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Pathologists’ first opinions on barriers and facilitators of
computational pathology adoption in oncological pathology:
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Computational pathology (CPath) algorithms detect, segment or classify cancer in whole slide images, approaching or even
exceeding the accuracy of pathologists. Challenges have to be overcome before these algorithms can be used in practice. We
therefore aim to explore international perspectives on the future role of CPath in oncological pathology by focusing on opinions
and first experiences regarding barriers and facilitators. We conducted an international explorative eSurvey and semi-structured
interviews with pathologists utilizing an implementation framework to classify potential influencing factors. The eSurvey results
showed remarkable variation in opinions regarding attitude, understandability and validation of CPath. Interview results showed
that barriers focused on the quality of available evidence, while most facilitators concerned strengths of CPath. A lack of consensus
was present for multiple factors, such as the determination of sufficient validation using CPath, the preferred function of CPath
within the digital workflow and the timing of CPath introduction in pathology education. The diversity in opinions illustrates variety
in influencing factors in CPath adoption. A next step would be to quantitatively determine important factors for adoption and
initiate validation studies. Both should include clear case descriptions and be conducted among a more homogenous panel of

pathologists based on sub specialization.

Oncogene; https://doi.org/10.1038/s41388-023-02797-1

INTRODUCTION
Over the past decade, advances in scanning and storage hardware
have resulted in widespread use of whole slide images (WSI) in
pathology, often referred to as ‘digital pathology’. Digital
pathology opens the door for applying machine learning
techniques capable of extracting diagnostic information from
scanned slides. An example can be seen supporting oncological
diagnostics [1]. The most widely used machine learning techni-
ques for WSI are convolutional neural networks (CNN), which are a
type of deep learning models that are extremely powerful for
analyzing image data [2-5]. Successfully developed CNN can
automatically detect, segment, or classify cancer in WSI. Their
capabilities approach or even exceed the accuracy of pathologists
for specific tasks primarily within oncological pathology [3, 6].
Using deep learning for WSI (computational pathology;
CPath) can increase efficiency by potentially reducing pathol-
ogists’ workload and automating repetitive task of low
complexity such as screening for metastases within lymph
nodes of breast cancer patients [4]. It may also be helpful in
evaluating biomarkers that are hampered by significant inter-
observer variability to increase accuracy, speed and objectivity
of diagnoses [1, 3, 6], thereby facilitating accurate treatment
decisions. Examples are Gleason grading of prostate cancer [2]

and the detection of tumor buds within early colorectal tumors
[7]. In addition, CPath can also potentially yield new diagnostic
clues which have not been recognized by pathologists before
(81.

Despite the promising results of CPath, several challenges have
to be explored and addressed before it can be used in clinical
practice: 1) building trust in using of CPath within medical practice
(presuming deep learning models are represented as black boxes);
2) developing robust and trustworthy CPath trained with high-
quality data from various sources to increase generalizability and
prevent selection bias; 3) conducting large-scale (preferably
prospective) peer-reviewed validation studies showing impact
on patient care; 4) deciding on how to incorporate CPath into
daily routine practice, including the assignment of responsibility;
5) finding solutions to ethical concerns; 6) certifying CPath to
acquire a legal basis [2, 3, 6, 9-12].

Implementation is often only considered after an innovation is
already widely available in clinical practice. However, concerning
the future use and of CPath applications in clinical practice, early
involvement of potential end-users is critical for gaining wider
clinical usage and tailoring future implementation strategies to
the needs of the potential end-users [13]. Current literature entails
many influencing factors from a CPath developer perspective, but
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1. An Al algorithm (applied to digital pathology images)
must first be validated in a/multiple prospective

. . I . International
study/studies before it can be used in clinical practice

Total
2. The use of Al algorithms (applied to digital
pathology images) are THE promise for the future of
clinical pathology

International
Total
3. I think it is important to understand the entire

functioning of the Al algorithm (applied to digital
pathology images) before using it in clinical practice

International

Total

4. If | currently have an Al algorithm (applied to digital
pathology images) at my disposal that supports me in International

oncology diagnostics, | would use it Total

5.In 5 years' time | expect to use Al algorithms )
(applied to digital pathology images) in daily practice International

as a support tool for oncological diagnostics Total

Fig. 1 Answers to statements in eSurvey.

perspectives on CPath adoption from the end-users are limited
[14]. As challenges of CPath clinical use are present at a global
level, multiple countries should be involved in this explorative
process. Therefore, the objective of this study is to explore
international perspectives on the future role of CPath in clinical
practice by focusing on opinions and first experiences regarding
barriers and facilitators. These opinions and first experiences will
inform the development of validation studies, implementation
trajectories and communication activities for creating widespread
stakeholder acceptance.

