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Purpose:	 To	 compare	 the	 effectiveness	 of	 treatment	 with	 intravitreal	 bevacizumab	 (IVB)	 and	
ziv‑aflibercept	 (IVZ)	 in	 patients	 with	 macular	 edema	 (ME)	 post‑branch	 retinal	 vein	 occlusion	 (BRVO).	
Methods:	 Patients	 with	 treatment	 naïve	ME	 post‑BRVO	were	 included	 retrospectively	 if	 they	 received	
either	IVB	(0.05	ml/1.25	mg)	or	IVZ	(0.05	ml/1.25	mg)	monotherapy	with	a	follow	up	of	12	months.	Results: 
Thirty‑two	and	17	eyes	received	IVB	and	IVZ,	respectively.	The	mean	improvement	in	best	corrected	visual	
acuity	(BCVA)	was	0.36	±	0.3	logarithm	of	minimum	angle	of	resolution	(logMAR)	in	the	IVB	group	and	
0.27	±	0.3	in	the	IVZ	group	(P	=	0.35).	The	mean	change	in	central	macular	thickness	was	178.9	±	180.9	and	
173.5	±	344.4	µm	in	IVB	and	IVZ	groups,	respectively	(P	=	0.94).	The	mean	number	of	injections	was	higher	
in	the	IVB	group	(4.0	±	1.8)	compared	with	1.82	±	0.8	 in	the	IVZ	group	(P	<	0.0001).	The	IVZ	group	had	
significantly	fewer	number	of	visits	(P	<	0.0001)	and	longer	maximum	treatment‑free	intervals	(P	=	0.0081).	
Conclusion:	IVZ	appears	to	be	cost‑effective	with	the	similar	visual	outcome	and	less	number	of	visits	in	
comparison	to	IVB.

Key words:	 Branch	 retinal	 venous	 occlusion,	 bevacizumab,	 Ziv‑aflibercept,	 macular	 edema,	 optical	
coherence	tomography
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Branch	retinal	vein	occlusion	(BRVO)	is	the	most	common	type	
of	 retinal	vein	occlusion	with	a	 reported	prevalence	 rate	of	
4.42	cases	per	1000.[1]	The	cause	of	significant	visual	loss	in	the	
majority	of	the	patients	is	because	of	macular	edema	(ME)	or	
macular	ischemia.[1]	Vascular	endothelial	growth	factors	(VEGF)	
have	been	proven	to	play	an	important	role	in	the	pathogenesis	
of	ME	in	BRVO.[2]	Anti‑VEGF	agents	such	as	aflibercept	(IVA),	
bevacizumab	(IVB),	and	ranibizumab	(IVR)	have	been	found	
to	be	safe	and	effective	in	the	treatment	of	BRVO.[3‑6] IVB has 
been	used	as	an	off‑label	drug	for	the	treatment	of	ME	in	BRVO	
with	 successful	 functional	 and	anatomic	outcomes	 through	
6–24	months.[4,5,7‑9]

Ziv‑aflibercept	 is	 an	 intravenous	 formulation	 approved	
for	the	treatment	of	metastatic	colorectal	cancer[10] and there 
are	 few	 reports	 of	 the	 safety	 and	 efficacy	 of	 intravitreally	
administered	 off‑label	 intravitreal	 ziv‑aflibercept	 (IVZ)	 in	
patients	with	BRVO.[11‑13]	IVZ	is	a	similar	molecule	to	IVA	with	
a	higher	osmolarity	in	IVZ	leading	to	concerns	of	intraocular	
toxicity.[14]	A	head‑to‑head	 comparison	of	 IVA	and	 IVB	 in	
treatment	naïve	BRVO	cases	with	ME	showed	no	significant	
differences	 in	 best	 corrected	visual	 acuity	 (BCVA),	 central	
macular	thickness	(CMT),	and	mean	number	of	injections	at	
12	months.[15]	 IVA	has	been	found	to	prolong	the	interval	of	
treatment	after	switching	therapy	from	IVB	or	IVR	in	eyes	with	

ME	associated	with	BRVO.[16,17] Few reports have also shown 
the	clinical	outcomes	of	IVZ	through	1	year.[11,12] However, a 
comparison	between	IVB	and	IVZ	has	not	been	reported	 in	
the	literature.

