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Trials and tribulations of rare eye 
diseases

Rare	diseases	 (RD)	have	 emerged	as	one	of	 the	key	public	
health	concerns	recently.	This	implies	that	despite	the	rarity	of	
these	diseases	as	per	definition,	a	significant	amount	of	people,	
in	millions,	 are	 affected	worldwide.	Diseases	 are	 currently	
classified	as	RD	based	on	their	reported	prevalence	centered	
on	epidemiological	data,	and	it	ranges	between	1/10,000	and	
10/10,000	affected	 individuals	 in	a	given	population,	 as	per	
the	World	Health	Organization	 (WHO)	 and	 independent	
data	 from	 different	 countries.[1]	 Regrettably,	 the	 lack	 of	
epidemiological	data	 of	RD	 in	 India	does	not	provide	 the	
magnitude	of	disease	burden	caused	by	them	among	Indians.	
Majority	 of	 RD	 are	 inheritable	 and	 have	 strong	 genetic	
predisposition	and	mutations	toward	the	causality.	Since	India	
is	one	of	the	countries	with	high	rates	of	consanguinity,	the	
prevalence	could	be	higher	than	in	other	countries.	Rare	eye	
diseases	(RED)	contribute	substantially	to	the	list	of	RD,	with	
close	to	1000	RED	conditions.[2,3]	Ocular	structures	affected	by	
RED	include	cornea,	retina,	optic	nerve	or	the	entire	eye	globe.	
RED‑associated	morbidity	 affects	 the	 quality	 of	 life	 (QoL)	
of	patients	 and	 carers	markedly,	 contributing	 to	 significant	
psychological	and	economic	burden.

Ophthalmologists	have	been	serving	relentlessly	to	create	a	
world	free	of	visual	impairment,	and	RED	poses	a	number	of	
challenges	in	achieving	the	goal	of	quality	vision	for	all.	The	
reasons	underpinning	high	incidence	and	morbidity	associated	
with	RED	include	(i)	delay	in	confirmatory	diagnosis,	(ii)	lack	
of	knowledge	on	the	detailed	mechanisms	associated	with	the	
pathogenesis,	(iii)	dearth	of	treatments	and	targeted	therapies,	
and	(iv)	paucities	in	public	awareness	about	inherited	diseases.	
Early	 and	 accurate	diagnosis	would	 enable	 the	patient	 to	
engage	 in	health	practices	 that	 can	 result	 in	 slowing	down	
of	disease	progression,	preparedness,	 skill	 development	 to	
improve	QoL,	and	participate	in	emerging	therapies	or	clinical	
trials.	The	delays	and	hurdles	to	arrive	at	accurate	and	early	
confirmatory	diagnosis	of	RED	are	due	 to	 lack	of	access	 for	
these	patients	 to	 specialist	 care	 including	affordable	genetic	
testing.	Detailed	mechanistic	 knowledge	 underlying	 the	
pathogenesis	of	RED	will	provide	 insights	 into	 cellular	and	
molecular	pathways	 that	may	be	 shared	by	RED	and	other	
relatively	well‑understood	common	eye	diseases	with	varied	
therapeutic	 strategies	which	 can	be	harnessed	 in	RED.	The	
lack	of	mechanistic	knowledge	is	due	to	rarity	of	the	condition,	
which	makes	it	challenging	to	access	biological	materials	for	
detailed	cellular/molecular	studies	and	development	of	animal	
models.	Despite	 early	 and	accurate	diagnosis,	 the	 absence	
of	 therapies	 contributes	 to	 continued	morbidity	and	disease	
burden	 in	many	RED	patients.	This	 is	 a	very	disconcerting	
situation	across	RD	as	well,	with	more	than	95%	of	RD	having	
no approved treatment.[4]	It	is	widely	accepted	that	RED	can	be	
better	managed	with	targeted	and	personalized	therapies.	In	this	
context,	gene	therapy	has	evolved	as	one	of	the	most	promising	
and	successful	treatment	strategies	for	a	variety	of	RD.	More	
recently,	the	first	gene	therapy	(adeno‑associated	virus	based)	
for	the	treatment	of	Leber	congenital	amaurosis‑2,	a	RED,	has	
been	approved	for	clinical	use.[5]	The	technological	bottlenecks	

in	the	development	of	such	therapies	slow	down	their	rapid	
development	and	render	them	unaffordable	for	many.	This	is	
further	complicated	by	the	differences	in	the	disease‑causing	
mutations	or	genetic	variations	among	different	 ethnicities.	
One	of	the	critical	contributors	toward	the	prevalence	of	RD	is	
the	lack	of	awareness	among	the	general	public,	particularly	in	
societies	with	higher	frequency	of	consanguineous	marriages,	
regarding	the	heritable	nature	of	these	conditions.