RESULTS

Literature study

We found 14 review studies in total describing barriers and
facilitators for CPath clinical use [8, 15-271. Strengths of CPath use
were by far mostly mentioned in these studies. Other common
topics extracted were barriers regarding quality of evidence
supporting CPath outcomes and potential lack of trust or
acceptance of Al systems by pathologists. Facilitators were
clarification on Al training and the need for completely digitized
pathology workflows.

eSurvey
The eSurvey yielded 70 responses in total, including 38
pathologists working in the Netherlands and 32 working abroad.
Figure 1 shows the replies to the statements, in total and
disaggregated for the two subgroups. Respondents’ characteristics
are shown in Table 1. Dutch respondents were represented by
more non-academics than with international respondents.
Overall, most respondents had a positive attitude towards
CPath use in clinical practice: 61 out of 70 (87%) would currently
start using CPath algorithms when available as a support tool in
oncology diagnostics. A similar percentage of respondents (83%,
n=>58) expected to be using CPATH algorithms in clinical
practice in 5 years from now. Sixty-seven percent (n=47) of
respondents perceived CPath as the future promise in clinical
pathology, with Dutch pathologists having a more positive view
(82%, n =31 vs. 50%, n=16). In line with this point, almost all
international respondents demanded prospective validations
studies (94%, n = 30), whereas only half of Dutch respondents
(53%, n=20) needed this before clinical adoption. Similarly,
fewer Dutch pathologists required a full functional explanation
of the CPath algorithm (32%, n =12 vs. 78%, n = 25).
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Semi-structured interviews

In total, we interviewed 15 pathologists and 1 pathology resident,
of which eight were working in the Netherlands. Average years of
experience was 14 (range 1-30). Diverse areas of focus were
represented in the interview study. Common areas such as breast
cancer and gastro enterology were included, but also uncommon
ones such as pediatric and endocrine diagnostics. The inter-
viewees' characteristics can be found in Table 1.

We found opinions and first experiences regarding 65 barriers
and 130 facilitators for implementing CPath algorithms in
histopathology, of which 29 barriers and 72 facilitators were
mentioned in at least two interviews (Tables 2 and 3). These
influencing factors are illustrated with quotes (Table 4). Some
quotes were translated from Dutch to English.

Innovation factors - CPath algorithms

Most barriers regarding CPath algorithms related to quality of
evidence: Some interviewees doubted the reliability of CPath. One
of the reasons shared, is using pathologists’ expertize which is
subject to inter-observer variability as the reference standard in
supervised learning for CPath development. Concerns were also
expressed regarding the actual impact of CPath use in clinical
practice and its prospective and local validation. Regarding
feasibility, since a large amount of data is required to train CPath
algorithms, pathologists expect it will be challenging to develop
CPath algorithms for rare cancer types. Pathologists who already
used CPath algorithms mentioned the additional effort to
manually select an area before applying the mitosis counting
CPath algorithm and correcting the CPath output after tissue
analysis as barriers for implementing CPath in daily practice. Also
effort is needed to implement CPath in daily practice. Another
barrier related to CPath’s compatibility is the quality of CPath
algorithms being dependent on the quality of the steps in the
workflow taken before slide digitization. Another barrier may be
CPath being supplied by commercial parties with potential
conflicts of interest in scientific publications supporting the CPath
algorithms and lacking knowledge regarding the specific medical
context in which CPath algorithms will be used.

In addition to these barriers, many facilitators were mentioned.
Many strengths of using CPath in clinical practice were recognized.
Clinical use of CPath will ultimately result in decreasing workload,
better treatment choices, finding new prognostic factors and
developing more comprehensive CPath algorithms. Corresponding
to quality of evidence, proper development and proven reliability by

Oncogene



JE.M. Swillens et al.

%9
%9
%EL

%S¢C

%0S

%Lty

%95

%085

%SL

%61
%9

%Lty
%95

%

214

(91 = u) seamalnIRlu|

‘1s160j0y1ed e swodaq pey juedpiiied syl ‘MaIAISIUL BYL JO SWI BY1 1B Ing ‘Quapisas ABojoyied e Bulaq Jo siseq Yyl Uo Pa1dsIes sem juedidinied MaIAISIUL BUQ,

%LT

%¢C
%€
%V L
%vS

%EY
%lE
%9¢C

%L1

%0¢
P44
%€C
%€l

%€
%6V

%6V

%

6L

oL
8¢

0€

[44

8L

cl

14

LE
9l

143
143

144

(0£ = u) |01 Kaningd

%09

%€
%9
%LE

%95
%8¢
%9

%6 L

%Cl
%08
%cCcC
%91

%0
%Lt

%65

%

6l

8l
cl

€l
6l

114

(Z€ = u) euoneusdju| AdAINGd

%001

%cCE
%9¢
%ct

%91

%9¢
%6€
% T
%L1l

%S
%85S

%0t

%

8¢

cl

oL
9l

oL
Sl

L
Sl

144

(8€ = u) YyaIng AsnIngd

umouun
ISy

oLy

DoLBWY UIdYLION

wopbupy pajun

adoin3g

spubliayiaN ayj

uoibay

umouun

(o1wappdp) 1s1bojoyipd
(o1wappop-uou) sibojoyind
|esidsoy jo adA)

juawdojanap yibdd ul paajoAul pup 1sibojoyipd
juawdoaAap YiedD JUSWSA|OAU]
umouxun

(1s1p123ds) 1s16ojoying

(1s1yp1auab) 1s160j0y104

1uapisas Abojoyipd

uonduny

umouun

ETNES]

e

19pusn

(saeak) abe ueapy

S$213S14312DIDY)

'sonsuIeIRYd Ssyuedpdiied MalAISIUL pue sjudpuodsal ASAINGD  °L djqel

SPRINGER NATURE

Oncogene



JEM. Swillens et al.