The	 cost	of	 IVA	and	 IVR	per	dose	are	 $1850	and	$1170,	
respectively,	while	that	for	off‑label	IVB	and	IVZ	are	$50	and	
$30	per	dose,	 respectively.[14,18]	However,	both	 IVB	and	 IVZ	
require	 compounding	before	ocular	use.[13] IVB is the most 
commonly	 used	 anti‑VEGF	worldwide	 for	 the	 treatment	
of	 retinal	 vascular	diseases	 including	ME	 associated	with	
BRVO.[19]	IVZ	has	a	similar	cost	to	IVB	and	could	be	used	as	an	
alternative	if	found	to	be	safe	and	efficacious	as	IVB.	In	view	of	
the	rising	cost	of	treatment	with	anti‑VEGF	agents,	treatments	
that	are	 relatively	cost‑effective	are	needed.	The	purpose	of	
this	study	 is	 to	compare	 the	effectiveness	of	 treatment	with	
IVB	and	IVZ	monotherapy	in	patients	with	ME	secondary	to	
BRVO	through	12	months.

Methods
In	 this	 retrospective	 two‑center	 comparative	 interventional	
study,	 patients	with	ME	 associated	with	 BRVO	who	had	
been	 treated	 with	 intravitreal	 monotherapy	 of	 either	
IVB	(1.25	mg/0.05	mL)	or	IVZ	(1.25	mg/0.05	mL)	from	January	
2014	to	April	2017	were	included.	A	total	of	12	(BVZ	group)	
and	7	(IVZ	group)	patients	were	treated	in	Lebanon	and	the	
remaining	patients	were	treated	in	India.	Institutional	review	
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board	approval	was	obtained	from	both	participating	centers,	
and	the	study	adhered	to	the	tenets	of	Declaration	of	Helsinki.	
Written	 informed	 consent	was	obtained	 from	all	 the	 study	
patients.

Eligible	 patients	were	 those	who	were	 treatment‑naïve	
with	ME	secondary	to	BRVO	treated	with	either	IVB	or	IVZ	
monotherapy	with	a	minimum	follow	up	of	12	months.	All	
patients	with	ME	 secondary	 to	 BRVO	who	were	 treated	
previously,	those	with	a	follow	up	of	<12	months,	uncontrolled	
systemic	parameters,	and	advanced	glaucoma	were	excluded	
from	this	study.

All	 patients	 underwent	 complete	 ocular	 examination	
including	 BCVA,	 anterior	 segment,	 and	 dilated	 fundus	
examination	 using	 slit‑lamp	 biomicroscopy	 and	 indirect	
ophthalmoscopy.	 Early	 Treatment	Diabetic	 Retinopathy	
Study	(ETDRS)	R	chart	(Precision	Vision,	La	Salle,	Illinois,	USA)	
was	used	to	assess	BCVA	in	Lebanon	while	Snellen	charts	were	
used	in	India.	CMT	on	optical	coherence	tomography	(OCT)	
was	measured	using	 three‑dimensional	OCT‑2000	FA	plus	
Topcon	(Topcon,	Tokyo,	Japan)	in	both	the	centers	and	Cirrus	
HD‑OCT	 (Carl	Zeiss	Meditec,	Dublin,	California,	USA)	 in	
India.	Fundus	fluorescein	angiography	(Zeiss	Visupac®	FF4	
and	FF450‑plus,	Carl	Zeiss,	Dublin,	CA)	was	done	in	cases	with	
persistent	macular	edema,	suspicion	of	neovascularization	or	
vitreous	hemorrhage.

Aliquots	of	IVB	and	IVZ	were	prepared	using	techniques	
described	earlier	and	were	discarded	at	2	weeks	if	unused.[13] 
Intravitreal	injections	were	given	after	instillation	of	povidone	
iodine.	No	preinjection	 and	postinjection	 antibiotics	were	
used.	Re‑treatment	was	 required	 in	 cases	of	persistence	or	
recurrence	of	 the	 intraretinal	 or	 subretinal	fluid	 (IRF/SRF)	
on	OCT	scan,	CMT	>250	µm,	and	reduction	in	BCVA	by	≥0.1	
logMAR.	 Follow‑up	 visits	 included	monthly	 visit	 till	 the	
complete	anatomical	success	(no	subretinal	or	intra‑retinal	fluid	
and/or	CMT	≤250	µm)	then	2	monthly	visit	for	next	4	months,	
followed	by	3	monthly	till	1	year.	In	case	of	recurrence,	monthly	
follow‑up	visits	were	done,	till	the	complete	anatomical	success.	
Any	 ocular	 or	 systemic	 side	 effects	were	 noted	 and	were	
considered	injection	or	procedure	related	if	occurred	within	
1	month	of	intravitreal	injections.[20]

