Cancer Medicine

Open Access

REVIEW

The application of crowdsourcing approaches to cancer
research: a systematic review

Young Ji Lee'-2

, Janet A. Arida' & Heidi S. Donovan'-3

"Department of Health and Community Systems, School of Nursing, University of Pittsburgh, Pittsburgh, Pennsylvania
2Department of Biomedical Informatics, School of Medicine, University of Pittsburgh, Pittsburgh, Pennsylvania
3Department of Obstetrics, Gynecology, and Reproductive Sciences, School of Medicine, University of Pittsburgh, Pittsburgh, Pennsylvania

Keywords

Cancer/neoplasm, citizen science, citizen
scientists, crowdsourced, crowdsourcing,
diffusion of innovation

Correspondence

Young Ji Lee, University of Pittsburgh, School
of Nursing, 3500 Victoria Street, Pittsburgh,
PA 15261. Tel: 412-624-7886; Fax:
412-383-7293; E-mail: leeyoung@pitt.edu

Funding Information
This study was supported by the Ruth Perkins
Kuehn Research Award School of Nursing,

University of Pittsburgh; Lee, PI).

Received: 27 March 2017; Revised: 28 June
2017; Accepted: 25 July 2017

Cancer Medicine 2017; 6(11):2595-2605

doi: 10.1002/cam4.1165

Introduction

Abstract

Crowdsourcing is “the practice of obtaining participants, services, ideas, or con-
tent by soliciting contributions from a large group of people, especially via the
Internet.” (Ranard et al. J. Gen. Intern. Med. 29:187, 2014) Although crowd-
sourcing has been adopted in healthcare research and its potential for analyzing
large datasets and obtaining rapid feedback has recently been recognized, no
systematic reviews of crowdsourcing in cancer research have been conducted.
Therefore, we sought to identify applications of and explore potential uses for
crowdsourcing in cancer research. We conducted a systematic review of articles
published between January 2005 and June 2016 on crowdsourcing in cancer
research, using PubMed, CINAHL, Scopus, PsychINFO, and Embase. Data from
the 12 identified articles were summarized but not combined statistically. The
studies addressed a range of cancers (e.g., breast, skin, gynecologic, colorectal,
prostate). Eleven studies collected data on the Internet using web-based plat-
forms; one recruited participants in a shopping mall using paper-and-pen data
collection. Four studies used Amazon Mechanical Turk for recruiting and/or
data collection. Study objectives comprised categorizing biopsy images (n = 6),
assessing cancer knowledge (n = 3), refining a decision support system (n = 1),
standardizing survivorship care-planning (n = 1), and designing a clinical trial
(n = 1). Although one study demonstrated that “the wisdom of the crowd”
(NCI Budget Fact Book, 2017) could not replace trained experts, five studies
suggest that distributed human intelligence could approximate or support the
work of trained experts. Despite limitations, crowdsourcing has the potential
to improve the quality and speed of research while reducing costs. Longitudinal
studies should confirm and refine these findings.

of $20 million over the previous fiscal year, and 42% of
these funds were directed toward research grants [2].

In the United States, the reach of cancer cannot be over-
stated: as of 1 January 2016, over 15.5 million Americans
were living with a history of invasive cancer, and this
number is projected to reach over 20 million by 2026
[1]. In response, both public and private institutions and
organizations have devoted considerable financial resources
to research that aims to understand the disease, develop
treatment and interventions, and improve quality of life.
For example, the 2015 fiscal year budget of the National
Cancer Institute (NCI) was about $5 billion, an increase
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Nearly all clinical research involves recruiting an adequate
number of participants to generate statistically meaningful
findings; however, methodological challenges remain
because recruitment is often a labor-intensive and time-
consuming process [3].

As the number of Internet users continues to increase
in the United States, with 84% of adults using the Internet
in 2015 [4], crowdsourcing has become a practical alter-
native to other, more traditional recruitment and/or out-
sourcing methods [5-8]. By definition, crowdsourcing is
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“the practice of obtaining participants, services, ideas, or
content by soliciting contributions from a large group of
people, especially via the Internet [9].” Initial applications
of crowdsourcing in industry and commerce represented
novel approaches to distributing burden; creative problem-
solving; idea-generation and innovation; and knowledge
sharing in areas as diverse as marketing, clothing design,
astronomy, and journalism [10, 11]. In recent years, these
types of crowdsourcing methods increasingly have been
adapted and applied to address a variety of problems in
healthcare and healthcare research [12].

Healthcare research across the cancer continuum—from
prevention to diagnosis to treatment, including the man-
agement of survivorship—could benefit from the applica-
tion of crowdsourcing approaches to maximize efficiency
while conserving resources. However, despite the growing
use of these crowdsourcing approaches in healthcare
research, the literature, to date, lacks any systematic reviews
of the application of crowdsourcing approaches in cancer
research. It is critical to comprehensively understand how
crowdsourcing approaches can contribute to cancer
research in order to fully benefit from these approaches
in the future research. Therefore, our objective was to
identify applications of crowdsourcing in cancer research
and to explore the potential uses of this innovative
strategy.

