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ABSTRACT		
Importance:	This	study	compares	the	efficacy	and	tolerability	of	a	preservative-free	
prostaglandin	analogue	(tafluprost	15	mg/ml)	to	a	prostaglandin	analogue	that	uses	
0.02%	of	benzalkonium	chloride	(bimatoprost	0.1	mg/ml).	
	
Background:	Different	prostaglandin	analogues	have	been	commercially	approved,	
with	differences	in	tolerability.	
	
Design:	Prospective,	randomised,	investigator-masked,	3-month	crossover,	
multicentre	trial.	
	
Participants:	Sixty-four	patients	with	ocular	hypertension	or	open-angle	glaucoma	
were	randomised	to	two	groups,	after	a	4-week	washout	period	from	their	current	
topical	drop	regimen.	
	
Methods:	Participants	were	randomised	to	tafluprost	(Group	1;	n=33)	or	
bimatoprost	(Group	2;	n=31).	At	month	3,	each	group	switched	to	the	opposite	
treatment.	IOP	was	evaluated	at	multiple	timepoints.	
	
Main	Outcome	Measures:	The	primary	outcome	was	difference	in	mean	IOP	
between	the	two	groups	at	the	final	visit.	Secondary	outcomes	included	change	from	
baseline	IOP	at	month	3	and	month	6,	difference	in	mean	IOP	at	month	3,	and	
difference	in	IOP	at	all	timepoints.	Safety	outcomes	included	best-corrected	visual	
acuity	(BCVA),	adverse	events,	ocular	tolerability,	optic	nerve	assessment,	and	slit	
lamp	biomicroscopy.	
	
Results:	Both	medications	significantly	lowered	IOP	at	month	6	compared	to	
baseline:	5.4	mmHg	(27%)	for	tafluprost	and	6.8	mmHg	(33%)	for	bimatoprost	(p	<	
	0.0001).	No	significant	differences	in	any	of	the	safety	measures	(including	
conjunctival	hyperemia)	were	detected.		
	
Conclusions	and	Relevance:	Bimatoprost	produced	a	statistically	significant	
greater	IOP	reduction	compared	to	tafluprost	with	minimal	to	no	difference	in	side	
effects.	This	should	be	borne	in	mind	when	weighing	up	the	pros	and	cons	of	
preserved	versus	preservative-free	prostaglandin	analogue	therapy.	
(ClinicalTrials.gov	Identifier:	NCT02471105)	
	
Keywords:	Prostaglandin,	preservative-free,	tafluprost,	bimatoprost,	crossover	 	
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1. INTRODUCTION			
	
By	2040,	more	than	111	million	people	globally	are	expected	to	have	glaucoma;	the	
damage	from	the	disease	to	the	optical	nerve	from	elevated	intraocular	pressure	
(IOP)	will	eventually	lead	to	blindness	if	not	properly	treated.1,2	In	today’s	clinical	
settings,	controlling	and	stablising	IOP	is	the	sole	means	to	prevent	progression	of	
the	disease.	3-5	It	is	a	well-known	and	well-reported	fact	that	the	risk	of	glaucoma	
progression	decreases	by	as	little	as	10%	to	as	much	as	19%	for	each	mmHg	
reduction	in	IOP.4,6-9	
	
Topical	prostaglandin	analogue	(PGA)	monotherapy	eyedrops	are	most	frequently	
used	as	first	choice	due	to	the	safety,	efficacy,	convenience,	and	cost-effectiveness	of	
the	drug	class.7,10-12	Non-compliance	among	patients	remains	high	but	studies	have	
shown	this	can	be	offset	by	once-daily	dosing.12	
	
Several	different	PGAs	have	been	commercially	approved	worldwide,	with	key	
differences	in	tolerability,	which	is	related	to	the	active	compound	and	use	of	
preservatives	and/or	excipients.13-20	It	is	well	accepted	that	preservatives	can	
damage	the	ocular	surface	and	lead	to	adverse	events	(AEs)	such	as	local	toxicity,	
allergic	reactions,	and	ocular	surface	disease.21-26	Preservative-free	PGAs	have	been	
introduced	to	overcome	those	issues.	
	
One	systematic	review	of	32	randomised	clinical	trials	found	bimatoprost	reduced	
IOP	more	than	other	PGAs,	but	latanoprost	was	the	best	tolerated.27	The	SPORT	I	
trial	compared	the	safety	and	efficacy	of	preservative-free	latanoprost	to	
preservative-free	bimatoprost	and	found	preservative-free	bimatoprost	had	a	
superior	efficacy	over	preservative-free	latanoprost,	with	a	statistically	significant	
difference	in	hyperemia	scores	that	favored	latanoprost.13	
	
This	current	study,	SPORT	II,	investigated	the	efficacy,	safety,	and	tolerability	of	
preserved	bimatoprost	with	preservative-free	tafluprost	in	patients	with	open-angle	
glaucoma	who	were	already	being	treated	with	a	PGA.	
	

2. METHODS	
	
SPORT	II	was	a	prospective,	randomised,	investigator-masked,	crossover	clinical	
study	carried	out	at	six	centres	in	Europe,	and	was	designed	to	be	a	subsequent	
clinical	trial	to	SPORT	I.13	As	such,	the	methodology	was	almost	identical.	SPORT	II	
was	approved	by	local	ethics	committees	in	agreement	with	the	tenants	of	the	
Helsinki	declaration	and	its	amendment	of	October	2000	(Edinburgh,	UK).	Informed	
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consent	was	obtained	from	all	patients	and	the	study	was	registered	with	the	
EudraCT	(number	2014-004442-10)	and	clinicaltrial.gov	(number	NCT02471105).	As	
in	SPORT	I,	patients	who	fulfilled	the	eligibility	criteria	listed	below,	who	were	able	
and	willing	to	participate	in	the	study	for	the	whole	duration	of	the	follow	up,	and	
who	were	willing	to	sign	the	consent	form	were	included	in	the	study.		
	
Study	population		
	
Inclusion	criteria			
Patients	with	ocular	hypertension,	exfoliation	glaucoma,	or	primary	open-angle	
glaucoma	that	required	bilateral	treatment,	that	were	at	least	18	years	of	age	and	
willing	to	participate	in	the	study	for	its	duration	and	follow-up,	and	able	to	
understand	and	willing	to	sign	the	consent	form.		
	