Macular	laser	photocoagulation	was	considered	as	rescue	
treatment	 in	 situations	 such	 as	 suboptimal	 response	 or	
recurrence	of	ME.	The	decision	regarding	retreatment	was	as	
per	 the	discretion	of	 the	 treating	physician.	The	suboptimal	
response	was	 defined	 as	 BCVA	 of	 ≤20/40,	 persistence	 of	
IRF/SRF,	or	presence	of	 leakage	 in	fluorescein	angiography	
(if	 performed).	Recurrence	was	defined	 as	CMT	≥250	µm, 
presence	of	IRF/SRF,	and/or	reduction	in	BCVA	≥0.1	logMAR	
in	 the	 patients	with	 documented	dry	macula	 previously.	
PASCAL	(Pattern	Scan	Laser;	Optimedica	Corp.,	Santa	Clara,	
California,	USA),	a	532	nm	frequency‑doubled	(Nd:	YAG)	laser	
was	used	for	administration	of	laser	with	a	10	ms	exposure.[21,22] 
Laser	 application	was	done	using	 contact	 lens	with	 a	 spot	
magnification	factor	of	1	at	the	areas	of	leakage	on	FFA,	500	µm 
away	from	the	center	of	FAZ	or	to	areas	of	retinal	thickening	
based	on	clinical	assessment.

Statistical analysis
SPSS	V.24	(IBM,	Chicago,	Illinois,	USA)	was	used	for	statistical	
analysis.	 Visual	 acuities	were	 converted	 to	 logarithm	 of	

minimum	angle	of	resolution	(logMAR)	for	statistical	analysis.	
Categorical	 variables	were	 compared	using	Chi‑square	 test	
and	continuous	variables	were	compared	using	independent	
t‑test.	 The	 effectiveness	 of	 treatment	 between	 these	 two	
treatment	regimens	was	compared	using	the	following	outcome	
measures:	the	mean	BCVA	change	in	logMAR,	mean	number	
of	 injections,	mean	 number	 of	 visits,	 and	 the	maximum	
treatment‑free	interval	through1	year.	A	P	value	of	<0.05	was	
considered	statistically	significant.

Results
Forty‑nine	 eyes	 of	 49	 patients	 with	 a	 mean	 age	 of	
57.2	 ±	 11.4	 years	 (IVB:	 54.2	 ±	 9.1;	 IVZ:	 58.8	 ±	 14.5	 years)	
were	 included	 in	 this	 study.	Thirty‑two	eyes	 received	 IVB,	
whereas	 17	 eyes	 received	 IVZ.	The	duration	of	 the	disease	
was	2.9	±	1.6	and	3.1	±	1.2	months	 in	BVZ	and	IVZ	groups,	
respectively	(P	=	0.65).	The	mean	baseline	BCVA	(logMAR)	was	
0.61	(Snellen’s	equivalent	20/80)	in	the	IVB	and	0.63	(Snellen’s	
equivalent	20/85)	in	the	IVZ	group	(P	=	0.78).	The	mean	baseline	
CMT	was	481.7	µm	in	the	IVB	group	and	460	µm in the IVZ 
group (P	=	0.94).	The	baseline	clinical	characteristics	such	as	
age,	gender,	BCVA,	and	CMT	were	comparable	between	the	
two	groups	[Table	1].

