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Abstract

Aims and objectives To review the available literature regarding the use of prostate cancer-related mobile phone applica-
tions (PCA).

Materials and methods The search was for English language articles between inceptions of databases to June 2019. Medline,
EMBASE, Cochrane Library, CINAHL and Web of Science were searched. Full-text articles were reviewed, and the follow-
ing data were extracted to aid with app analysis: name of application, developer, platform (Apple App Store or Google Play
Store) and factors assessed by the article.

Results The search yielded 1825 results of which 13 studies were included in the final review. 44 PCAs were identified from
the data collected of which 59% of the PCAs had an educational focus. 11 apps were inactive and 5 weren’t updated within the
last year. Five studies focused on the development and testing of apps (MyHealthAvatar, CPC, Rotterdam, Interaktor, NED).
Two studies evaluated the readability of PCAs. Most PCAs had a reading level greater than that of the average patient. Two
studies evaluated the quality and accuracy of apps. Majority of PCAs were accurate with a wide range of information. The
study reported most PCAs to have deficient or insufficient scores for data protection. Two studies evaluated the accuracy of
Rotterdam, CORAL and CPC risk calculators. Rotterdam was the best performer.

Conclusions PCAs are currently in its infancy and do require further development before widespread integration into exist-
ing clinical practise. There are concerns with data protection, high readability standards and lack of information update in
current PCAs. If developed appropriately with responsible governance, they do have the potential to play important roles in
modern-day prostate cancer management
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Introduction

Information Communication Technology (ICT) is an integral
part of modern-day healthcare delivery in domains such as
education, research, operational efficiency and data man-
agement [1]. In prostate cancer with changing diagnostic
and therapeutic paradigms, there is likely to be reliance on
technology for the delivery of cost-effective, high-quality
cancer care [2]. Mobile phone application (apps) is software
with specific, limited function, which is designed for use
on a mobile device [3]. It has been suggested mobile phone
apps have the potential to increase patient awareness, be
adjuncts to traditional clinical evaluation strategies and can
also facilitate research development and delivery [4]. The
two most popular platforms, from which users can download
apps, are the Google Play Store, and the Apple App store.
Over 2 million apps are available on these platforms [5].
There are over 5.5 billion smartphone users worldwide [6],
and it is estimated that the average user spends over 3.5 h
on their mobile device every day [7]. Furthermore, users
spend 89% of their media time on mobile apps [8]. In the
United Kingdom, a reported 75% of people go online for
health information. Additionally, 70% of patients aged over
50 want to use digital healthcare services [9]. The market for
healthcare-related apps is growing, and it is suggested that
around 200 healthcare apps are added daily [9].

Prostate cancer is the most common cancer in males,
in the UK (second most common in men, worldwide) and,
according to the American Cancer Society, 1 in 9 men will
be diagnosed with prostate cancer during their lifetime [10,
11]. Furthermore, the incidence of prostate cancer is increas-
ing and is projected to rise in the UK by 12% between 2014
and 2035 [10]. Given the significance of prostate cancer
worldwide, and the increasing usage of healthcare apps
within patient populations, we aim to systematically review
the available literature regarding the availability and usage
of prostate cancer-related mobile phone apps (PCA). We
also look at the type of app, its content, rating and their
real-world application.

Materials and methods

Selection criteria

This review included studies that explored and evaluated
various aspects of PCAs, as well as their current and poten-

tial applications in the screening, prevention or management
of prostate cancer.

@ Springer

Inclusion and exclusion criteria
Inclusion criteria:

I. English-language oncological papers with a focus on
prostate cancer.
II. Studies reporting on mobile phone apps for prostate
cancer.

Exclusion criteria:

I. Literature reviews, grey literature, editorials, letters,
and other ‘comment’ pieces.
II. Studies on prostate cancer not related to apps.
III. Studies relating to apps which are unpublished or
unreleased.

Search strategy

This systematic review of world literature was performed
in the Cochrane style and in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) checklist (Fig. 1) [10, 11]. The search was
for English language articles between inceptions of data-
bases to June 2019, with the final search being conducted
on 17/06/2019. Medline, EMBASE, Cochrane Library,
CINAHL, and Web of Science were the databases searched.
The search terms used were ‘prostate’, ‘cancer’, ‘prostate
cancer’, ‘PSA’, ‘prostate specific antigen’, ‘prevention’,
‘adenocarcinoma’, ‘prostatic intraepithelial neoplasia’,
‘social media’, ‘phone app’, ‘apps’, ‘search engine’, ‘online’,
‘web-based’, ‘ehealth’, ‘mhealth’, ‘user-generated content’,
‘mobile health’, ‘smartphone’, ‘mobile phone’, ‘personal
digital assistant’, ‘google play’, ‘android’, ‘apple’ and
‘10S’. Medical Subject Heading (MeSH) phrases included
("Prostatic Neoplasms"[MeSH]) AND “Mobile Applica-
tions” [MeSH]); (‘ ‘Prostate’” [MeSH]) AND *‘Smartphone
application’’[MeSH]); (‘‘Prostate cancer’’[MeSH]) AND
“‘Social media’’[MeSH]) AND ‘‘Mobile health’’[MeSH])
aqg. Boolean operators (AND, OR) were used to refine the
search. Two reviewers (EJ and BS) identified all studies and
those that appeared to fit the inclusion criteria were included
for a full review. Papers evaluating a ‘general’ cancer app,
that specifically mentioned prostate cancer patients within
the article, were included. However, papers solely evaluat-
ing apps that did not have a cancer focus (e.g. pedometers or
fitness trackers, without a cancer-related component) were
excluded. Each reviewer independently selected studies for
inclusion in the review and discrepancies were resolved by
mutual consensus. A literature search had been run on each
database. Any duplicates were excluded. At initial screening
articles were excluded by title screening. The abstracts of
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the remaining articles were further screened and excluded if
considered unsuitable for the review. Full text of the remain-
ing literature was then reviewed. After a complete evalua-
tion of the full articles, articles were excluded if deemed
unsuitable. The remaining studies were included in the
review for a narrative synthesis. The following information
was extracted and organised using a spreadsheet (to perform
further analysis): the year of publication, journal, number of
applications assessed, type of apps and assessment criteria
used on the included applications. References for these stud-
ies were collected using EndNote Web, and citations were
either imported directly or manually entered. The outcomes
of individuals studies will be presented in narrative fashions
with emphasis on App development, App Readability, Qual-
ity and Accuracy of Apps, App Usage, and Risk Calculators.