(9L =u)
SM3IAIRUL
Jo oN

asn yiedd
suone|nbai sjqedijdde
buipiebal ssauasemeun «

Yiedd

J0419 Jo 3sed ul Ajigel|
Buipsebal ssautesppu .

indino yiedd

buipsebau sysibojoyyed

Jo Aujigisuodsas
/uonisod Aujiqert -
uoinpysiba

siojdey
|eb3] pue |eonijod ‘jenos

4

€

(9L =u)
SM3IAIUL
Jo oN

sjuswedsp
ABojoyied 196pnq [|ews aAneDY «

1USWISAAUL [BIDURUY SNOPUSWII] .
SaAIUADUI(SIP) [DIPUDUIH

Mojpjiom [eBIp Jo Ayjigejieaeun .

Ayjenb Buiuiels JuspYnsu| .
$321n0saJ Aipssarau Jo AjIqpjIbAY

$321N0Sa4 pue saAl3uUaOdU|

(9L =u)
SM3IAIUL
jo oN

‘(62 = U) SMIIAISIUI ZZ Ul pauoiiuaw ad13deld [ed1ul]d Ul 3sn yiedD Joy sialueg

yiedD Uo jueljal 00y Hujwodag .
s||js onsoubelp Jo sso7 .

aIaypb 0] papaau S||yS

qof buiso| jo Jea .

suonowsy

Yiedd 03
anp a6pajMOoU| UIRWOP JO SSOT .

abpajmouy uipwoqg

yiedd suibiew Joud paydarde
40 1oedwij [ed1UID [eIIUSIO -

(Buipesb uoses|s ‘63)
yiedD SUONBIASP Joulw Jayiel
40 12edwi [e21ulpd [eRUR10d -

awoilno EEquXM

yiedd
Buipisebas dusaLRdXS Jo XdeT .

yiedd
buipsebas abpajmous] pawI «

#X0g-3e|q,
e bulaq yiedd jo uondaniad «

Alpijiwpy pup SSAUIDMY

asn [eojulp
yiedD SpIemol apnie [esnud .
UOIIDPUBILWIOIB] YIM JUdWdRIbY

sioydey
Jeuoissajoad yijeay [enpiaipuj

(9L =u)
SM3IAJI}UI
jo oN

sio1ddns
yiedD 1S3491Ul JO 1DIUOD [B[IUDIO «

uonbpuswiwoal ayj Jo a31nos

|9A3] |e20] UO uolIepIjeA
Yyiedd buipiebas Auiensdun .

sjew [es1uld
aA1d3dsoud yum pajerdosse swi| «

S9WO0DINO [edjuld pue
asn Yiedd usamiaq diysuone[as
109}J9-95Ned dUIWISISP O3 pJeH -

yiedD 01 anp ad1deud [esiuld
ul Juswanoidwi d|qeuonsany -

yini} punoib uoneuiwisvp
Buipiebal swalqoid «

UedD jo Ajiqel[a1 sjqeuonsanp -
aduapINg jo Apnd

MO[BIOM UIYHIM YiedD Jo 3|0l
Buipes| oyidads suibewr 0) pieH .
sisAjeue anssi} Jaye
pue 310437 YiedD Spinb 01 Loy .

ssad04d uonejusw|dwi
yiedd YUm paieldosse awli]

sadA} Jadued ales
10} YyredD dojansp 03 }ndyjip IO «

Aupiqisva4

MO|jIoM
sdais snoinaid jo Aljenb uo

sio)oej uolneaouu]

‘T olqel

Oncogene

SPRINGER NATURE



JE.M. Swillens et al.

oL

(9L=u)
SM3IAIRIUI JO ON

buniodai
ABojoyied ui yied)d jo asn buipnpuy .

yiedd asn jou
/asn ul sisibojoyied isniy suepiul «

suePIUIP Yyum asn yiedd ublly .
sassaxoid wpa]

sanbes||0d
1s16ojoyied Aq juswabeinodug «

suepiulp Aq juswabeinoduy «
aouaNyuUl % UOHDLIIUNWIWIOD)

suoljdeIa)ul [eUOISSDJ0Ad

vl

(9L=u)
SM3IAIRIUI JO ON

pasn si
yiedD uaym yse} uoneibalul eyeq .

a4aypp 0} papaau s|iIyS
24NNy JedU Ul SN yiedd -

gSuonedijdde
|eI9ASS 10} YledD dsh 0} uonua)u| .

Yyiedd ssa1ddns
yum syuswiuiodde buiney «

uonbajow pub uonuaiuj

dais
Aq dais yiedd ui 1snay buuien .«

Yyiedd
Jo Buipuelsispun diseq BuineH «

Yyiedd
Jo Buipueisiapun diseq buiuies .

1USWOIASP YledD Ul PIAJOAU] «
9o130e4d [e21UlPD Ul 3sN yiedD .
Apijiwpby pup SsauaIbMy

AJessadau sulewl
yiedD JO |0J3UOd swodINQ -«

SpniNe SARISOd *
UOIIDPUBWIWIOIB] YUM JUdWaIbY

sioydey
Jeuoissajoid yijeay [enpiaipuj

o~

n

o
AN — MM O In ¥ AN

(9L=u)
SM3IAIRIUI JO ON

sysey aAladal buiseardsq «

sbuines-awy Jo abejuenpy .
UOoIIbpUAWWOI3J 3Y] JO Y1buails

J911ddns saouaisyeid ON -«

J1311ddns Aq yiedD uswdojaasp buiobuQ «
Ja11ddns Aq uonepijen «

abesn
elep Buipnpul ‘Yiedd 4a1ddns a|qeljay .

