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Abstract
Exercise training redusethe side effects of cancer treatngritowever, the streseormone
response to acute exercise durprgstatecancer(PCa)treatment is uncleaPURPOSE To
examine the reffects of cate exercise oncirculating cortisol, epinephrine (&), and
norepinephrine (NEgoncentrationsluring PCa treatment with and without androgen deprivation
therapy (ADT).METHODS: Men with PCa(n=11) with PCa on ADT(n=11)and norcancer
controls(n=8) had blood samples for stress hormones collected befdrenanediately (Oh), 2h,
and 24h afterq45 minutes ahtermittent cycling at 60% of peak wattagdRESULTS: NE
increased “by=385% (p<0.001) at Oh and remained elevated at 2h (p<0.05) with no group
differencesQverall, ortisol significantly increased at 0B§%, p<0.012) and then significantly
decreasedelow baselineat 2h (24%, p<0.001) before returning toesting levelsat 24h
Cortisol levelsduringADT were 32% lower than PCp<£0.006) with no differences vs. controls
Epi increased immediately after exercise morecamtrols (817%, p<0.001) thanmvith ADT
(700%) and"PCa (333%ptientsandboth cancer groupsbsolute levels were attenuated relative
to controls(ADT: -54%, PCa:52%, p=0.004)CONCLUSIONS: Compared with ge-matched
controls RCa and ADTpatientsexhibited similarstresshormoneresponsesvith acute exercise
for NE and cortisol but an attenuated EPI respdingesuggests altered adrenal functibature
studies should. examine tpaysicalstressof multiple exercise bouts to verify these findings and
to explore the functional hormonal effecgich as immune and metabolic respondesing
cancer treatment.
Introduction

Prostate cancer (PCa) is the most commonly diagnosed cancer in men in the United
States, accounting for approximately 20% of all new diagnoses and i§ teading cause of
cancer mortality’. Prostate tumors are commonly treated with surgery, radiation, and androgen

This article is protected by copyright. All rights reserved


mailto:edhanson@email.unc.edu�

58
59
60

61
62
63
64
65
66
67
68
69
70

71
72
73
74
75
76
77
78
79
80
81
82
83
84

85
86
87

deprivation therapy (ADT), with the latter in particular being associated with a number of
adverse effects including loss of muscle mass and increased faf,nramsin resistance and

frailty 3, and ultimately aeduced quality of lifé.

Over.the past decadexezcise training during PCa treatmdrats been showto be safe
and effectivan mitigating some side effectsom PCa and ADT Specifically, muscle strength,
cardiorespiratoryfitnessnd physical function have consistentheen shown tamprove with
exercise training ®, while aher traits(i.e. body compositiopnhavedemonstrated more variable
responses. As such, many organizations now recommend moderate intensity exercise as a

complementary therapy to PCa treatm&nt’. However, there is limited data available on the

endocrine response, specifically the stress hormones, following acute exercise in these patients.

Given the_importance of these hormones in health and exercise metabolism,porgamnto
understand_the responses to ensure exercibensficial to all body systemand to better

optimize exercise prescription.

Epinephrine (Epi), norepinephrine (NE), and cortisol are productieohdrenal gland
and sympathetic nervous system activity witlhde rangingeffects that influence metabolism,
body composition, and immune system functi®tress hormone releasdath exerciseis
intensity and=duratiordependentin healthy individuals with robust increases in circulating
levels occurring when30 minutes of exercisabove 5070% of maximal oxygen uptakis
performed'?. During PCa treatment, limited data on the stress hormone response to exercise
exist We are,aware of only 1 studlyatshowedcortisol levels wer@inchangedfter both acute
resistance,exercise and resistance traimihge on ADT ** and no reports of the exercise
induced response of Epi and NHowever, breast cancer (BCg)rvivors have showaltered
substrate*utilizatiorreduced blood lactate level§ '° andattenuated Epi and cortisol responses
after acute exercise reila to controls'®, which is a potential mechanism for differences in
substrate utilizationWhile BCa is a different type of cancer, these tumors are also hormone
dependenandsprovide insight to thpotentialstress hormone response to acute exercise during

