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Abstract
Background: Stem	cell	research	holds	the	potential	for	a	paradigm	shift	in	the	man‐
agement	of	diseases	such	as	stroke.	Patient	and	public	involvement	in	research	(PPIR)	
can	bring	a	 focus	 to	 issues	of	 clinical	 relevance	and	accelerate	 translation	 to	 real‐
world	clinical	practice.
Objective: A	qualitative	thematic	analysis	of	the	perspectives	of	stroke	survivors	re‐
garding	the	conduct	and	design	aspects	of	a	proposed	phase	I	clinical	cell	 therapy	
study	in	stroke.
Design: Twelve	 stroke	 survivors	 were	 purposively	 recruited	 in	 July	 2016–August	
2017	 and	 participated	 in	 semi‐structured,	 face‐to‐face	 interviews	 for	 input	 into	
the	design	of	a	proposed	phase	I	clinical	study	of	autologous	dental	pulp	stem	cells.	
Concurrent	thematic	analysis	was	conducted	until	data	saturation	was	achieved.
Discussion and conclusions: Participants	conveyed	that	the	most	relevant	outcomes	to	
them	were	regaining	participation,	decreased	dependence	on	caregivers	and	improve‐
ment	in	cognition,	memory,	mood,	pain	and	fatigue.	The	perception	of	risk	vs.	benefit	
was	 likely	 influenced	by	the	time	elapsed	since	stroke,	with	participants	being	more	
willing	 to	accept	a	higher	 level	of	 risk	early	 in	 the	post‐stroke	disease	course.	They	
believed	that	all	stroke	survivors	should	be	given	an	opportunity	to	participate	in	re‐
search,	irrespective	of	their	cognitive	capacity.	A	relatively	small	sample	population	of	
12	stroke	survivors	was	studied	as	thematic	saturation	was	achieved.	PERSPECTIVES	
study	applied	principles	of	PPIR	to	early‐phase	cell	research.	Incorporation	of	outcomes	
relevant	to	patients'	need	within	the	study	design	is	critical	to	generate	data	that	will	
enable	personalized	application	of	regenerative	medicine	in	stroke.
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1  | INTRODUC TION

The	Global	Burden	of	Disease	Study	(2015)	reported	that	stroke	was	
the	 second	highest	 cause	 of	 years	 of	 life	 lost	 globally.1	While	 the	
age‐standardized	mortality	 from	 ischaemic	 stroke	 in	 the	 past	 de‐
cade	has	declined,	approximately	33	million	ischaemic	stroke	survi‐
vors	worldwide	continue	to	experience	lifelong	disability	and	nearly	
80%	 of	 patients	with	 ischaemic	 stroke	 return	 home	with	 residual	
impairment.1

Regenerative	medicine	represents	a	paradigm	shift	in	approach	
to	 disease	 management	 with	 the	 possibility	 of	 potential	 cure	 or	
long‐lasting	remission	for	many	disease	conditions	with	high‐unmet	
need.	Early	clinical	studies	with	stem	cell	therapies	support	a	novel	
approach	for	neuroregeneration	and	repair	following	stroke	with	a	
potentially	 longer	window	of	opportunity.2	Cell	 therapy	comprises	
a	 composite	 of	 different	 cell	 types	 being	 investigated	 in	 different	
phases	of	stroke,	with	use	of	different	dose	and	delivery	regimens.

Clinical	translation	in	stroke	has	been	riddled	with	a	disappoint‐
ing	failure	of	numerous	promising	preclinical	therapeutic	candidates,	
over	the	last	few	decades.	Currently	available	therapies	are	limited	in	
application	to	the	acute	phase	of	stroke.3	Stroke	represents	a	diverse	
set	of	disease	trajectories	defined	by	distinct	temporal	patterns	of	
neurovascular	injury	unique	to	a	given	patient.4	The	heterogeneity	
in	patient	and	disease	characteristics	has	contributed	to	challenges	
in	choosing	the	appropriate	trial	design	as	well	as	population	and	ef‐
ficacy	parameters.	This,	in	turn,	makes	it	difficult	to	assess	the	effect	
size	of	an	intervention	and	its	clinical	relevance	and	validity.

Recognition	of	patients	as	key	partners/stakeholders	in	research	
has	been	 increasing	over	 the	past	decade.	 It	 represents	 a	promis‐
ing	approach	to	generate	evidence	that	is	relevant	and	trustworthy	
for	patients	and	their	families	as	well	as	clinicians.5	This	is	likely	to	
contribute	to	a	greater	sense	of	empowered	participation	in	patients	
who	are	the	eventual	users	of	the	outcomes	of	such	research.6

Research	evidence	reporting	facilitators	and	barriers	 to	clinical	
trial	 participation	 and	patient	 experiences	with	 clinical	 research	 is	
increasing,	particularly	in	areas	such	as	cancer	and	stroke.7	Studies	
have	 investigated	 the	 relative	 importance	 of	 issues	 regarding	 re‐
search,	 in	 people	with	 stroke.8,9	 These	 reported	 that	 there	was	 a	
discrepancy	between	priorities	and	relevance	attributed	to	different	
outcomes	 by	 different	 stakeholders	 in	 research,	 such	 as	 patients,	
caregivers	and	researchers.8,9