The	action	plan	to	reduce	the	prevalence	of	disease	burden	
of	RED	 addressing	 the	 four	major	 formidable	 challenges	
listed	 earlier	 is	 as	 follows.	 Early	 and	 accurate	 diagnosis	
can	 be	 improved	 by	 (i)	 capacity	 building	with	 a	 trained	
multidisciplinary	team	and	infrastructure	capable	of	detailed	
documentation	of	clinical	phenotypes	and	genotypes	associated	
with	RED;	(ii)	identification	of	tertiary	eye	care	centers,	state	or	
district	wise,	as	nodal	centers	that	can	provide	capacity	for	the	
diagnosis	of	RED;	(iii)	development	of	national	registries	for	RED	
with	detailed	genotype	and	clinical	information	that	would	be	
accessible	to	all	nodal	centers,	as	this 	will	be	useful	to	determine	
ethnicity‑specific	genetic	variation	in	RED;	(iv)	development	of	
public–private	sector	partnership	to	make	genetic	testing	more	
affordable;	(v)	easy	availability	of	panels	such	as	the	Oculome	to	
facilitate	the	diagnoses	of	a	range	of	genetic	conditions	affecting	
the	eye;[6]	 (vi)	 conducting	periodic	expert	group	meetings	 to	
develop	consensus	and	update	clinical	and	genetic	information	
associated	with	RED,	 and	 (vii)	 having	 representatives	 for	
RED	(ophthalmologists)	to	work	with	government	policymakers	
addressing	RD	in	the	country.[7]	Detailed	mechanistic	knowledge	
about	the	pathogenesis	would	be	improved	with	focused	research	
efforts.	It	would	include	(i)	creation	of	biorepositories	to	collect	
and	store	RED	tissues,	(ii)	disease	modeling	using	animal	models	
or	organoid	models	with	induced	pluripotent	stem	cells	(iPSCs)	
derived	from	RED	patients,	and	(iii)	funding	and	participation	by	
all	the	stakeholders	in	this	attempt.	Development	of	treatments,	
such	as	gene	therapy,	 in	 India	would	profoundly	reduce	the	
disease	burden	in	India.	It	is	important	to	note	that	there	are	
national	guidelines	for	gene	therapy	product	development	and	
clinical	 trials[8]	 to	 facilitate	 the	development	of	 targeted	and	
affordable	gene	 therapy.	The	various	action	plans	discussed	
above,	 right	 from	making	genetic	 testing	more	affordable	 to	
development of registry to improve knowledge regarding 
disease	mechanisms,	would	directly	impact	the	development	
of	 next‑generation	 therapeutics,	 such	 as	mutation‑specific	
and	mutation‑independent	gene	 and	 cell	 therapies,	 for	 the	
treatment	of	RED.	Finally,	increasing	public	awareness	about	
RED	and	 inherited	disease	would	 substantially	 reduce	 the	
prevalence	of	RED	and	the	associated	disease	burden.	This	can	
be	addressed	effectively	and	sustainably	by	 (i)	 encouraging	
genetic	 counseling	and	making	 it	 accessible	by	 the	 creation	
of	 trained	genetic	 counselors	 in	health‑care	 establishments	
and	(ii)	creating	consortium	for	RED	that	would	include	all	the	
stakeholders	–	such	as	patients,	caregivers,	ophthalmologists,	
geneticists	and	 industry	personnel	 (genomic	 technology	and	
biopharmaceuticals),	 philanthropists,	 and	 policymakers.	
Addressing	the	major	challenges	by	the	discussed	approaches	
would	 collectively	and	 substantially	 reduce	 the	 cumulative	
burden	of	RED	on	the	affected	and	health‑care	systems.

This	 special	 issue	 on	 “RED,”	 through	 its	many	 articles	
by	 experts,	 intends	 to	 communicate	 the	 contemporary	
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understanding	of	RED	with	 reference	 to	 clinical	 spectrum,	
genetic/molecular	basis	of	disease	pathogenesis,	and	emerging	
management	strategies.	The	contents	of	the	issue	will	aid	to	
address	the	challenges	posed	and	implement	the	action	plans	to	
substantially	increase	the	rarity	of	RED	and	improve	the	QoL	of	
those	with	RED.	With	ever‑growing	trained	multidisciplinary	
teams,	technological	advancements,	and	awareness,	we	are	well	
poised	to	reduce	the	burden	rendered	by	RED,	by	narrowing	
the	gap	between	RED	and	management	solutions.
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