Uo/IDPUBWILIOIAI dY} JO 32IN0S
sbuines awi} Uo SaIPNIS «

JUSIDYJNS SIIPN3IS UollepljeA 9A13193ds0IIRY «
papasau salpnis uolepljeA aAd3dsold «
Kiojeioqe| 4ad uonepifep .

S31pN3s AJIOLISJUI-UOU UOIIRPI|eA «
SSWOD3INO [BDIUID YIM uofiepljea dy1dads «
yiedd Aujiger| usnoid «

Yiedd jo uonepifep .

1uswdolanap
YiedD Ul papasu eiep Jo Alauiep «

1uawdolanap
yiedD Ul SSW0dIN0 [ed1uld Buipnppuj «

22U3pIA3 Jo A3IbND
sonsoubelp xajdwo) «

3}om ,piepuels, 3jos buipeaT .

yredd ssau|pusty
-19sn pue paads uo spuadap ssaujnyasn -

Apiqispa4
(uonedidde Buipes) .

Yyiedd
xau ‘sibojoyred Aq siskjeue anssiy 3siiq .

(uonesidde aansoddns) 1si6ojoyred
1X3U ‘yiedD Aq sisAjeue anssi 1si14 «

MO[PJIOM UIYHM
A>uabun uo sased 110s 01 3|qe bulaq yiedd «

punoibydeq uo siskjeue yiyedo .
$21N12N13S ]| Ul Yyied) jo uonelbayul (Ase) «
Aupqnodwod

suoned|dde
YiedD 924nos uado Aljige|ieay .

yredd suoe-puess jo Anjiqe|ieny
uonuaniaul AjIqissardy

s$l0j}oej uoneAouu]

“(TL = U) SM3IAI)U] 72 Ul pauopuaw ddndeid [ed1Uld Ul 3sn yiedD oy sioley|ideq  °§ 3jqel

SPRINGER NATURE

Oncogene



JEM. Swillens et al.

(9L =u)
SM3IAIR}UI JO ON

(9L =u)
SM3IAI3}UI JO ON

AMjige3unodde asnedaq asn yiedd
1s16ojoyied UOISIDAP SNOWOUOINY «

asn [ediuld yyedd uoine|nbai jeqoio «
yiedd panoidde yqd -
uonpysibay

sio3dey [eb3] pue |ednijod ‘jeos

suoljdeId)UI [eUOISSDJ0Ad

(9L =u)
SM3IAIR}UI JO ON

(9L =u)
SM3IAI3}UI JO ON

‘uoneasIuIWpPY Bnig pue pood 's'n,

“(bununod /91y Jo sisonw) sysel Buikynuenb pue ‘Buipesf uoses|s ‘Buiusaids apou ydwiA| Joy suonediiddy,,

asn yiedd bBuipiebai
uonemosse A6ojoyied jo Adijod .

saiijod ‘sajn. ‘suonapjnbay

asn |esjuld
yiedd bunioyuow aA1323dsoid «

wa3sAs Hbuloluow |enua) .

Yiedd
Jo ua11ddns 01 yoeqpasy buipinoid «

320qpaa) pup buliojuop

uoleposse Abojoyred
uonejuswsdwi [enud) .

Ajjenuad yiedH bunepdn .
Aj1gpIun022D ‘A1lioyinp ‘a)ppupyy

abueyd
Jeuonieziueb.o oy idede)

sioyey
Jeuoissajoid yijeay [enpialpuj

oL

4

14

S

[4

€

14

[4

€l

€

4

[4

(9L =u)
SM3IAIR}UI JO ON
[4

L

4

[4

S

oL

S

6

S

(9L =u)

SM3IAJR3UI JO ON

‘buiniodas pain1onils pazipiepuels,
@oueinsse Ajjenb juondn «

swia3sAs A1ayps Juanpd pup aoupinssp Aupnd
Kjlenuew ased> 01 yiedd ubisse o3 s|qeus .

SwIa1sAs
uoneWIOoJUl JSYI0 YUM YiledD) Buidsuuo) .

2dSS Ul-[|Y dhiewoiny .
wajsAs uonpwioyu|

uonesnps
ABojoyied Huinunuod jo ued se yiedd .

yiedd Jo asn
JO 9snedaq 19xiew Joge| ul bupedpiuy «

uofedNP? JUSPISI Ul AN
yied) a10jq sisAjeue Abojoyired Huiuies «

yiedD o1 anp Abojoyied ajqeule|dxs IO «

uojesnpa Juapisal Abojoyied ul yiedd -
wiajsAs uonponpa buinuiuod

suonedijdde yied) sjqe|ieay .

Yredd Buipnpul
Mopiom [enbip aaaud Joy Jarddns suQ «

Mo|ppIoM [eUBIP Jo Aljigejieny «
§321n0saJ Aipssadau Jo AjIqpjIbAY

$324N0S34 pue SAAIUdU|

sjuaned 1oy so10y> Juswieal) buinoidwi «
s1012e) di3souboisd mau Buipuld .

yiedd dAISUsyaidwiod 10| -

peopiom BudsMoT «

eaJe siskjeue
Buimolieu 03 anp uondRp Hulroidw) «

yiedd awodino
onsoubelp pazipsepuels buiroidwi «

s101oe) dnsouboid
umouw| AJuaLInd Jo uonIuYSp 491199 -

Aoeanddoe/Aljenb sisoubeip Buinoadwi «
Aousnyys mopyuom Buiroidwy .
s10)>e} uoljeaouu]

psnunuod  °g 3|qe]

Oncogene

SPRINGER NATURE



JE.M. Swillens et al.

