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A B S T R A C T  

Background : Herein, we pro pose a novel RCT study to col lect pre lim i nary data on the im pact of a 24 - week home - based ex er cise pro gram that can im prove prog no - 
sis, phys i cal func tion, and qual ity of life (QoL) in men with prostate can cer (PCa). This study will pro vide data on the fea si bil ity of con duct ing a home - based ex er - 
cise study and pi lot data on the im pact of ex er cise on cir cu lat ing con cen tra tions of bio mark ers re ported in the lit er a ture to be ben e fi cial for the prog nos ti ca tion of 
PCa. 
Methods/ design : Thirty male pa tients, clin i cally - diagnosed with prostate can cer un der ac tive sur veil lance, will be re cruited to par tic i pate in a 2 - arm, 24 - week 
home - based pro gram . Ran dom al lo ca tion to each arm - in ter ven tion, and con trol – will be per formed in a 1:1 ra tio. Par tic i pants as signed to the in ter ven tion 
group will per form 30  min of light - to - moderate in ten sity walk ing five days a week (40 – 60% heart rate re serve) and three sets of 15 rep e ti tions of light cal lis thenic 
ex er cises (body weight squats, in cline push - ups, and hip thrusts) 3 days a week. Par tic i pants ran dom ized to the con trol group will main tain nor mal ac tiv ity 
through out the 24 weeks. Four vis its oc cur ring at base line, 12 - , 18 - , and 24 - weeks will be used to as sess QoL, body com po si tion, prog nos tic bio marker con cen tra - 
tions, and over all phys i cal func tion. Pri mary end points in clude sig nif i cant changes in prog nos tic bio mark ers. Sec ondary end points in clude changes in qual ity of 
life, phys i cal func tion and body com po si tion. 
Discussion : This study should demon strate pre lim i nary ev i dence that a home - based ex er cise in ter ven tion can im pact bio mark ers of pro gres sion while im prov ing 
qual ity of life, phys i cal func tion and body com po si tion. Re sults from this study have the po ten tial to pro mote health and well ness while min i miz ing can cer pro - 
gres sion in men with PCa. 

Phys i cal ac tiv ity af ter a can cer di ag no sis has been re ported to be 
as so ci ated with bet ter can cer - specific and over all sur vival in in di vid u - 
als di ag nosed with PCa. The role of a healthy diet and suf fi cient phys - 
i cal ac tiv ity in can cer pre ven tion have been well doc u mented [ 1 – 3 ]. 
Un for tu nately, even af ter the di ag no sis of prostate can cer, men do not 
lose weight with out di rected guid ance [ 4 ]. The lack of ex er cise can 
in crease an in di vid u al's risk of re cur rence or de vel op ing new can cers 
[ 5 ]. In creas ing at ten tion is now be ing given to the role of lifestyle in 
can cer sur vivor ship. There is a grow ing body of ev i dence for lifestyle 
in ter ven tions that aim to pro mote phys i cal ac tiv ity as hav ing the po - 
ten tial to counter some of the ad verse ef fects of can cer treat ments, 
dis ease pro gres sion, and other health out comes [ 6 – 8 ]. Ex er cise per - 
formed 2 – 3 times a week has been shown to im prove phys i cal fit ness, 
func tional per for mance, and qual ity of life (QoL) in men with PCa [ 9 – 

17 ]; how ever, few men with PCa ex er cise reg u larly and do not meet 
na tional phys i cal ac tiv ity guide lines [ 12 , 18 , 19 ]. A po ten tial ex pla na - 
tion for the lack of ex er cise in men with PCa is the ab sence of a struc - 
tured, home - based ex er cise pro gram. While stud ies have shown pos i - 
tive ef fects of use in men with PCa [ 10 , 14 , 16 , 20 , 21 ], lit tle is known 
about how phys i cal ac tiv ity af fects tu mor phys i ol ogy. Of fur ther sig - 
nif i cance, pa tients on ac tive sur veil lance that progress to ac tive treat - 
ment with in ter me di ate - term fol low - up have ranged from 14% to 
41%, re quir ing the need for non - therapeutic in ter ven tions to mod ify 
the tra jec tory of this dis ease [ 22 ]. 