The	mean	 (±standard	 deviation)	 number	 of	 injections	
through	12	months	were	4.0	±	1.8	in	the	IVB	group	compared	
with	 1.82	 ±	 0.81	 in	 the	 IVZ	 group	 (P	 <	 0.0001).	Overall,	
comprising	both	groups,	 there	was	 significant	 improvement	
in	 the	 BCVA	 (logMAR)	 at	 12	 months	 compared	 with	
baseline	(0.19	±	0.39	vs	0.63	±	0.53)	(P	<	0.0001)	and	also	there	
was	significant	reduction	in	the	CMT	at	12	months	(297.2	±	136.4	
vs	474.0	±	205.4	(P	<	0.0001).	The	mean	improvement	in	BCVA	at	
12	months	was	0.36	±	0.3	in	the	IVB	group	and	0.27	±	0.3	in	the	IVZ	
group (P	=	0.35).	The	mean	change	in	CMT	was	178.9	±	180.9	µm 
in	the	IVB	group	and	173.5	±	344.4	µm in the IVZ group (P	=	0.94).	
IVZ	 treatment	 group	had	 a	 significantly	 fewer	number	 of	
visits (P	 <	 0.0001)	 and	 longer	 duration	 of	 treatment‑free	
interval (P	=	0.0081)	as	shown	in	Table	1.	Age,	gender,	treatment	
given,	baseline	CMT,	and	the	number	of	intravitreal	injections	
were	not	significantly	associated	with	the	change	in	BCVA	at	
1	year	except	for	the	baseline	BCVA	(P	<	0.0001).	Representative	
cases	are	shown	in	Figs.	1	and	2.

Thirteen	eyes	received	focal	(grid)	laser	photocoagulation	
due	to	suboptimal	response	or	recurrence	of	macular	edema	in	
the	group	that	received	IVB.	Prior	to	laser,	the	mean	number	
of	 injections	was	 2.4	 ±	 0.7	 in	 the	BVZ	group.	There	was	 a	
statistically	significant	change	in	mean	(±SD)	BCVA	(0.29	±	0.19	
logMAR; P =	0.01)	and	CMT	(242.8	±	192.0	µm; P =	0.02)	 in	
13	eyes	which	received	rescue	focal	laser.	The	mean	number	
of	 injections	 and	maximum	 treatment‑free	 interval	were	
5.5	±	1.9	and	4.17	±	1.47	months,	respectively.	Post‑grid	laser	
photocoagulation,	 repeat	 intravitreal	 injections	were	given	
after	at	least	3	months	based	on	BCVA	and	CMT. One	eye	each	
from	IVB	and	IVZ	groups	had	sector	laser	photocoagulation	
because	of	 associated	vitreous	hemorrhage	and	presence	of	
retinal	neovascularization,	respectively.	There	were	no	ocular	
or	systemic	adverse	events	related	to	intravitreal	injections.

Discussion
In	 this	 retrospective	 comparative	 interventional	 study,	we	
found	no	difference	in	the	anatomic	and	visual	outcomes	at	
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Table 1: Clinical characteristics of eyes (including BCVA in the logarithm of minimum angle of resolution; logMAR; CMT) 
with macular edema secondary  to branch  retinal vein occlusion  treated with bevacizumab  (IVB) and ziv‑aflibercept  (IVZ) 
through 12 months

Parameters IVB IVZ P value

Total number of eyes 32 17 (2-tailed)

Age, mean±SD (range; years) 54.2±9.1 (54-60.5) 58.76±14.52 (51.3-66.2) 0.18
Sex (male/female) 17/15 9/8

Baseline BCVA (logMAR), mean±SD 0.61±0.50 0.63±0.62 0.78
Final BCVA (logMAR), mean±SD 0.13±0.34 0.31±0.48

Change in BCVA at 12 months −0.36±0.3 −0.27±0.3 0.35
Baseline CMT (mean±SD; µ) 481.7±168.2 460±274.5 0.94

Final CMT (mean±SD; µ) 303±112.5 286.5±177.6

CMT change at 12 months 178.9±180.9 173.5±344.4 0.94

Total number of injections, mean±SD 4.0±1.8 1.82±0.81 <0.0001
Total number of visits, mean±SD 8.7±2.1 5.0±1.2 <0.0001
Maximum treatment-free interval 5.0±1.6 6.4±1.9 0.008		
(mean±SD; m)

BCVA: best corrected visual acuity, CMT: central macular thickness, IVB: intravitreal bevacizumab, IVZ: intravitreal ziv-aflibercept, m: months, SD: standard deviation

1	year,	among	patients	with	branch	retinal	vein	occlusion	who	
received	 IVB	 compared	with	 IVZ.	However,	 patients	who	
received	IVZ	compared	with	IVB	significantly	received	a	fewer	
mean	number	of	injections	(1.8	vs.	4.0),	required	fewer	number	
of	hospital	visits	(5.0	vs.	8.7),	and	had	a	longer	treatment‑free	
interval	(6.4	months	vs.	5.0	months).