Methods

A search of the PubMed, CINAHL, Scopus, PsychINFO,
and Embase electronic databases was conducted in 2014
and repeated in July 2016 to locate studies of crowdsourc-
ing applications in cancer research. Although PubMed,
CINAHL, PsychINFO, and Embase index literature from
the biomedical, behavioral, social science, nursing, and
allied health fields, we also confirmed that Scopus retrieves
studies from these disciplines as well as two major com-
puter science databases, IEEE Explore and ACM Digital
library. Including Scopus was therefore critical since crowd-
sourcing approaches have roots in the fields of computer
and information science. The two search strings used for
our search of the literature were the following: (1) crowd-
sourced OR crowdsourcing OR citizen science OR citizen
scientist AND cancer OR neoplasms; (2) crowdsourcing OR
crowdsourced OR social networking OR diffusion of innova-
tion AND cancer OR neoplasms. Potentially relevant articles,
based on their titles and abstracts, were independently
evaluated by the first and second authors (YL and JA)
to determine their eligibility for inclusion in the review.

Articles were included in our review if they met the
following inclusion criteria: (1) peer-reviewed studies (2)
describing application(s) of crowdsourcing approaches in
cancer research, and (3) published between January 2005
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and June 2016. There were no limitations on the type
of cancers included. Studies were excluded if they were
grey literature such as dissertations or government reports,
editorials, proceeding papers or other reviews.

The following data were extracted from each of the
articles that met our criteria: (1) first author, (2) date of
publication, (3) cancer type, (4) study objective, (5) size
of the crowd, (6) length of time crowdsourcing was con-
ducted, (7) recruitment platform, (8) incentives offered,
(9) study outcome, and (10) potential limitations. The
data extracted from these studies were explored and the
findings were synthesized to identify common themes;
however, due to the wide variation in the study objec-
tives, designs, measures, and outcomes, the findings were
not statistically combined into a meta-analysis. Extracted
data are displayed in Table 1.

Results

Our literature searches using the search strings described
above yielded 632 articles. Of these, 189 were duplicates,
which left us with 443 articles, and 376 of these were
eliminated based on the title and/or abstract of the article.
The remaining 67 articles were subjected to a full-text
review by two raters (YL and JA), and 12 of these were
found to meet the inclusion criteria and were retained
for review. Please refer to the flowchart in Figure 1.

General characteristics of the studies
reviewed

All 12 articles retained for review describe findings from
studies that featured various applications of crowdsourcing
approaches to cancer research. Although our inclusion
criteria could accommodate articles published between
2005 and June 2016, no studies published prior to 2012
were identified as meeting criteria. The primary authors
for 10 of the studies were based in the United States; of
the other two studies, one primary author was based in
the United Kingdom [13], and the other in Switzerland
[14]. Because all of the studies except one [15] were
conducted online, participants could be recruited world-
wide; therefore, participants were not necessarily located
in the same country as the researchers. Studies were con-
ducted over time periods ranging from 1 day to 20 months,
and crowd sizes (i.e., the number of participants) ranged
from 25 participants [16] to 98,293 participants [13].

Cancer types

The largest single type of cancer represented among these
12 studies was breast cancer, which was the focus of four
(33%) of the studies reviewed [13, 14, 17, 18]. Cancers

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.