Review of mobile phone applications (apps)

The full-text articles were also assessed in detail for the apps
and data was extracted for the following information (where
available): name of application, developer, platform (Google
Play Store or Apple App Store), and factors assessed by
article. One of the authors (EJ) gathered further informa-
tion on these apps which had been named by studies using
the online stores (namely Google Play and App Store). This
data included: the app’s cost, star rating [1-5], number of
reviews, date of the last update, and the advertised content
of the app (found in the app’s description). All information
gained from both the online stores and from the literature
was then compiled into the same spreadsheet for analysis.
Data were collated using Microsoft Excel (version 12.2.4).
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Results
Study selection

The initial literature search yielded 1825 results; 449 from
Medline, 539 from EMBASE, 159 from CINAHL, 188 from
Cochrane Library, and 490 from Web of Science. One thou-
sand seven hundred and fifty-two articles were screened
after removal of duplicates. 1608 articles were removed after
title screening. 125 articles were removed after the abstract
screening. Full texts of 19 studies were assessed. Of these,
one paper was excluded as it was not relevant and a further
five papers were removed as they were based on unpublished
or unreleased apps (not available in online stores). This left
13 papers for inclusion in our final review [12-24] (Fig. 1).

Description of studies

The papers included in this review focused on a variety
of factors in assessing available apps including readabil-
ity, quality and accuracy, usage, and app development. A
comprehensive summary of the individual studies has been
presented in Table 1. The authors have highlighted the out-
comes of individual studies under the headings:

Studies related to app development.

Studies related to readability.

Studies related to ‘quality and accuracy’ of apps.
Studies related to app usage.

Studies related to risk calculators.

ARl .

Studies related to ‘app development’

Four studies focused on the development and testing
of apps [18, 20, 21, 23]. Zhang et al. [23] presented the
MyHealthAvatar app. This was a European Commission
funded research project for patients with prostate and breast
cancer. The app is available on desktop, tablet and smart-
phone. The app encourages patient self-management of
their disease. It contains lifestyle and activity tracking. It
has prostate and breast cancer questionnaires to monitor pro-
gress after treatment. It also provides advice on pelvic floor
exercises for patients who have had a radical prostatectomy
[23, 25]. The app includes International Index of Erectile
Function-5 (IIEF-5) and the International Prostate Symptom
Score (I-PSS) questionnaires and resources from the Prostate
Cancer UK and NHS, UK. They also tested user experience
and outlined the early developmental flaws. Data from this
app can support research activity.

@ Springer

Rgder et al. [21, 26] developed and validated the CPC
Risk Calculator which estimates the risk of biochemical
recurrence following a radical prostatectomy. The authors
used preoperative PSA, pT stage, prostatectomy Gleason
score, and surgical margin (R) status to develop the nomo-
gram. The data was calculated from 2167 men who under-
went a radical prostatectomy at the Copenhagen Prostate
Cancer Center, Rigshospitalet, Denmark. The nomogram
was externally validated using a cohort of 2237 men who
underwent a radical prostatectomy at the Stanford Univer-
sity, California, USA in the same time period. The authors
reported high accuracy and discrimination on external vali-
dation. The accuracy of model declined after 7 years due to
limited follow-up in the 2 cohorts.

Pereira-Azevedo et al., evaluated their app, the Rotterdam
Prostate Cancer Risk Calculator, via usability testing [20,
27]. Rotterdam Prostate Cancer Risk Calculator is developed
using algorithms from Rotterdam arm of the European Ran-
domized Study of Screening for Prostate Cancer (ERSPC)
study. The calculator uses PSA level, previous negative
prostate biopsy, digital rectal examination (DRE) findings,
prostate volume measurement, transrectal ultrasonography
findings, MRI results, and Prostate Health Index to estimate
overall and significant prostate cancer risk. The app was
scored by participants, on usefulness, quality of informa-
tion, and quality of interface scoring highly (gaining > 87%)
in all categories.

Langius-EKkIof et al. [18] tested their app, Interaktor, on
prostate cancer patients undergoing radiotherapy, to deter-
mine its potential to ease symptom burden. They found high
adherence to symptom reporting and realised a novel use
for the app for clinicians, to determine the most commonly
reported clinical side effects of their patients.

All four papers found that users benefited from, or had
a neutral experience when using their apps, and authors
explored potential possibilities for these apps to benefit
healthcare professionals as well as patients (who the apps
were designed for) [20, 22-25].

Pham et al., reported on a trial design to evaluate the
acceptability of NED (No Evident disease) by patients, car-
egivers and clinicians. NED is a prostate cancer app devel-
oped to support prostate cancer survivorship programmes
[24].