Exclusion	criteria		
Subjects	were	excluded	if	they:	were	unwilling	to	sign	informed	consent;	younger	
than	18	years	old;	had	an	ocular	condition	that	was	a	safety	concern	or	could	
interfere	with	the	study	results;	had	a	visual	field	defect	with	an	mean	defect	value	
above	-15dB	on	either	eye	on	Humphrey	Field	Analyzer	(Carl	Zeiss	Meditec,	Dublin,	
CA)	or	Octopus	(Haag-Streit	AG,	Koeniz-Berne,	Switzerland)	and/or	threatening	
fixation;	wore	contacts;	had	closed/barely	open	anterior	chamber	angles	or	history	
of	acute	angle	closure	on	either	eye	as	assessed	by	gonioscopy;	had	ocular	surgery	
(other	than	glaucoma	surgery)	or	argon	laser	trabeculoplasty	within	the	previous	3	
months	before	study	enrollment;	had	glaucoma	surgery	within	the	previous	6	
months	on	either	eye	before	study	enrollment;	had	ocular	inflammation/infection	
occurring	within	the	previous	3	months	before	the	pretrial	visit	on	either	eye;	were	
on	concomitant	topical	ocular	medication	that	could	interfere	with	study	medication	
on	either	eye;	had	known	hypersensitivity	to	any	component	of	the	trial	drug	
solutions;	had	a	history	of	refractive	surgery;	were	pregnant;	had	an	inability	to	
adhere	to	treatment/visit	plan;	or	had	participated	in	any	other	interventional	
clinical	trial	(i.e.,	requiring	informed	consent)	involving	an	investigational	drug	
within	1	month	before	the	pretrial	visit.	
	
Withdrawal		
Subjects	would	be	withdrawn	from	the	study	if	they	became	pregnant	or	if,	in	the	
opinion	of	the	investigator,	it	was	medically	necessary,	or	if	the	patient	withdrew	
consent.	Subjects	who	failed	to	return	for	follow-up	visits	were	also	withdrawn.		
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Study	Design	
Figure	1	describes	the	study	design,	which	differs	from	SPORT	I	only	in	the	PGAs	
being	studied.13	To	briefly	recap:	Enrolled	patients	who	were	on	topical	therapy	at	
the	screening	visit	underwent	a	washout	period	of	4	weeks	before	the	baseline	visit.	
To	avoid	exposing	the	patient	to	any	additional	risks	of	a	second	washout,	the	
patients	were	switched	from	the	first	to	the	second	therapy	without	additional	
washout	(see	Figure	1.)		
	
After	the	screening	visit	(and	after	washout	period	for	treated	patients),	the	study	
subjects	were	scheduled	to	undergo	a	baseline	visit	IOP	assessment,	and	then	were	
randomised	to	receive	either	bimatoprost	or	tafluprost	once	in	the	evening.	At	
month	3,	patients	were	switched	to	the	opposite	treatment	regimen.		
	
Subjects	had	a	final	evaluation	of	IOP	levels,	safety,	and	tolerability	after	the	second	
three	months	(6	months	from	baseline).	Intermediate	safety	visits	were	scheduled	
at	the	discretion	of	the	investigator.		
	
Sample	Size	Calculation	
The	sample	size	calculation	is	based	on	the	assumption	that	a	difference	in	mean	
IOP	of	1	mmHg	between	the	2	treatment	groups	is	clinically	relevant.	About	60	
patients	are	needed	in	the	cross-over,	given	a	type	I	error	of	0.05	and	a	statistical	
power	of	80%,	with	a	standard	deviation	of	2.8	mmHg.	Assuming	approximately	
10%	rate	of	withdrawals,	67	patients	had	to	be	included	and	randomized.	
	
Clinical	assessments		
	
IOP	measurements		
Two	consecutive	IOP	measurements,	using	Goldmann	tonometry,	were	taken.	If	
these	two	measurements	differed	by	more	than	1	mmHg,	a	third	measurement	was	
made,	and	the	mean	of	all	three	measurements	was	recorded.	IOP	measurements	
were	taken	at	08:30;	12:30	and	16:30	±	1	hour	at	all	visits.	For	the	analysis,	the	
average	of	the	three	diurnal	measurements	was	considered.	Both	the	investigator	
and	the	reader	were	masked.		
	
Visual	field	measurements		
Visual	field	measurements	were	performed	using	the	Humphrey	or	Octopus	
perimeter	at	baseline	and	at	exit	visit.	
	
Visual	acuity	and	refraction	
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Best-corrected	Snellen	visual	acuity	(BCVA)	was	evaluated	at	screening	and	
baseline,	and	at	months	3	and	6.	Clinically	relevant	decreases	in	BCVA	from	the	
pretrial	visit	were	reported	as	an	AE.	
	
Lid	and	slit	lamp	examination	(biomicroscopy)	
Lid	and	slit	lamp	examinations	of	subjects’	skin	and	margins	of	upper	and	lower	lids	
were	performed	at	all	visits.	Deposition	of	pigment	on	the	corneal	endothelial	layer	
or	the	lens	capsule	or	any	abnormalities	of	the	lids,	conjunctiva	(palpebrae	and	
bulbi),	cornea,	anterior	chamber,	iris	and	lens	were	graded	as	mild,	moderate	or	
severe.	Conjunctival	hyperemia	was	scored	using	the	previously	published	scoring	
chart	for	hyperemia.28	Punctate	epitheliopathy	was	scored	using	the	Oxford	scale.29	
Aphakia	or	pseudophakia	(with	specification	of	implant	lens	position)	was	reported.	
Cells	present	in	a	slit	of	2	mm	were	graded	as	mild	(3	to	5	cells),	moderate	(6	to	20	
cells),	or	severe	(>20	cells).	
	
Ophthalmoscopy	
Ophthalmoscopy	to	assess	the	status	of	the	optic	nerve	head	was	performed	at	
screening	and	at	all	visits.	The	vertical	cup/disc	ratio	was	scored	and	the	presence	
of	optic	disc	hemorrhages	was	recorded.	
	