PCa treatment

While the stresshormone responsé exercise isunclear in PCa patientshere is
evidence of interactions between the hypothalgmtigitary-adrenal (HPA)and hypothalamic

pituitary-gonadal (HPG)axesin other populations”’, with chronic activation of thestress
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systemdeading to decreased production of sex and growth horsifnExcess glucocorticoid
productiondue to chronic stredsads to loss of lean mass and increases in visceral adiposity and
insulin resistance, potentially exacerbating these symptoms al@sshciated with ADT.
Regarding stress in PCa patier@9% of men are classified as clinically distrespeidr to
treatment'® while 25% experience high anxiety paagnosis® andhave greatepsychological
stresslevels_than _nomancer control$®. Chronic stressias immunosuppressive effeéfsand
increases™tumor growt®, with NE specifically increasing prostate tumor migratioh
Converselyfedticing cortisol levels enhanced natural killer cell acti#itplthough the stress of
cancer diagnosis and treatment is likely mtfitictorial (e.g. psychological and physical)
elevatedanxiety,and stress hormone releasay promote a proncogenic environment that has

possible implications on loAgrm prognosis.

With_a_potentially elevategbsychologicalstresslevels the addition of exercise may

actually amplifyactivation ofthe streshiormone axespossiblyhaving negative consequences

for PCapatients Current exercise oncology guidelines are based on recommendations for older
adults'® anddoynotadequatelyconsider the immunendocrine interaction during exercife

likely due to a lack of data. Given the key roles of these respective systems in maintaining health
and physicaFunction, a greater understanding of the stiemsnoneresponse of PCa patients
during exercise is warranted to optimize exercise prescriptions while improving associated
outcomes and quality of life. Moreover, the inclusion of ADT agparate group allows for the

effects of thisspecific treatmenbn the stress hormone response to exercise to be explored.

Therefore, the purpose of this study was to examine the effects of acute, mealerate
vigorous intensity aerobic exercise on the stress hormone response in PCa patients with and
without"ADT*compared with nenancer control$o gain insight into the interactions of physical
and psychological stress during PCa treatment. We hypothesized thattr&@aent,
independent of  ADTwould have higher baselineatecholamineand cortisollevels We also
hypahesized.thathe physical stressof interval exercisecombinedwith psychological stress
related “towncancer treatmemtould producesignificantly higher stress hormonéevels post-

exercise

Methods
Participants
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Men diagnosed with PCa on ADRDT; n=11, 67(2yr)] and not on ADT IPCa;n=11,

67 (2y)] were recruited fromlocal oncology practices and support groups in Melbourne,
Australia along with norcancer controls [n=8, 64 (3y)ADT and PCa gientshad physician-
diagnosedPCa were sedentarynft regularly exercising except for walkingnd no aerobic or
strength training in previous 6 monjhand were screened for acute or chronic conditions that
would contraindicateparticipation in aerobic exerciseMen on ADT were treated with
luteinizing releasindgiormone agonist91%) and antiandrogen receptd®%) medicationsand
needed to"be“on treatment for at least 3 months prior to enrolling and throughout the study
Controlshad no previous cancer diagnosis or treatnmmritmet the same inclusion criteria
otherwise sAll=participants receivadedical clearance from their generptactitionerprior to
participation.

Exclusion criteria included uncontrollddCa symptomatic cardiovascular disease, any
conditions_that caused severe pain with exertion, Type 1 diabetes, history of bonedractur
inability to, engage safely in moderate exercise,lack of medical clearance from their
oncologistyurelogist, general practitioner or specialist physidiaae.main exercise trial (visit 3)
was controlledfor time of day to minimize the effects of diurnal variations in drenevels.

The othertests were schedutedninimize testing burden and aidrgcruitment.
Familiarization (Visit 1)

Participants were informed of the study procedures and risks and all gavevititiein
informed consent. This project was approved by the local ethics committees at Peter MacCallum
Cancer Centre;, Victoria University, and Western Health and was conducted in accordance with
principles set-out in the Declaration of Helsinki.

For thefamiliarizationto the graded exercise test (GXparticipantswere fittedwith a
maskto collect expired gasemndto an electronicallybrakedcycle ergometefLode, Gronigen,
Netherlands)Participants rested quietly until they were comfortable to prbeae ther8 to 4
submaximal stages (0 watts up to 60 or 80 watts) fronGXE were completed. All participants
indicated they were comfortable with t8XT before leaving the laboratory.