The pri mary ob jec tive of this pi lot study is to gather pre lim i nary 
data re gard ing the im pact of a novel, 24 - week home - based ex er cise 
pro gram on PCa bio mark ers as so ci ated with re cur rence and metas ta sis 
of PCa in men un der ac tive sur veil lance. 
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1 . Prognostic biomarkers associated with prostate cancer 

Var i ous bio mark ers have been used for the di ag no sis and fol low - 
up of PCa. The most com mon bio marker used is prostate spe cific anti - 
gen (PSA). How ever, only one - quarter of men dis play ing el e vated PSA 
lev els in the blood are as so ci ated with PCa [ 23 ]. For this rea son, our 
study team has turned to other bio mark ers to de ter mine the im pact of 
ex er cise on dis ease pro gres sion more ac cu rately. Prostate - specific 
mem brane anti gen (PSMA) is a type II in te gral mem brane gly co pro - 
tein that is over ex pressed in the ep ithe lial cells of PCa pa tients [ 24 ]. 
Lit er a ture has shown PSMA has a 94.5% speci ficity to PCa pro gres sion 
[ 24 ]. Early prostate can cer anti gen (EPCA) is a prostate can cer - 
associated nu clear struc tural pro tein dis play ing sen si tiv ity and speci - 
ficity for prostate can cer. EPCA has been found to be sig nif i cantly el e - 
vated in lo cal ized PCa and strongly pre dicted can cer pro gres sion [ 25 ]. 
Uroki nase plas mino gen ac ti va tor (uPA) and its re cep tor (uPAR) have 
been con nected with PCa stage and bone metas tases [ 26 ]. Pre op er a - 
tive plasma uPA is a strong pre dic tor of bio chem i cal re cur rence [ 27 ]. 
El e vated lev els of both uPA and uPAR are as so ci ated with ag gres sive 
bio chem i cal re cur rence, in clud ing the de vel op ment of dis tant metas - 
ta sis, sug gest ing an as so ci a tion with oc cult metasta tic dis ease [ 27 ]. 
While tu mor biop sies fol low ing an ex er cise in ter ven tion fall out side 
the scope of cur rent prac tices in PCa treat ment for ac tive sur veil lance 
pa tients, these bio mark ers have the po ten tial to act as cir cu lat ing 
biopsy of the tu mor. 

2 . Objectives 

The over ar ch ing hy poth e sis for this study is that the home - based 
ex er cise pro gram par tic i pants will have sig nif i cantly lower con cen tra - 
tions of cir cu lat ing bio mark ers com pared to their non - exercising 
coun ter parts. 

3 . Primary objective 

To demon strate the im pact of a home - based ex er cise pro gram ver - 
sus wait list con trol to mod u late cir cu lat ing prog nos tic bio mark ers 
PSA, PSMA, EPCA, uPA, and uPAR in men with prostate can cer un der 
ac tive sur veil lance. 

4 . Secondary objectives 

To de ter mine the ef fect of a home - based ex er cise pro gram ver sus 
wait list con trol on: 

i Physical Function 
ii Quality of Life 
ii Body Composition 

To de ter mine the fea si bil ity (in clud ing eco nomic, tech ni cal, le gal, 
and sched ul ing con sid er a tions) of com plet ing a home - based ex er cise 
ran dom ized con trolled trial. 

To de ter mine the oc cur rence of ad verse ef fects of the home - based 
ex er cise in ter ven tion in men with prostate can cer un der ac tive sur - 
veil lance. 

5 . Methods and analysis 

5. 1 . Trial design 

The prospec tive study is a sin gle - center, ran dom ized con trolled 
trial. We ran domly as sign el i gi ble par tic i pants to ei ther the home - 
based ex er cise group or a wait list con trol group. Fig. 1 shows the flow 
chart of the study. This study pro to col fol lows the Stan dard Pro to col 

Fig. 1 . Study de sign. 