Crowdsourcing in Cancer Research

Y.J. Leeetal

SUON e
3d1ue siyy Ul papiaold
10U JUSW}INID3J JO SO1D3dS e

sawiouab Jadued
Bunenwis
104 |00}

s||e> uonenw jo Ayjenb
2dueyus 0} swyoble

‘ainpadoud daysinwi
B WOl 1jauaq Aew salpnis
1ey} Bunssbbns ‘sarewnss sduewl

‘BudINOSpMmoId
Buisn ssyoeoidde Jualapip JO

skep /Gl e Y1 Yl pareald a|diynw bunebaibbe -1op1ad |erul yum Ajjedadss pue uonen|ers ybnolyy sawouab Jadued [ez]epeued
(weay/Auew slowny odyjis ul Ul paAjoAul spuewsp  uoisdaud ul Ajjepadss ‘aduewloylad Ul SUOIIPINW J11BWOS Bul||eD IO} ‘eIlRASNY VSN
MOY Jes|pun) swes) |7 e € JO Sashjeue gz |euonemndwod wuediubis ||elano panosdwil Ajpuiinod swes|  SPoyIaW 91edndde 1sow ayi Ajnuspl o] pannadsun (5102) buimg
‘paren|end
abewl/50°0% e 2JoM suolsanb ydieasss oyesedss
J3MO|4-pMOID) pue 991y "sebew [ed1paw Ul J3dued
3INL [E2IUBYID|N UOZBWY e "A3s0D ss9| pue  1sealq jueubijew HudBIBP Ul SISNIOM
v102/2-1710Z/1 e JUSIDIHD 2J0W U Bujew ‘suadxe  PMOJD JO 1eyl 0} suadxs o Aduadiya
suonssnb yoiessal syeledss O 3Jom 3y} 1oddns pinod siayiom PUE SS9USAIIDY 2y} a1edwod 0] (7)
€ 91enjens 0} paubissp paulesiun ‘Jansmoy ‘suadxe ‘suadxe [eaIpaw 1oddns 03 siayiom
syuswiadxa ajdnnw paules} Joj Juswade|dal e se pauleun o pmosd e Buisn 1adxa
Ul |Z=N0}| =N Woljul pasn uaym sbuiies parebiisanul syl 10 PO JO SedUewIoRd [enpIAIpUl
PSLIEA PMOID DB !SI93IOM sabew Jo Aue ul |suuosiad |edipaw paulely 93 0} Hadxa patamod-pmod 71 ]pueszIms
[ENPIAIPUI 6E JO [PIO1 Y o Asdoiq 695 V/N  WIopadino 01 9|gqeun sem pmoud ay | ay3 auedwod Appidxs o (1) sealg (7102) Hoyp13
“192UBd YUM SduaLIadxa Ajlwey
1o |euosiad snoinaid Jo/pue Jsdued
158310 JO 9bpajMOUy pasealdul
‘syuedpipied JsbunoA YHM 3503 Buowe pue (Usw J9A0) (LIAY)
Jo/pue AMes-1aulslu]  uswom buowe ssausieme paroidul 3INnL [e2IUBYI3|A Uozewy buisn bul
Aanins paiajdwiod Jad o' 0§ e Bunuasaidai-1ano Ajas|es pamoys sjuapuodsas AsaIng (7)  -dunospmold ybnouyy uonejndod sn
3N [BJIUBYDRN UOZBWY e Ajjerrusiod ‘sisquinu “9duedIIubIS 9y} Jo Axoid 3jqeuoseal e buissasse
(skep g) A1UNd3s |e1D0S PIjeA YHm 10 1dedwl J9dUed URLIBAO Aq J9oued 1sealq yum pasedwod
€107/STE-ELOT/LLIE o SUSZIID SN 01 payw| JO SSaUaIeME JO Xde| B patuasaid Se Jadued UeLIBAO In0ge abpajmousy [ozlvsn
(31916112 ZET 40) ZOT v/N syuspuodsal Asnns  Ajpusisisuod syuspuodsas AsAIng (1) pue ssauaieme dljgnd aujwexs o] ueleAQ ‘(¥107) 481D
NIE) “90B Ul
J25ued JO ddUIsald BY3 91eWISIIDA0 paseq-1aulaiu| ue ybnouyy dgnd
0} Papua} SISIUBIDS USZIND (7)  |eIdudb sy} Jo sidquiaw paulesiun Aq
SUON e (L6'0-96'0 1D %56 ‘£6°0 :snieys  Ansiwsydolsiyounwiwl Buisn pajage|
(|]SUuBYD UOISIAS[S} Y3 4o} DOY Japun eale (96°0—6'0 siowny Jo Buliods sy} 3|qeus oy (7)
YN ‘1ppaY 00gded) salpnis 1D %56 '56°0 :uonedyuap! sisibojoyred pautes} [€1]Auewssn
SIDIHE SMBU/RIPIIN 01 ut syuaned |92 J35UPed 10} BAIND DOY J3pUn  }O 1ey Isulebe adurwIopad 153} 4By} ‘eljesisny uieds
(I9P1IS |19D) PISE-GIM 8/€'9 woly eale) s1sibojoyied paulely Jo 1eyy Buriedwod Aq sisoubold pue sniejs ‘spuejiayiaN
(syruow 07) sa|dwies wouy 0} Je|lwIs 3184 ADBINDDE YJIM Siown) Y3 US3MISQ UO[1BDOSSE 3y} pue 3yl ‘|izeig
¥7102/9-7107/0L e shesseo.diw 1se31q Ul uoissaidxa Y3 Ajissepp uonedlIssepd (¥3) Jordadal usboiss >N ‘(5102)
£67'S6 o anssi 9ZE'7L /N 0} 9|ge 3IIM SISIFUBIDS UDZIND) (1) ,SISIFUBIDS USZIIID denjend o] (1) sealg SI9y Sop opipued)
SAIUDUI Alejauow 19se1eq suollelWl| [elus10d awodino Apnis aAIR[qo Apnis  adAy Jsdued) Aiunod “1eak

‘wJojie|d uswiindal
‘awin Jo y1bua| ‘azis pmold

‘joyine Alewld

‘PoMalnal So|d1lie WO} elep paloelixy *| a|qel

2597

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.



Y.J. Leeetal.

Crowdsourcing in Cancer Research

(panunuod)

pauOUBW BUON e
|eLy [ed1uld
pauueld e Jo sjusWad
ubissp yuepodwi buipiebal
(sasuodsal papus-usdo
pue -pasop) indur buijgeus
(s90ua1ds 947 Aduaiedsuel])
wiiojie|d paseq-gam ‘aindas e
SYPIM XIS

‘|ew [ea1ulp buinsal
Jo Aouspiyye snoidwi
AR1ewn|n sabueyd
|od030.d Jayiaym
>ped 01 9|geun ()
‘(Auswebeuew Apsdold
[eN33|33Ul) [030301d
O syusWaR buibinAp
N0 UI3dUO) (€)
'ss900.d Juswdolensp
ul AjJes pajeniul
SS9|UN [eLy [eoIulp
JO uonemul buikejsp
Ajqissod ‘s3eam 9
130 palin220 Induj (7)