Safety	
In	addition	to	optic	nerve	head	assessments	and	slit	lamp	biomicroscopy,	other	
safety	outcomes	included	BCVA,	adverse	events,	and	ocular	tolerability	of	the	topical	
medications.	
	
Study	outcomes	
Primary	outcomes	
The	primary	outcome	was	the	difference	in	mean	diurnal	IOP	values	(an	average	of	
three	measurements)	between	the	two	groups	at	month	6.	
	
Secondary	outcomes		
Secondary	outcomes	included	the	between-group	differences	in	IOP	from	baseline	
IOP	to	month	3	and	month	6,	respectively.	Other	secondary	outcomes	included	the	
between-group	difference	in	mean	IOP	from	screening	visit	to	month	3	and	month	
6;	and	the	between-group	difference	in	IOP	at	month	3.			
	
Statistical	analyses		
If	both	eyes	were	eligible,	only	the	worse	eye	(defined	as	the	eye	with	highest	
baseline	IOP)	was	used	for	analytical	purposes.		
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Data	was	analyzed	using	linear	mixed	models	with	random	effects	to	account	for	
repeated	measurements	on	the	same	subjects	(multiple	time-points).	Both	analysis	
per	period	and	per	medication	were	performed.	The	effect	of	carryover	in	the	cross-
over	design	was	tested	with	an	interaction	term	between	the	period	and	the	
medication.	To	test	the	proportional	changes	of	IOP	from	baseline,	we	used	a	
generalised	linear	model	with	a	Gamma	distribution	for	the	error	and	log	link	
function.	All	statistical	analyses	have	been	conducted	in	R	(R	Foundation	for	
statistical	computing)	by	a	statistician	masked	to	the	treatment.	
	

3. RESULTS	
	
Demographics		
A	total	of	69	subjects	were	recruited;	one	patient	failed	screening	and	two	others	
left	the	study	before	randomization.	Therefore,	66	subjects	(30	male;	36	female)	
were	randomised;	of	these	one	subject	was	excluded	because	there	were	no	
measurements	beyond	screening	and	baseline,	one	subject	did	not	have	screening	
or	baseline	measurements,	and	one	subject	was	missing	the	month	3	visit,	leaving	
64	subjects	randomised	to	either	Group	1	(n=33),	which	received	tafluprost	in	the	
first	time	period	or	Group	2	(n=31),	which	received	bimatoprost	in	the	first	time	
period.	
	
The	mean	age	at	baseline	was	70.1	±	8.3	years.	The	visual	field	defect	mean	
deviation	at	baseline	was	-0.59	±	4.33	dB.	The	cup-to-disc	ratio	at	baseline	was	0.55	
±	0.22.	No	significant	differences	in	baseline	conditions	could	be	detected	between	
the	two	arms.	As	noted	earlier,	the	majority	of	subjects	(95%)	had	prior	topical	
medication	use	(see	Table	1).			
	
Prior	Medication	 Group	1	(n=33)	 Group	2	(n=31)	 
Prostaglandins	 26	(78%)	 25	(81%)	 
				Bimatoprost	 15	(45%)	 15	(49%)	 
				Latanoprost	 9	(27%)	 6	(19%)	 
				Travoprost	 1	(3%)	 3	(10%)	 
				Tafluprost	 1	(3%)	 1	(3%)	 
				Prostaglandin	+	timolol	 3	(9%)	 1	(3%)	 
Timolol	only	 5	(16%)	 4	(13%)	 
Brinzolamide	 1	(3%)	 0	(0%)	 
Treatment-naive	 1	(3%)	 2	(6%)	 
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Table	1.	Prior	medication	use.	P-values	were	all	calculated	with	chi-squared	test	for	
contingency	tables.			
	
Efficacy		
No	significant	differences	were	found	between	the	two	groups	at	screening	or	
baseline.	Group	1	had	a	higher	IOP	than	Group	2	at	month	3,	but	this	difference	was	
not	statistically	significant	(p	=	0.06).	At	month	6,	however,	Group	1	(bimatoprost	
after	tafluprost)	had	a	statistically	significantly	lower	IOP	than	Group	2	(tafluprost	
after	bimatoprost;	p	=	0.03).	A	carryover	effect	was	not	evident,	as	the	mean	
estimates	after	the	crossover	switch	were	very	similar	for	the	same	medication	
regardless	of	group	assignment	(see	Table	2	and	Figure	2).	The	random	effect	to	
account	for	clustering	by	centres	was	significant	(p	=	0.003),	indicating	notable	
variations	among	study	sites.	Although	the	95%	CI	for	the	estimates	of	Group	1	and	
Group	2	partially	overlapped	at	6	months,	the	95%	CI	for	the	difference	did	not	
include	0	(i.e.,	the	test	was	significant	at	0.05)	(see	Table	2	and	Figure	2).	
	
	
	 	 Screening	 Baseline	 3	Months	 6	Months	 
Group	1		 
IOP		
(95%	CI),	mmHg	
difference	in	IOP	from	baseline	
(95%	CI),	mmHg	
difference	in	IOP	from	screening	
(95%	CI),	mmHg 

	
15.2		 
(13.5,	16.9)		
-5.0	
(-5.8,	-4.3)	 

	
20.3			
(18.6,	22.0)		
	
	
5.0	
(4.3,	5.8)		

	
14.7			
(13.0,	16.4)		
5.5	
4.8,	6.3)	
0.5	
(-0.2,	1.2)	

	
13.3			
(11.6,	15.1)		
6.9	
(6.2,	7.7)	
1.9	
(1.1,	2.6)	

	Group	2	 
IOP		
(95%	CI),	mmHg		
difference	in	IOP	from	baseline	
(95%	CI),	mmHg	
difference	in	IOP	from	screening	
(95%	CI),	mmHg	
	
between-group	difference	in	IOP	
(95%	CI),	mmHg 

	
	
15.7			
(14.0,	17.4)		
-4.3	
(-5.1,	-3.6)	
	
	
	
-0.5	
(-1.7,	0.8)	

	
	
20.0			
(18.3,	21.7)		
	
	
-4.3	
(-5.1,	-3.6)	
	
0.3	
(-1.0,	1.5)	

	
	
13.5			
(11.7,	15.2)		
6.6	
(5.8,	7.3)	
2.2	
(1.5,	3.0)	
	
1.3	
(0.0,	2.5)	

	
	
14.8			
(13.1,	16.5)		
5.2	
(4.5,	6.0)	
0.9	
(0.2,	1.6)	
	
-1.5	
(-2.7,	-0.2)	

		
Table	2.	Mean	IOP	and	difference	in	mean	IOP	at	different	timepoints.		
	
