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Retinoblastoma in twins: Risk assessment of genotypic variants

Vishal Raval, Meghan DeBenedictis1, Randy Bowen, Hansell Soto, Jacquelyn Davanzo, Arun Singh

Access this article online
Website:  
www.ijo.in
DOI:  
10.4103/ijo.IJO_2811_20
PMID:  
*****

Quick Response Code:

Purpose:	To	describe	methods	of	risk	assessment	in	twins	with	retinoblastoma	(RB).	Methods:	A	case	series	
of	four	RB	probands	with	a	twin	sibling.	Family	status,	clinical	presentation,	and	RB1	germline	status‑based	
risk	assessment	were	analyzed.	Results: Two	pairs	had	a	positive	family	history	(unilateral	and	bilateral	
RB	 in	 one	 of	 the	parents	 (#1	 and	 #2,	 respectively)	 and	 two	pairs	 (#3	 and	 #4)	were	 sporadic.	One	of	 the	
familial	twins	(#1)	had	a	high	risk	(90%)	of	manifesting	RB	in	the	twin.	The	other	case	(#2)	with	an	absent	
RB1	germline	mutation	in	the	twin	had	a	0%	risk	of	developing	RB.	Among	sporadic	cases	of	twins	(#3),	
genetic	 testing	 did	 not	 identify	 a	 germline	mutation	 (tumor	 sample	 unavailable)	 in	 the	 proband	which	
downgraded	 the	 risk	 of	 germline	 mutation	 from	 15%	 to	 <1%.	 The	 twin	 never	 developed	 RB	 (5	 years	
of	 age	 at	 last	 follow‑up).	 Pathogenic	 mosaicism	 for	 germline	 RB1 mutation	 (c.1723C>T)	 could	 be	
identified	(tumor	tissue	available)	in	the	proband	(#	4).	Identical	germline	mutation	(and	RB	tumor)	was	
also	noted	in	the	twin.	In	each	case,	 there	was	concordance	between	the	assessed	risk	and	manifestation	
of RB. Conclusion:	Assessment	of	risk	of	RB	in	a	twin	presents	with	a	unique	challenge.	Depending	upon	
the	genotype	variant,	 the	risk	of	developing	RB	can	vary	 from	0%	to	90%.	 In	addition	 to	 family	history,	
clinical	manifestation	in	the	proband,	zygosity	status,	and	RB1	germline	status	are	critical	in	formulating	
risk‑appropriate	surveillance	guidelines.
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Recommendations	 for	 the	 frequency	 and	 intensity	 of	
surveillance	 of	 newborn	 relatives	 of	 a	 proband	 with	
retinoblastoma	 (RB)	 are	 based	 on	 a	 calculated	 risk	 of	RB	
tumor involvement.[1,2] An estimated risk of developing RB 
can	be	 calculated	 from	 the	 relationship	 of	 the	 infant	with	
the	proband,	and	the	proband’s	tumor	laterality	(unilateral	
or	 bilateral),[3,4]	 and	 the	presence	or	 absence	of	 a	 germline	
RB1	 pathogenic	 variant	 in	 the	 proband.[5,6]	 The	 current	
recommended	screening	guidelines	published	as	a	consensus	
report	of	the	American	Association	of	Ocular	Oncologists	and	
Pathologists	 allows	 clinicians	 to	 stratify	 children	based	on	
their	expected	risk	for	RB,	depending	on	their	relationship	
with	 the	 affected	 family	member	 and	 refining	 that	 risk	by	
genetic	 testing	 to	 optimize	 care.[4] These guidelines were 
limited	for	the	patient	at	risk,	which	was	defined	as	a	person	
with	a	family	history	of	RB	in	a	parent,	sibling,	or	first‑	or	
second‑degree	relative.

Even	if	we	consider	the	twin	to	be	one	of	the	siblings	of	the	
proband,	the	current	guidelines	do	not	include	risk	assessment	
in	twin	pregnancy,	which	in	itself	is	a	complex	process.	The	
assessment of risk in a twin having RB is dependent on various 
factors	 including	 existing	 parental	 history	 of	 RB,	 tumor	
laterality	 in	 the	proband,	 and	whether	or	not	 the	proband	
has a hereditable (germline RB1 pathogenic	variant)	versus	
a	sporadic	form	of	RB.	It	is	also	important	to	realize	the	twin	
gestation	(monozygotic	or	dizygotic).