‘sainpadoud Apnis pue

ea11d A4)iqi619 03 suonesyipow

“J95ued ayeysoud

Ul ‘ulwlopiaw ‘bnup dnagelpiue

ue Jo asn sy} buuojdxa |euy [edlulp e
Jo ubisap 8y} wuojul o} wiogierd bul

sajedonpe/siuaiied g pue "9AIRIUSSAIdD] B J0U  BUIpNDUI ‘apew 919M SUOIIEDIPOW  -DINOSPMOID Pased-1aulalu] ue buisn [zzlvsn
siaydaeasalsuenishyd 09 e V/N  Aew pmoid Ames-yday (1) |030304d Joulw dAl) pue Jofew Uno4  Jo AN pue Ayjiqiseay syl a1enjeas o] 91e150.d (77102) 12197
“IAU [edidAle Jo UOIIedIUSPI [BNSIA
JO 1X3}U0D 3Y} Ul 1HOY3 [enplaipul
juedpiied/gLg e SWJ041adIN0 1043 9A1D3|[0D
||lew Jayaym saren|eas Apnis siyl ‘1104
Buiddoys wolj paynidvy e (06°) AuAlsuas Jouadns paqgiyxes  uonuaAaId J9dUBD UIXS SAISUSYIdUWLOd
paiydads JoN e pUE 110442 [ENPIAIPUI JO SUOIEHWI| aJow e Jo Jusuodwod e se buidinos [sLIvsn
syueddiued Qg e sabewl 1nau O V/N 23U} SWEDISN0 1O dAIIB|[0D -pmo.d Jo [enualod syl a1ojdxa o] urys (€102) Bury
‘sisouboud Jsdued
158310 Joy s101oipa.d Jo Juswdolensp
9y} Ul 9sn 10} SauUab 4o 1s1| pasjuel
 OJUI ‘UOIIPWIO}UI [PNIX3)} SS3304d
sweb sy} buiked o3 Aujige J1syy yum buole ‘siakeld
03 Joud buiules| 0} 3y} Jo abpamous sy} siejsuel} o] (z)
JUBWHWWOD [BIIUBISONS ‘aweb
1o asiadxe bunsixsaid paseq-gapn ‘uado ue Jo siahe|d wouy
palydads SUON e JO [9A9)] JuedIIubIS S1S9) |BIDJSUIWIOD Ul Pasn 350Uy} painided ag pjnod SSW0}IN0 J3dUed
(oweb paseg-gam) aind ayl e e buuinbal ‘aaIsuslul Buipnppul ‘spoyisw Jayio buisn 15eaiq 0} sauab d1yads jo sulened
€102/6-2102/6 o sauab 9bpajmous| a1om aind)  pajesausb s39s ausb 03 adueWIOHId uolssaidxa bulxul abpajmouy [8LIvsn
siokeld £/01 e 1UIBHIP GT 9y ul pajuasald syse| 9|qeledwod papiroid $13S aUSD 1ey3 sisaylodAy ay1 1591 0] (1) 15ealg (#107) pooD
SAIIUDUI Alglsuow 195e1eQ suollelWl| |ernus1od awodno Apnis aAIR[qo Apnis  adAy Jsdue) Aipunod “Jesk

‘wJoje|d JuswnNIDAI
‘swi} Jo y1bus| ‘azis pmoid

‘Joyine Alewtid

‘(penunuod) °L 8|qeL

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

2598



Crowdsourcing in Cancer Research

Y.J. Leeetal

AOMINS/Qf 0 e
3N [eJIUBYIBN UOZRUWY e
10z Ainfur hkep aup e
syuedpiued |9y e
SUON e
aseqelep salnseaj
pajgeu3-puo s,(1DN)
J3dUBD) JO 91N1IASU| [UOCHEN e
(syuow 9)
Z10z 1snbny-Aleniga4 e
siasn anbiun g/ e

sIyiom abpajmousy

1534 3y} 0} SNUOq

G snjd xsey aduabijpyul
uewny 1ad 100§ e
3IN1 [BDIUBYDS|N UOZBWY e
paypadsun swi e

SIiom abpajmousy
Juspuadapul 09| e
pauUONUSW SUON e

(3P1e Siyy Ul paiydads jou

2J9M s31691811S JUBWHNIDAI

|enYy) abuajjeyd sisoubold

JadUR) Isealg INVIYA
—syiomiauolg abes ay| e

(uonepijen

pue ‘Buiuiel} ‘uol}eIUSLIO)

sypuow { Jano seseyd
991yl 17107 19q000-AInr e

SLIUNOD

GE UBY} dI0W WOy
syuedpipied paisisibal GE o

‘(Seig wi 01 pasn

2Jam ssad0.d Buusysnp

Ul papN|aul 10U Sa|gelieA

JO 3sn pue sajdwes

OM] SSO.0E uoiedljdal)

sdnoibgns buiAynuapl Joy

paJinbas uoneyaidisiul
Ul selq [enuslod

suonsanb Jaieq
uonoaloid uns ot

saInseaul
24
2IBY1 Y2IYm
10} S1PNJISUOD
|G buisudwod
sulewop / PMOID [[PWS
Buluresn
Ayjdwis 01 11oKd
Ul s1a3iom abpajmouy
0} PaqLdSaP 10U |00S
|enpisas jo wajgold (€)
w1sAs uswdolprsp
paple-19ndwod Aq
paiiiuspl uonoa1sp Yum
pajuasald Ajuo auam
s1ayJom abpasjmouy (7)
143dx3 3y} Se panIss
1sibojoipes auo Ajuo (1)

syuaned g
wol} sarepipued
dAjod 009

'S9IpNIS 21NNy
ul eyep |njbulueaw pue
pacuenu aJow plaIA 0}
1UBWIAUIR) P3U pjnoMm
X9pUl 9DUPPIOIUOD UO
Kjuo snooy 0y saibarens
sishjeue pue |spow Jo

uoled1yl|duwis [euoluaiul

sa|dwes Jadued
156919 1861

paljiIusp! uaMm diysisquisw Jaisnp
pue ‘AlAIISUSS uns ‘sbe ‘Jspusb
U99M13( SUOIIRIDOSSE JURDIHUBIS (7)
"SI0}e}|1DEeY
uoId3104d UNS JO SIBISN|D 1DUNSIP
93U} pue sialeq uondalold uns
JO SI91SN|D 1DUNSIP 991Y3 PalIuapP| (1)