Table 4.

Illustrative quotes about barriers and facilitators of CPath clinical use.

Barriers €

-> Facilitators

Innovation factors

diagnosis.”

don't so it becomes a ver human decision.”

“There are times the CPath algorithm makes mistakes
and errors, so concerning diagnosis, | wouldn’t take for
granted everything that the CPath algorithm gives as a

“In terms of advantages, | mean, |
think there is just a massive number
of advantages.”

“The oke of course with CPath is that in principle we are
still telling the computer what it is, so it is only making a
certain Gleason score because we have said it is that
Gleason score, so in the end what the real standard is, is
still very, yes, human, so someone is going to decide at
some point “this we still think is low grade and now we

dual professional factors

“We accept only a small error margin, the sytem has
to perform very well before we are willing to use it
and if it makes an error, it will have a big impact.”

“Pathologists should be exposed to an algorithm for
several months, until they feel comfortable after they
have done hundreds of cases, where at that point,
they feel that an algorithm s fairly accurate and they
can trust it. You build a relationship with technology
until you feel comfortable with it, where you can rely
on it more and more, but it does not come overnight,
of course.”

“Itis like a guy with @ watch on his
hand and he just wants to know the
time. He does not want to know how
the watch works. He is not building a
watch. He just wants to see what
time it is essentially.”

Social setting factors

“I think on the receiving end, before you implement
something in reports, you should talk to your clinicians
before and say, hey, this is our CPath algorithm and
this is how it works. We think it is great and we are
going to be including these in our reports and we
expect this to add value and quality to our reports.”

Incentives and resources

“It is like when you learn to drive and you
have like a parking assistant that is really
good. What if it is not there anymore?
Then you cannot park anymore. Teaching
to colleagues, like if you grew up with this,
if you grew up using an algorithm, are you
really learning pathology?”

“You have to learn how to use the technology, just like you

have to learn how to use cruise control and navigation with

driving lessons. Yes, in the past you did not have them and
you had to learn how to drive just by using the pedal and.
reading a map, but nowadays you do not have to do that
anymore, so it is better to understand how to use cruise

Capacity for organizational
change

“I think that guidelines are
urgently needed, especially as
these guidelines do not yet exist.”

“Those CPath algorithms, of
course, all need to get
quality labels.”

Social, political and legal factors

hands off that.”

“For example a company does want to sell the CPath
algorithm to me, but if the algorithm makes a mistake,
then it is my responsibility and sometimes | find that a

little difficult to deal with. Then I may explain in court why

the metastasis was missed or why that very rare prostate
sarcoma was missed, and then you can say | used that
CPath algorithm, but... the company will always pull its

“So there are two ways in which they can approach it,
either from a medical practice standpoint- by and large
medical practice in the US is regulated on a state level, so
‘medical liability tends to be a state decision, whereas
product liability is going to be different, so in the US there
are going to be two areas in which the lawyers are going
to be challenging the practice, it is going to be on the
medical malpractice side as well as on the product liability
side, so those are the two main categories, and obviously
if we do it in a setting of telemedicine which crosses
boundaries and you could define it in a medical tourism
type of thing, then the whole issue of contract liability

“Though it is true that it is always
good to have an organization, an
international organization, a well-
recognized international
organization that provides the
main guidelines”

internal and external validation of CPath algorithms were mentioned
as facilitators. There is disagreement regarding the methodology
required to determine clinical benefit and whether retrospective or
non-inferiority studies sufficient or will only prospective clinical trials
be valid. Concerning compatibility, interviewees shared different
intents for using CPath within their workflow and having a leading or
supportive function in the diagnostic process. The preferred function
was mainly argued by the type of task and perceived reliability of
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CPath. In general, CPath should be integrated within existing digital
workflows while also being able to run in the background. Regarding
feasibility, interviewees asked for fast-analyzing user-friendly CPath
for both “standard” and more complex diagnostics. Some inter-
viewees additionally argued the necessity of CPath outcome control.
Few interviewees argued that accessibility of CPath should not be
limited to the CPath product range of scanner suppliers, while others
asked for full open-source CPath algorithms. Sufficient validation, safe
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Biomedical scientists
Developers PACS
Hospital executives Process engineers
Professional pathology associations

Developers CPath algorithms
Developers biomarkers Lawyers Nurses  Radiologists
Sales Health insurance companies -
Analysts Educators Bjoinformaticians Government
International Organization for Standardization

Information technology personnel
Pathassists Managers

Clinicians  Marketing companies

Patient organizations Pharmacists

Molecular biologists Suppliers scanners
Ethicists  Suppliers of CPath algorithms
Quality managers
Pathology laboratories

Investors in CPath algorithm development

Auditing organizations

Netherlands Comprehensive Cancer Organisation

Fig. 2 Wordle of stakeholders mentioned by interviewees.

data use and ongoing development by reliable CPath suppliers were
deemed necessary.