The	reported	number	of	twins	is	32.6	per	1000	live	births,	
out	of	which	two‑thirds	are	dizygotic	twins	and	one‑third	are	
monozygotic	 twins.[7]	Considering	 the	RB	 incidence	of	 1	 in	
20,000	live	births	in	the	United	States,[8,9]	 it	can	be	estimated	
that	1	in	652	twins	will	be	affected	by	RB.	The	current	literature	
of	RB	 in	 twins	 is	 limited	 to	 few	case	 reports	of	phenotypic	
concordance	 or	 discordance	 in	monozygotic	 or	 dizygotic	
twins.[10‑14]

We	report	an	illustrative	case	series	of	four	offsets	of	twins	
with RB. The germline status, tumor laterality, and twin 
zygosity	(monozygotic	or	dizygotic)	were	defined	for	clinical	
risk	assessment	and	correlated	with	the	clinical	course	and	RB1 
germline	pathogenic	variant.

Methods
A	retrospective	chart	review	of	four	probands	with	RB	who	
had	a	twin	sibling	was	analyzed.	The	study	was	approved	by	
the	 institutional	ethics	committee	and	adhered	to	 the	 tenets	
of	the	Declaration	of	Helsinki	of	medical	research	involving	
human	subjects.	All	probands	with	RB	underwent	a	detailed	
anterior segment and fundus examination under anesthesia for 
assessment	of	RB.	The	RB	tumor	was	classified	according	to	
international	intraocular	RB	classification.	Probands	underwent	
treatment	 according	 to	 standardized	 protocol	 depending	
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upon	the	group	staging	of	the	tumor.	Retcam®	fundus	photos	
were	 taken	wherever	 it	was	possible.	Magnetic	 resonance	
imaging	(MRI)	of	the	orbit	and	brain	was	performed	(when	
indicated)	to	evaluate	optic	nerve	extension	or	trilateral	RB.	
A	comprehensive	birth	and	family	history	were	obtained	and	
the	 twin	 sibling	of	 each	proband	also	underwent	 an	 exam	
under	 anesthesia	 (EUA)	 for	 assessment	of	RB.	Each	 family	
received	 formal	genetic	 counseling	by	 a	 state‑licensed	 and	
board‑certified	 genetic	 counselor	 during	which	 a	 formal	
pedigree	was	 obtained	 [Fig.	 1]	 and	 genetic	 testing	was	
discussed.	After	consent,	genetic	testing	for	RB	in	the	proband	
was	 performed	 by	 a	 Clinical	 Laboratory	 Improvement	
Amendments	 (CLIA)‑certified	 laboratory	 (Impact	Genetics,	
Toronto,	Canada).[15]	A	tumor	sample	was	provided	for	genetic	
analysis,	when	available.	Upon	review	of	the	genetic	testing	
results [Table	1],	the	genetic	counselor	facilitated	appropriate	
family	member	testing,	including	that	of	the	proband’s	twin.	
Those	family	members	had	samples	sent	to	the	same	lab	for	
analysis and targeted familial variant analysis was performed.

Genetic testing methods
A	combination	of	test	methods	listed	below	are	employed	(not	
all	 for	every	sample)	by	Impact	Genetics	 (Toronto,	Canada)	
to	detect	RB1 mutations[15]	sequence	analysis	of	the	RB1	core	
promoter	 (exons	 1	 through	 27,	 including	nearby	flanking	
intronic	regions).	Such	analysis	can	detect	mosaic	mutations	
at	a	level	of	15%	or	greater.	Reported	polymorphisms	are	used	
for	designing	sequencing	assays.	Gross	deletion/duplication	
analysis	 is	 performed	using	multiplex	 ligation‑dependent	
probe	amplification	(MLPA)	that	simultaneously	screens	for	
small	 intra‑exon	 insertions	 and	deletions	 in	RB1.	 The	 lab	
also	 performs	 a	 quantitative	multiplex	 polymerase	 chain	
reaction	(QM‑PCR)	test	to	measure	the	MYCN	copy	number	
in any tumor sample that does not have an RB1 mutation.[16] 
Splice	site	analysis	is	done	using	a	minimum	of	25	nucleotides	
flanking	each	exon	of	RB1	 to	detect	 changes	 in	 splice	 sites.	
In	silico	analysis	and	scoring	is	used	to	determine	whether	a	
particular	change	is	likely	to	cause	missplicing.	In	the	case	of	