Items: Rec om men da tions for In ter ven tional Tri als state ment rec om - 
men da tions [ 28 ]. 

5. 2 . Participants 

This study plans to en roll 30 men with prostate can cer un der ac - 
tive sur veil lance with 15 men in each arm to have 12 com plet ing the 
study in each arm. Pa tients will be re cruited from the San An to nio 
com mu nity. Pa tients who meet the in clu sion cri te ria and sign the in - 
formed con sent form will be en rolled in this study. Based on the fea si - 
bil ity na ture of this study, a sam ple size cal cu la tion is not ap pro pri ate. 
Based on a pre pon der ance of pub lished fea si bil ity and pi lot stud ies, a 
min i mum sam ple of 15 par tic i pants per group to com plete the study 
was cho sen to es ti mate pa ra me ters for fu ture stud ies [ 29 – 31 ]. 

5. 3 . Eligibility criteria 

5. 3. 1 . Inclusion criteria 

• men aged 40 years or older 
• diagnosed with prostate cancer 
• under active surveillance 
• Gleason score of 3  +  3 
• participants willing and able to provide consent to participate in 

the study. 

5. 3. 2 . Exclusion criteria 

• severe cardiac disease (New York Heart Association class III or 
greater) 

• angina 
• severe osteoporosis 
• uncontrolled hypertension (blood pressure  >  160/ 95  mm Hg) 
• uncontrolled sinus tachycardia (> 120 beats per minute) 
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• uncontrolled congestive heart failure third - degree atrio - ventricular 
heart block, active pericarditis or myocarditis, recent embolism, 
thrombophlebitis, deep vein thrombosis, resting ST displacement 
(> 3  mm), 

• uncontrolled diabetes, 
• uncontrolled pain, 
• cognitive impairment, 
• history of falls due to balance impairment or loss of consciousness, 
• severe neuromusculoskeletal conditions that limit their ability to 

perform a walking exercise (including ataxia, peripheral or sensory 
neuropathy, unstable bone lesion, severe arthritis, lower limb 
fractures within six months, lower limb amputation). 

6 . Ethics 

This trial is ap proved by the In sti tu tional Re view Board at our 
three af fil i ated in sti tu tions: the Uni ver sity of Texas Health Sci ence 
Cen ter at San An to nio, the Au die L. Mur phy Memo r ial Vet er ans Ad - 
min is tra tion Hos pi tal, and our Na tional Can cer Cen ter In sti tute des ig - 
nated can cer cen ter the Mays Can cer Cen ter at UT Health San An to - 
nio. All par tic i pants meet ing in clu sion cri te ria will be el i gi ble for par - 
tic i pa tion. The Prin ci pal In ves ti ga tor will pre screen pa tients by re - 
view ing the med ical records. El i gi ble pa tients will be ap proached in 
the clinic and in vited to par tic i pate. We re quire the in formed con sent 
of all par tic i pants to par tic i pate in the study. We also have put in 
place data se cu rity, data cod ing, and re stricted ac cess to elec tronic 
data and case re port forms to as sure sub ject con fi den tial ity. Any de vi - 
a tions from the pro to col, breach of con fi den tial ity, or re portable ad - 
verse events will be re ported to the IRB and Data Safety Mon i tor ing 
Board at the Mays Can cer Cen ter. 

7 . Randomization 

Pa tients el i gi ble to par tic i pate in this study will be al lo cated to ei - 
ther the ex er cise group or wait list con trol group (1:1) based on a pre - 
specified ran dom iza tion sched ule. A sam ple of 15 men in each group 
will be en rolled with the goal of hav ing 12 com pleters in each group. 