PreliminaryTesting (Visit 2)

Participants reported to the laboratory after haviasted for at least2 hours, not
exercised n the past 24 hours, anavoided caffeineand alcohol for 12and 48 hours
respectively Thesepre-assessment guidelines were confirmed verbally and weretedpaiaall
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149 subsequent visitg. he brief fatigue inventory (BFI) and functional assessment of cancer therapy
150 prostate (FACTP) questionnairesvereadministered for fatigue and quality of lifieespectively.

151 Body composition was determined using deiaérgy xray absorptiometry (Hologic, Waltham,

152 MA, USA). Fat free mass was calculatedtaiml mass- fat mass- bone mineral content. The

153 scanner was.calibrated daily and all scans weréormed andanalyzedby the sameertified

154 densitometrytechnician.

155 A GXT'to determine peak oxygen consumption g¥€ak) and to set the workload for
156 the main "trialwas then performedParticipants rested quietly on the cycle ergometer for 3
157 minutes and then completed 1 minute stages begimti@gvatts that imeased by 2@attsuntil

158 volitional exhaustion Expired gases were sampled every 15 seconds using automated gas
159 analyzerdMoxus Modular VQ System, AEI Technologies, Pittsburgh, PA, USA) and:p&ak

160 was determined as the averageygen consumptiomcrossthe lastminute of the test. Gas

161 analyzers were calibrated prior to each test using known gas concentrations (1 #&9d

162 0.03% CQ, 16.0% QG and 4.0% CQ®). Heart ratewas assessed continuously via 12 lead
163 electrocardiogran{GE Case Cardiosoft v6.6 ECG Diagnostic 8ys, Palatine, IL, USPAand

164 rate of perceived (RPEgxertionusing the original Borg scaleias assesseih the final 30

165 secondsoéach stage. Following the GXT, participants completed a light cool down on the cycle
166 ergometer-and seated vital sigmsre monitored until heart rate and blood pressure approached
167 resting values.

168 Trial Protocol (Visit 3 and 4)

169 Approximately one week later, participants returned to the laboratory for the ntaig tes
170 session (visit=3)All trials commencedbetween 0600 and 090After ~10 minutes of supine rest,

171 a venous/catheter was inserted into an antecubital forearm vein for repeat blood sampling and a
172 resting blood sample was obtained. Participants completed an acute, intermittent exercise bout
173 consisting,of 10intervals of 3 minutes of cycling at 60% of peak wattage from the GXT
174 followed by 1.5 minutes of passive recovavighout pedaling(45 minutes total time)Expired

175 respiratorygases were sampleédroughoutthe trial and the last minute of eaekercise stage

176 was usedo“determine oxygen consumptjaespiratory exchange ratioand the percentage of
177 exercise relative t&/O,peak Heart rateand RPE were obtained in the last 30 sesaidall

178 stage. Additional blood samples were obtained immediately followexgrcise(Oh) and & 2

179 hours(2h) postexercise During recovery, participanteemained seated andresumed watead
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libitum. Twenty-four hours after the completion of visit 3agicipants returned to the laboratory
for an additionapostexercise(24h)blood sarple (visit 4). Participants were asked to consume
an identical meal prior to visits 3 and 4, in addition to the otheaggsessment guidelines.
Hormone Analysis

Serum,and plasma blood tubes were obtained at each time point. Serum samples were
allowed toelot.at room temperature for 30 minutes first alid®od samples were kept on ice
until thecompletionof the trial Pasmaand serunwereisolated aliquotedand stored at30°C.
Prostate specific antigen levels (R &39stems Minneapolis MN, USA) and total testosterone
(Abnova, TaipeiCity, Taiwar were determined at baseline orBrostate specific antigen has a
reportedsensitivity of0.030 ngmL, an intraassay CV 0f3.0-7.26, and an inteassay CV of
4.8-6.86. Testosterone kaa reportedsensitivity of 0.05 ngmL, an intraassay CV of5.0-
10.0%, and an inteassay CV 08.7-8.4%.Cortisol, NE and Ri were assessed at all time points
(Abnova, TaipeiCity, Taiwan) Cortisol had a sensitivity df.5ng/mL, an intraassay CV of 6.2
9.4%, andan_ interassay CV 08.6-15.0% Epi had dimit of detectionof 0.01pg/mL, an intra
assay CVofl1.0-24.7%and aninter-assayCV of 11.1-14.84. NE had dimit of detectionof
0.04pg/mL; an‘intraassay CV o0fl1.1-14.3%, andn interassay CV 08.2-10.9% All hormone
analyses'were performed in duplicate following manufacturer’s instructions.
Hematology'Analysis