"anpdadsiad eipaw [BIDOS B WOl

SWODJIIA0 3 JOUURD UONEZIUOW.IRY

e1ep 0} sIallleq 1ey} pajelisuowsp

nq ‘9)qissod 1ou Ajjensn skem

ul siauonideld pue siaydleasal
103UU0d 0} 3deds e PapIAoId

Aydeibouojod | D 10} Uo1}IAIIP
papie-193ndwod Jo uswdolansp
BY} Ul pIe ||Im }ey} |00} [nyamod e
sI - @>uab||[23ul uewNy panqLisig (z)
abew
9|buls e uano dAjod s1epipued ayy
Aq papiroid uoiewloyul [euonippe
a1 yum Apuedijiubis panoidu
2ouabi|js1ul uewny painqgusiqg (1)

‘PIpaid 0 Japley si siowny

dAIssab6e ym s1d Jsdued iseslq Jo
[BAIAINS [[B4DAO ‘|9pOoW 3y} buisn ()

‘lopow

auljaseq 0} paledwod 3sapow

Sem JuswsAoldull pajou ybnoyy

‘awin JaA0 paroidwil Ajipesls pue

[9pow auljaseq e jo aduewlopad

3y} papaadxa Appinb syueddiped
abua|jeyd Ag parwgns s|PpoIA (1)

sya119q uondeloid uns
JO JUBWISSaSSE U] 10} d1AISS gam bul

-2INOSPMOID B JO 3sh 3y} a10|dxd 0] (7)

"SOIISLIDIDRIRYD [ENPIAIPUI
pue s3|iy04d Jaljaq uonda0id uns
113y} JO SISeq dY3 U0 PaleuIBLIP o]

pInod ajdoad Jaylaym auluii1ap oJ (1)

SIOAIAINS
Jadued 1oy (Buluueld 1eyy 03 sialieq
J10) buluueid ased bunuswsa|duwi Jo}
sa1631e1)S JO UOIIEDIHIUSPI 91BH| DB
0} pue salpnis ssouoe Aljigesedwod
9]qeUd 0} SaINSeaW paleys a|qe|iere

Ap1jgnd 4o asn ay3 asealdul o)

sa1691e11s UOIEIURSAId LUDIDHIP
Japun saepipued dAjod buikyisse|d

ul 9uewopad uewny a1ebisanul 0]

‘sayoeoidde

Buijspow dnsouboud Jsdued 1seauq jo
JusWAA0IdWI PUR JUBWISSISSE }SNCO.
a1owold pjnod 13se1ep uonepljea
[PUI} P3PUIIQ B PUE ‘BPOD 82IN0S

Jo burieys jualedsuely “oeqpasy
dWIN-|eas "eld}IDd ddurWIoHad

paulapa.d Jayiaym auiwieep o] (7)

‘sayoeoidde sse|d-ui-1saq JuaLINd
BuIpaaIX® JO YIIM 9]1RPINSUSWILIOD
sisoubouid Jadued Jsealq Jo sjppow
91e4auab pinom sbus|ieyd Ayunwwod

P32INOSPAOID B IBYIYM SS3sse O (1)

[6L]vsn (5102)

ums seAly-obenues
Buiuueld

a1ed [rZlvsn

diysionining (5102) Auied
[LZlvsn

|B39910]0D ‘(2107) _UUIDIN
[£1]1AemuoN
N ‘vsn

15e919 ‘(€107) uloblepy

9AIIUDDUI AielauOW
‘wioyie|d Juswiindal
‘aw} Jo Yyibua| ‘azis pmold)

195e1eQ suoneWI| [e1nualod

3awod1no Apnis

aA113[qo Apnis

Aiunod ‘1eak
‘Jjoyine Arewld

adAy 19due)

‘(panunuoD) °L d|qeL

2599

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.



Crowdsourcing in Cancer Research

2600

Table 1. (Continued).

Crowd size, length of time,
recruitment platform,
monetary incentive

Primary author,
year, country

Wagholikar

Dataset

Potential limitations

Study outcome

Study objective

Cancer type

e 25 potential users of CDSS

175 test cases
o 4/12/12-5/4/12

Expert review only for
cases of mismatch;
reviewers were not

(1) Mismatch between provider and

(1) To report the methodology used to

Cervical

from patients at
Mayo Clinic

CDSS recommendations in 75/169

cases.

evaluate and improve the Clinical

(2013), USA[16]

e \Web-based application

Decision Support System (CDSS) with
participation of multiple users and

deployed on institution’s
internal network

e None

blinded to source of
recommendations

(2) Provider recommendations were

suboptimal in 56/169 cases (20.1%

more than CDSS).

experts before clinical deployment.
(2) To ensure that the recommenda-

(provider vs. CDSS)

though they were blind

tions of the CDSS are of sufficient

to identity of providers

accuracy to be acceptable and useful

to the providers

Y.J. Leeetal.

of focus among six of the studies comprised skin [15,
19], ovarian [20], cervical [16], colorectal [21], and pros-
tate [22]. Of the remaining two studies, one used three
simulated tumors with varying levels of cellular complexity
and genetic mutation [23], while the other addressed the
use of crowdsourcing for survivorship care planning fol-
lowing cancer [24].