an	intronic	variant	of	uncertain	significance,	RNA	transcript	
analysis	on	a	fresh	blood	sample	is	performed.	Rapid	detection	
of	eleven	recurrent	RB1 mutations	is	done	using	allele‑specific	
PCR	(AS‑PCR),	which	is	then	confirmed	by	sequence	analysis.	
This	highly	sensitive	technique	can	detect	mutations	at	mosaic	
levels	as	low	as	1%	of	mutant	DNA.	Aberrant	methylation	of	
the RB1	promoter	leads	to	reduced	transcription	of	RB1 that 
can	 initiate	unilateral	sporadic	RB	 in	 the	absence	of	an	RB1 
mutation.	Methylation‑specific	PCR	analysis	is	performed	to	
detect	methylation	of	the	RB1 promoter in tumors.

Results
Family # 1 (Familial, Bilateral)
Proband (male)
A	2‑month‑old	boy	was	 seen	 in	 the	 clinic	due	 to	 a	 family	
history	of	RB.	Birth	history	of	37	weeks	of	twin	gestation	with	
a	vaginal	delivery	was	noted.	Family	history	was	significant	
for	his	mother	with	a	history	of	bilateral	RB	 for	which	 she	
underwent	enucleation	in	one	eye	and	plaque	brachytherapy	
in	 the	 other	 eye.	 She	had	not	 had	genetic	 testing.	 Fundus	
examination	of	the	proband	showed	a	7	×	6	×	3	mm	RB	in	the	
macular	area	of	the	right	eye	(Group	B)	and	1	mm	RB	in	the	
nasal	quadrant	of	 the	 left	eye	(Group	A).	The	right	eye	was	
treated	with	plaque	brachytherapy	and	with	multiple	sessions	
of	 transpupillary	 thermotherapy	 (TTT)	and	cryotherapy	 for	
control	of	 the	 tumor.	The	 left	 eye	was	 initially	 treated	with	
multiple	 sessions	 of	 cryotherapy;	 however,	 due	 to	 lack	 of	
complete	response	plaque	brachytherapy	was	administered.[17] 
Genetic	 testing	was	positive	 for	 a	germline	RB1 pathogenic	
variant	 (c.662_680del19).	At	 last	 follow‑up	 (12	years),	 both	
eyes had stable	regressed	tumors	without	evidence	of	trilateral	
RB	(TRB)	and	secondary	malignant	neoplasms	(SMN).

Twin (male)
Considering	 the	positive	 family	history,	 a	planned	 fundus	
examination	of	the	twin	showed	multiple	bilateral	small	RB	
in	 superior	 and	 inferior	quadrant,	which	were	 treated	with	
multiple	sessions	of	TTT	and	cryotherapy	and	remained	stable 
at	last	follow‑up.	The	targeted	variant	analysis	was	positive	
for the RB1 germline	pathogenic	 variant	 (c.662_680del19)	
previously	identified	in	the	proband.

Family #2 (Familial, Unilateral)
Proband (female)
A	10‑day‑old	baby	girl	was	referred	for	an	eye	examination	to	
assess	for	RB	based	on	the	strong	family	history	of	RB.	Birth	
history	of	 37	weeks	of	 twin	gestation	with	 cesarean	 section	
was	noted.	Family	history	was	significant	for	her	father	having	
had	unilateral	RB	 (status	post	 enucleation)	with	 extended	
family	members	on	 the	paternal	 side	also	having	unilateral	
RB.	Prenatal	genetic	 testing	was	performed	 for	 the	 familial	
RB1	pathogenic	variant.	Results	became	available	at	9	days	of	
age	and	were	positive	(c.‑189	G	>	T).	EUA	revealed	two	small	
RB	(<0.5	mm)	in	the	peripheral	superonasal	quadrant	in	the	
right	eye	(Group	A)	which	were	treated	with	multiple	sessions	
of	cryotherapy.	At	last	follow‑up	(4	1/2	years)	both	the	eyes	
were stable	without	evidence	of	trilateral	RB.

Twin (male)
Prenatal	 genetic	 testing	 for	 the	 familial	RB1 variant was 
negative,	 thus,	 reducing	 the	 necessity	 for	 continued	RB	
surveillance.