Complete blood counts were determined using whole blood samples from each time point
(Sysmex KXx21N, Kobe, Japan). All samples were analyzeduplicate with a maximal white
blood cell difference of 0.1 cells/uL and the values were averaged.
Satistical Analysis

A two-way (3x4) repeated measures ANOVA with Tukey HSD {host was used to
assess main effects of group, time and any interaction effects on the stress hormone response.
Oneway ANOVA was used to assess simple effect for any significant interactions and to
compare patticipant characteristics. Data are presented as mean (SD) and the percent changes are
expressedsrelative to baselin®ll data were analyzed using SPS31v(Chicago, IL, USA).
Figures wereimade in GraphPad Prism version 7 (La Jolla, CA, USA).
Results

Participants in this study wersedentary, borderline overweight, with men on ADT

having significantly greatemass, % fg and body mass indeall p<0.05, Table 1)with no

This article is protected by copyright. All rights reserved



211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241

groupdifferencefor fat free massPCapatients wereslighty more than 4 years pediagnosis

and hose on ADT were approximately 3.5 years and had currently been on hormone therapy for
1.5 years at the time of study. MenADT hadsignificantlylower total testosteronthan PCa or
controls(p<0.001)and had Gleeson scores and cancer stage scaliegabsighat were higher

than PCa (betp<0.05).Fatigue levels and emorbidity indexwere similar across groupBEhere

was a trend fereducedquality of life with ADT, as total FACIP scores were lower than
controlsbutthis'did not reach significance (p=0.102).

Absolute' VQpeak values were similar, with a trend for lower relative values with ADT
(p=0.060, Table 2)All exercise trials were completed 2% of VO,peak wattage except for 2
individuals«(n=1 PCa and n=1 ADT) that required reductions in resistartbe later staget®
allow for completion. These stages showed little change in heart rate and no ch&tiRe
compared to earlier in the tridlheresponséo the exercise triavassimilar across groupsvith
an averageheart rateand VO, that were slightly greater than 80%f the maximumvalues
obtained duringhe GXT. Respiratory exchange ratios (RERgre significantly different overall
(p=0.040) swith'the post hoc analysis indicating a trenanien withPCa to be greater thémose
on ADT and controls.The exercise session wagwedas“somewhat hardl based oran overall
RPErating-0f12.6 (1.9).

Forscortisol, there was no significant group x time interaction. Cortisol levels exhibited a
biphasic response, significantly increasing by 36% (p=0.012) at Oh, declining to -24% of baseline
at 2h (p<0.001), before returning to baseline levels at 24h (Figure 1). A rfeihadfgroup was
observed, as‘cortisol levelsth ADT were 32% lower than PCa (p=0.006) but were not different
from controls:

There was no significantrgup x time interaction for NENE significantly increased by
385% at Oh 0<0.00) that remained elevated by &% at 2h (<0.00) but was similar to
baseline by, 24Figure 2) There were no differences between groups.

A significant group x time interaction was present f@i gp<0.001, Figure 3). At Oh,
controlsdemonstrated an 817% incredisat was significantly greater th#me changeseen with
ADT (700%,p=0.008)and PCa(333%, p=0.01Q0)No other time point was different from
baseline or between groud3ue to subtle differences in baseline values and thd swerall
magnitude [ADT:9.2 (10.9; PCa:18.1 (16.); controls 21.1 (13.7], the absolute chandgeom
baseline to Ohin Epi was alsoreported Controlsincreased by 161.6 (72.8 pg/mL) but the
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changeswith ADT at 70.6 (63.8 pg/mL) and PCa at 69.6 (5pd/mL) were significantly
attenuated relative twontrols(p=0.007).