Analysis	by	medications		
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Analysis	of	the	overall	differences	in	the	two	medications	was	done		by	using	the	
same	mixed	model	as	the	one	to	discern	between-group	differences,	but	using	the	
treatment	and	the	group	as	predictors.	The	interaction	between	the	treatment	and	
the	Group	was	used	to	test	whether	the	group	sequence	could	influence	the	effect	of	
either	medication	(to	indicate	a	significant	carryover	effect).	No	significant	effect	
could	be	detected	due	to	the	group	sequence	(p	=	0.9);	we	assumed	no	carryover	
effect	and	used	the	treatment	as	the	sole	fixed	predictor.		
	
Both	medications	lowered	the	IOP	significantly	compared	to	baseline	(5.4	mmHg	for	
tafluprost	and	6.8	mmHg	for	bimatoprost	(p	<	0.0001)).	We	also	calculated	the	
percent	change	from	baseline	in	IOP.	This	was	achieved	using	a	generalised	linear	
model	with	a	Gamma	error	distribution	and	a	logarithmic	link	function.	Compared	
to	baseline,	tafluprost	reduced	the	IOP	by	27%	and	bimatoprost	by	33%	(both	p	<	
0.0001).		
	
	
Since	a	large	proportion	of	the	participants	were	on	bimatoprost	before	the	study,	
we	also	explored	whether	being	on	bimatoprost	could	have	any	additional	effect	
that	could	bias	the	results.	We	used	a	mixed	model	with	a	two-way	interaction	
(between	the	treatment	and	the	pre-study	medication).	We	could	not	find	any	
significant	effect	of	being	on	bimatoprost	before	the	study	on	the	effect	of	the	two	
drugs	used	in	this	study	(p	=	0.8757).	We	also	analyzed	the	subset	of	subjects	on	
either	latanoprost	or	bimatoprost,	being	the	two	most	commonly	used	medications	
before	enrollment,	and	found	no	significant	effect	(p	=	0.4894).	
	
We	used	the	same	mixed-model	analysis	to	determine	if	a	particular	centre	had	an	
influence	on	the	medication	effect,	using	the	subject	as	the	sole	random	effect	and	
found	the	interaction	was	significant	(p	<	0.0001).	Figure	3	shows	the	IOP	values	for	
the	different	groups	at	different	centres.	
	
Safety	results		
There	were	no	statistically	significant	changes	in	visual	field	tests,	BCVA	
measurements,	or	cup-to-disc	ratio.	One	subject	in	Group	1	showed	an	increase	in	
the	cup-to-disc	ratio	(from	0.75	to	0.80)	at	the	last	visit,	but	the	visual	field	mean	
deviation	was	not	decreased	compared	to	baseline	(see	Table	3).	No	formal	analysis	
was	conducted	for	the	slit	lamp	assessment	as	there	were	too	few	changes.	There	
was	no	significant	change	in	hyperemia	score	between	the	two	treatments	in	either	
group	(Wilcoxon	paired	test,	p	=	0.78).	The	mean	hyperemia	score	was	0.38	(0.05,	
0.73)	for	taflupost	and	0.41	(0.07,	0.74)	for	bimatoprost.	
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	 	 Score	Increase	
	 	 Lid	 Cornea	 Conjunctiva	 Iris	 Lens	
n	subjects	 Group	1	 0	 3	 2	 0	 0	
	 Group	2	 2	 3	 2	 0	 2	
max	score	 	 1	 2	 2	 0	 1	
mode	 	 1	 1	 1	 0	 1	
	
Table	3.	Score	increase	from	baseline	from	slit	lamp	assessment	
Lid:	periocular	hyperpigmentation,	hypertrichosis;	Cornea:	punctate	epitheliopathy,	
keratitis;	Conjunctiva:	conjunctival	hyperemia;	Iris:	iris	hyperpigmentation;	Lens:	
lens	opacities	
	

4. DISCUSSION		
In	this	study,	patients	receiving	bimatoprost	first	then	tafluprost	did	not	have	a	
significantly	lower	IOP	at	month	3,	but	did	show	a	significantly	higher	IOP	at	month	
6.	Overall,	bimatoprost	produced	greater	IOP	reduction	compared	to	tafluprost	at	6	
months	with	minimal	to	no	difference	in	side	effects,	including	hyperemia.	At	6	
months,		bimatoprost	lowered	IOP	by	1.4	mmHg	more	than	tafluprost	did	from	
baseline.	To	the	authors’	knowledge,	SPORT	II	is	the	first	head-to-head	comparison	
of	preservative-free	tafluprost	and	BAK-preserved	bimatoprost	in	glaucoma.	
However,	this	is	not	the	first	study	to	show	bimatoprost	lowered	IOP	more	than	a	
different	PGA.	Lin	et	al.	conducted	a	meta-analysis	on	the	efficacy	and	tolerability	of	
four	PGA	as	first-line	therapy.27	They	found	32	randomised,	controlled	clinical	
studies;	when	compared	to	timolol	as	the	reference	drug,	bimatoprost	achieved	the	
highest	treatment	success,	defined	as	the	proportion	of	patients	who	achieved	≥30%	
reduction	in	IOP	from	baseline.	In	that	meta-analysis,	the	overall	IOP	reduction	for	
bimatoprost	was	1.98	mmHg	at	1	month	and	the	results	were	sustained	for	3	
months.	Our	study	chose	a	6-month	primary	end	point,	and	our	results	were	similar,	
with	a	1.4	mmHg	reduction	at	6	months	from	baseline.	Others	have	also	chosen	a	6-	
or	12-month	end	point,	and	have	also	found	bimatoprost	to	lower	IOP	from	baseline	
of	anywhere	from	1.6	mmHg	to	about	10	mmHg.18,30,31	
	