Figure 1: Pedigrees charts of four families with retinoblastoma in 
twins. The arrowhead ( ) shows the index case. Males are denoted 
as a square ( ) and females denoted as circles ( ). The full‑shaded 
symbols represent bilateral retinoblastoma ( ) while half‑shaded ones 
represent unilateral retinoblastoma ( ). A horizontal line connecting 
the twins represents monozygosity
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Family # 3 (Sporadic, Unilateral)
Proband (female)
A	20‑month‑old	girl	was	 referred	 for	management	of	RB	 in	
the	right	eye.	Birth	history	of	34	weeks	of	twin	gestation	with	
cesarean	section	was	noted.	Family	history	was	negative	for	RB.	
Fundus	examination	in	the	right	eye	showed	a	15	×	13	×	10	mm	
nasal	calcified	mass	with	diffuse	subretinal	and	vitreous	seeding	
with	 inferior	 exudative	 retinal	detachment	 (Group	D).	 She	
received	 five	 cycles	 of	 intra‑arterial	 chemotherapy	with	
melphalan	and	topotecan	along	with	intravitreal	chemotherapy.	
Genetic	testing	did	not	identify	a	pathogenic	variant	in	RB1 in her 
blood.	A	tumor	sample	was	not	available	for	genetic	analysis.	At	
last	follow‑up	(age	4.5	years),	a	calcified	tumor	with	no	evidence	
of	new	tumor	or	recurrence	of	vitreous	seeding	was	noted.

Twin (female)
Fundus	examination	was	normal	with	no	evidence	of	RB.	Since	
no	pathogenic	variant	 in	RB1 was	detected	 in	 the	proband,	
genetic	testing	was	not	clinically	indicated.

Family # 4 (Sporadic Mosaic, Unilateral)
Proband (male)
A	1‑year‑old	boy	was	referred	to	rule	out	RB	in	the	left	eye.	
Birth	history	of	 38	weeks	of	 twin	gestation	with	 a	vaginal	
delivery was noted. Family history was negative for RB. 
Fundus examination showed Group E RB in the left eye for 
which	enucleation	of	the	eye	was	performed.	Genetic	testing	
identified	mosaicism	for	a	germline	RB1 variant,	c.1723C	>	T.	
Twenty	percent	of	his	blood	leukocytes	were	positive	for	this	
variant,	consistent	with	germline	mosaicism.	While	this	result	
meant	his	older	brother	and	parents	were	not	at	risk	for	having	
this	variant,	his	twin	brother	was	at	risk	in	the	event	they	were	
monozygotic	twins	(parents	reported	they	were	identical).	At	
last	follow‑up	(1	year),	there	was	no	evidence	of	tumor	in	the	
unaffected	eye	or	TRB	and	SMN.

Twin (male)
Considering	the	possibility	of	monozygosity	and	the	presence	
of	germline	mosaicism	 in	 the	proband,	 fundus	examination	
in	the	twin	was	performed	within	1	month	which	showed	a	
small	RB	(Group	A)	in	the	left	eye,	and	hence	cryotherapy	was	
performed. The targeted variant analysis was positive for the 
pathogenic	RB1 variant	detected	in	the	proband.	The	variant	
was	also	mosaic	in	this	patient,	with	approximately	5–10%	of	
his	blood	leukocytes	positive.	At	last	follow‑up	(1	year),	both	
the eyes were stable	with	no	evidence	of	a	new	tumor.

Discussion
Twin	zygosity	is	one	of	the	main	factors	 in	determining	the	
risk	of	RB	recurrence	in	twins.	It	is	important	to	differentiate	

twins	in	terms	of	zygosity	as	monozygotic	twins	originate	from	
a	single	fertilized	egg	(zygote)	thereby	having	the	same	risk	of	
hereditary	disease.	In	dizygotic	twins,	two	eggs	are	fertilized	
by	 two	 separate	 sperms	and	hence	 they	 share	50%	of	 their	
genetic	information,	like	any	other	sibling.	Several	postzygotic	
mechanisms	 can	 explain	 discordance	 even	 in	 “identical”	
twins.[18]	The	monozygotic	twins	may	even	be	discordant	for	the	
development of RB.[19]	Mosaicism,	by	affecting	the	proportion	
of	 cells	with	RB1	mutation	may	underlie	discordance.[20‑22] 
Various	methods	have	been	used	to	determine	twin	zygosity	
including	blood	 typing	 and	genders	 of	 newborns,	Human	
Leukocyte	Antigen	(HLA)	typing,	chorionicity	(monochorionic	
or	dichorionic)	evaluation	by	prenatal	ultrasonography,	and	the	
examinations	of	the	placenta	after	delivery;[23] however, none 
of	them	are	as	accurate	as	genetic	analysis	using	PCR‑based	
technology.[24]