Early	patient	engagement	is	likely	to	be	associated	with	increased	
recruitment	 and	 retention	 of	 study	 participants;	 development	 of	
research	methods	 that	are	contextualized	 to	patients'	experiences	
with	the	disease;	and	utilization	of	relevant	research	questions	and	
outcome	measures.	There	is	growing	evidence	for	the	value	of	‘pa‐
tient	and	public	involvement	in	research’	(PPIR)	in	facilitating	more	

patient‐focused	research	by	offering	insights	into	prioritization,	de‐
sign	and	implementation	and	making	trials	more	effective	and	cred‐
ible.10	PPIR	is	increasingly	being	mandated	for	publicly	funded	trials	
in	many	developed	countries.11

Active	participation	of	potential	participants	is	likely	to	provide	
a	sense	of	empowerment	 to	people	with	chronic	stroke.	Their	en‐
gagement	as	‘lay	experts’	to	provide	their	perspective	on	clinical	rel‐
evance	of	different	aspects	of	study	design	is	likely	to	improve	the	
eventual	study	design.	The	increase	in	transparency	and	credibility	
of	research	associated	with	such	partnership	is	specifically	critical	in	
innovative	areas	of	research	such	as	stem	cell	therapies.	This	was	a	
key	issue	raised	by	stroke	survivors	who	participated	in	the	Stroke	
Survivors'	Forum	held	at	 the	South	Australian	Health	and	Medical	
Research	Institute	(SAHMRI),	in	Adelaide	in	2014.

In	response	to	this	advice,	the	PERSPECTIVES	study	sought	to	
formatively	collect	insight	into	the	beliefs	and	perspectives	of	peo‐
ple	with	chronic	stroke	through	their	 involvement	 in	the	design	of	
the	TOOTH	study	(The	Open	study	Of	dental	pulp	stem	cell	(DPSC)	
Therapy	in	Humans).	The	TOOTH	study	aimed	to	investigate	the	ef‐
fectiveness	of	autologous	administration	of	adult	dental	pulp	stem	
cells	in	people	with	chronic	ischaemic	stroke.12

The	 study	 aimed	 to	 explore	 the	 views	 of	 people	with	 chronic	
stroke	on:

•	 the	relevance	and	importance	of	an	early	phase	clinical	study	such	
as	 TOOTH,	with	 adult	 human	 dental	 pulp	 stem	 cells	 in	 chronic	
ischaemic	stroke

•	 the	relevance	and	acceptability	of	the	planned	outcome	measures	
and	study	design	of	the	TOOTH	study	and

•	 issues	with	consent	to	participate	in	the	TOOTH	study.

2  | METHODS

2.1 | Study design

The	study	involved	a	naturalistic	design,	adapting	from	a	participa‐
tory	action‐research	approach	to	explore	stroke	survivors'	perspec‐
tive	on	early	clinical	research	design	with	cell	therapy	(TOOTH).	The	
study	methodology	fits	within	a	constructionist	epistemology	para‐
digm,	utilizing	an	inductive	thematic	analysis.

2.2 | Ethics approval

Ethics	 approval	 for	 conducting	 this	 study	 was	 granted	 by	 the	
Human	Research	Ethics	Committees	of	 the	University	of	Adelaide	
(Ref:	 H‐2016‐089)	 and	 the	 University	 of	 South	 Australia	 (Ref:	
0000035776).

K E Y W O R D S

informed	consent,	patient	participation,	qualitative	research,	stem	cell	research,	stroke,	
survivors
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2.3 | Study population, sampling and participant 
recruitment

The	study	recruited	people	with	chronic	ischaemic	stroke	who	were	
residents	of	Adelaide	and	likely	to	fulfil	the	proposed	selection	crite‐
ria	for	participation	in	the	TOOTH	trial	as	listed	below:

2.3.1 | Inclusion criteria

•	 Inclusion	of	both	genders.
•	 Age	of	the	participant	18	years	or	over.
•	 History	of	chronic	ischaemic	stroke	with	a	stable	level	of	disability.
•	 Sufficient	 cognitive	 and	 language	 ability	 to	 participate	 in	 an	
interview.

2.3.2 | Exclusion criteria

•	 Impaired	cognition	or	significant	psychological	issues.
•	 Inability	to	communicate	in	the	absence	of	a	caregiver.
•	 Inability	to	travel	to	the	interview	location.

2.4 | Study enrolment

Eligible	participants	were	 recruited	using	purposive	sampling	 from	
the	 research	 database	 of	 people	 with	 stroke,	 maintained	 by	 the	
Stroke	 and	 Rehabilitation	 Research	 Group	 (SRR)	 in	 the	 Sansom	
Institute	 for	 Health	 Research,	 University	 of	 South	 Australia.	 The	
SRR	database	includes	individuals	who	are	periodically	followed	in	
the	course	of	their	post‐stroke	rehabilitation.	Those	individuals	from	
the	database	who	were	known	to	be	sufficiently	competent	cogni‐
tively	to	engage	in	an	interview	involving	moderate	complexity,	had	
no	prior	established	diagnosis	of	depression	or	other	significant	psy‐
chological	issues	and	had	indicated	their	consent	to	be	contacted	for	
future	 research	were	 invited	 to	participate	 (SH).	Participants	were	
enrolled	on	an	on‐going	basis	during	the	period:	July	2016	to	August	
2017,	 until	 the	 concurrent	 thematic	 analysis	 suggested	 that	 data	
saturation	had	been	achieved.