El	Hajj	Moussa	et	al.30	concluded	there	was	no	significant	difference	in	conjunctival	
hyperemia	when	comparing	bimatoprost	0.01%	(with	BAK	0.02%)	to	latanoprost	
0.005%	(with	BAK	0.02%)	and	tafluprost	0.0015%	(preservative-free)	(and	
travoprost	0.004%	(with	0.001%	polyquad)).	The	current	study	does	confirm	these	
findings,	while	using	the	same	active	ingredients,	concentrations	and	preservatives.	
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The	SPORT	(I)	trial13	reported	significantly	more	conjunctival	hyperemia	with	
preservative-free	bimatoprost	0.3	mg/ml	(0.03%)	compared	to	preservative-free	
latanoprost.	This	difference	with	the	current	study	might	be	attributed	to	the	higher	
concentration	of	the	active	ingredient	in	preservative-free	bimatoprost	(used	in	the	
former	trial)	compared	to	BAK-preserved	bimatoprost	(used	in	the	current	trial).	
Katz	et	al.32	showed	that	bimatoprost	0.01%	demonstrated	improved	tolerability,	
including	less	frequent	and	severe	conjunctival	hyperemia	compared	to	bimatoprost	
0.03%.		
	
The	very	low	hyperemia	scores	in	the	current	study	imply	that	the	subjects	enrolled	
showed	an	acceptable	tolerability	profile,	in	contrast	to	the	subjects	enrolled	in	
another	trial	comparing	BAK-preserved		and	preservative-free	bimatoprost-timolol	
to	preservative-free	tafluprost-timolol	eyedrops,33	where	inclusion	criteria	included	
having	conjunctival	hyperemia	and	at	least	one	other	ocular	symptom	with	
preservative-free	or	BAK-preserved	bimatoprost–timolol.	In	these	patients,	
switching	from	bimatoprost-timolol	to	preservative-free	tafluprost-timolol	
significantly	reduced	conjunctival	hyperemia.	However,	there	is	a	clear	selection	
bias	in	this	trial,	as	hyperemia	with	bimatoprost-timolol	was	an	inclusion	criterion.	
The	inclusion	of	subjects	already	on	PGA	therapy	with	good	tolerability	prior	to	
study	participation,	may	have	led	to	a	selection	bias	in	the	current	study,	and	can	
thus	possibly	explain	these	low	hyperemia	scores.		
	
Glaucoma	medications	preserved	with	BAK	are	associated	with	ocular	surface	
disease,	making	the	use	of	preservative-free	medication	an	important	option	for	the	
glaucoma	specialist.	Several	studies	have	compared	preservative-free	monotherapy	
to	preserved	counterparts	and	have	found	that	both	formulations	reduce	IOP	and	
have	a	similar	safety	profile.34-36		
However,	multiple	studies	have	indicated	that	preservative-free	agents	are	better	
tolerated.21-24,35-39	Uusitalo	et	al.	switched	1,500	patients	from	a	preserved	glaucoma	
medication	to	preservative-free	latanoprost	and	found	that	74%	of	patients	rated	
preservative-free	latanoprost	as	better	(49%)	or	much	better	(25%)	tolerated	than	
their	previous	preserved	medication.24	Other	studies,	however,	have	found	no	
difference	in	tolerance	between	formulations	with	the	same	active	ingredient.34,36-39	
The	latter	suggests	that,	besides	the	preservatives,	also	the	other	constituents	as	
well	as	the	physical-chemical	characteristics	of	the	formulation	contribute	to	the	
tolerability	profile	of	these	drops.5,37,38	
In	our	study,	we	compared	two	different	medications	(albeit	from	the	same	drug	
class)	and	two	different	formulations.	Both	medications	showed	statistically	and	
clinically	significant	IOP	lowering.	SPORT	II	found	bimatoprost	had	better	
reductions	in	IOP	than	tafluprost,	but	there	was	no	difference	in	reported	
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tolerability	despite	the	absence	of	preservatives	in	tafluprost.	Our	results	differ	from	
other	published	studies	that	found	preservative-free	medications	are	better	
tolerated.21-24,33,37-40	Our	results	do	support	the	above	mentioned	previous	reports	
suggesting	that	the	active	ingredient	may	also	be	implicated	in	tolerability,	along	
with	excipients	and	pH.27,29,41	However,	it	should	be	noted	that	the	current	sample	
size,	based	on	a	clinically	relevant	difference	in	mean	IOP,	should	be	enlarged	to	
detect	significant	differences	in	safety	outcomes.	Of	note,	as	preservative	toxicity	is	
known	to	be	cumulative	and	dose-dependent,42-44	a	longer	treatment	period	would	
be	needed	to	consider	long-term	efficacy	and	tolerability	of	the	different	treatment	
regimens.	
	
As	with	any	crossover-designed	study,	there	are	inherent	potential	weaknesses,	
including	that	these	types	of	studies	are	of	longer	duration	than	parallel-study	
groups,	there	may	be	an	increase	in	patient	drop	out	because	of	the	longer	duration	
and	patients	who	drop	out	during	the	crossover	(having	only	completed	the	first	
part)	offer	little	to	the	overall	analysis.	Carryover	effects	from	previous	treatment	
arm(s)	may	be	difficult	to	control.	Further,	data	from	all	time	periods	in	crossover	
studies	are	often	unavailable	for	multiple	reasons.	
	
However,	we	adjusted	for	the	centre	effect	in	this	study	and	did	not	find	a	carryover	
effect.	As	each	arm	of	the	study	was	for	a	period	of	3	months,	these	effects	are	
probably	minimised.	Further,	we	believe	the	strengths	of	a	crossover	study	
outweigh	the	weaknesses.	Crossover	studies	are	suitable	for	stable	conditions	and	
when	interventions	are	short-lived	and	not	expected	to	“cure”	the	condition.	Each	
subject	acts	as	his	or	her	own	control	in	crossover	studies,	and	a	smaller	number	of	
patients	are	required	in	comparison	to	parallel-group	studies.	Because	these	are	
designed	to	compare	treatments	within	patients,	variation	between	patients	is	
eliminated.	
	