Studies related to ‘app readability’

Kim et al. [17] and Owen et al. [19] tested the readability of
cancer apps that are currently available online. Both papers
used readability assessment tools to determine the grade-
level readability of each app. Kim et al. evaluated readabil-
ity of PCAs along with four other cancer apps available on



2415

World Journal of Urology (2020) 38:2411-2431

Juauean Jodued Jeysoid Surmnp juowoSeuew-jos woldwAs 10§ (00} 2an10ddns € st Joy
Sureq-[[oMm UMO IIY) UT AJLINJ3s Jo asuds sjuedronaed asearouy

uoping woydwAs aaoxdwr 0y Aderayorper jo renusjod ay) suruidiep o3 sdioy pue swoydwAs pajrodar
ATuOWWIOD JSOW 9} SUNUIS}OP 0} SUBIOTUI[O SMO[e Yorym ‘aousiaype Suniodor woydwAs osearouy 0) punoy sem dde oy,

ared ur uonedronaed jusned asearour djoy ued ‘Jjejs a1ed
-yieay pue sjuoned uaamiaq JoBIU0D Ip1aoid pue JuswaFeuew woidwAs urejurew oy dde ue Jursn jeyy paurwLIRop sioyiny

(rernonaed ur uonedronred renynur) uonedronied payelrfioe; 11 jey) 39y dde oy3 Sursn sjuaned

spaau d1seq Jurkysnes jo uondoorad ur 90UAIPIP B J uSLM
a1y} ySnoyy uaas ‘dde ue Sursn uoym 10)ea13 sem a1ed Jray) ur uonedronied jey) paareorad syusried jey) punoy zoded ay,

UonepI[eA SYIIUSIdS J0J PIU 1)eaI3 € ST a1ay)
jey) pue ‘sjuejuod suonedrjdde Jnoqe snonnes urewrar prnoys sfeuorssajord areoylresy pue syusned Jey) popnouod SIOYINY

9AT309[qO UTRW JIOY) SB UOT)BINPS UO SNO0j © pey d[qe[reae sdde jo Ayrolewr oy,

uonerndod [exoua3 oy 10 syuaned je pejogie)
sdde 105 Juonbaiy ssof sem s1y) 1nq ‘suondrrosop dde ur psuonusw uonePIEA SYNUAIDS PRy %6 9¢ ‘papnyourl sdde ayy JO
pasnooy 9jeisoxd 3ureq 97 Yim ‘10oued Jo sadA) [[e paureouod sdde jo Arofew oy,

syuaned 03
uay) pue uonie[ndod [e1oual 0) uay) ‘sreuorssajord areoyI[Eay 03 payedIpap Ajofew ay) Y ‘sdde g¢g paynuapr Apnis oy,

I00ued 9eIsord
PAdSUBADE PAsI[BO0]
10j Adeloyorper
Surmp dde 190ued
& Sursn Jo 9oua
-11adx9 juanjed pue
‘uniodar 03 20U
-I9Ype ‘INOTABYQq
19sn 9Je3N)SOAUT O],
paygsnes
Spaau dOIseq Junia3
ur uonedronred
pue uorjedronred
Joj Juowarnbax
‘uonedronted 1oy
1y3y ‘uvoryedron
-red remnuw
:SUOTSUSWIP
Inoj ut parojdxe
sem uonedionreq

dde oy noyim
Io | ‘Aderay)
-orpel1 3urmp
uonedronied umo
119y} paAtedrad
190ueD 9eysoxd
s syuaned

moy arordxa oJ,
uonepifea dyn
-UQIOS QUIULIdIOP
pue ‘sarLnsnput [ed
-nnooeurreyd jo
JUQWIDA[OAUT SSASSE
‘[opouu ssauIsnq
SSISSE “JUAU0D
auyap 03 sdde £30

-[02UO JO SISATeuy

(101R

-101u) dde 190ued

9reysoxd e Jo sasn
9y} JO uonen[eAqy

uonedronted
juaned pue (10}
-yerojuy) dde 100
-ued dyejsoxd e Jo
93esn jo uonenyeaq

sdde jueasyar

JO uoneoynuapI

pue ‘sdde [eor3o[
-00UO JO UOneNn[eAq

(s1]

Te 10 JOPIH-snISue

[o1] T8 10

uewWAN-31099[[BH

[+1] ‘e 30 preno1g

uoIsN[oUu09/AWoINQ

2An2lqQ

adKy Apmg

Apmgs

SIpn)s papnour jo Arewwing | ajqel

pringer

a's



World Journal of Urology (2020) 38:2411-2431

2416

sowwreagoxd
diysioarains 1eoued 9eisoid uo QN Se yons s,yDd Jo 1oeduwir ay) jo Surpue)siopun aA01dw [[1m [eL1 STY) JO SSWOIINQO

(6102 AeIN) poro[dwod usaq aAey 03 pajedionue ery,

SUBIOIUI[D ()] PUB ‘SIOAISQIRD ()0 ‘siuaned )0 01 USAIS ss900e QAN

dde oty Jo asn oy Aq pareII[IoR] 2q UBD YOTYM ‘(seoueqInisip dog[s asned ued
yomym uorssaidap pue Karxue ur A[eroadsa) swoidwAs jo juowageuew pue uondap Apres jo aoueirodwr ayy SIYSIYSIY SIY L,

JusU)BAI) 1OUERD FULINp Spadu ared aantoddns Suneioey ur ofol e pey (padofaasp Aay) yorym) dde oy jey) punoj sioyiny

dnoi3 [onuod ay) uey) I9JE[ SYIUOW ¢ PUB JUAWILIN)
JO pua a2y je swoydwAs paje[aI-AIeULIN pue ‘LIUWOSUI ‘SUTUONIOUN] [RUOTIOWId UT UapIng SS9 ApueoyruSts pey dnois dde oy,