Studies	have	shown	good	visual	and	anatomical	outcomes	
in	ME	associated	with	BRVO	with	both	IVB	and	IVZ.[4,8,9,11,12] 
However,	 there	 are	no	 studies	 comparing	 IVB	 and	 IVZ	 in	
BRVO‑related	ME.	 Ehlers	 et al.	 have	 reported	 significant	
improvement	 in	 BCVA	 (20/137	 to	 20/96; P =	 0.05),	 CMT	
(425	µm	to	289	µm; P <	0.001)	with	a	mean	of	2.5	IVB	injections	
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Figure 1: (a) Fundus photograph of a 57-year-old female with the presence of dilated, tortuous vein and multiple superficial hemorrhages in 
inferotemporal quadrant suggestive of branch retinal vein occlusion. Best corrected visual acuity (BCVA) was 20/60 in the right eye and optical 
coherence tomography (OCT) showed cystoid spaces and macular edema (b). Post two intravitreal bevacizumab (IVB) injections, BCVA improved 
to 20/50. Fundus photograph showed resolving retinal hemorrhages (c) and few cystoid spaces with nearly resolved macular edema (d) at 6 months
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in	previously	 treated	 eyes	with	BRVO‑related	ME	 through	
9	months.[4]	Hikichi	et al.	in	their	study	of	105	treatment	naïve	
eyes	with	ME	due	to	BRVO	reported	a	significantly	improved	
visual	outcome	(logMAR	0.64	±	0.24	to	0.34	±	0.21)	at	2	years	
with	a	mean	of	3.8	±	1.5	IVB	injections.[9]

Chan	 et al.	 have	 shown	 successful	 outcomes	 of	 IVZ	 in	
treatment	naïve	eyes	with	BRVO‑related	ME.	 In	 the	11	eyes	
treated	through	12	months,	best	corrected	visual	acuity	(BCVA)	
improved	significantly	(0.33	±	0.22; P <	0.05)	with	3.3	±	1.6	mean	
number	of	injections	on	PRN	protocol.[12,16] Paulose et al.	 in	a	
small	series	of	nine	eyes	of	persistent	or	recurrent	ME	because	of	
RVO	(both	branch	and	central)	reported	modest	improvement	in	
BCVA	(∆	=	−0.29	logMAR; P =	0.13)	with	a	significant	reduction	
in	CMT	(604	±	199	µm	to	351	±	205	µm; P =	0.02)	at	4	months.[11]

Though	IVA	and	IVZ	share	same	molecular	structure,	the	
difference	exists	in	the	osmolarity	(IVA:	300	mOsm/kg	vs	IVZ:	
1000	mOsm/kg)	owing	to	the	difference	in	purification	methods	
and	use	of	different	buffer	solutions.[14] Studies have shown the 
comparable	results	of	IVA	with	IVB	in	BRVO	and	few	of	them	
showed	increased	treatment	interval	with	IVA	in	patients	with	
insufficient	response	to	IVB	even	if	the	visual	outcomes	were	not	
different.[15‑17] Wang et al.	did	not	find	any	significant	difference	
in	the	visual	and	anatomic	outcomes	(BCVA,	CMT,	and	mean	
number	of	injections)	in	a	retrospective	study	of	50	eyes	with	ME	
associated	with	BRVO	treated	with	IVA	and	IVB.[15]	Switching	to	
IVA	in	patients	of	ME	related	to	BRVO	with	insufficient	response	
to	 IVB	or	 IVR	has	 shown	a	 significant	 increase	 in	 injection	

interval	(5.0–8.3	weeks	at	month	12; P =	0.002).	However,	there	
was	no	significant	improvement	in	BCVA	and	CMT.[16]	Direct	
extrapolation	of	treatment	response	with	IVA	to	IVZ	may	be	
difficult	in	view	of	different	dosages	(IVA:	2	mg	vs.	IVZ:	1.25	mg)	
and	the	difference	in	osmolarity.[14]