There	were	differences	in	the	centre	variations	at	baseline	in	our	study.	These	could	
be	explained	by	the	differences	in	distribution	of	types	of	glaucoma	and	in	treatment	
choices.	Patients	from	Centre	1	had	lower	baseline	pressures,	which	could	be	due	to	
the	high	percentage	of	low-tension	glaucoma	in	this	part	of	Europe.	It	could	also	be	
due	to	differences	in	pre-study	prostaglandin	use,	as	tafluprost	is	more	readily	
available	in	certain	countries	than	others.	For	example,	tafluprost	is	regularly	used	
and	available	in	Austria,	where	Centre	5	is	located.	These	baseline	differences	did	
not	have	an	effect	on	outcomes,	however,	and	are	only	discussed	as	an	interesting	
side	note.	
	



 14 

The	fact	that	patients	receiving	bimatoprost	first	then	tafluprost	did	not	have	a	
significantly	lower	IOP	at	month	3	may	implicate	a	limitation	on	the	robustness	of	
the	data.	However,	as	the	6-month	end	point	does	show	a	significantly	greater	IOP	
reduction	by	bimatoprost	compared	to	tafluprost,	this	might	suggest	better	efficacy	
of	bimatoprost.	
	
These	potential	weaknesses	are	more	than	offset	by	the	strengths	of	the	study.	First,	
as	mentioned	above,	the	crossover	design	enables	intra-subject	differences	in	
treatment	arms	to	be	compared	in	a	more	precise	fashion.	The	multicentre	nature	of	
this	study	increases	the	validity	of	the	data	by	reducing	centre-specific	effects,	
without	eliminating	them	entirely.	We	took	several	measures	to	eliminate	any	
potential	biases.	First,	the	investigator	was	masked.	Next,	the	data	analysis	occurred	
before	unmasking	the	treatment	arms	and	conducted	by	an	independent	statistician	
who	was	not	involved	in	patient	management.		
	
Further	longitudinal	study	is	recommended	to	assess	long-term	safety	outcomes	of	
preserved/preservative-free	PGA	formulations	and	whether	additional	IOP	
reduction	indeed	results	in	a	better	control	of	disease	progression.	
	
	 	



 15 

Acknowledgements:	This	investigator-initiated	study	was	sponsored	by	UZ	
Leuven,	Belgium.	Allergan	provided	financial	support	in	the	form	of	an	unrestricted	
grant	to	UZ	Leuven	(grant	number	IIT-2017-10133).	Dalton	&	Associates,	Inc.,	
provided	writing	and	editorial	support;	this	support	was	funded	by	Allergan.		
	
Ethical	approval:	All	procedures	performed	in	studies	involving	human	
participants	were	in	accordance	with	the	ethical	standards	of	the	institutional	
and/or	national	research	committee	and	with	the	1964	Helsinki	declaration	and	its	
later	amendments	or	comparable	ethical	standards.	
	
Informed	consent:	Informed	consent	was	obtained	from	all	individual	participants	
included	in	the	study.	
	
Data	availability	statement:	The	data	that	support	the	findings	of	this	study	are	
available	from	the	corresponding	author	upon	reasonable	request.	
	
	 	



 16 

References:	
1.	 Kingman	S.	Glaucoma	is	second	leading	cause	of	blindness	globally.	Bull	
World	Health	Organ.	2004;82(11):887-8.	
2.	 Tham	YC,	Li	X,	Wong	TY,	Quigley	HA,	Aung	T,	Cheng	CY.	Global	prevalence	of	
glaucoma	and	projections	of	glaucoma	burden	through	2040:	a	systematic	review	
and	meta-analysis.	Ophthalmology.	2014;121(11):2081-90.	
3.	 Bengtsson	B,	Leske	MC,	Hyman	L,	Heijl	A,	Early	Manifest	Glaucoma	Trial	
Group.	Fluctuation	of	intraocular	pressure	and	glaucoma	progression	in	the	early	
manifest	glaucoma	trial.	Ophthalmology.	2007;114(2):205-9.	
4.	 Leske	MC,	Heijl	A,	Hussein	M,	Bengtsson	B,	Hyman	L,	Komaroff	E.	Factors	for	
glaucoma	progression	and	the	effect	of	treatment:	the	early	manifest	glaucoma	trial.	
Arch	Ophthalmol.	2003;121(1):48-56.	
5.	 Leske	MC,	Heijl	A,	Hyman	L,	Bengtsson	B,	Dong	L,	Yang	Z,	et	al.	Predictors	of	
long-term	progression	in	the	early	manifest	glaucoma	trial.	Ophthalmology.	
2007;114(11):1965-72.	
6.	 Chauhan	BC,	Mikelberg	FS,	Balaszi	AG,	LeBlanc	RP,	Lesk	MR,	Trope	GE,	et	al.	
Canadian	Glaucoma	Study:	2.	risk	factors	for	the	progression	of	open-angle	
glaucoma.	Arch	Ophthalmol.	2008;126(8):1030-6.	
7.	 Garway-Heath	DF,	Crabb	DP,	Bunce	C,	Lascaratos	G,	Amalfitano	F,	Anand	N,	et	
al.	Latanoprost	for	open-angle	glaucoma	(UKGTS):	a	randomised,	multicentre,	
placebo-controlled	trial.	Lancet.	2015;385(9975):1295-304.	
8.	 Kass	MA,	Heuer	DK,	Higginbotham	EJ,	Johnson	CA,	Keltner	JL,	Miller	JP,	et	al.	
The	Ocular	Hypertension	Treatment	Study:	a	randomized	trial	determines	that	
topical	ocular	hypotensive	medication	delays	or	prevents	the	onset	of	primary	open-
angle	glaucoma.	Arch	Ophthalmol.	2002;120(6):701-13;	discussion	829-30.	
9.	 Miglior	S,	Torri	V,	Zeyen	T,	Pfeiffer	N,	Vaz	JC,	Adamsons	I,	et	al.	Intercurrent	
factors	associated	with	the	development	of	open-angle	glaucoma	in	the	European	
glaucoma	prevention	study.	Am	J	Ophthalmol.	2007;144(2):266-75.	
10.	 Vicente	A,	Prud'homme	S,	Ferreira	J,	Abegao	Pinto	L,	Stalmans	I.	Open-Angle	
Glaucoma:	Drug	Development	Pipeline	during	the	Last	20	Years	(1995-2015).	
Ophthalmic	Res.	2017;57(4):201-7.	
11.	 Garcia	GA,	Ngai	P,	Mosaed	S,	Lin	KY.	Critical	evaluation	of	latanoprostene	
bunod	in	the	treatment	of	glaucoma.	Clin	Ophthalmol.	2016;10:2035-50.	
12.	 Lee	AJ,	McCluskey	P.	Clinical	utility	and	differential	effects	of	prostaglandin	
analogs	in	the	management	of	raised	intraocular	pressure	and	ocular	hypertension.	
Clin	Ophthalmol.	2010;4:741-64.	
13.	 Stalmans	I,	Oddone	F,	Cordeiro	MF,	Hommer	A,	Montesano	G,	Ribeiro	L,	et	al.	
Comparison	of	preservative-free	latanoprost	and	preservative-free	bimatoprost	in	a	
multicenter,	randomized,	investigator-masked	cross-over	clinical	trial,	the	SPORT	
trial.	Graefes	Arch	Clin	Exp	Ophthalmol.	2016;254(6):1151-8.	