8 . Interventions 

8. 1 . Home - based exercise intervention 

The in ter ven tion will in clude a com bi na tion of both aer o bic and 
cal is thenic ex er cises. The aer o bic por tion of the in ter ven tion will in - 
clude five days of light - to - moderate in ten sity walk ing for 30  min. The 
in ten sity will be set at 40 – 60% of the in di vid u al's heart rate re serve 
us ing the Kar vo nen for mula (Ex er cise HR  =  % of tar get in ten sity 
(HRmax – HRrest)  +  HRrest) [ 32 ]. The study team will pro vide par - 
tic i pants their tar geted HR range, and each par tic i pant will be taught 
how to pal pate and cal cu late HR be fore the be gin ning of the pro gram. 
The cal lis thenic ex er cises will be done 3 times a week. Ex er cises will 
con sist of three sets of 15 rep e ti tions of: body weight squats, in cline 
push - ups, and hip thrusts. If these ex er cises can not be per formed, 
mod i fied, lower in ten sity ex er cises such as sit - to - stand, wall push up, 
and pelvic tilt can be re placed. These ex er cises are aimed at in creas - 
ing the strength and en durance of the ma jor mus cle groups of the 
body. In di vid u als in this group will be given a pocket guide with in - 
struc tions on how to safely per form the ex er cises and doc u ment the 
com ple tion of the ex er cises. A Fit bit ac tiv ity mon i tor will be pro vided 
to this group to en sure com pli ance with the ex er cise pro to col. 

8. 2 . Waitlist control allocation 

Par tic i pants as signed to the wait list con trol group will be asked to 
main tain nor mal ac tiv ity for the 6 - month por tion of this study. Each 

par tic i pant will be as signed a Fit bit ac tiv ity mon i tor to en sure no 
changes are made to their nor mal daily ac tiv ity. Af ter the 6 - month 
study pe riod is com plete, in di vid u als in this group will be in vited to 
par tic i pate in the ex er cise pro gram and will be tracked for an ad di - 
tional 6 months. 

9 . Schedule of events 

All par tic i pants will be asked to at tend 4 study vis its: base line, 12, 
18 and 24 weeks ( Table 1 ). At the base line visit and 24 week visit, 
par tic i pants will be as signed a Fit bit ac tiv ity mon i tor (base line only) 
and pro vide a blood sam ple, com plete two QoL sur veys (i.e., Health - 
Related Qual ity of Life; SF - 36, and Func tional As sess ment of Chronic 
Ill ness – Fa tigue; FACIT - F), per form a 6 - min walk test (6MWT) in - 
tended to asses over all phys i cal func tion, and un dergo body com po si - 
tion as sess ments to in clude: waist and arm cir cum fer ence and a 3 - site 
skin fold (chest, ab domen, and thigh). Dur ing vis its 2 and 3 (weeks 12 
and 18, re spec tively), par tic i pants will pro vide a blood sam ple and 
un dergo the afore men tioned body com po si tion as sess ments. 

Health - Related Qual ity of Life (SF - 36) is de signed to as sess the 
health sta tus of pa tients and has been used pre vi ously in this pop u la - 
tion [ 33 ]. The SF - 36 as sesses eight com po nents of qual ity of life 
(phys i cal func tion ing, role func tion ing, bod ily pain, gen eral health, vi - 
tal ity, so cial func tion ing, men tal health, and emo tional health) that is 
ev i dence gen er ated with well - established re li a bil ity and va lid ity to 
sup port its use. 

Func tional As sess ment of Chronic Ill ness Ther apy - Fatigue (FACIT - 
F) is a self - reported sur vey eval u at ing the im pact of fa tigue in the pa - 
tient pop u la tion [ 34 ]. The FACIT - F is a 13 - item sur vey rated on a 5 - 
point scale deemed re li able and valid in mea sur ing fa tigue. 

10 . Participant adherence monitoring 

Weekly phone calls to all par tic i pants will be con ducted to en sure 
par tic i pants are en gag ing in the study ap pro pri ately. Ex er cise ad her - 
ence within the in ter ven tion group will be mon i tored by the study 
team us ing the Fit bit ac tiv ity mon i tors. Par tic i pants will also be pro - 
vided with an ex er cise log book let to doc u ment the num ber of rep e ti - 
tions and set com pleted for the body weight - based ex er cises. Ad her - 
ence will be based on the par tic i pan t's abil ity and will ing ness to per - 
form pre scribed ac tiv i ties. Par tic i pants un will ing to par tic i pate will be 
dis con tin ued from the study. 