The	overall	cost	of	treatment	with	intravitreal	anti‑VEGF	
agents	includes	the	cost	of	transport	to	the	hospital,	hospital	
user	 fees,	 cost	 of	 investigations	 such	 as	OCT,	 fluorescein	
angiography,	cost	of	the	anti‑VEGF	drug,	and	time	spent	by	
the	patient	and	the	attendant.	The	cost	of	compounded	IVB	
and	 IVZ	per	dose	 is	 almost	 similar	 ($50	 and	$30	per	dose,	
respectively).[13,18]	There	are	higher	cost	implications	involved	
in	using	IVA	or	IVR	as	compared	with	IVB	or	IVZ	which	can	
be	up	to	20–30	times.[23] Van Asten et al.	have	shown	that	the	
preference	of	IVA	over	IVB	in	neovascular	age‑related	macular	
degeneration	 (n‑AMD)	 leads	 to	annual	overspending	 to	 the	
tune	of	€335	million	in	Europe.[24] In this study, patients with 
BRVO	had	on	average	two	injections	of	IVZ	compared	with	
four	 injections	of	 IVB	at	1	year	making	 IVZ	even	a	cheaper	
alternative	to	IVB.	The	use	of	IVZ	in	the	treatment	of	patients	
with	BRVO	may	reduce	the	cost	of	treatment	at	1	year	by	50%	
compared	with	IVB.	This	can	benefit	the	patients	especially	in	
developing	and	low‑middle‑income	countries	where	insurance	
coverage	is	very	limited.	A	reduction	in	the	number	of	hospital	
visits	 among	patient	 receiving	 IVZ	can	 lead	 to	 further	 cost	
savings.	 In	 this	 study,	we	 found	 that	patients	with	BRVO	
who	received	IVZ	had	on	average	five	hospital	visits	during	

Figure 2: (a) Fundus photograph of 63-year-old male with the presence of inferotemporal branch retinal vein occlusion and best corrected 
visual acuity of 20/60. Optical coherence tomography (OCT) showed cystoid macular edema (CME), hard exudates, and shallow neurosensory 
detachment (NSD) (b). Post three intravitreal ziv-aflibercept injections at 1, 7, and 11 months, BCVA improved to 20/50. Fundus photograph 
showed resolved hemorrhages (c) while OCT showed foveal thinning, few cystoid spaces with disrupted ellipsoid zone (d) at month 14
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1	year	compared	with	eight	hospital	visits	among	those	who	
received	IVB.

Study	limitations	include	small	sample	size	with	an	uneven	
distribution	of	patients	in	both	the	groups	(IVB	=	32;	IVZ	=	17)	
and	outcome	analysis	 at	 only	 1	year.	Being	a	 retrospective	
study,	we	could	not	 include	the	patients	who	did	not	come	
for	the	follow‑up	but	had	a	good	visual	outcome.	Therefore,	
we	may	have	probably	 included	only	patients	who	had	 a	
poor	outcome	and	needed	further	treatment.	As	the	dose	for	
IVZ	(1.25	mg)	is	less	than	approved	IVA	(2	mg),	therefore,	a	
bi‑monthly	protocol	could	not	be	followed.	Mean	number	of	
injections	were	relatively	less	in	both	groups	and	the	results	
bear	 a	 resemblance	 to	other	 real‑life	 studies	 on	 anti‑VEGF	
therapy	in	ME	secondary	to	BRVO.[4,9,12] Moreover, this study 
has	been	done	 in	 two	different	populations.	Therefore,	 the	
ethnic	variation	also	needs	to	be	kept	in	mind	before	analyzing	
the	results.

Conclusion
In	conclusion,	IVZ	appears	to	be	cost‑effective	with	a	similar	
visual	outcome	and	less	number	of	visits	in	comparison	with	
IVB.	Our	 study	 supports	 IVZ	 as	 a	 low‑cost	 alternative	 to	
approve	IVA	in	a	real‑life	situation.	However,	a	head‑to‑head	
comparison	between	these	two	molecules	is	needed	to	arrive	
at	a	conclusion.
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