Following	an	expression	of	interest	in	participation,	all	potential	
study	participants	received	a	participant	information	pack	contain‐
ing	the	participant	information	sheet	for	the	PERSPECTIVES	study	
and	the	summary	information	sheet	on	the	TOOTH	trial	which	de‐
scribed	the	study	design	and	current	understanding	of	the	benefit	
and	risk,	given	that	this	is	a	first‐in‐human	safety	study.	AN	followed	
up	with	 the	 participants	 by	 telephone	 to	 address	 any	 queries	 re‐
garding	 the	study	 information	provided	and	obtain	verbal	 consent	
to	participate.	Following	written	 informed	consent,	 the	 individuals	
participated	 in	 a	 semi‐structured	 interview	at	 SAHMRI.	The	 inter‐
view	 was	 conducted	 in	 line	 with	 key	 areas	 of	 enquiry	 defined	 in	
the	 interview	guide	 (Table	1),	 regarding	the	research	design	of	the	
TOOTH	trial.	The	subquestions	were	adapted	to	 lines	of	 response	
provided	by	the	participant.	All	interviews	were	audio‐recorded	and	
professionally	transcribed	verbatim	by	OutScribe	Pty	Ltd,	Adelaide,	
South	Australia.

2.5 | Data analysis

Analysis	 of	 audio	 transcripts	 was	 carried	 out	 immediately	 after	
every	interview,	and	data	were	coded	by	AN	using	NVivo	software	
Version	11	(QSR	International).	AN	read	and	reread	the	transcripts	
and	constructed	an	index	of	multiple	emerging	codes.	This	index	was	
discussed	and	cross‐checked	with	SK,	SH	and	AHB.	Coding	was	an	
iterative	process	that	proceeded	concurrently	with	on‐going	 inter‐
views.	As	new	codes	were	added,	previous	transcripts	were	recoded	
to	further	refine	the	coding	framework	analysis	of	 the	data.13 The 
inductive	 thematic	 analysis	 continued	until	 no	new	code	emerged	
from	subsequent	 interviews;	that	 is,	data	saturation	was	achieved.	
Subsequent	 analysis	 crystallized	 the	 key	 themes	 that	 represented	
the	aspects	emerging	from	refining	of	codes	from	the	data.

3  | RESULTS

3.1 | Participant disposition

SH	contacted	31	patients	with	stroke	following	review	of	their	func‐
tional	status.	Following	their	 indication	of	 interest	 in	participation,	
they	were	provided	with	study	information	by	AN.	Nineteen	patients	
declined	to	participate,	mostly	due	to	time	or	mobility	constraints.	
Twelve	 patients	 participated	 in	 face‐to‐face	 interviews,	 following	
provision	of	written	consent.	Patients	were	asked	to	complete	a	pa‐
tient	profile	to	understand	the	overall	impact	of	stroke	on	their	lives	
along	with	their	age	and	stroke	latency.	The	population	was	diverse	
concerning	 these	 parameters,	 but	 representative	 of	 the	 potential	
target	population	for	stroke	trials	(Table	2).

Data	 saturation	was	 achieved	 after	 twelve	 interviews	with	 no	
new	themes	emerging	after	eight	interviews.

3.2 | Themes

The	 themes	 described	 below	 represent	 themes	 identified,	 even	
though	some	elements	may	overlap	(Figure	1).

TA B L E  1   Interview	guide:	Key	areas	of	inquiry

Interview: Topic guide

What	has	been	the	impact	of	stroke	on	your	daily	life?

What	are	your	views	on	using	stem	cell	therapies	for	managing	
stroke?

What	are	your	thoughts	on	the	usefulness	of	a	study	like	TOOTH?

What	are	the	effects	that	are	important	to	measure	in	a	study	like	
TOOTH?

Are	there	any	specific	risks	that	you	feel	should	be	measured	in	the	
TOOTH?

Would	it	be	appropriate	for	participants	with	impaired	thinking	or	
understanding	to	participate	in	a	study	like	TOOTH?
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3.2.1 | Real‐life relevance of study outcomes—Are 
all equally meaningful?

The	 participants	 conveyed	 that	 the	 most	 meaningful	 change	 for	
them	would	be	a	change	in	their	ability	to	participate	in	life	interac‐
tions	and	their	ability	to	get	back	to	doing	activities	of	interest,	that	
is,	‘being	more	normal’	with	lessened	dependence	on	significant	oth‐
ers	(caregivers)	in	their	lives.

Participant	001:	I	can't	play	my	music,	I	can't	sew,	I	can't	
knit,	I	can't	sing	anymore.	It's	changed	it	a	lot.	I	guess	I	
would	like	the	use	of	the	things	I've	said	that	I	can't	do.

Participant	002:	Oh	just	being	human.	Just	being	able	
to	get	up	in	the	morning	and	do	the	things	by	yourself,	
without	needing	help.

Participant	 008:	 It	 affects	 your	 personal	 life	 and	
you're	 sitting	 there	 like	an	 inanimate	 lump	and	 so	 it	
has	an	adverse	effect	on	your	intimacy	too.