In	Family	#1	(familial	RB),	both	twins	had	a	prior	risk	of	
50%	of	having	had	inherited	a	pathogenic	RB1 variant from 
their mother.[25]

In	Family#2,	the	estimated	risk	of	RB	was	estimated	to	be	
50%	 considering	 the	parental	 history	of	RB.	However,	 the	
twin did not have germline RB1	mutation	which	 reduced	
the	risk	of	RB	to	<1%	(as	in	the	general	population)	thereby	
avoiding multiple examinations under anesthesia visits and 
intense	surveillance.[26,27]	The	zygosity	testing	would	not	have	
provided	 added	value	 in	 the	presence	 of	 the	 known	RB1 
germline	mutation.	Moreover,	 almost	 all	 opposite‑sex	 twin	
pairs	are	dizygotic.[28]

In	Family#3,	with	sporadic	unilateral	RB	in	the	proband,	
the risk of a germline RB1 mutation	is	estimated	to	be	15%.[29] 
Given	the	proband	did	not	have	a	germline	variant	identified	
on	genetic	testing,	but	because	tumor	sample	was	not	available	
for	genetic	 analysis,	 her	 residual	 risk	of	having	a	germline	
RB1 mutation	was	estimated	to	be	less	than	1%	(false	negative	
detection	rate	of	0.4%,	15	×	0.4	=	0.6%).	The	zygosity	testing	was	
not	done	as	the	pregnancy	was	associated	with	two	distinct	
placentas	indicating	dizygosity.	Given	the	low	risk	of	RB	in	
the	twin,	only	office	exams	instead	of	EUA	was	recommended.	
She	did	not	develop	RB	until	the	age	of	4.5	years.

In	presence	of	 tumor	 sample‑detection	of	germline,	RB1 
mutation	can	be	more	definite	about	positive	or	negative	results	
as	the	mutation	identified	in	the	tumor	sample	is	searched	for	in	
the	blood	sample.	Using	current	technologies,	the	sensitivity	of	
detecting	germline	mutations	in	the	bilateral	proband	is	as	high	
as	96.6%	(757	samples	tested)	and	92.5%	in	a	unilateral	proband	
with	a	positive	family	history	of	96.2%	(789	samples	tested).[15] 
With	recent	advances	in	the	use	of	a	liquid	biopsy,	the	aqueous	
sample	may	be	an	adequate	substitute	for	the	RB	tumor.[30]

Table 1: Clinical status, family history, and genetic testing results in the proband and the twin

Family Identical 
twins

Parent 
affected 
(Laterality)

Proband Twin

Clinical Status 
(Laterality)

Mutation (sample) Clinical Status 
(Laterality)

Mutation (sample)

#1 Yes Mother (B/L) Affected (B/L) c.662_680del19 (blood) Affected (B/L) c.662_680del19 (blood) 

#2 No Father (U/L) Affected (U/L) c.‑189 G > T (blood) Unaffected Absent 

#3 No None Affected (U/L) Absent Unaffected Not done
#4 Yes None Affected (U/L) c.1723C > T (blood/tumor) Affected (U/L) c.1723C > T (blood) 
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In	Family#4,	the	estimated	risk	of	RB	in	the	twin	was	more	
complex	considering	the	presence	of	germline	mosaicism	and	
assumed	monozyosity	of	the	twins.	The	zygosity	testing	was	
not	done	as	the	pregnancy	was	associated	with	a	single	placenta	
indicating	monozygosity.[28] The twin was assumed to have a 
90%	risk	of	developing	RB	and	examined	under	anesthesia	
revealing	a	tumor,	which	was	consistent	with	the	results	of	the	
targeted	variant	analysis	being	positive	for	the	pathogenic	RB1 
variant	detected	in	the	proband.	The	zygosity	testing	would	
not	have	provided	added	value	in	the	presence	of	the	known	
RB1 germline mutation.

Conclusion
Assessment	of	 risk	of	RB	 in	a	 twin	presents	with	a	unique	
challenge.	Depending	upon	the	genotype	variant	the	risk	of	
developing	RB	can	vary	from	0%	to	as	high	as	90%.	In	addition	
to	positive	family	history,	clinical	manifestation	in	the	proband,	
and	accurate	determination	of	zygosity	status	are	critical	 in	
formulating	risk‑appropriate	surveillance	guidelines.	Genetic	
counseling	and	RBI	genetic	 testing	should	be	considered	 in	
all	cases.
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