KdeIayjorpel Jo pua 2y} Je vasneu pue angney Jo s[oad] Jamo] Apueoyrusts parrodar dde ayy Sursn dnoiS oy ey punoy sem Iy

syuedronred Aq pajse) uaym ‘9,68 Jo Apenb doejIIUT puE 9/ 8 Jo AJIfenb uonRWIOUT ‘9,76 JO SSAUTNJISN ABH

Sosed JuedyIuSIs A[[eorur[o Jo pue ‘Ieoued ajeisold jo ysur oyy Sunorpaxd ur [njosn og
0] punojy sem dde oy,

YS1I 190ued Jye)soxd jueoyruds

PUE [[BISAO0 9)JBWIIISS O} Xopu[ YI[BOH 9)e1S01d pue ‘synsai [N ‘sSuipuy AydeiSouosen|n [2)0aISUBI) JUSWIAINSEIW SWN[OA
areysoxd ‘s3urpuy () uoneurwexa [e10a1 [ensIp ‘Asdoiq areisord aane3au snoraaid ToAd[ YSd Ssn JOJB[NO[eDd SLI oY [,

SUBIOIUI[D pUR ‘SIQ
-A1301e0 ‘sjuaned
Aq Ayniqeidaooe

pue Aiiqeidopy

~arreuuonsanb oua
-19Y0)) JO ASUG,
pue,0zD-010
DLYOd, 3uisn

painseawr sawodnQ

[e1n) [01U0d
PISIWIOpUERI-UOU

Sursn pauLIoyIod

Kdeoyjorper Sur
-Inp Judwegeuew
PUB JUSWISSISSE
woydwAs swn-rear
10§ uoneordde oy
Sursn uaym 1] Jo
Kyrenb pue uoping
woldwAs jo s30

Jy) Jo uoneneAq

JIoye[nore))
STy 190ue)
J1e)S01J WepIo)
-)0y ay) uodn
paseq ‘3uruaaIos
190ued 9)rysoxd 10§
dde cuoydjrews

B JO JUOWISSISSE

pue Juowdoreraq

dde

Ioje[nore)) JSry
9)eIS01J Wep1o)

-10y 2y} uesaxd o,

93esn jo uonenfeaq

-noTed-ysuI 9jeIsord

AN 9ren[eAd 0}
Apnis aaneIend)

10§ uB1sa [re1], [¥2] 'Te 10 weyd

Aderayorper
urmp uonosvep
pue juowaseuBw
woydwAs ur (103
-yerojuy) dde 100
-ueo 9yejsoid e Jo

[zz] e 10 S10qpung

dde 10781

[0zl e

© Jo Juowdorara OPIAIZY-RIRIN]

uoIsN[oUu09/aWodINQ

2An2[qQ

adKy Apms Apmgs

(ponunuoo) | sjqey

pringer

Qs



2417

World Journal of Urology (2020) 38:2411-2431

uone[n3ar ur juswasoxdwir 10 paau ST 219y} ey} paIsaS3ns pue ‘armyny ayy ur doueyrodur

19yS31y JO aWw003q ABUI SIY) pUE ‘SI9SN WOIJ parnbar Suraq mou SI BIep 2I0W St ‘Uond9)oid BIep I9A0 SUIIOUOD PIsIeI I0yIny
Juonodoid eyep,

PUE ,SOOINOS UO UOTIBULIOJUI, S9[BIS-qns ay) ul S-9 sSuner 1ood Aprenonied pey Jusroyynsul, 10 Juaroyop, powaap sddy
uone[ndod [e1oua3 oy

a1om sdde Kjrenb js1om o) yim dnois oy pue ‘sisyjo uey) [[e1aao Aenb 19119q a1om sjuanied je pajeSiel/o) pajesrpap sddy

31y A10A, 10 Y31y, pawaap (%61 1S) Aytolewn 1ySI[s ) I ‘ JUSIOLJNSUL, IO JUIIOYIP, PIAWAP 2Iom paIsa) sdde
9 JO Jiey A[Ieau 9I0Jo1aY) ¢ JUSIOLJNSUI, € pue JUSIOYaP, /[ ‘.YS1y, paiods G| ‘. yS1y A10A, paiods g ‘passasse sdde 14 ay) JO

91qe1daooe powosp sem sdde papnpout [[e jo AorInooe oyJ,

J0JB[NOrRD) ST DD Y} USY) pue ‘[eI0) UAY) ‘WePIaNoy] 2q 0) punoj a1om sdde Jururroyrad-doy oy,
suiopjerd yjoq uo J[qe[reae a1om g pue 9[ddy g ‘proipue A[oArsn[oxe a1ram ¢ pasrerdde A[eonto arom sdde uaaag

(sreuors
-sojoxd areoyjreay
‘uone[ndod [e1oud3
‘sjuanjed) dnoi3
3a31e) 10§ sdde jo
Ayrenb paropisuo))
oyroads
Iooued 9jeysoid 1o
JeIoudl, o1om 87
yorgm jo ‘(sdde
I30UB) [eIauag
puE [eunsSA)uI
-onsesd ‘ayeysoxd
‘[€19210]00 ‘IsBAIq
Surpnpour) sadA)
I9JUeD PAXIW JO
sdde [ passassy

SjuQWINISUL
(Kye100§ 100UBD
UeRWIAN) SOO pue
‘(are0S Suney ddy
SIqQOIN) SIVIN
Sursn sdde 1a0ued
Surssasse 10} [00)