11 . Statistical analysis 

Sta tis ti cal analy sis will be per formed us ing IBM SPSS 19.0 soft - 
ware. A 2 - group mul ti vari ate analy sis of vari ance (MANOVA) will be 
used to com pare changes in bio mark ers, phys i cal func tion, body com - 

Table 1 
( continued on next page ) 
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po si tion, and QoL be tween the ex er cise group and the con trol group. 
Pear son's Prod uct Mo ment Cor re la tion will be used to mea sure as so ci - 
a tions be tween bio mark ers to body com po si tion, phys i cal func tion, 
and QOL mea sures. A value of p  <  0.05 will be con sid ered sta tis ti - 
cally sig nif i cant, and all sta tis ti cal tests will be two - tailed. The re sults 
of this study will be used to cal cu late power and de ter mine the sam - 
ple size for fu ture re search ques tions in this field. 

12 . Handling of patient withdrawal 

Pa tients may with draw from the study at any time dur ing the 
study. Pa tients may also be with drawn from the study for not fol low - 
ing re lated study pro ce dures or for the ben e fit of the pa tient as de ter - 
mined by study in ves ti ga tors. We will record all the rea sons for study 
dis con tin u a tion to doc u ment com pli ance with the study and in form 
fu ture tri als. All at tempts will be made to keep par tic i pants in this 
study. Pa tients will be with drawn for non - compliance if they meet any 
com bi na tion of the fol low ing: in ac tiv ity for three con sec u tive weeks; 
and miss ing two con sec u tive study ap point ments where out come vari - 
ables are col lected. Pa tients who dis con tinue study par tic i pa tion will 
not be re placed. In the case study, dis con tin u a tion is due to an ad - 
verse event; such pa tients will be closely mon i tored un til the res o lu - 
tion or sta bi liza tion of this ad verse event. This may mean that fol low - 
up will con tinue af ter the pa tient has com pleted the end of study pro - 
ce dures. Al though data on that ad verse event will con tinue to be cap - 
tured, even be yond the last visit, only those that oc cur up through the 
last visit will be recorded. 

13 . Data management 

Each par tic i pant will be as signed a unique study code. Par tic i pant 
iden ti fiers col lected in clude name, ad dress, phone num ber/ email ad - 
dress, and date of birth. The list con nect ing the par tic i pant to the 
study code will be kept elec tron i cally on a se cure server and pass word 
pro tected. Only the Prin ci pal In ves ti ga tor or a de signee will have ac - 
cess to this list. All col lec tion, pro cess ing, and stor ing tubes for bi o log - 
i cal sam ples will be la beled us ing the study code num ber. Sur veys will 
be com pleted elec tron i cally and linked to the par tic i pants' elec tronic 
data files. Elec tronic data will be man aged us ing RED Cap, an elec - 
tronic data man age ment sys tem. 

The find ings of this study will be pre sented at in ter na tional sci en - 
tific con fer ences and sub mit ted for pub li ca tion in peer - reviewed jour - 
nals. All au thors will be re quired to have made a sig nif i cant con tri bu - 
tion to the ab stracts, pre sen ta tions, and man u scripts and no pro fes - 
sional writ ers will be en gaged in prepar ing these ma te ri als. Only de - 
identified data will be pre sented. 

14 . Discussion 

Prostate can cer is the sec ond lead ing cause of can cer death in 
Amer i can males, ex ceeded only by lung can cer [ 35 ]. Al though age is 
one of the most sig nif i cant risk fac tors for prostate can cer, be hav ioral 
in ter ven tions have been re ported to aug ment the dis ease risk, tra jec - 
tory, and pro mote sur vivor ship [ 36 ]. Epi demi o log i cal data shows pos - 
i tive as so ci a tions be tween body mass in dex, seden tary lifestyle, and 
prostate can cer risk [ 37 ]. Like wise, ac tive lifestyles be fore and af ter 
di ag no sis can af fect mor bid ity and mor tal ity in prostate can cer sur - 
vivors [ 38 – 40 ]. 