They	conveyed	 that	 tests	 that	 can	measure	and	 track	changes	
over	time,	in	the	impairments	specific	to	a	given	patient,	would	be	
more	meaningful	to	pursue	as	markers	of	therapy	benefit.

Participant	 005:	Whilst	 I	 understand	why	 there	 are	
certain	tests	that	you	do	at	the	beginning	of	therapy,	
and	at	the	end	of	the	therapy	range,	I	guess	that	un‐
derstanding	a	person's	day	to	day	life	and	how	they	do	
things,	and	being	conscious	of	it,	what	improvements	
it	could	mean	to	the	individual.

Age Range	=	42‐81	y

Time	since	stroke Range	=	0.5‐14	y

Impact	of	stroke	on	activities	of	daily	living	and	abil‐
ity	to	function	independently

VAS* 	Scale No.	of	
participants

1‐5 3

6‐10 9

Interest	in	participation	in	TOOTH Response No.	of	
participants

Yes 7

No 2

Not	sure 3

*Visual	Analogue	Scale	of	1‐10:1	being	no/minimal	impact	to	10	being	significant	impact.	

TA B L E  2  Study	participants'	
characteristics

F I G U R E  1  Key	themes

Study 
Participation

Relevance of 
Study outcomes

Perceived level of current disabilityRealistic expectation of recovery 

Risk benefit 
perception

Concern about risk 
of implant 
procedure

Time since stroke

Independence

Fatigue

PainMood

Cognition

Altruistic thought

Equipoise 

Awareness of research progress 

Need to optimize co-
morbidities

Relation to 
individual impact: 

‘loss of normal’

Burden of Consent 
on caregivers 

Participant 
Selection
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Participant	008:	So	putting	pegs	on	a	board	and	things	
like	that.	If	they	can	measure	that,	and	they	should	be,	
they've	got	 the	measuring	devices	now,	say	you	got	
40%	one	day,	six	months	later	you	got	45%,	that'd	be	
brilliant.

Patients	 reported	 subtle	 impairment	 in	 terms	 of	 the	 diffi‐
culty	 encountered	 in	processing	 information	 and	new	 learning	
situations.	This	was	 critical	 for	patients	 as	 it	 jeopardized	 their	
ability	 to	 effectively	 participate	 in	 social	 and	 work‐related	
interactions.

This	 in	 turn	 decreased	 their	 sense	of	 self‐worth	 and	 contrib‐
uted	 to	 feeling	 depressed,	 as	 reported	by	 the	participants.	 They	
reported	that	this	adversely	impacted	the	quality	of	their	life	after	
stroke.

Participant	 002:	 And	 basically	 that	 stage,	 because	
you	can't,	can't	do	your	normal	things.	And	basically,	
everything,	every,	little	things	add	up…	call	it	frustra‐
tion,	call	it	what	you	want,	but	the	more	things	don't	
go	right	for	you,	the	worse	you	become.	Yeah	and	it	
happens	every	day.

Measuring	 the	 impact	 of	 cell	 therapy	 on	 mood	 changes	 would	
be	 useful	 to	 monitor	 in	 any	 prospective	 study	 evaluating	 their	
effectiveness.

Participant	002:	Yep.	 If	 they	 can	help	 that	out,	 that	
would	 be	 a	 major	 step,	 seriously.	 Yep.	 Because	 I	
reckon,	 I	 reckon	 your	 figure	would	 be	 up	 over	 90%	
of	 people	who	 get	 very	 depressed.	 And	 depression	
leads	to	sort	of	not	wanting	to	do	normal	things.	And	
of	 course,	while	you're	not	doing	 them,	your	body’s	
shutting	down	even	further,	so.

The	interviewees	also	expressed	their	interest	in	measuring	change	
in	pain	and	fatigue,	which	they	associated	with	a	significantly	adverse	
quality	of	life	experienced	post‐stroke.

Participant	005:	I've	met	so	many	people	who've	had	
strokes	…	but	I	think	the	only	real	common	theme	is	
the	fatigue	and,	possibly,	the	pain.

While	 improvement	 in	 speech	 was	 acknowledged	 as	 a	 relevant	
outcome	 to	 be	 measured,	 the	 issue	 of	 interest	 was	 the	 impact	 of	
this	 impairment	on	ease	of	 communication	 and	 confidence	 in	 social	
interactions.

3.2.2 | Risk‐benefit‐perception

Interviewees	were	quite	pragmatic	in	their	expectation	of	recovery	
of	function,	accepting	that	full	recovery	to	pre‐stroke	level	of	func‐
tioning	may	not	be	achievable.

Participants	believed	that	perhaps	it	was	not	realistic	to	expect	
complete	recovery	of	function	and	they	would	consider	any	positive	
change	in	functional	ability	to	be	meaningful.

Participant	006:	Obviously,	 I	would	love	to	have	the	
use	 of	 everything	 perfect	 again,	 but	 I	 know	 that's	
probably	 something	 that's	not	going	 to	happen.	But	
just,	for	me,	just	not	to	have	the	pain	so	much.

The	interviewees	accepted	that	potential	safety	issues	could	be	
expected,	given	the	early	stage	of	the	research.	The	perception	of	
risk	 was	 consistent	 across	 the	 participant	 group.	 Participants	 ex‐
pressed	concern	regarding	risk	of	further	functional	impairment.