Individual health professional factors - pathologists and
pathology residents

Critical attitudes regarding CPath among potential end-users were
present, illustrated by the statement that the additional value of
clinical use should first be demonstrated sufficiently, especially
before providing a leading function for CPath within the
pathology diagnostic workflow. Critically assessing their own
awareness and familiarity, many interviewees found that they
lacked knowledge and experience with CPath and perceived its
technique as a black-box. Even so, opinions differed on whether
pathologists should understand the functioning of CPath.
Concerns regarding expected outcome focused on the potential
impact of rather minor deviations which could still have an impact
on clinical outcome. Clinical introduction may also be hindered by
the fact that only a small error margin will be acceptable to users
for an entirely new technology. Concerns were raised about a loss
of domain knowledge and skills within the field of pathology with
users becoming too reliant on CPath. Emotions linked to the use
of CPath were fear of job loss.

Despite these barriers, there was a positive attitude toward
CPATH algorithms in general. To become more familiar and gain
trust with CPath algorithms, a step-by-step approach was mostly
suggested. Some were already involved in CPath research or were
already using CPath in daily practice. Regarding intention and
motivation, most interviewees intend to start using CPath for
applications for quantifying tasks such as Gleason grading and
lymph node screening. With CPath algorithms performing solely
isolated tasks, interviewees foresaw processing and integrating a
wide variety of data from different sources as a key skill when
using CPath in clinical practice.

Professional interactions - laboratory and multidisciplinary
team

Two facilitators were mentioned with regard to the social
setting, namely that clinicians may encourage pathologists if
CPath is arguably the better option to use and usage by
pathologist-colleagues may lead to wider adoption. Concern-
ing team processes, some interviewees thought clinicians
should trust pathologists in considering clinical usage of CPath
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without consulting them. Others mentioned discussion of
CPath use by pathologists with clinicians as a facilitator.
Pathologists should inform clinicians by including information
on CPath usage in pathology reports. A wide variety of
stakeholders (n=33) were deemed important by the inter-
viewees as potentially having a role in CPath usage in clinical
practice (Fig. 2). At both a local and national level, the most
important stakeholders were information technology experts,
professional pathology associations, auditing organization,
clinicians and CPath developers.

Incentives and resources - Hospital or external laboratory
Insufficient staining quality was seen as a potential barrier for
CPath clinical use. Financial barriers include setting up a digital
workflow to enable CPath use within the relatively small budgets
of pathology departments.

Having one supplier for the entire digital workflow, including
CPath, was seen as a facilitator. In some pathology laboratories
with digital workflows, CPath applications were already available
for quantifying tasks. Educational activities regarding CPath
clinical use were mentioned as a facilitator. There was no
consensus on the timing of CPath introduction in the training of
residents. CPath applications need to be connected to other
information systems, such as the laboratory management system
(LMS), picture archiving and communication system (PACS), e.g.
assigning CPath to cases manually. Furthermore, CPath should be
able to automatically fill in templates used for pathology
reporting. A quality certification was deemed necessary to
guarantee quality assurance.

Capacity for organizational change - Hospital or external
laboratory

To determine capacity for organizational change, facilitators
regarding mandate, authority and accountability concerning the
central guidance of CPath use in clinical practice, by national
pathology associations e.g. developing guidelines. In addition,
CPath applications should be centrally updated to comply to
updated versions of clinical guidelines. Prospective and central
monitoring was reviewed as a facilitator, as was sending feedback
on CPath clinical performance to the supplier.

Social, political and legal factors — Healthcare regulation
Considering legal factors, the uncertainty about the liability
position of pathologists, who are currently being responsible for
their own output, and uncertainty in case of CPath error were
considered barriers. This relates to the barrier of lacking awareness
regarding applicable legislation for CPath clinical use. Therefore, a
facilitator is the autonomical decision of pathologists to use CPath
clinically without interference of a clinician. Having global
regulations in place and US. Food and Drug Administration
(FDA) approved CPath applications were other facilitators.

DISCUSSION
Our study provides an extensive overview of current opinions and
first experiences regarding barriers and facilitators of CPath
algorithm clinical use from an international perspective of direct
users. Most barriers and facilitators determined by the interviews
were categorized within the domain of the innovation itself and
mainly concern the quality of evidence of CPath algorithms and
their compatibility with current pathology laboratory workflows.
The eSurvey study conducted prior to the interviews showed
remarkable differences among Dutch and non-Dutch pathologists,
particularly regarding their attitude and need to understand the
entire functioning of CPath algorithms.

Our study shows that pathologists and pathology residents hold
different opinions regarding important challenges in CPath clinical
adoption, some of which are also presented by other research
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[6, 14, 28]. Moreover, these opinions may differ between countries
and regions. A recent Delphi study showed a lack of consensus
about the adoption of Al algorithms even amongst pathologists
experienced in developing and evaluating CPath algorithms [14].
This, together with our results, stresses that many different aspects
need to be addressed before interviews with end-users and
further evaluations.

In the review of Van der Laak et al. [6], validation of CPath
algorithms in pathology is stated as a current challenge, with
different levels of validation being presented. Our study shows that
both internal and external validation are deemed necessary among
pathologists. However, various opinions were shared whether
prospective validation should be performed before CPath algo-
rithms can be used in clinical practice, thereby also taking into
account the time and effort needed to perform these types of
studies. Nagendran et al. [29] concluded that only a few randomized
controlled trials have been performed on Al in medical imaging. For
radiology specifically, Van Leeuwen et al. [30] assessed the efficacy
of 100 CE marked Al algorithms and arrived at a similar conclusion,
debating that the level of evidence should be associated with the
intended use in clinical practice, distinguishing Al algorithms that
are aimed at solely improving efficiency, diagnostic accuracy or also
clinical outcomes. Future research should entail appropriate
validation studies regarding the effectiveness of intended CPath
algorithm use in clinical practice, as these findings can be included
in clinical practice guidelines to guide pathologists on appropriate
CPath algorithm clinical use.