Suner e padofeadq

sdde 1o0ued
Jriqow jo Ayrenb
oy} 9JeneAd O,
joedur paareorad
pue ‘Kjrenb aan
-02[qns ‘Ayrenb
dde ssasse 0y
(oress Suney uon
-eorddy o[rqoN
JO UOISIOA J3sn,)
SYVIAN pas()
sdde 1o03e[nored
YSLI 100ued deysord
J[qe[TeAe AJUaLInd
ays jo [[e jo Liin
pue Kyireuonjouny
KepKI0A2 Q) SSIsse
PUE QJBI ‘MIIAI O,

sdde 1ooued
J[Iqouwr Jo AorInooe
pue Kyrenb o

Jo uonen[eaq

sdde

o[Iqour J03e[nored

SLI 190UEd dreysoid
JO MIIADI OTBWINSAS

[€1] 'Te 10 owyoqg

[21] Te 10 wepy

uoIsN[oUu09/aWodINQ

2An2[qQ

adKy Apms

Apmgs

(ponunuoo) | sjqey

pringer

a's



World Journal of Urology (2020) 38:2411-2431

2418

Ayniqespeiddn pue A
-Tiqeareys ‘Aiqnedwos ‘Aoerpawiur 193399 J19y) 03 anp suonedrdde 9)1sqom Juruiojradino are sdde jey) papnjouod sioyiny
[e10D) padjaid %94 pue ‘dde weprenoy ay) parajaid 946

(%S L <) uonoejsnes pue (%0L <)
Anpenb ooeyIaur (90, <) ANrenb uonewIoyuT ‘(%08 < Y10q) SSeUINJAsN Jo swIId) ur A[qeredwod paururralep o1om sdde ylog

(69°0 'SA GL'0 PUB “T€9°0 "SA L))
190ued 9)rysoxd apea3-y3ry pue 1a0ued Jyeysoid Junorpard ur dde [e10) pewiojradino dde wepI1epoy 9y} ey} puNoj sIoYINy

(yuowroaoxdwr a1nyng 0§ vore ue se ‘roded oy ur sioyIne Aq pPIssaIppe) SUIPBO[-MO[S SBA
OSBASIP J19U) 0} UOHB[AT UT SSOUAIEME YSLI § JOSN PAsIe PUe ‘SONIATIOR SSaulY pue yi[eay ur juowadeSus s1osn pasoiduy
UOTBULIOJUT PaJo[Te) papiaoid pue 9seasIp J1ay) Jnoge a3pajmouy| Josn pasorduy

dde oy 181} POMOYS S19)$9) WIOIJ YOrqPad]
pauIpno a1am smep [eyuswdojorsp Apreq
u31sop [ensIA pue 9ouaLIadxa 1osn uo pysd) sem dde oy,

K)1TeYIOW 9SNED-IOYJ0 PUR SIOJOBI-YSLI UMOUY JOF JUNOIIY
Awoyooyeisoid [ed1pel 19)Je s1eak ¢ 03 dn 90UALINDAI [ROTWAYD0Iq JO YSLI JOIPaI]
(%68—0L) eIndde 9g 0) punoj sem dde ayJ,

sarsdoiq
Jeysoxd Surod
-Iopun Iom ey}
‘ro0ued Aeysord
JO YSLI paseaIout
je syuanjed ur (dde
[e10) pue ‘dde
Joye[nore)) ysry
190UR)) 9181S0I]
wep1anoy) sdde
T Jo Aypigesn
pue aouewojrad
onsougeIp paIsa],

Juow
-o3eurW JSLISIP

yym pre 0} sjuened
0 UOTJEWLIOJUT 9PIA

-oxd pue ‘sisA[eue
pue uonejuasaid
B)Rp J[AISOJI] pur

yi[eay AeIIoe] 0}
paugdisop sem ddy

syuanyed

Jo0URd deysord

pue 1seaiq 1oj dde

TeyeAyI[BOHAN
oy Juadsaxd oF,

VSd
9[qe1d930pUN UR
)M udw ur Awo)
-09ye)s01d [eorper
Surmoroy 9ouax
-INOAI [BOTWAYD0Iq
JO YSLI 9In[osqe
a1} $30939p 1Y)
JOJe[NOTEd YSLI
® JO uonepIfeA
pue juawdo[oaaq

sdde 101R[NOTRD
YSLI IoJURD )]
-so1d jo Aoemooe

pue douewIoydd [G1] [e 19 o1zunN 3

dde 100ued
® Jo Juowdororap
pue uoneIUSAIg

dde 101e[NOrRO-YS1I

[¢2] Te 1o Sueyz

snjels dde aeysoxd e Jo uonel

(¥) uISrew [eoI3INs pue ‘91008 UOsLI[D) Awojoare)sold ‘a8e1s1d ‘ySd aaneradoard jo o3esn paajoaur juswdoaasp ddy JorMOE) YTy -uosaxd pue uonep
suopre[d SOt pue proipuy yioq uo 3sn 10J padofaasp sem dde sy, DdD oy 1uesaid o,  -1fea ‘yuswdofaasg [12] T8 10 19pgy
UOISN[OU0D/AWONN() aAn2[qO adKy Apms Apmgs

(ponunuoo) | sjqey

b
)
)
5
et
|9
A
&l



2419

pringer

a's

World Journal of Urology (2020) 38:2411-2431

Surusaros
-01d sem QuoO pue )1 SUISSNOSIP UAYM QUO) [BNNAU B PAJUsAId uadliry) ‘yYSd Yl Inoqe uorewIojur aerndoe papnjout sdde g1