Participant	 010:	 I	would	worry	 that	 I	 could	 end	 up,	
worse	off.	That	something	unforeseen	could	happen	
and,	maybe	another	part	of	my	brain	could	die	off.

Participants	 also	 expressed	 concerns	 with	 the	 transplantation	
procedure,	 related	 to	 the	extent	of	hospital	 stay	 required	and	risk	
of	 complications	 (eg	 infections)	 associated	 with	 the	 procedure.	
Interestingly,	these	concerns	were	related	to	risk	associated	with	the	
surgical	procedure	per	se	and	not	with	the	issue	of	stem	cell	implan‐
tation	under	MRI	guidance.

Death	or	cancer	derived	from	cell	transplantation	was	not	cited	
as	the	most	critical	concerns,	which	is	interesting,	given	that	these	
adverse	events	are	considered	the	most	important	events	to	inves‐
tigate	and	report	by	the	research	community.	However,	participants	
expressed	their	desire	to	know	about	any	available	information	with	
regard	to	cancer	risk.

3.2.3 | Attitude towards trial participation

The	interviewees	expressed	varied	interest	in	participation	ranging	
from	no	interest,	to	unsure,	to	a	very	keen	interest	to	participate—
often	this	related	to	their	perceived	level	of	current	disability.

Participant	002:	Basically	 I	 got	my	body	 as	 good	 as	
it's	 going	 to	 get.	 If	 I	 had	 stem	 cells	 put	 in	 me,	 and	
something	went	wrong,	and	it	brought	me	back	even	
5%,	then	I've	done	all	those	years	for	nothing.	But	if	
I	got	offered	stem	cells	right	at	the	start,	 I	would’ve	
thought,	yeah	go	for	it.

The	 perception	 of	 possible	 benefit	 and	 the	 associated	willing‐
ness	to	participate	was	impacted	by	the	time	since	stroke	irrespec‐
tive	of	the	extent	of	present	disability.	Participants	expressed	that	
their	willingness	to	participate	in	studies	such	as	TOOTH	would	have	
been	higher	‘earlier	in	their	disease’	course	and	defined	that	period	
to	be	within	the	first	year	following	the	stroke	event.	The	common	
driver	of	this	sentiment	appears	to	be	an	apprehension	of	losing	the	
‘gains’	made	with	 existing	management	 strategies,	 because	 of	 en‐
gaging	in	an	investigational	treatment.
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Participants	 conveyed	 having	 very	 limited	 knowledge	 about	
stem	cell	 research,	 particularly	 in	 the	 field	of	 stroke,	 even	 though	
quite	a	few	of	them	were	aware	of	research	with	stem	cells	for	other	
diseases	such	as	Parkinson	disease	and	multiple	sclerosis.

Participant	005:	I've	heard	about	stem	cell	research,	
with	 the	 likes	 of	 Parkinson's,	 and	 other	 heart	 prob‐
lems,	etc.	I	haven't	heard	of	anything	regarding	stroke.

Interviewees	 expressed	 an	 opinion	 that	 the	 proposed	 TOOTH	
study	 was	 relevant	 for	 people	 with	 disability	 following	 stroke.	 The	
predominant	driver	of	 this	belief	 seemed	 to	be	an	altruistic	 thought	
process	regarding	this	research	contributing	to	a	potentially	beneficial	
therapy	to	answer	a	current	 lack	of	meaningful	 therapy	options	and	
consistent	rehabilitation.

3.2.4 | Attitude towards participant selection

Participants	communicated	that	study	participation	should,	in	prin‐
ciple,	be	available	to	any	patient	with	existing	disability	and	that	 it	
was	 inappropriate	 to	 exclude	 patients	 with	 cognitive	 incapacity.	
Proxy	 consent	 in	 such	 situations	 may	 be	 deemed	 acceptable	 but	
only	 in	situations	where	consent	was	provided	by	a	close	member	
of	the	family,	who	would	likely	be	aware	of	the	patient's	wishes	and	
likely	preferences.	However,	such	consent	should	not	be	provided	by	
a	professional	caregiver.	They	recognized	that	proxy	consent	repre‐
sents	a	significant	psychological	burden	on	the	carers.

Participant	 002:	 I'd	 like	 to	 see	 everybody	 involved	
in	the	study,	it's	probably	an	ethical	thing.	But	in	the	
case	of	(carer),	if	you’ve	got	full	trust	in	the	carer,	yes,	
but,	I	mean	that’s	putting	a	lot	on	the	individual	carer.	
I	mean	if	it	is	a	family	person,	something	like	that,	it's	
probably	better.	Like,	someone	of	course	had	to	care	
for	me	for	a	while	and	all	that	sort	of	stuff.

Participants	expressed	 the	view	 that	 it	was	 important	 to	ensure	
that	relevant	rehabilitation	and	secondary	prevention	strategies	such	
as	control	of	hypertension,	 lipid	 levels	and	weight	are	optimized	 for	
any	patient	selected	in	the	study,	as	these	are	likely	to	influence	the	
eventual	study	outcome.