There is a lack of re search on in di vid u als with ac tive sur veil lance 
and even less on the home - based ex er cise in ter ven tions. Our hy poth e - 
sis for the lack of ad her ence to phys i cal ac tiv ity guide lines is the in - 
abil ity of in di vid u als to have pre scribed pro grams that are su per vised 
by a health care provider than can be done at home. Even though pa - 
tients on ac tive sur veil lance have a slow pro gress ing tu mor, there is a 

mod er ate risk of tu mor pro gres sion that re quires med ical treat ment 
[ 41 ]. There fore, it is es sen tial to study this pop u la tion. 

There is a lack of re search on the ef fects of ex er cise on prog nos tic 
bio mark ers. Much of the work in ex er cise on col ogy is de scrip tive. 
Thus, the out comes of this trial will pro vide early in sights into the 
role of ex er cise, and a med ical in ter ven tion that can be used to ma - 
nip u late bio mark ers of prog no sis in a pa tient group is that un der stud - 
ied. Most ex er cise in ter ven tions are short du ra tions, i.e., 12 weeks on 
av er age [ 11 , 42 – 45 ]. While that may be stan dard for pro gres sive pro - 
to cols that mimic mi cro, meso and macro cy cles of ex er cise pro grams 
typ i cally pre scribed to healthy in di vid u als, there is a need to study 
longer in ter ven tions for ad her ence, com pli ance and long - term ef fects 
of ex er cise. 

The strengths of this pro to col is that we will be con duct ing a 6 - 
month in ter ven tion while col lect ing bi o log i cal sam ples at mul ti ple 
times points, in clud ing 12 and 18 weeks, that can pro vide in sight into 
the ki net ics of bio mark ers and out comes of qual ity of life. An ad di - 
tional strength is the abil ity of the con trol group to cross over into the 
ex er cise group will help in con trol group ad her ence. Our ap proach to 
gen er at ing max i mal data is two - fold: 1) Fit bit ac tiv ity mon i tor ing will 
pro vide us with con tin u ous data on in di vid ual ac tiv ity pat terns, in - 
clud ing leisure ac tiv ity, work - specific ac tiv ity, and the pre scribed ex - 
er cise in ter ven tion. 2) Us ing a wait list con trol group will ul ti mately 
al low us to as sess a larger study sam ple that com pletes the ex er cise 
in ter ven tion al low ing us to con duct a true - experimental study and a 
quasi - experimental study within a sin gle study de sign. 

Our study is not with out lim i ta tions. One ob vi ous lim i ta tion is the 
lack of a pow ered sam ple size. How ever, based on pre vi ous pub li ca - 
tions re port ing on av er age sam ple sizes for pi lot and fea si bil ity stud - 
ies, the sam ple we se lected should pro vide us with the nec es sary in - 
for ma tion to con duct a more ex ten sive, mul ti site clin i cal trial pow - 
ered based on the out comes of this study. An other lim i ta tion of this 
study is the lack of con trol in par tic i pant di ets. The link be tween diet 
and tu mor pro gres sion has been re ported. How ever, the com plex ity of 
diet mod i fi ca tion and the con found ing vari abil ity in di ets within our 
pa tient groups makes it dif fi cult in strat i fy ing groups based on diet. 
Fi nally, the lack of tis sue sam ples limit our abil ity to in ves ti gate ac - 
tual changes in the tu mor in re sponse There fore, any con clu sions that 
are made from this study can only spec u late what changes may be oc - 
cur ring in situ. How ever, us ing PSA, a clin i cally val i dated bio marker 
in ad di tion to the other bio mark ers de scribed ear lier, will pro vide us 
with valu able in for ma tion in the form of a liq uid biopsy to un der stand 
how the home - based in ter ven tion ef fects prog no sis. 

In con clu sion, the find ings of this study will pro vide pre lim i nary 
data re gard ing the ef fects of a home - based ex er cise pro gram on bio - 
mark ers as so ci ated with tu mor pro gres sion in men with prostate can - 
cer. These find ings will pro vide ra tio nal on whether larger, multi - year 
stud ies are needed. 

15 . Trial registration number 
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