 17 

14.	 Aptel	F,	Cucherat	M,	Denis	P.	Efficacy	and	tolerability	of	prostaglandin	
analogs:	a	meta-analysis	of	randomized	controlled	clinical	trials.	J	Glaucoma.	
2008;17(8):667-73.	
15.	 Higginbotham.	Considerations	in	glaucoma	therapy:	fixed	combinations	
versus	their	component	medications.	Clinical	Ophthalmology.	2009:1.	
16.	 Law	SK.	Switching	within	glaucoma	medication	class.	Curr	Opin	Ophthalmol.	
2009;20(2):110-5.	
17.	 Mirza	SK,	Johnson	SM.	Efficacy	and	patient	tolerability	of	travoprost	BAK-free	
solution	in	patients	with	open-angle	glaucoma	and	ocular	hypertension.	Clin	
Ophthalmol.	2010;4:877-88.	
18.	 Myers	JS,	Vold	S,	Zaman	F,	Williams	JM,	Hollander	DA.	Bimatoprost	0.01%	or	
0.03%	in	patients	with	glaucoma	or	ocular	hypertension	previously	treated	with	
latanoprost:	two	randomized	12-week	trials.	Clin	Ophthalmol.	2014;8:643-52.	
19.	 Shaya	FT,	Mullins	CD,	Wong	W,	Cho	J.	Discontinuation	rates	of	topical	
glaucoma	medications	in	a	managed	care	population.	Am	J	Manag	Care.	2002;8(10	
Suppl):S271-7.	
20.	 Trzeciecka	A,	Paterno	JJ,	Toropainen	E,	Koskela	A,	Podracka	L,	Korhonen	E,	et	
al.	Long-term	topical	application	of	preservative-free	prostaglandin	analogues	
evokes	macrophage	infiltration	in	the	ocular	adnexa.	Eur	J	Pharmacol.	2016;788:12-
20.	
21.	 Januleviciene	I,	Derkac	I,	Grybauskiene	L,	Paulauskaite	R,	Gromnickaite	R,	
Kuzmiene	L.	Effects	of	preservative-free	tafluprost	on	tear	film	osmolarity,	
tolerability,	and	intraocular	pressure	in	previously	treated	patients	with	open-angle	
glaucoma.	Clin	Ophthalmol.	2012;6:103-9.	
22.	 Kim	JH,	Kim	EJ,	Kim	YH,	Kim	YI,	Lee	SH,	Jung	JC,	et	al.	In	Vivo	Effects	of	
Preservative-free	and	Preserved	Prostaglandin	Analogs:	Mouse	Ocular	Surface	
Study.	Korean	J	Ophthalmol.	2015;29(4):270-9.	
23.	 Rouland	JF,	Traverso	CE,	Stalmans	I,	Fekih	LE,	Delval	L,	Renault	D,	et	al.	
Efficacy	and	safety	of	preservative-free	latanoprost	eyedrops,	compared	with	BAK-
preserved	latanoprost	in	patients	with	ocular	hypertension	or	glaucoma.	Br	J	
Ophthalmol.	2013;97(2):196-200.	
24.	 Uusitalo	H,	Chen	E,	Pfeiffer	N,	Brignole-Baudouin	F,	Kaarniranta	K,	Leino	M,	
et	al.	Switching	from	a	preserved	to	a	preservative-free	prostaglandin	preparation	in	
topical	glaucoma	medication.	Acta	Ophthalmol.	2010;88(3):329-36.	
25.	 Baudouin	C,	Labbe	A,	Liang	H,	Pauly	A,	Brignole-Baudouin	F.	Preservatives	in	
eyedrops:	the	good,	the	bad	and	the	ugly.	Prog	Retin	Eye	Res.	2010;29(4):312-34.	
26.	 Martone	G,	Frezzotti	P,	Tosi	GM,	Traversi	C,	Mittica	V,	Malandrini	A,	et	al.	An	
in	vivo	confocal	microscopy	analysis	of	effects	of	topical	antiglaucoma	therapy	with	
preservative	on	corneal	innervation	and	morphology.	Am	J	Ophthalmol.	
2009;147(4):725-35	e1.	