4  | DISCUSSION

4.1 | Key findings and implications for research

The	unique	challenges	posed	by	personalized	application	of	stem	cell	
therapies	pose	a	question	of	whether	the	research	designs	can	be	
optimized	to	facilitate	meaningful	progress	in	this	field.2

This	study	reports	on	the	views	and	perspectives	of	 ischaemic	
stroke	survivors	on	the	study	design	of	a	proposed	Phase	1	open‐
label	cell	therapy	trial.	The	study	explores	the	key	outcomes	(effec‐
tiveness	and	safety)	of	interest	to	them.	The	insights	generated	are	

likely	to	have	an	important	impact	on	the	design	of	such	proposed	
studies	and	to	be	a	useful	reference	to	guide	trial	design	for	similar	
stem	cell	studies	in	the	future.	Importantly,	it	highlights	that	active	
participation	of	patients	 in	research	design	can	result	 in	 trials	 that	
generate	data,	which	are	more	meaningful	for	the	patient	commu‐
nity.	This	provides	additional	specific	evidence	to	support	the	value	
of	PPIR	in	optimizing	research	quality.

The	 critical	 focus	 of	 early	 phase	 research	 has	 always	 been	 to	
gather	evidence	for	safety	while	establishing	proof	of	concept.	In	the	
context	of	stem	cell	therapies,	it	is	universally	accepted	that	early‐
phase	studies	in	healthy	volunteers	is	ethically	unacceptable.14	This	
presents	an	interesting	opportunity	to	tap	into	lived	experiences	of	
stroke	in	patients	to	optimize	research	design	and	produce	clinically	
relevant	data	that	enables	efficient	decision	making	in	clinical	prac‐
tice.15	Patient	 involvement	 in	early	phase	research	 is	 likely	to	help	
researchers	understand	what	potential	safety	concerns	are	import‐
ant/relevant	to	them.16,17	Our	study	reports	that	patients	are	more	
concerned	about	the	risk	of	losing	their	current	level	of	functioning,	
rather	than	the	potential	risk	listed	in	study	materials,	based	on	pre‐
clinical	and	postulated	biological	mechanisms,	such	as	tumorigenic‐
ity,	or	conventional	risks	such	as	mortality.	This	highlights	the	need	
for	researchers	to	ensure	that	research	data	specifically	address	this	
identified	patient	need	as	well	as	clinician	and	legal	requirements.

Early	clinical	studies	seek	to	collect	exploratory	evidence	of	ben‐
efit.	The	heterogeneity	 in	presentation	and	 recovery	 trajectory	of	
stroke	has	always	presented	a	challenge	in	terms	of	defining	study	
designs	that	can	generate	scientifically	rigorous	yet	clinically	mean‐
ingful	efficacy	data.17	Our	study	indicates	that	the	patient	commu‐
nity	has	a	significant	depth	of	insight	about	this	conundrum.	Stroke	
survivors	 suggested	 that	 the	 selection	 criteria	 of	 patients	 should	
include	optimization	of	secondary	prevention	strategy	and	patient‐
specific	rehabilitation	strategies.	Emerging	research	postulates	that	
the	recovery	trajectory	in	most	patients	can	be	predicted	based	on	
existing	integrity	of	neural	pathways	and	current	level	of	brain	atro‐
phy.18	It	might	be	interesting	to	consider	whether	the	suggestion	by	
our	 community	 for	optimization	of	post‐stroke	 care	 is	 an	 intuitive	
exercise	in	enrichment	for	‘responders’	on	the	proportional	recovery	
prediction	rule,	thereby	selecting	individuals	that	are	likely	to	have	
most	 benefit	 with	 additional	 investigational	 interventions.	 Finally,	
patients	suggested	that	measurement	of	change	in	clinical	outcomes	
needs	to	be	personalized	to	patient‐specific	impairment.	Using	this	
approach	can	potentially	 lead	to	 identification	of	homogenous	pa‐
tient	clusters,	which	may	enable	a	more	efficient	assessment	of	ef‐
fect	size	and	appropriate	target	population.