There were no group differences for any leukocyte population at baseline (Supplemental
Table 1). There were significant increases in lymphocyte and mixed cell counts at Oh compared
to rest (both.p<0.01) and at Oh and 2h compared to rest (all p<0.01) for neutrophils and total
leukocytes.
Discussion

The aim of thigreliminarystudy was to examine the stress hormone response after acute
aerobic exercise in PCa patients with and witholTAcompared tocontrols which has
previouslysnotsbeenreported Contrary to our hypothesis, no baselhemonedifferenceswere
detected between groups, althoughortisol levels weresignificantly reduced with ADT
compared to PCthroughout the trialAll stress hormorgesignificantly increased immediately
after exercise_before returning to baseline by, Ztpporting our hypothesis. Howevéehe
exerciseinduced ncrease in p with PCa and ADT wsattenuatedsuggesting altered adrenal
medulla functioh and partially supports observations from BCa survi¢okore impatantly,
there isno evidence of an exacerbated respdagghysical stress from single bout oéxercise
during ADT, which would have had implications on several physiological systems and the use of
physical aetivity ® mitigate the side effects BfCa teatment

A key finding is that PCa survivors with and without AI® nothavealteredresting
cortisol levelscompared taontrols.While previous work has indicated that PCa diagnosis and
treatmentssinerease anxiety and distrEd, this does not appear to affegitculating resting
cortisol coneentrationsseveral yeard~4 years) after diagnosisand completion of primary
treatments The lack of substantial differences lmdy composition and qualitgf life in the
current studyndirectly supports tfs finding. Individuals experiencinghronic stresgxperience
smaller responseto physical orpsychologicalchallenges’®. A flatter rise in cortisolindicaes
HPA dysfunction that is associated witlyhercardiovascular morbidity’, suppressed immune
function, andléWwer cancer survival outcomée. To explorethis effectduring PCa treatment
exerciseinduced ortisol releaseexhibiteda biphasic responssuggesting the HPA function is
normal following a single bout of aerobic exerci§he 36% increase after aerobic exeraiséh
in the current studgontrasts the lack of change (+3.8%) reported with resistance exXérisk
aerobic exercise3.3%)'® although intensityexercise modeand cancer typsifferences likely
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273 influenced tlesecomparisons. W& foundno evidence of hypercortisolism and hypogonadism
274  working synergisticallyas the cortisol response curve to acute exercise was similarly shaped and
275 normal exercisénduced leukocytosis occurrdd. fact, ADT significantly redu@d cortisol levels
276 across the trial compared with P@enebut notcontrols With ADT and complete amdgen
277 ablation,theerosstalk between thendrogens and glucocorticoids may be disrup®edviously,
278 it has been _shown that chronic stress can inhibit androgen production and there is evidence tha
279 this relationship may be bidirection&l For example, lairateroneacetateused to treat castrate
280 resistant PCa"decreases testostemmkalso cortisol”®. In the current studyonly luteinizing
281 releasing hormone agonists and &amdrogen receptor medicationgere used to induce
282 hypogonadism\\Ve are not aware of any evidenceedily showing that these medications
283 influence “eirculating cortisol.However, numerous similarities between androgens and
284 glucocorticoidshand their respective receptsuggestthat some forms ofADT influencethe
285 cortisol respons¥.

286 Sgnificant increasg in catecholanine levelswith acute aerobic exercise in PCa patients
287 are anovelsfinding as limited data exists for these markéusing hormonalependent cancer
288 treatment®®uSresshormonesise exponentially wittexercise intensities beyond-30% of
289 maximal‘exygen uptake and durations of more than 30 mif@tegich both occurreéh the
290 current studyFor NE, PCa and ADpatientsdemonstrated nearly-#ld increases immediately
291 postexercise and levels more than twice resting levels at 2h but overall were siroiatrias
292 indicating“a_normal responsé&he heart rate rpsnse to exercisewvhich is primarily under
293 sympathetic'hervous system control and R/Bvas alsasimilar across groupSimilar NE levels
294 Dbetween groupmt restand with exercisenas potential clinical application, aschronic NE
295 administration increased mobility and migration of PCa tumor cell limed metastatic
296 progression in micé* and beta blocker treatment improves PCa progridsiserobic trainng
297 decreases.PCa progression in migepossibly due to blunted exerciseinduced NE release
298 following training However, stress hormoneeleaseduring acute exercise IS necessary to
299 mobilize natufal killer cells and reduce tumor volufieThese prmal endocrinechanges with
300 exercise create an attimor environment, provided theatecholamineincreases arenly
301 transent.