 18 

27.	 Lin	L,	Zhao	YJ,	Chew	PT,	Sng	CC,	Wong	HT,	Yip	LW,	et	al.	Comparative	efficacy	
and	tolerability	of	topical	prostaglandin	analogues	for	primary	open-angle	glaucoma	
and	ocular	hypertension.	Ann	Pharmacother.	2014;48(12):1585-93.	
28.	 Parrish	RK,	Palmberg	P,	Sheu	W-P.	A	comparison	of	latanoprost,	bimatoprost,	
and	travoprost	in	patients	with	elevated	intraocular	pressure.	American	Journal	of	
Ophthalmology.	2003;135(5):688-703.	
29.	 Bron	AJ,	Evans	VE,	Smith	JA.	Grading	of	corneal	and	conjunctival	staining	in	
the	context	of	other	dry	eye	tests.	Cornea.	2003;22(7):640-50.	
30.	 El	Hajj	Moussa	WG,	Farhat	RG,	Nehme	JC,	Sahyoun	MA,	Schakal	AR,	Jalkh	AE,	
et	al.	Comparison	of	Efficacy	and	Ocular	Surface	Disease	Index	Score	between	
Bimatoprost,	Latanoprost,	Travoprost,	and	Tafluprost	in	Glaucoma	Patients.	J	
Ophthalmol.	2018;2018:1319628.	
31.	 Maruyama	Y,	Ikeda	Y,	Mori	K,	Ueno	M,	Yoshikawa	H,	Kinoshita	S.	Comparison	
between	bimatoprost	and	latanoprost-timolol	fixed	combination	for	efficacy	and	
safety	after	switching	patients	from	latanoprost.	Clin	Ophthalmol.	2015;9:1429-36.	
32.	 Katz	LJ,	Cohen	JS,	Batoosingh	AL,	Felix	C,	Shu	V,	Schiffman	RM.	Twelve-
month,	randomized,	controlled	trial	of	bimatoprost	0.01%,	0.0125%,	and	0.03%	in	
patients	with	glaucoma	or	ocular	hypertension.	Am	J	Ophthalmol.	2010;149(4):661-
71	e1.	
33.	 Beckers	HJ,	Schouten	JS,	Webers	CA,	van	der	Valk	R,	Hendrikse	F.	Side	effects	
of	commonly	used	glaucoma	medications:	comparison	of	tolerability,	chance	of	
discontinuation,	and	patient	satisfaction.	Graefes	Arch	Clin	Exp	Ophthalmol.	
2008;246(10):1485-90.	
34.	 Day	DG,	Walters	TR,	Schwartz	GF,	Mundorf	TK,	Liu	C,	Schiffman	RM,	et	al.	
Bimatoprost	0.03%	preservative-free	ophthalmic	solution	versus	bimatoprost	
0.03%	ophthalmic	solution	(Lumigan)	for	glaucoma	or	ocular	hypertension:	a	12-
week,	randomised,	double-masked	trial.	Br	J	Ophthalmol.	2013;97(8):989-93.	
35.	 Thygesen	J.	Glaucoma	therapy:	preservative-free	for	all?	Clin	Ophthalmol.	
2018;12:707-17.	
36.	 Steven	DW,	Alaghband	P,	Lim	KS.	Preservatives	in	glaucoma	medication.	Br	J	
Ophthalmol.	2018;102(11):1497-503.	
37.	 Asiedu	K,	Abu	SL.	The	impact	of	topical	intraocular	pressure	lowering	
medications	on	the	ocular	surface	of	glaucoma	patients:	A	review.	J	Curr	Ophthalmol.	
2019;31(1):8-15.	
38.	 Lazreg	S,	Merad	Z,	Nouri	MT,	Garout	R,	Derdour	A,	Ghroud	N,	et	al.	Efficacy	
and	safety	of	preservative-free	timolol	0.1%	gel	in	open-angle	glaucoma	and	ocular	
hypertension	in	treatment-naive	patients	and	patients	intolerant	to	other	
hypotensive	medications.	J	Fr	Ophtalmol.	2018;41(10):945-54.	



 19 

39.	 Kuppens	EV,	de	Jong	CA,	Stolwijk	TR,	de	Keizer	RJ,	van	Best	JA.	Effect	of	
timolol	with	and	without	preservative	on	the	basal	tear	turnover	in	glaucoma.	Br	J	
Ophthalmol.	1995;79(4):339-42.	
40.	 Aptel	F,	Pfeiffer	N,	Schmickler	S,	Clarke	J,	Lavin-Dapena	C,	Moreno-Montanes	
J,	et	al.	Non-inferiority	of	Preservative-free	versus	BAK-preserved	Latanoprost-
timolol	Fixed	Combination	Eye	Drops	in	Patients	with	Open-angle	Glaucoma	or	
Ocular	Hypertension.	J	Glaucoma.	2019.	
41.	 Bourne	RRA,	Kaarniranta	K,	Lorenz	K,	Traverso	CE,	Vuorinen	J,	Ropo	A.	
Changes	in	ocular	signs	and	symptoms	in	patients	switching	from	bimatoprost-
timolol	to	tafluprost-timolol	eye	drops:	an	open-label	phase	IV	study.	BMJ	Open.	
2019;9(4):e024129.	
42.	 Labbe	A,	Pauly	A,	Liang	H,	Brignole-Baudouin	F,	Martin	C,	Warnet	
JM,	Baudouin	C.	Comparison	of	toxicological	profiles	of	benzalkonium	chloride	and	
polyquaternium-1:	an	experimental	study.	J.	Ocul.	Pharmacol.	Ther.	2006;	
22(4):267-278	
43.	 Pisella	P	J,	Pouliquen	P,	Baudouin	C.	Prevalence	of	ocular	symptoms	and	
signs	with	preserved	and	preservative	free	glaucoma	medication.	Br	J	Ophthalmol.	
2002;86(4):418-423.	
44.	 Jaenen	N,	Baudouin	C,	Pouliquen	P,	Manni	G,	Figueiredo	A,	Zeyen	T.	Ocular	
symptoms	and	signs	with	preserved	and	preservative-free	glaucoma	
medications.	Eur	J	Ophthalmol.	2009;17(3):341-349.	
	
	
	 	



 20 

Figure	legends:	
	
Figure	1.	Cross-over	design.	The	study	consisted	of	four	visits:	screening	(prior	to	
washout),	baseline	(after	4	weeks	washout),	after	treatment	period	I	(3	months	of	
the	first	study	drug)	and	after	treatment	period	II	(3	months	of	the	second	study	
drug).		
V=visit;	w=weeks;	TUDPF=Tafluprost	Unit	Dose	Preservative	Free;	
BIMMD=Bimatoprost	Preserved	
	
Figure	2.	Mean	IOP	at	study	timepoints.		
	
Figure	3.	Box	plot	representation	of	IOP	values	for	the	different	groups	at	months	3	
and	6	at	different	centers.		
	
	