Study objectives

Due to its flexible nature, crowdsourcing lends itself to
a wide range of applications, and this is reflected in the
diversity of objectives represented among the studies that
we reviewed, with two of the studies [18, 21] incorporat-
ing more than a single objective. With feedback/data
coming from large numbers of people (i.e., the “wisdom
of the crowd”) [9], crowdsourcing can be considered a
strategy to reduce cost and increase efficiency without
compromising the quality or accuracy of outcomes by
replacing or augmenting the work of trained professionals,
and six of the studies comprising this review [13-15, 18,
21, 23] investigated these potential uses of crowdsourcing.
Moreover, crowdsourcing can be viewed as a way of har-
nessing input from a multitude of perspectives—both
professional and nonprofessional—to accomplish goals
such as developing clinical trials, assessment protocols,
algorithms, and care plans and/or selecting candidate gene
sequences for further investigation, and four articles in
our review [16, 18, 22, 24] described studies of this nature.
Three of these four studies [16, 22, 24] used targeted
recruitment strategies aimed at stakeholders such as patients
with the condition, advocates, treating clinicians, research-
ers, and/or potential end users of the modality in question,
while the fourth [18] recruited from the general public
but asked participants to identify their level of education
and familiarity with biology and cancer; however, none
of the studies specifically asked stakeholders to identify
the nature of their investment in the problem, so it is
possible that patients experiencing the condition being
investigated might bring a different lens to the experience
and the fact that this was not explicitly addressed may
be regarded as a potential limitation of these studies.
Finally, two studies that we reviewed [17, 18] addressed
the use of crowdsourcing for prognosis or prognosis mod-
eling, and two others [19, 20] involved crowdsourcing
applications to assess the knowledge base and health-related
attitudes, beliefs, and behaviors of participants.

Recruitment platform and incentives offered

Four studies that we reviewed [14, 19-21] utilized Amazon
Mechanical Turk (MTurk) (https://www.mturk.com;
Amazon Web Services, Amazon.com, Inc.) as a platform.

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Duplicate records excluded

Studies screened by title and/or
abstract (n = 443)

(n = 189)

Irrelevant records excluded
(n=376)

\4

Full-text studies assessed for
further evaluation (n = 67)

v

Full-text studies failed to meet

Included studies for the review
paper (n = 12)

Figure 1. Flow diagram of the literature search.

Amazon MTurk is an Internet-based crowdsourcing plat-
form that allows users to distribute tasks to a large number
of participants [21, 25].These studies offered small mon-
etary incentives to participants ranging from $0.01/task
(e.g., classifying potential colorectal polyps) [21] to $0.40
for completing a survey [19]. Five studies that we reviewed
[13, 17, 18, 22, 23] featured homegrown web-based games
or applications, and two studies were conducted using
online platforms sponsored by either private industry [16]
or government [24]. Of these seven studies, none reported
providing monetary incentives to participants. A single
study [15] was conducted in a shopping mall and featured
the face-to-face recruiting of 500 participants who each
received a $15.00 incentive for completing a task involving
the wvisual identification of atypical nevi (ie.,
birthmarks).

Study outcomes
Replacing or augmenting the work of trained
professionals

Of the studies designed to evaluate the role of crowd-
sourcing to either replace or augment the work of experts
[13-15, 18, 21, 23] (including comparing the effectiveness

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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inclusion criteria (n = 55)

and/or accuracy of crowdsourced findings with those of
trained experts), the findings were mixed. For example,
Candido dos Reis et al. [13] demonstrated that crowd-
sourced participants, also known as citizen scientists, had
accuracy rates similar to those of trained pathologists when
identifying cancer cells and classifying estrogen receptor
expression in breast tumors in 12,326 tissue microassays
from 6,378 patients in 10 studies. In contrast, the two-
step human computation approach reported by Eickhoff
[14] demonstrated that a crowd was unable to outperform
trained medical professionals in identifying malignant
breast cancer in 569 biopsy images. Nonetheless, Eickhoff
[14] did show that trained experts completed biopsy evalu-
ations faster and more reliably when images had been
previously annotated by crowdsourced workers, suggesting
that the crowd was effective in supporting the work of
experts in a manner that could decrease cost while improv-
ing efficiency and enhancing accuracy.

Good et al.’s [18] game with a purpose (GWAP) asked
crowdsourced participants to identify gene sets that could
serve as prognostic predictors for breast cancer survival
by reliably distinguishing between two groups of breast
cancer patients: those who survived more than 10 years
following diagnosis, and those whose survival was less
than 10 years. Findings from this study demonstrated
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that players with previous knowledge and/or expertise in
cancer biology were able to complete tasks more success-
fully than inexperienced players. Similarly, Ewing et al.
[23] described their study of crowdsourced participants
who responded to a challenge to detect and identify somatic
gene mutations of varying levels of complexity. This study
demonstrated ways in which crowdsourcing is useful in
generating large datasets that can contribute to under-
standing error profiles in detecting somatic mutations,
leading to refinements in the algorithms used. McKenna
et al. [21] showed that the input of crowdsourced workers
improved substantially with the addition of multiple images
of colorectal polyps, demonstrating that crowdsourcing
could play a valuable role in refining computer-aided
diagnostic systems to improve sensitivity and specificity
in diagnosis of colorectal polyps by expert radiologists.
The findings of the King et al. [15] skin self-examination
(SSE) study indicated that crowdsourced participants are
better at detecting suspicious nevi than individuals con-
ducting SSE. The study suggested that crowdsourcing
approaches could be incorporated into larger multi-
component interventions to improve behavioral outcomes
of SSE such as seeking skin cancer screening from a
dermatologist.