UONRUTLIEXA [€)091 [e}ISIP In0qe UoBWLIOJUT djeIndoe papnour sdde jySrg
sa3e Suruaards Jnoqe uonjeuriojur papnpour sdde surN
Q101§ Ae[d
913000 pue ‘2101
ddy o1ddy oy
ySnory) paynuapr
arom sdde uooymog
SUOISIOAP

SurueaIos 100UEd
105uEd d1e1501d JO 20udPIOU PuE uS[eAd1d “@reIsoid Jo uonouny puE AWOIEUE JNOQE UOTEWLIOJUT JJRINdE PAureIuod sdde 71 ops01d pouroyur

swojydwAs pue SYSLI InOqe uoneWIOJuI djeIndoe papnpour sdde uasdrg

Jjowoxd yorgm sdde
sdde oyenyeas 190ued 9)rysoxd jo
sdde 1e0ued 9ye3s01d uo papraoxd A[reoyroads ereq pue Ajnuopr o, MOTADI DIIBWISAS [61] 'Te 30 suamQ
papnjour

arom sdde 1z
(oye3501d pue
o1nses [810910[0
‘sea1q ‘3uny) s190
-ued [BI9A9S 03 Sul

-jera1 sdde pasAfeuy
syuaned 119y 03 A)1jIqepear 191ses Ym sdde puowosar 0) pasu AewW SUBIOIUI[D By} POpN[ouo))
QOULIOS JO AUIDIPAW Ul
punoi3yoeq ,orenbape, ue ym suoowos Aq padofeadp axom (Yorym payroads jou) suonesridde [z ay) Jo g ATuo Jey) puno
juened oFeroAe oy} ur Jurpuejsiopun
apnpoaxd jey sjea9] Surpear ySry pey (Apmis ay) ur papnjour s1ayjo [[e pue) sdde 1eoues ojeisoid ay) jey) paje)s sioyiny
(1oA9] ASDD) S'6 Jo ANfIqepeal [2A[-9peis & pey ( snooy, Jodofaasp £q) dde J1ooue)) 9jeIsoid,
pamaraar sdde 1030 oy} Jo Auew Uey) A[QISSOOIE QIOUW SI II ‘[OAJ[-ATI[[00 pue FSDO) UIMIOq
SI [9A9[ Surpear o) YSnoyie 210J219Y) ‘9" ()] JO 2100S SuIpeal ueaw € aaey 01 punoj sem dde sdiy, puy s1oe, Yi[esH SUSAL,
1°6 Jo Aqiqepear [oaaf-opers e pey dde ONTHINVINESH, Suow sdde
pamaraar sdde sotpo -ssasse Aj[iqepeal J[Iqowr pajeax
o) Jo Auewr uey) 9[qISSA00E SIOW ST I “[AAJ[-HSDID JO 1B ST [AS] SUIPLAI 9y YSNOyI[E 210510y} (9" PUE ()'6 UdaMIaq 01 I9A0 ‘a1EMIJOS -I90UBd JO UOIS
sem pomaraal sdde [[e Jo ueowr) 7' JO 2100s SUIpEAI UBAW € 9AkY 0) punoj sem dde sjuouneal], pue suonIpuo)) Iedue)), orpms Apiqepeas -uayardwod Juoned
sdde 100ued 9)€3501d UO paprroid A[[eoyroads eieq Sursn sdde pasA[euy pue Aiqepesy [L1] Te 30 wry]
UOISN[OU0D/AWONN() aAn2[qO adKy Apms Apmgs

(ponunuoo) | sjqey



World Journal of Urology (2020) 38:2411-2431

2420

(sTeuorssajoid pauren A[resipaw/aresyieay yim) A[eaneroqe[jod padofoaap 2q pinoys sddy

9[qeasn pue dAnoRIdIUI 9q pinoys sddy
(Suruaaros jsurede 1o o1d se “3-9) Juduod Jo Surwesj Jo suonedrdwr Jo areme 3q prnoys siadofeadq
pasn 9q p[noys o3en3ue| 9ANISUAS A[[eInn)
QOUQPIAD JSAJB[ YIIM JUQ)SISUOD UONBWLIOJUI apnjour pinoys sddy
:19ded Aq suonepUIWIIIOINY
uoneuriojur [eroudd Jurpraoid uo pasnooy sdde uorerg
s1oyne 3y} Aq pajuswa[dur e119)1Io AJIATIISUSS [RINI[ND 9y} JO Aue Josw jou pip sdde aAL]
10y31y 10 YiG I8 G PUB [9AJ] 9PLIS YIQ I8  YIIM [OAS] opeI3 YIQ] JO 9q 0) punoj sem SUIpear 95eIoAy

Ayiqesn pue
‘KITATIISUDS [BINI[ND
‘A11IqePRAI [9A9]
-opeId ‘ASIoA0NU0D
SUTuQI0S 190U
areysoxd oy jo Sur
-welj ‘yipeaiq pue
KoeINdoE Passassy

VSd pue wexd
[e1021 [BNSIp ‘a3e
Suruoa10s papuowr
w0991 Jn0ge Uon
-BULIOJUI $1OJUBD
Jeysoxd Jo sysLI
pue ‘swojdwAs
90UaPIOUI “Q0UQ]
-eaa1d ‘oyeysoxd
9y} Jo uonouny
pue uUonEO0[ AP
JNOQE UOTJRULIOFUT
pap1aoid sdde

IoUIoyMm pajenfeaq

uoIsN[oUu09/aWodINQ

2An2[qQ

(ponunuoo) | sjqey



World Journal of Urology (2020) 38:2411-2431

2421

Apple Store and Google Play Store. The study identified 12
articles from 3 PCAs (Mens Health Facts and Tips, Pros-
tAid, Prostate Cancer) for evaluation. The study reported
that PCAs available on Apple Store and Google Play Store
had average reading grades of 10.6 and 9.4 respectively [17].
Owens et al. identified 14 PCAs. 10 PCAs had adequate
material for readability evaluation with the average reading
to be at 10th grade level [19]. The study concluded that the
apps included in the study were of high reading levels that
were greater than that of the average patient, which might
prevent patients from understanding the information they
contain.