A	 continuing	 debate	 in	 the	 research	 and	 clinician	 community	
is	whether	 the	 outcome	measures	 currently	 utilized	 are	 valid	 and	
relevant	 to	 the	 patients'	 life‐experience	 following	 stroke.19,20 The 
National	Institutes	of	Health	Stroke	Scale	(NIHSS)	is	an	established	
measure	of	stroke	severity	and	literature	supports	its	use	in	the	prog‐
nosis	of	post‐stroke	recovery.21	The	Modified	Rankin	Score	(mRS)	is	
the	most	commonly	selected	primary	endpoint	in	drug	and	rehabil‐
itation	 studies.22	While	 it	 assesses	a	 range	of	outcomes,	 including	
severe	disability	and	death,	 it	 is	not	adequately	sensitive	to	assess	
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cognition,	mood	or	return	to	social	and	occupational	functioning.19 
The	use	of	these	endpoints	on	their	own	to	define	success	or	fail‐
ure	of	studies,	particularly	those	involving	personalized	therapy	op‐
tions	such	as	stem	cell	therapies,	may	not	adequately	measure	the	
range	of	outcomes	found	to	be	critical	from	a	patient	perspective.	
The	World	Health	Organization	(WHO)	proposed	the	International	
Classification	of	Functioning	(ICF)23	and	recommend	outcomes	eval‐
uation	within	dimensions	of	body	function	impairments,	activity	lim‐
itations	and	participation	restrictions.	In	the	context	of	stroke,	a	very	
small	percentage	of	pharmacological	or	 rehabilitation	studies	have	
to	date	examined	impact	on	participation	restriction,	as	 is	also	the	
case	for	cognition	and	mood	outcomes.19	Evidence	for	widespread	
prevalence	of	issues	in	these	domains	reported	by	patients	has	been	
steadily	increasing	in	recent	years.20	Research	involving	patient‐re‐
ported	outcomes	has	described	persistent	and	significant	impact	on	
patients'	lives	even	for	those	that	fully	recover	their	pre‐stroke	func‐
tional	 level.	 The	present	 study	 reiterates	 the	 importance	of	 these	
outcomes	and	their	measurement	to	the	patients.	The	International	
Consortium	for	Health	Outcomes	Measurement	(ICHOM)	conducted	
an	iterative	Delphi	process	that	included	diverse	stakeholders	such	
as	 clinicians,	 patients,	 stroke	 registers	 and	 stroke	 societies.24 The 
study	suggested	a	‘Stroke	Standard	Set’—a	minimum	dataset	of	out‐
comes	and	risk	adjustment	variables	to	collect	for	all	patients	hospi‐
talized	with	stroke.	The	categories	recommended	within	the	ICHOM	
standard	set	for	assessment	were	survival	and	disease	control,	acute	
complications,	 and	 patient‐reported	 outcomes	 (PROM).	 PROM	 in‐
cluded	 assessment	 at	 90	 days	 for	 pain,	 mood,	 feeding,	 self‐care,	
mobility,	communication,	cognitive	functioning,	social	participation,	
ability	to	return	to	usual	activities,	and	health‐related	quality	of	life,	
along	with	data	on	mobility,	feeding,	self‐care,	and	communication,	
collected	 at	 discharge.	 Collecting	 data	 on	 these	 parameters	 using	
validated	tools	at	different	phases	of	stroke	targeted	in	early	clini‐
cal	studies	would	build	the	quantum	of	data	available	on	the	mag‐
nitude	of	effect	that	 is	plausible	with	cell	therapies.	The	increased	
understanding	of	anticipated	effect	can	better	inform	decisions	on	
minimal	 clinically	 important	difference	 (MCID)	 that	are	acceptable	
and	meaningful	to	clinical	practice.	It	stands	to	reason	that	such	in‐
formed	decision	making	would	contribute	to	increased	efficiency	in	
later	phases	of	development	and	more	informed	and	relevant	study	
size	determination	and	design.

Participants	indicated	an	acceptance	of	their	current	level	of	func‐
tioning	and	that	the	return	of	functioning	over	time	was	due	to	con‐
sistent	effort	on	their	part	to	engage	with	the	rehabilitation	options	
available.	This	drove	the	heightened	concern	for	the	potential	risk	of	
loss	 of	 this	 functional	 improvement	 that	 they	worked	 very	 hard	 to	
achieve.	They	 indicated	 that	 they	would	have	been	more	accepting	
of	this	potential	risk	if	an	opportunity	to	participate	in	a	clinical	study	
such	as	TOOTH	had	arisen	‘earlier’	in	their	disease	course,	defined	as	
within	a	year	of	their	stroke	occurrence.	This	insight	has	important	im‐
plications	for	study	recruitment	for	stem	cell	studies	in	chronic	stroke.	
A	recently	reported	study	also	highlighted	these	as	important	deter‐
minants	of	interest	in	participation.25	While	the	time	of	CT	adminis‐
tration	is	likely	to	be	still	be	determined	by	the	existing	understanding	

of	mechanistic	properties	of	the	investigational	treatment	from	pre‐
clinical	studies,	allowing	for	stabilization	of	patient's	general	medical	
condition	and	spontaneous	post‐stroke	recovery	to	take	place	are	rea‐
sonable	postulates.26	However,	this	may	present	an	ethical	challenge	
in	instances	where	data	on	mechanisms	of	action	indicate	benefit	in	
acute/subacute	phase	of	stroke.	Our	study	suggests	that	targeting	a	
narrower	window	for	recruitment	(up	to	1	year	after	the	stroke	event)	
might	facilitate	recruitment	and	provide	a	more	favourable	risk‐bene‐
fit	proposition	to	potential	participants.	Most	researchers	in	stem	cell	
research	in	stroke	accept	that	stem	cell	therapies	in	practice	are	likely	
to	be	codelivered	with	rehabilitation.27	Application	of	stem	cell	thera‐
pies	at	a	time	point	following	stroke	where	rehabilitation	has	achieved	
maximum	possible	benefit	may	enable	clearer	distinction	of	incremen‐
tal	change	with	stem	cell	therapies.