Developing RCTs, protocols, applications, and/or
care planning

The four studies [16, 21, 22, 24] examining the role of
crowdsourcing for developing randomized controlled trials
(RCTs), protocols, applications and/or care planning
reflected the value of harnessing the power of large groups
to develop or refine tools that can be used for clinical
decision-making or patient care while also noting some
of the inherent limitations of these methods. Wagholikar
et al. [16] described the use of crowdsourcing to enlist
feedback from potential end users of a clinical decision
support system (CDSS) to improve cervical cancer screen-
ing and surveillance recommendations by clinicians. The
results contributed to refinements of the CDSS algorithm
that in turn led to improved accuracy. McKenna et al.
[21] showed that a decision support application used to
identify suspicious colorectal polyps could be refined
through input from crowdsourced workers. Leiter et al.
[22] demonstrated the use of crowdsourcing to refine the
protocol for a clinical trial by eliciting input from physi-
cians, researchers, patients, and advocates recruited from
a web-based platform regarding the design of a clinical
trial of metformin in prostate cancer. Using feedback from
these potential stakeholders, modifications were made to
the original protocol to address issues such as patient
and physician awareness and acceptance of clinical trials.
Parry et al. [24] vreport the findings of a
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technology-mediated social participation trial in which the
collective knowledge of clinicians, researchers, advocates,
and policymakers involved in survivorship care planning
was harnessed to develop an overarching framework to
guide evidence-based survivorship care planning and to
identify and standardize process and outcome measures.
This innovative approach provided a forum for connecting
researchers and clinicians who would otherwise not have
opportunities to collaborate, despite their shared goal of
increasing consistency among the domains of survivorship
care planning.

Developing cancer prognosis models

Two studies [17, 18] involved the use of crowdsourcing
for prognosis modeling, and both supported the role of
the crowd in achieving results equal or superior to the
best currently available models. Margolin et al. [17] exam-
ined the use of a crowdsourced community to generate
models to predict overall survival (OS) of patients with
breast cancer. The study findings demonstrated that crowd-
sourced predictions of OS outperformed the best-in-class
approaches available at the time of the study for all but
the highest-grade tumors with large numbers of positive
lymph nodes. Good et al.’s GWAP [18] also used crowd-
sourcing for prognosis modeling. This study found that
while participants with expert knowledge (i.e., PhD or
MD) in biology and/or cancer produced gene sets with
superior prognostic ability to that of nonexpert partici-
pants, none of the gene sets produced in the game was
able to provide prognostic modeling for breast cancer
survival that exceeded currently established sets derived
through traditional means.

Assessing health-related knowledge, beliefs, and
behaviors

Two studies [19, 20] assessed the health-related knowledge,
beliefs, and behaviors of participants. In the first of these
studies, which assessed public awareness of and knowledge
about ovarian cancer, including symptoms, risk factors,
and prognosis/lethality, Carter et al. [20] demonstrated
that a sample recruited with the MTurk platform could
serve as a reasonable proxy for the general U.S. popula-
tion. Participant responses reflected limited knowledge and
awareness about ovarian cancer, though respondents with
a personal or family history of breast and/or ovarian cancer
had higher knowledge levels than those with no exposure
to breast or ovarian cancer. In the second study, Santiago-
Rivas et al. [19] reported the findings of a study that
also used MTurk to recruit participants who performed
a task designed to assess beliefs and behaviors related to
sun exposure protection, a powerful primary prevention
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strategy for avoiding skin cancer. These authors concluded
that their crowdsourced participants were representative
of a large portion of the general population—a portion
that might be particularly difficult to target effectively
when protection educational
interventions.

designing  sun

Discussion

The studies reviewed here reflect a growing interest in
applying crowdsourcing approaches in cancer research.
The purpose of this systematic review was to identify
applications of crowdsourcing approaches in cancer
research, to characterize the ways in which these approaches
enhanced or hindered the research endeavor, and to explore
potential future applications of crowdsourcing in cancer
research. Our results suggest that crowdsourcing approaches
are potentially applicable to cancer research across the
continuum from prevention, diagnosis, prognosis, treat-
ment, and survivorship.

We identified 12 studies that applied crowdsourcing
approaches to cancer research to accomplish a range of
goals that included (1) replacing or augmenting the work
of trained professionals, (2) harnessing input from a mul-
titude of perspectives to accomplish tasks such as devel-
oping clinical trials, assessment protocols, algorithms, and/
or care plans, and selecting candidate gene sequences for
further investigation, (3) developing cancer prognosis
models, and (4) assessing the knowledge base and health-
related attitudes, beliefs, and behaviors of participants.
We found that the applications of crowdsourcing repre-
sented in the studies reviewed here mirrored the traditional
uses of crowdsourcing for distributing the burden of experts
[13, 14, 16], solving complex problems [16, 20-23], gen-
erating new knowledge [16, 18, 21, 22], and effectively
sharing knowledge [19, 20, 24]. Although none of these
studies demonstrated a novel use of crowdsourcing as
applied to cancer research, this is a typical finding in the
early stages of adoption of a new technology or approach
(26, 27].