Studies related to ‘quality and accuracy of apps’

Owens et al. [19] also explored the quality of content pro-
vided by 14 PCAs. This was based upon accuracy, breadth,
tone/framing and cultural sensitivity of the app’s content.
Best Prostate Cancer Treatment, Oncotip, and Prostate Can-
cer by Magna Health Solutions were the 3 PCAs that had
most extensive detail on prostate cancer covered. Authors
found that 13 of the 14 apps studied had a neutral tone with
regards to PSA testing. Oncotip was the only PCA that was
pro-screening. Overall, the majority of apps tested provided
an accurate and wide range of information and were of good
quality. The overall rating of the ‘14 PCAs for cultural sen-
sitivity for African Americans was low. Procee had the best
rating for cultural sensitivity [19].

Bohme et al. [13] evaluated the quality of apps, using
the Mobile Application Rating Scale (MARS) and German
Cancer Society (GCS) instruments to determine the quality
of information contained within the apps for breast, prostate
and colorectal cancer. The tools had 3 domains (engagement,
aesthetics and information) and 22 aspects were evaluated.
24 apps in the study were PCAs. Of all apps included in the
study, around 48.78% were considered deficient or insuf-
ficient [13]. The authors reported the overall quality of apps
which were targeted at patients were of better quality than
those targeted at either healthcare professionals or the gen-
eral population. The study highlighted deficient or insuf-
ficient scores for data protection.

Studies related to ‘app usage’

Three papers examined the usage of PCAs [14, 16, 22].
Hilleberg-Nyman et al. [16] and Sundberg et al. [22] both
assessed the app ‘Interaktor’ and determined it to be a use-
ful tool. Sundberg et al., found that when using the app for
the real-time assessment of symptoms in prostate cancer
patients undergoing radiotherapy, the control group (who
did not use the app) displayed significantly worse emotional
functioning at the end of radiotherapy when compared to

the intervention group. Authors posited that this highlights
the importance of the early detection and management of
symptoms—something which apps can facilitate [22]. Fur-
thermore, Hélleberg-Nyman et al. [16] found that patients
using the app had a greater perceived participation in their
care, which may be important in doctor—patient relationships
and patient outcomes.

Brouard et al. [14] found that the majority of apps avail-
able had a focus on education as their main objective. They
also found that the apps included in their study which were
aimed at patients or the general population had less scientific
validation than those targeted towards healthcare profession-
als [14].

Studies related to ‘risk calculators’

Two papers solely explored risk-calculator applications and
their accuracy [12, 15]. De Nunzio et al., compared the per-
formance of Rotterdam [27] and Coral [28] in 1682 patients
undergoing prostate biopsies for suspected prostate cancer.
Rotterdam was significantly better than the Coral at predict-
ing overall (AUC: 0.70 versus 0.631, p=0.001) and high-
grade prostate cancer (0.75 versus 0.69, p=0.001). Both
apps were accurate and comparable in terms of usefulness
(both>80%), information quality (>70%), interface qual-
ity (>70%) and satisfaction (>75%) [28]. However, 54%
of participants preferred Rotterdam overall. Rotterdam also
was deemed the best by Adam et al., who critically appraised
7 applications across both Android and iOS platforms [12,
15]. They found that the top-performing apps when using the
uMARS scale (user version of the MARS scale) to assess
quality, were Rotterdam, then Coral, and then the CPC Risk
Calculator, although accuracy of all included apps was
deemed acceptable [12].

Individual applications includes studies evaluated
by the authors

Of the 12 papers included in the study, 44 apps were identi-
fied for which we collected data. Due to the rapidly devel-
oping nature of applications, at the time of the study 11
apps were no longer available to evaluate. The remaining
33 apps were mainly free, with only 2 requiring a subscrip-
tion. As found by authors of the papers included in this
review, the majority (59%) of the apps had an educational
focus, with other objectives being risk assessment, support,
or targeted towards clinicians for information or decision
making. Interestingly only 5 of the apps had been updated
within the last year, which may suggest that information
within the other apps may not entirely up to date. The full
analysis and breakdown of these apps and their content can
be seen in Table 2.

@ Springer
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Discussion

This systematic review has identified 44 PCAs targeting the
general population, patients and clinicians, with a majority
(33 of 44) of them focusing on education. It is the authors
view that existing PCA’s are currently in its infancy and
do require further development before widespread integra-
tion into existing clinical practise. The apps covered topics
such as lifestyle changes, and information on prostate cancer
including treatment options, PSA screening, symptomatol-
ogy, diagnostics, statistics, research and prostate anatomy.
Three prostate cancer risk calculators (Rotterdam, CORAL
and CPC) were identified which provided estimates on pros-
tate cancer diagnosis and biochemical recurrence following
radical prostatectomy. Rotterdam was the best performer
amongst the 3 risk calculators. Most PCAs were rated to
have a high standard of readability, raising concerns that
a proportion of the patient population may not be able to
adequately comprehend the available information in them.
Additionally, one study reported deficient or insufficient
quality for data protection for cancers apps [13]. The gross
majority (36 of 43) of the PCAs haven’t been updated in the
last year and, therefore, there is doubt if the existing data in
these apps is current.