Corresponding with qualitative findings of Chen et al.[31] among
radiologists and radiographers, pathologists highlighted their ability
as a medical professional to use Al algorithms to improve their
diagnostic process in terms of both efficiency, accuracy and quality.
However, in line with another study exploring perceptions of Al
application use among healthcare professionals, pathologists also
experienced a lack of knowledge regarding Al, sharing a need for
training [32]. Despite perceiving CPath algorithms as black boxes,
opinions varied whether pathologists should gain in-depth knowl-
edge on the functioning of CPath before using it in clinical practice.
More interest was shown for a step-by-step relation building
approach, potentially facilitated by a real-world simulation digital
environment. Several studies demand research into the interaction
of humans with Al systems [10, 33]. Therefore, future research
should focus on incorporating CPath into digital workflows and
educational support which takes into account the differences in
intended use and evidence regarding the interaction of humans
with Al systems.

In line with other studies [6, 10] and also part of the action
plan of the FDA [34] and post-market requirements of the CE-IVD
[35], interviewees requested performance monitoring, assuring
the safe and reliable clinical use of CPath algorithms and
contributing to prospective evaluation: By periodically assessing
patient outcomes, trends based on these outcomes can be
compared to previous years and confidence intervals can be
used to timely retrieve errors. However, such a data infra-
structure aims for increased collaboration between regional,
national and international pathology aligned associations and is
not globally available.

Strength of our study is the inclusion of a diverse, interna-
tional panel of pathologists and pathology residents to gather
opinions and experiences regarding barriers and facilitators of a
fast-developing innovation within oncology care, specifically
pathology. In addition, by using an implementation science
framework, a broad range of opinions and first experiences
regarding influencing factors was identified. These can be used
by researchers, clinicians and policy makers to determine CPath
algorithm implementation readiness within their own context. A
limitation of this study is the lack of recommendations of the use
of CPath algorithms in clinical guidelines. The majority of the
interviewees did not even have any experience with CPath
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algorithms. Therefore, their shared perspectives are mostly
based on expectations instead of experiences. In addition,
especially compared to radiology, pathology is still in the early
phases of digitalization. A digital workflow using whole slide
images instead of microscopes for diagnostics should be
implemented first. Afterwards, CPath algorithms can be imple-
mented to support diagnostics. Taking into account their
knowledge and experience of other digital innovations within
pathology and the time needed to develop implementation
strategy elements, our study provides an interesting insight into
the various opinions among pathologists regarding CPath
implementation. These opinions can be used in the next steps
toward clinical acceptance and implementation. A limitation
may be our recruitment strategy, which is susceptible to
selection bias, as we only included a small percentage of the
total international pathology community. One of the most
important distinctions between the full pathology population
and our sample is the level of adoption of a digital pathology
workflow, which varies between countries and hospital types. In
the Netherlands, digital workflows are common in pathology
laboratories, which may explain the more positive opinions on
clinical use of CPath algorithms in general. Low rates of
digitalization could especially be seen in international non-
academic settings, which was represented poorly in this sample.
However, this study aimed to explore barriers and facilitators
among a diverse group of pathologists and showed important
challenges among CPath algorithm development and validation
from pathologists’ perspectives. These challenges should first be
tackled before a wide scale implementation is considered. To be
able to prioritize the most important factors, the results of our
study should be quantified first among a representative group of
international operating pathologists within a specific field of
oncological pathology and other additional stakeholders. To
overcome both limitations, in a next step international
prospective validation studies could be conducted, using a
hybrid design for testing both the effectiveness of the
intervention itself (CPath algorithms) while simultaneously
gathering quantitative information on implementation [36, 37].

CONCLUSION

The extensive overview of barriers and facilitators associated with
clinical adoption of CPath reveals a variety of opinions among end
users and underlines the complexity of future CPath implementa-
tion in oncological pathology. Our results provide the basis for
subsequent validation studies and implementation. Quantitative
studies are necessary for prioritization, as well as well-defined use
cases, with specific CPath algorithms and their target audience, to
gain widespread acceptance of these new developments.
Combining validation and implementation studies using a highly
engaging hybrid format will be necessary to gain widespread
stakeholder acceptance and keep up with the high speed
developments within the field of computational pathology.

METHODS

Study design

We carried out a narrative literature study to determine barriers and
facilitators of the future clinical use of CPath algorithms. Results of this
literature study were used to set up both an eSurvey and an interview
guide. In the eSurvey, we explored the first reactions of using CPath in
histopathology practice. Subsequently, we conducted online semi-
structured interviews to more extensively explore pathologists’ perspec-
tives on using CPath.

Study population
Aiming to include CPath end users in our explorative study, we recruited a
wide variety of Dutch and international pathologists and pathology
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STUDY POPULATION

STUDY DESIGN

STUDY INSTRUMENTS

)

Implementation framework

Flottorp et al.

eSurvey statements

Interview guide

Fig. 3 Flowchart including study population, study design and study instruments.

Table 5. eSurvey statements.