One of the benefits of using crowdsourcing is its lower
recruiting cost compared to traditional recruitment strate-
gies, and that was borne out in this review. The costs of
recruitment described in these studies ranged from $0.01/
participant to $15.00/participant, which is substantially
less expensive than the cost of recruiting and compensat-
ing participants in traditional research studies that did
not use crowdsourcing. Only one study that we reviewed
recruited a large group of participants (n = 500) in-person
from a shopping mall; the remainder of the studies recruited
participants from the Internet. Although the shopping
mall study [15] adopted a crowdsourcing approach (i.e.,
recruiting a large number of participants to leverage “the

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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wisdom of the crowd”) [9], King et al. [15] demonstrated
that in-person recruiting of participants was more expen-
sive than Internet recruiting. An additional benefit of using
crowdsourcing in studies is the ability to recruit a large
number of participants within a short amount of time,
which also leads to cost savings. For example, Santiago-
Rivas et al. [19] recruited 461 participants in a single
day, and Carter et al. [20] recruited 232 participants within
a week. In fact, few of the studies that we reviewed were
conducted over a long duration of time, the major excep-
tion being the Candido-Reis et al. study [13], which
gathered more than 98,000 responses over 20 months.
Based on the findings of this review, we anticipate that
low cost and ease of recruitment as well as the potentially
accelerated timeframe of recruitment (and, consequently,
data collection/study length) will be among the most
attractive aspects of crowdsourcing in reducing burden
to both cancer researchers and funding bodies.

One third of the studies (i.e., n = 4) [14, 19-21] that
we reviewed adopted MTurk, while the others used home-
grown platforms. Compared to homegrown platforms, the
benefits of MTurk include ease of recruitment of partici-
pants from all over the world, inexpensive compensation
(usually less than $1.00 for short tasks), supportive infra-
structure, reliability, and subject prescreening functions.
Although these authors [19, 20] have concluded that
participants recruited through MTurk serve as a reason-
able proxy for the population at large, at least one recent
publication challenges this assumption [28], suggesting
that researchers designing crowdsourcing protocols should
thoughtfully consider the sociodemographic and political
factors that may influence the suitability of MTurk respond-
ents for their particular research question(s).

MTurk users generally are young and highly educated,
which could lead to shortcomings of generalizability among
cancer studies of underserved or aging populations.
Therefore, cancer researchers should consider their target
populations carefully when choosing a given crowdsourc-
ing platform.

Although few of the studies demonstrated that collective
knowledge from the general public could outperform
experts, most studies showed that data generated by crowd-
sourcing was at least comparable to that generated by
experts and could therefore be used to augment the work
of experts—particularly when researchers have limited
resources and/or the volume of data is high. For example,
Eickhoff [14] revealed that the general population was
unable to outperform experts in identifying malignant
breast cancer from biopsy images. In contrast, Good et al.
[18] demonstrated that their participants were able to
identify genes implicated in breast cancer; however, the
majority of these participants had some expertise in cancer
biology. Additionally, although Ewing et al. [23]
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demonstrated similar success in gene identification among
a sample of crowdsourced participants, cancer research-
ers—and researchers in general—should carefully consider
the optimal applications of crowdsourcing to the specific
needs of their research programs.

Implications

The results of the studies included in this review provide
a solid basis for recommending that cancer researchers
consider ways to harness the power of these novel and
innovative crowdsourcing approaches by incorporating
them into future studies. Cancer researchers are often
unaware of crowdsourcing approaches and the potential
benefits they offer and therefore may not consider incor-
porating these methods when designing cancer research
studies. Therefore, it is critical to increase the visibility
and accessibility of crowdsourcing methods, perhaps by
providing online educational offerings to cancer research-
ers. Additionally, the findings of our review suggest the
importance of helping researchers understand the ways in
which crowdsourcing might provide them with access to
participants whose education and/or expertise could sub-
stantially reduce or augment the work of costly trained
experts. Access to such populations of participants could
be accomplished through targeted recruitment strategies
informed by crowdsourcing principles. Finally, as routine
access to the Internet continues to diffuse across socio-
economic and cultural barriers, the degree to which crowd-
sourced participant populations will mirror populations
of interest is likely to increase, making crowdsourcing an
even more feasible, practical, affordable, and relevant addi-
tion when designing cancer research. This innovative
approach provided a forum for connecting researchers and
clinicians who would otherwise not have opportunities to
collaborate, despite their shared goal of increasing consist-
ency among the domains of survivorship care planning.

Limitations

This systematic review was a qualitative systematic review—
not a meta-analysis. As such, our review of the literature
was designed to generate neither effect sizes nor other aggre-
gate metrics. Nevertheless, given our interest in identifying
and exploring the types and breadth of current crowdsourcing
applications in cancer research, the qualitative systematic
review methodology that we followed offered the most appro-
priate lens. Additionally, because the literature reviewed
considered studies published (1) in English only, (2) during
only the years 20062016, and (3) in only a limited group
of databases (n = 5), our results may reflect potential selec-
tion bias, which must be taken into consideration.
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Conclusion

In this systematic review, we analyzed and summarized
studies to identify the current range of applications of
crowdsourcing approaches in cancer research. Despite its
limitations, crowdsourcing possesses tremendous potential
to improve the quality and speed of certain types of cancer
research while reducing costs. Findings in the studies
included in this review could be applied to the cancer
research in various ways, providing researchers access to
experts to aid in study design or protocol development,
crowds to augment the work of trained experts, and/or
actual participants in randomized control trials. Due to
the rapidly changing nature of the Internet, longitudinal
studies tracing trends in the optimal uses of crowdsourc-
ing in cancer research over time would be fruitful addi-
tions to the continued efforts to refine the applications
of crowdsourcing approaches in academic scholarship.
Additionally, widespread efforts to disseminate knowledge
about crowdsourcing as a modality and to connect research-
ers from the various disciplines within health care with
those from information technology and computer science
are likely to yield increasingly novel approaches to per-
sistent challenges through cross-pollination between
research areas that have traditionally been siloed and
therefore distinct.
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