PCAs have the potential to have a number of roles in
the contemporary management of prostate cancer. Health-
care organisations world-wide have adopted the principles
of shared care decision making (SDM) between a health-
care professional and patients [29, 30]. PCAs, in addition to
existing Decision Aids (DA) can be useful adjuncts to clini-
cal counselling, facilitating well-informed clinical decision
making, improve clinician-patient communication and as a
consequence leading to a favourable patient experience [29].
PCAs such as Interaktor and MyHealthAvatar (MHA) are
such PCAs that have been developed as supportive aids that
compliment clinical consults. Hélleberg-Nyman et al. [16]
in qualitative study reported patient-reported satisfaction
scores to be better in patients receiving radiotherapy, when
clinical consults were supplemented with the interactive app,
Interaktor, corroborating the aforementioned view. In pros-
tate cancer, SDM with DAs is particularly pertinent, due to
controversies in areas such as prostate cancer screening and
the availability of plethora of therapeutic options [31]. In
this review, a number of PCAs addressed the subject of PSA
screening and reassuringly most PCAs had a neutral tone
for PSA screening. PCAs can be useful adjuncts to clini-
cal consults in this context, conforming to the principles of
informed patient choice and avoiding decision regret.

Prostate cancer diagnostics has seen significant evolution
in recent years with strategies such as pre-biopsy multi-par-
ametric MRIs [32]. This trend is likely to continue with the
pursuit for biomarker technologies in prostate cancer [32].

Assimilation and presentation of ever-growing data from
existing and novel diagnostic tools, in short clinical consults
can be challenging. PCAs such as Rotterdam and CORAL
integrate data from diagnostic tools and demographics, sub-
sequently presenting an estimated risk of prostate cancer
[27, 28]. PCAs such as Rotterdam and CORAL are hence
invaluable aids to clinicians, allowing for seamless, efficient
and accurate patient counselling. However, it is important
to note that whilst Rotterdam does include MRI results as a
criterion, CORAL does not, which may affect the accuracy
of the result. Similarly, biochemical recurrence predictions
following curative local treatments can be challenging and
CPC calculators are therefore useful tools for clinicians [26].
Innovative Prostate cancer survivorship programmes will
be required to manage an increasing population of prostate
cancer survivors. Chu et al. [33] in a retrospective review
reported over 95% patient satisfaction rates and individual
patient savings of 193 US dollars with telemedicine deliv-
ered care. PCAs such as NED lineate well with prostate sur-
vivorship programmes and can be employed for post-treat-
ment surveillance without the need for periodic attendance at
hospital. This has benefits to patients living in remote loca-
tions with poor health care accessibility and also cost-saving
benefits to healthcare organisations and individual patients.

Predictive analytics is increasing being adopted in health-
care to improve operational efficiency and disease manage-
ment [34]. Studying behavioural and lifestyle patterns across
a wide range of demographics can facilitate the identification
of causal relationships. Medical apps are a useful informa-
tion communication technology for large volume real-world
data collection mitigating some of the challenges of tradi-
tional data collection. MyHealthAvatar (MHA) is PCA that
has the ability to collate demographic, behavioural, lifestyle,
and medical data for prostate cancer patients [23, 25]. These
allow for analysing data in multiple clinical scenarios and
can, therefore, lead to the creation of various virtual patient
populations. These provide invaluable data to healthcare pro-
viders which may contribute to future stratified individual-
ised care [35].

Despite the potential benefits of medical health apps in
general and PCAs specifically, the potential for harm is real.
PCAs must be accurate, easily comprehendible, un-biased
and regularly updated. This review suggests that PCAs do
not consistently fulfil all these pre-requisites. Brouard et al.
[14] reported a majority of medical apps targeted at patients
and the general population haven’t had scientific validation.
Misinformation can lead to anxiety, over-diagnosis and over-
treatment. It is therefore vital these apps are appropriately
governed by stringent regulation to ensure patient safety. In
Europe and the United Kingdom, current guidelines recom-
mend only app with a CE marking are approved for clinical
use [36]. Local institutions would be advised to have agreed
on protocol of PCAs usage in clinical practise [36]. Bohme
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et al. [13] reported most cancer apps to deficient or insuf-
ficient in data protection and, therefore, caution must be
exercised before patient sensitive information is added to
these apps. Furthermore, healthcare professionals must be
provided with formal education on the potential harms of
modern day medical apps so as to ensure responsible usage.

Limitations of our study included the exclusion of grey lit-
erature, and papers not written in English. Although there are
other sources of social media such as twitter, YouTube and
google search engines, however in this paper we focussed on
the telephone-based apps only. Due to the constant changes
in the nature of apps, older software was not always updated
and occasionally removed in time, hence our inability to find
some of the apps mentioned in the papers analysed.

Conclusion

There are a wide variety of PCAs available targeting the
general population, patients and clinicians, with a major-
ity of them focusing on education. The apps covered topics
such as lifestyle changes, and information on prostate cancer
including treatment options, PSA screening, symptomatol-
ogy, diagnostics, statistics, research and prostate anatomy.
A number of PCAs haven’t undergone scientific validation.
There are concerns with data protection, high readability
standards and lack of information update in current PCAs.
There must be increased awareness among patients and cli-
nicians about existing PCAs and their limitation so as to
ensure safe and responsible usage. It is the authors view that
existing PCAs are currently in its infancy and do require fur-
ther development before widespread integration into existing
clinical practise. If developed appropriately with responsible
governance, they do have the potential to play important
roles in modern day prostate cancer management.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
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