1 An Al algorithm? (applied to digital pathology images) must first be validated in a/multiple prospective study/studies before it can be used in

clinical practice

The use of Al algorithms (applied to digital pathology images) are THE promise for the future of clinical pathology

I think it is important to understand the entire functioning of the Al algorithm (applied to digital pathology images) before using it in clinical

practice

4 If | currently have an Al algorithm (applied to digital pathology images) at my disposal that supports me in oncology diagnostics, | would
use it

5 In 5 years’ time | expect to use Al algorithms (applied to digital pathology images) in daily practice as a support tool for oncological
diagnostics

Al algorithms refers to the same concept as CPath algorithms.

residents. We shared the eSurvey via two consecutive news items in the
Dutch Pathology Association eNewsletter and through a directed e-mail
message sent to members of the international tumor budding consortium
(ITBCC) [38]. Respondents providing their e-mail addresses were con-
sidered candidates for the successive interview study. Based on their
eSurvey results, pathologists and pathology residents with varying
attitudes regarding CPath were selected for the interview study. Using
LinkedIn, we requested additional respondents with a critical attitude
towards CPath. The study design and related study population and study
instruments is shown in Fig. 3.

Data collection

We first conducted a quick literature scan in PUBMED, including key words,
medical subject headings (MeSH) terms and synonyms for “pathology”,
“algorithms” and “practice”. In addition, we excluded animal studies and
included review studies and articles published after 2017. The search
strategy is presented in Supplementary File 1. An eSurvey was established
including five statements about CPATH, based on barriers and facilitators
often mentioned in literature as well as questions regarding respondents’
age, sex, occupation (pathologist/resident), type of laboratory (academic/
non-academic), involvement in artificial intelligence (Al) development, and
request to optionally provide their e-mail address for participation in the
consecutive interview study. The eSurvey statements are presented in
Table 5.

An interview guide based on the literature scan was simultaneously
developed (Supplementary File 2) regarding opinions and first experiences
with CPath for identifying barriers and facilitators of CPATH clinical use.
The opinions on factors influencing CPath usage found in 14 review articles
were mapped onto the categories of the domains of the implementation
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theory framework of Flottorp et al. [39]. In addition, questions based on
subdomains of Flottorp et al. [39] not yet mentioned in literature were
added to the interview guide. The interview guide mainly consisted of
questions and statements aiming to encourage participants to actively
think about future challenges of CPath. The interview guide was first tested
among the researchers themselves (JS and SE) and finally with a pathology
resident actively conducting CPath research.

The online interviews were conducted via Zoom.us V5.6.1 (560) (Zoom
Video Communications, Inc., San Jose, CA, USA) or MS teams V1.4.00.8872
(Microsoft, Redmond, WA, USA), based on the preference of the
interviewee. Participants provided written informed consent for participa-
tion and audio recording prior to the interviews. For participants preferring
MS teams, additional verbal consent was given for visual recording. Each
interview started with an introduction including a short demo video with
audio shared via the “share screen” option in Zoom or MS teams. The video
demonstrated the use of one CPath algorithm for mitosis detection and
one for prostate biopsy Gleason grading (Fig. 4). Additional information
was provided regarding the aim of the study and the interview specifically.
After the introduction, the interviewee shared their occupation, experience
in pathology, area of focus and experience with both digital pathology and
CPath. Participants were then asked about barriers and facilitators
regarding CPath on topics related to six of the seven domains of the
implementation framework of Flottorp et al, [39]: Innovation factors;
Individual professional factors; Professional interactions; Incentives and
resources; Capacity for organizational change; and Social, political and
legal factors. We did not use the Patient factors domain since pathologists
are not in direct contact with patients. Toward the end of the interviews,
participants had the opportunity to share relevant thoughts on topics not
covered in the interview. The first six interviews were conducted by a PhD
student with previous experience both in conducting interviews and focus
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Fig. 4 Examples of CPATH algorithms used in
interviews.

group discussions, while the remaining interviews were conducted by an
MSc student in Biomedical Sciences under the supervision of the PhD
student and after receiving a brief interview training as part of the MSc
program. The language of the interviews with Dutch pathologists and
pathology residents was Dutch. The interviews with pathologists working
abroad were only conducted in Dutch when the pathologist was a native
Dutch speaker. Otherwise, the interviews were conducted in English. Data
was collected until no new information was provided in the interviews on
influencing factors. This list of characteristics list included age, years of
experience, gender, area of focus within pathology, and type of laboratory.
The interviews lasted between 32 and 44 minutes. We used the COREQ
checklist to describe the study’s qualitative characteristics [40].

Data analysis

We analyzed the eSurvey output using descriptive statistics. The interviews
were either audiotaped or videotaped in the case of using MS teams and
transcribed verbatim for qualitative analysis by ATLAS.i (version 8.4.20
ATLAS.ti Scientific Software Development GmbH; Berlin, Germany). The
transcripts were returned to the respective interviewees for final approval
checking for completeness and accuracy. From the accepted transcripts,
barriers and facilitators were extracted and coded by two researchers (SE
and JS) independently. These codes were then allocated to the domains of
the implementation framework of Flottorp et al. [39]. Coding and
categorization were discussed until consensus was achieved. A third
researcher (RH) was consulted for advice in the event of discrepancy. As a
last step, we redefined codes and reorganized coding when needed (i.e.
axial coding), resulting in an accurate and concise overview.

DATA AVAILABILITY
The datasets used and/or analyzed during the current study are available from the
corresponding author on reasonable request.
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