 23.3 ml.Kgmin™).

HIIE: High intensity interval exercise; HIIE-T: Higintensity interval exercise — tapered; MICE: madie intensity continuous exerciseDypeak: peak oxygen uptake



Table 3: Body composition outcome measures across the intervention

0 weeks (Baseline) 4 weeks (Midpoint) 8 weeks (Endpoint) 12 weeks (Follow up)
Lean mass(kg) Mean 95% CI p Mean 95% CI p(0vs.4)® Mean 95% Cl p(4vs.8) p(0vs.8) Mean 95% Cl p(8vs.12) p(0Ovs. 12)
HIIE (n=14) 451  44.6-45.6 - 457  452-462 p=0.075 456 451461 p=1000 p=0141 456 45.0-46.1 p=1.000 p=0.269
HIIE-T (n=14) 451  44.6-455 - 455 450-46.0 p=0.665 455 450460 p=1000 p=0.682 454 449460 p=1000 p=0.730
MICE (n= 15) 450 44.6-455 - 454 449459 p=0522 456 451461 p=0841 p=0157 458 453463 p=0.841 p=0.027
Between group differences p (0)° p (4) p (8) p (12)
HIIE vs. MICE 0.0 -0.8-0.9 p=1000 0.3 -05-1.2 p=1000 0.1 -0.7-0.8  p=1.000 - -0.2 -1.1-0.6  p=1.000 -
HIIE-T vs. MICE 0.0 -0.6-0.7 p=1000 0.1 -0.6-0.8 p=1.000 -0.1 -0.9-0.6  p=1.000 - -0.4 -1.3-05 p=0.910 -
HIIEvs. HIIE-T 0.0 -0.7-0.7 p=1000 0.2 -0.6-1.1 p=1000 0.2 -0.7-1.1  p=1.000 - 0.1 -0.7-01 p=0.938 -
Fat mass (kg) Mean 95% CI p Mean 95% CI p(0vs.4)® Mean 95% Cl p(4vs.8) p(0vs.8) Mean 95% Cl p(8vs.12) p(0Ovs. 12)
HIIE (n=14) 264  26.0-26.8 - 257 253-26.1 p=0.006 253 249257 p=0.138 p<0.001 254 250258 p=0.554 p<0.001
HIIE-T (n=14) 263 25.9-26.7 - 257 253-261 p=0.021 256 252-260 p=1.000 p=0004 255 251-260 p=1000 p=0.004
MICE (n = 15) 26.3 25.9-26.6 - 26.1 257-265 p=1000 260 256-263 p=1.000 p=0.994 261 257-265 p=1000 p=1.000
Between group differences p (0)° p (4) p (8) p (12)
HIIE vs. MICE 0.1 -0.5-0.8 p=1.000 -0.39 -10-03 p=0456 -0.7 -14-00 p=0.038 - -0.7 -14-00 p=0.045 -
HIIE-T vs. MICE 0.1 -0.5-0.6 p=1000 -0.37 -10-03 p=045 -04 -1.0-02 p=0.324 - -0.6 -1.3-01 p=0.082 -
HIIEvs. HIIE-T 0.1 -0.5-0.7 p=1000 -002 -06-06 p=0948 -0.3 -0.9-02 p=0.324 - -0.1 -0.7-05 p=0.725 -

& Within-group comparisons between the designated weeks of the intervention

P Between-group comparisons at the designated week of the intervention

Linear mixed modelling analysis; fixed factors: group, time, group x time; fixed covariates: sex, baseline variable score; random factors: participants
Data from 10 consecutive participants (HIIE = 3, HIIE-T = 5, MICE = 2) were unavailable for analysis.
HIIE: High intensity interval exercise; HIE-T: High intensity interval exercise - tapered MICE: moderate intensity continuous exercise
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* Received allocated
intervention (n = 17)
« Discontinued intervention
(n=1)
e Dropped out due to
personal/family issues

Allocated to HIIE-T (n =20)
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Figure 1. CONSORT diagram illustrating participant flow thigh the intervention.
! As part of specified exclusion criteria requirisegreening on initial contact, other reasons wergqigant-

decided exclusions.

HIIE: High intensity interval exercise; HIIE-T: Higintensity interval exercise — tapered; MICE: made

intensity continuous exercise.