A	long‐standing	debate	in	stroke	trials	is	the	issue	of	consent	par‐
ticularly	for	patients	with	cognitive	deficit.28	Our	results	report	the	
opinions	of	individuals	interviewed,	who	expressed	that	opportunity	
to	participate	should	be	equitably	available	to	all,	regardless	of	their	
cognitive	capacity.	Proxy	consent	by	next	of	kin	is	now	well	accepted	
in	the	context	of	acute	trials	 in	stroke.8	Participants	 indicated	that	
proxy	consent	might	be	considered	in	stem	cell	studies,	even	in	the	
chronic	 phase	 of	 stroke.	 However,	 they	 highlighted	 that	 this	 was	
likely	to	place	a	significant	psychological	burden	on	the	caregivers	
and	acknowledged	the	practical	challenges	involved	in	the	process.	
Cunningham	et	al25	reported	similar	findings	as	a	potential	‘care	con‐
flict’	between	patients	and	caregivers	in	such	research	situations.	It	
is	pertinent	to	state	that	challenges	with	consent	remain	particularly	
relevant	and	complicated,	both	at	the	 initial	consent	to	participate	
and	on‐going	consent	through	the	course	of	study	conduct.

Our	 study	 reports	 low	 levels	 of	 awareness	 about	 on‐going	 re‐
search	with	stem	cell	therapies	in	stroke	and	limited	understanding	
of	postulates	 regarding	 their	mechanism	of	action.	A	 recent	 study	
by	Aked	et	al29	also	reported	similar	findings	regarding	the	low	level	
of	awareness	regarding	stem	cell	research.	Patient	advocacy	groups	
constitute	a	promising	though	still	underutilized	means	of	increasing	
this	 awareness.	 The	 participants	 in	 our	 study,	who	 reported	 prior	
knowledge	of	stem	cells,	attributed	this	to	information	they	received	
from	 such	 groups.	 Patient	 involvement	 in	 research	 from	 an	 early	
phase	 can	also	help	build	 awareness	 and	knowledge	 in	 the	 stroke	
patient	community.	This	is	likely	to	enable	patients	to	become	more	
informed	and	empowered	participants	in	research.

In	a	broader	societal	and	medical	practice	context,	the	increased	
awareness	of	current	state	of	regenerative	neurology	in	stroke	and	
evidence‐based	estimation	of	 risk	 and	benefit	 to	be	expected	can	
become	a	deterrent	to	unscrupulous	use	of	unproven	stem	cell	ther‐
apies	for	commercial	use	and	stem	cell	tourism.

4.2 | Strengths and limitations

The	study	utilized	face‐to‐face	interviews	with	stroke	survivors,	as	
the	method	of	qualitative	enquiry.	This	enabled	a	relaxed	and	sup‐
portive	 environment	 in	which	 they	 shared	 their	 individual	 prefer‐
ences,	contextualized	to	their	unique	lived	experience	with	stroke.	
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The	study	findings	highlighted	key	outcomes	considered	important	
from	 patient	 perspectives	 and	 that	 need	 to	 be	 measured	 within	
study	design.

This	approach	also	minimized	 the	dilution	of	 information	 likely	
with	other	modalities	such	as	combined	focused	groups	with	other	
stakeholders	such	as	caregivers.	Our	study	is	a	part	of	a	wider	ex‐
ercise	that	will	also	explore	views	from	different	stakeholders,	par‐
ticularly	 caregivers,	 in	 separate	 studies.	 The	 rationale	 behind	 this	
strategy	is	based	on	the	growing	body	of	evidence	for	disconnect	in	
the	perception/acceptance	of	risk	and	benefit,	between	patients	and	
caregivers.15,17,25,30,31

The	requirement	to	travel	and	engage	in	an	in‐depth	interview	
meant	 that	 the	 study	 did	 not	 include	 patients	 with	 very	 severe	
disability,	 cognitive	 deficits	 and	 severe	 aphasia.	 The	 participants	
were	therefore	not	fully	representative	of	the	overall	stroke	survi‐
vor	community.	However,	 the	perspectives	shared	by	 them	 in	 the	
context	of	preferences	 for	 study	design	components	were	 largely	
agnostic	to	the	degree	of	severity	of	post‐stroke	disability	and	may	
well	be	more	relevant	to	the	broader	group.	The	severity	of	present	
disability	has	been	shown	previously	to	impact	on	motivation	to	par‐
ticipate	in	other	studies,8,29	and	this	was	corroborated	in	our	study.	
However,	 it	 did	 not	 appear	 to	 influence	 the	 relative	 importance	
assigned	to	different	outcome	and	design	elements.	The	 intention	
of	our	study	was	to	provide	rich	thematic	description	of	our	quali‐
tative	enquiry.	Previous	studies	with	similar	research	methodology	
have	reported	this	to	be	possible,	though	recruiting	large	number	of	
patients	was	found	to	be	challenging.32‐34	The	eventual	number	of	
participants	may	appear	rather	small.	However,	the	research	team	
conducted	constant	comparison	of	emerging	themes	to	ensure	that	
data	saturation	was	confirmed	to	ensure	validity	of	study	findings.

5  | CONCLUSIONS

The	PERSPECTIVES	 study	applied	principles	of	patient	 and	public	
involvement	in	research	in	early	clinical	stem	cell	research	in	stroke.	
Engagement	of	stroke	survivors	as	‘lay	experts’	to	provide	input	into	
study	designs	can	provide	critical	insights	that	can	enable	more	tar‐
geted	 research.	 In	 an	evolving	 field	 such	as	 cell	 therapy	 in	 stroke,	
this	partnership	 can	potentially	help	 researchers	 to	efficiently	 ad‐
dress	the	challenges	posed	by	the	inherently	‘personalized’	field	of	
regenerative	medicine.
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