302 Epi concentrationalso significantly increasedith exerciseimmediately postexercise
303 butreturned to normal by 2h and 24h.contrast to NEtheOh rise in Epi was substantial less
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pronouncedvith ADT andwith PCa, with 700% and 333% increases respectively, compared to
controls (817%). Moreover, theabsolute changeslearly show that both cancer groups
experienced increases that wexgproximately halfthat seen withcontrols These data are
consistent withprevious workwhere Epi increased following exerciseciontrolsbut not inBCa
patients *°. Depending on thenode repeated stresshallengesnay reducehe Epi responséfor
review se€’]. For example, immobilizatiostress in ratfailed to habituate even after 42 ddys
whereas repeated exerciseposure producean attenuatedEpi response?. As the blunted Epi
response ‘contrastdservations from NE and cortisol, tisisggests that PCa treatment may alter
adrenal medulla functiowith exercise The adrenal medulla producte majority ofEpi in the
body **, whereas NEs derivedprimarily from spilloverfollowing sympathetic nervous sigsn
activity. It'ispessible that NE release from the adrenal medulédsislower in PCa and ADT
patientsbut is being masked by NE frosympatheticspillover. Asmeasurements this study
were made_fromplasma, only total hormone concentrationsere awailable and it was not
possible tadetermine the source.

Stress*hormones have a wide range of functions, including effects on metaliiiese
men®® andBCa patients on endocrine therapy following chemothefapyave greater rates of
fat oxidation_during exercisat several different intensities compared to healthy individusds
men onADT present withgreater % fadue to thehormone therapy, lower RER valuegre
expectedAlthoughADT patients hadRER valueghat were lower thaRCa substrate utilization
was similar, to controls While greaterfat utilization during exercise in obessdividuals and
BCa patientshas beemreviously reported, this was not the case in this study, where all groups
had high carbohydrate utilizatiofRER values wer®n average slightly less than0). Even
though statistically significant from the other gps, @ RER value of 1.0%5n PCa $ not likely
to be clinically relevant andvould not drastically alter substrate utilization asiadlividuals
were usingprimarily carbohydrate duringxercise Participants were at least 2h pgsandial
and refrained.from caffeine and alcohol intakejt diet was not strictly controlled and
carbohydrate“intake prior to or the morning of the trial for P&aentscould be influencing
theseresultsiAs such, theséndings need to be confirmed using more rigorous dietary controls.

Stress hormoneoncentrationseturned to resting levelst 24h signifying that exercise
bouts ofthis fashionon consecutive daysay be an option for patientteukocyte populations
had returned tdaselinelevels after 24h(SupplementalTable 1)and similar immune cell
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335 mobilization and cardiovascular outpatff$erexercise also support thishe modestlifference in

336 RER valuesdiscussed previouslynay be negtible with solely carbolidrate sourcesWe

337 postulate that group differencasglycogen depletiorafter exercise woulthe minimaj as this

338 has been shown to altstress hormonkevels during exercisg.

339 Exereise oncology guidelines, based on recommendations for exercise in older adults,
340 recommend 150 minutes of exercise per week, achieved through moderate intensgg exerc
341 most (~5)"days of the week or vigorous exercise 3 days per Wéekrhe classification of

342 exercise bout'in the current studguld be eithemoderate or vigonss. Participants rated the
343 session as ‘somewhat hard’ on B@rg RPE scale, likely due to the rest intervals, whereas heart
344 rate and VQ were both above 80% of the peak values obtained from the @BHiE consistent

345 with vigorousrexercisé® . Our group has demonstrated previously thabwig@sistance

346 exerciseduring)ADT appeargo be safe and may produce more favorable outcomés®®

347 compared with trials using lower intensityRegarding safety, most exercisecology studies

348 have been.conducted pdstatmentexcept forADT " 3 For the current study, there were no
349 adverse events during testing and there was only one patient (PCa group) who could not
350 complete thewexercise boulnterestingly, this individual had recently (within2lweeks)

351 completed:his radiatiotherapy. With n=1, this may be coincidental but supporttiypethesis

352 that theexerCise stresBormoneresponsecould be different in PCa patients undergoing active
353 treatmentFor instancechemotherapydministeredduring BCa treatment was associated with
354 higher misculoskeletal pain, weight issues, and natiseahich mayincreasethe relaive

355 exercise intensitand the corresponding endocrine response.

356 Thisustudy has several strengths and limitatiohss the first todeterminethe stress

357 hormonedevels following aerobi@xercisein PCapatients angbrovides novel informatiothat

358 theresponse t@hysical stresss relatively normalWe were also able texplore the specific

359 effects of ADI However,the small sample size requires that we designate these findings as
360 preliminary.\While our dataappear promisinghat physical and canceglated stress are not
361 being compeunded, these results are from a single exercise bout. Examining this response across
362 multiple sessions may give better insight into the relationship tivtlstress hormone response
363 and exercise trainingloreover, the patigs were several years pasagnosisand had been on

364 ADT for more than a yeaNewly diagnosegatientsor those recently commencitgDT may

365 respond differenly, as coping strategiesto the physical changes from treatment and
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psychological burden may not have occurnéthile most endocrine studies utilize continuous
exercise, intervals were used to improve the likelihood of cancer patients bkirig aomplete
the trial by incorporting rest periods. Whilgossibly affectingthe responsethis approach
helped ensure that PCa and Apatients achievedufficient intensity and duratioio stimulate
sufficient stress hormone releasastly, despiteattempts to match the participamts physical
characteristicsa few differences in body compositieristthatmayhave influenced the results.

In '‘eonclusion,this initial study using acute aerobic exercise to examine the stress
hormone response during PCa treatment yielded several interesting findings, including lower
overall cortisol levels with ADT and a blunted Epi response in both canocapgHere we
show that45sminutes of moderate to vigorous interval exercise stimulates aresipastse but
stress hormone levels returned to irggtlevels 24h, suggesting sufficient recovery from this
single bout. Future directionshould examinehis responsewith micro- or mesecycles to
confirmthese findingsaaoss multiple training bouts recently diagnosed patients commencing
treatmentSuchappoacheswill allow for a more thorough analysis of the endocrine response to
exercise during times of heightened psychological distress and to exussile adrenal
fatiguein PCarpatients undergoing treatmdrtirthermore, exploring the relatiship between
sex steroid.ablation and low cortisol levels will allow for greater insight into the potential impact
on the immune system; this is a pertinent question since both cortisol and siels $tave been
shown to impact the immune responsillectively, this would permitimproved exercise
prescriptionthat factors in additional physiological systems, leading to better use ofsexarci

managingthe'side effects of PCa treatment

Perspectives

Exercise, particularly when performed at moderate to vigorous intensity, has
demonstrated.multiple benefits to cancer patiéntense training has provided some of the most
pronounced. responses during ADT® *, but there are potentialralvbacksthat need be
consideredinjury risk may increase and more subtle changes, such as immunosuppression or
altered inflammatory responses are possible but have not yet been examined veitiniatppr
designs. Studies that address these issues vl &ir a greateuunderstanding of the complex
interactions between physiological systetinat occur with exercise and cancer treatment. The
ultimate goal is to provide individualized exercise prescription that takes into account a
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397 multitude of factors (e.g. treatments, time since diagnosis, comorbidities) that are currently
398 beyond our ability to control to optimize these complementary therapies and to enhaitge qual
399 of life during cancer treatment.
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Figure Captions

Figure l«Cortisol levels significantly increasg in response to acute, intermitteaerobic
exerciseduring prostate cancer treatmeADT was significantly less than PCa throughout but
was not different tharcontrols CON). Data are represented mean (SD). Time points with
different lettersyare significantly different from each otherQ(p5).t Indicates grap difference

for ADT vs."PCa (p=0.006).

Figure 2..Nerepinephring(NE) levels at rest and in response to acute, intermittent aerobic
exercise during prostate cancer treatmen. group dfferences were observedata are
representeanean (SD). Time points with different letters are signifilyadifferent from each
other (p<0.05):
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Figure 3. Changes irepinephring EPI) levels in response to acute, intermittent aerobic exercise
are attenuatedduring prostate cancer treatmenbmpaed to controls CON). Data are
represented mean (SD). Time points with different letters are signifiadifferent from each
other (p<0.05).

# Indicates.CON was significantly different than PCa and ADT group at the sp@cié point
(p<0.001).
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Table 1.Participant characteristics.

CON PCa ADT

(n=8) (n=11) (n=11) P value
Height (m) 172.8 (4.1) 164.9(33.3) 173.1(8.1) 0.602
Mass (kg) 74.7 (6.7) 79.7(9.2) 91.9(19.8f 0.030
Body mass index 25.0 (1.9) 26.4 (3.0) 30.6 (5.1 0.007
% Fat 20.4 (3.2) 25.0 (4.1) 29.9 (6.7/"®  0.002
Fat free mass (kg) 55.4 (5.0) 56.2 (6.2) 59.6 (8.9) 0.390
Total testosterene (ng/dL) 669.2 (231.2) 640.7 (354.2) 46.3 (23.5}" <0.001
Prostate specific antigen (ng/mL 1.9 (1.2) 1.6 (2.5) 9.3 (26.8) 0.438
Brief fatigue index 1.5(1.9) 2.3 (2.0) 1.9 (2.2) 0.831
FACT-P 135 (10) 126 (16) 121 (12)  0.102
Prostate cancer stage - 1.6 (0.7) 2.6 (1.1) 0.021
Gleeson score - 6.6 (0.5) 7.6 (1.0) 0.009
Days since.diagnosis - 1497 (1137) 1244 (1370) 0.642
Prostatectemy«(%) - 4 (36%) 4 (36%) -
Radiation therapy (%) - 7 (64%) 6 (55%) -
ADT length (days) - - 579 (383) -
Co-morbidity.sum 1.4 (1.1) 1.7 (1.0) 1.5(1.1) 0.794

Mean (SD). Co-morbidity sum is the total number of the following conditi
hypertension, hypercholesterolemia, Type Il diabetes, smoker/former smoker, and
alcohol consumption. FACT-P = Functional assessment of cancer therapy-prostate.
2 Significantly different from CON (P<0.05);Significantly different from PCa (P<0.05).
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Table 2. The average exercise (60% of workload maximum from GXT) and recove

physiological responses during 10 bouts of intermittent exercise.

CON PCa ADT P value
VOpeak (L/min) 2.4 (0.6) 2.0 (0.5) 2.1 (0.6) 0.316
VO peak(mL/kg/min) 32.4(8.6) 25.1(5.8) 23.9(8.4) 0.060
Trial workload (watts) 123 (26) 96 (31) 107 (43) 0.285
Average Exercise HR (bpm) 130 (10) 124 (16) 131 (20) 0.598
Average Exercise % HRmax 82.1(9.5) 82.1(9.5) 85.1(15.1) 0.877
Average Recovery HR (bpm 101 (15) 101 (15) 104 (18) 0.830
Average Exercise VO
_ 24.7 (4.5) 19.9(3.8) 20.7 (5.6) 0.085
(ml/kg/min)
Average % VQpeak 776 (6.4) 80.5(9.00 84.8(8.1) 0.188
Average Recovery VO
12.5(1.8) 11.1(1.9) 10.8(1.6) 0.137
(ml/kg/min)
Average Exercise RPE 13.0(2.2) 12.1(1.3) 12.2(2.3) 0.464
Average Exercise RER 0.98 (0.04) 1.05(0.08) 0.98 (0.06) 0.040
Post-Ex PVashift (%) -13.8(4.1) -12.7(5.0) -13.7 (4.6) 0.825

Mean (SD). VQpeak = peak oxygen consumption; HR = heart rate; RPE = r&
perceived exertion; RER = respiratory exchange ratio; PV = plasma volume
" Trend for PCa to be higher than CON and ADT (P=0.070 and P=0.082, respectiv
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