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to that of his older sister, Patient 1 (Fig. 3, 4). The
fundi appeared reticulated before the age 10 years.
The macular degeneration gradually spread, and a
posterior staphyloma developed and progressed in
both eyes (Fig. 4). His central vision decreased to
hand motion in his late teens (Fig. 2). He is now
22-year old, and he still has some peripheral vision but
no cataracts in both eyes.

The full-field ERGs, OCT, and ultrasonographic
findings were similar to those of his older sister (Patient
1), namely, non-recordable single-bright flash ERGs,
barely recordable flicker ERGs, and deep excavation
and thin retina at the posterior pole of both eyes (Fig. 4).
The axial length at age 22 years was 23.82 - 0.05 mm
in the right eye and 24.06 4= 0.02 mm in the left eye.

Genetic analysis revealed a homozygous Al126V
substitution in RDHI2 gene, the same as his sister
(Patient 1).

Patient 3 (Fig. 5, kinki~-1076 in Fig. 1): Patient 3
was a girl who was 3-year old when we first examined
her in 2004. She was a member of a family (kinki-F33)
unrelated to that of Patients 1 and 2 (Fig. 1). She was
brought to our clinic because of esotropia and nystag-
mus. Her decimal BCVA was 0.07 with +6.0 DS and
—1.0 DC ax 115° in the right eye and 0.07 with +5.5
DS and —1.5 DC ax 175° in the left eye. Ophthalmos-
copy showed diffuse retinal degeneration with pigmen-
tation in the macular area (Fig. 5). Her fundi appeared
reticulated before the age 10 years. She was followed
until the age of 13 years, and her vision gradually
decreased to light perception in both eyes (Fig. 2).

Single-bright flash full-field ERGs were non-
recordable, and flicker ERGs were barely recordable
at age 11 years (Fig. 5). OCT and ultrasonography
performed at 11 and 13 years of age revealed exca-
vation of the posterior pole of both eyes (Fig. 5). The
axial length at age 13 years was 20.92 =% 0.37 mm in
the right eye and 21.22 £ 0.93 mm in the left eye.

When the sequence of her whole exome was
compared with the reference human genome (hs37d5),
1,488,313 mutations were found. After excluding
common mutations, 406 mutations remained. We
filtered the remaining mutations by the pattern of
inheritance with her parents and found 16 genes as
causal candidates. Finally, they were compared to that of
Patients 1 and 2, and only RDHI2 was shared between
three patients. As a result, genetic analysis showed a
homozygous ¢.377C>T transition in exon 4 resulting in
alanine 126 to valine substitution (A126V)inthe RDHI2

@ Springer

gene. Genetic analyses on her non-symptomatic parents
(kinki-1077 & 1078, Fig. 1) showed heterozygous
A126V substitution in the RDHI2 gene.

Discussion
ERG findings in carrier relatives

The RDHI2 gene is located at 14q 24.1 and encodes a
photoreceptor cell retinol dehydrogenase. Mutation of
the RDH12 gene is estimated to account for <4 % of
all autosomal recessive LCA/EORD patients [5, 8]. To
date, 16 different mutations have been reported in this
gene [6]; however, the homozygous substitution of
Al126V in the RDHI2 gene has never been reported
except in a highly consanguineous Arabic family [13]
and our patients. In the Arabic family, a non-symp-
tomatic relative who was a heterozygous carrier of
A126V had markedly reduced rod ERGs, and the cone
ERGs were at the lower limits of normal [13]. Another
study reported that heterozygous mutations in the
RDHI2 gene can cause a late-onset, relatively mild
autosomal dominant retinitis pigmentosa [24].

The parents of our patients were non-symptomatic,
and their fundi were normal. The rod and cone ERGs
performed on three of them (kinki-1047, kinki-1077,
and kinki-1078 in Fig. 1) were normal.

Clinical course of visual acuity

The initial visual disturbance in our patients was
no't'iced,at age 2-5 years, and there was a progressive
decrease thereafter (Fig. 2). Their central vision
decreased to light perception in the teens. Patients 2
and 3 maintained some peripheral vision at age 22 and
13 years althoughf,Patient 1 lost vision in the entire
visual field at age 17 years (Figs. 3, 4,5).

The vision in. patients with LCA/EORD was
investigated by Fulton et al. [25] and Walia et al.
[26]. Walia et al. [26] related the vision of patients
with LCA/EORD to their causative genes and reported
that LCA/EORD caused by RPEGS (LCA2), CRBI
(LCAB), and RDH 2 (LCA13) mutations led to a wide
variations in visual disturbances, whereas LCA/EORD
caused by GUCY2D (LCAl), AIPLI (LCA4),
RPGRIPI (1.CAG6), and CRX (LCA7) gene mutations
had severe visual disturbances which began in the first
year of life. Other studies on LCA/EORD associated
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with RDHI2 mutations reported -an initial vision
reduction occutring between birth to 20 years with
most of them at age 3—7 years [7-16].

These results are consistent with our patients who
had decreased vision at age 2-5 years-and loss of their
central vision in their teens (Fig. 2). e

Coloboma/pbéierior staphyloma and LCA]EORD

The fundus of our three patients appeared similar;
namely, they showed diffuse retinal degeneratlon and
macular atrophy (Figs. 3, 4, 5). The fundi also had a
reticulated appearance (Figs. 3, 4, 5). These findings
are similar to the phenotype reported for RDHJZ-
associated LCA/EORD [7-16]. o

In our patients, the macular degeneration pro-
gressed to atrophic macula with the formation of a
posterior staphyloma which resembled a coloboma
(Figs. 3, 4, 5). The relatlonshlps between LCA and
macular coloboma have been dlSCUbSed in several
papers [27-29], before the causative genes for LCA/
EORD were discovered. Recently, a maculzu colo-
boma/posterior staphyloma was reported in pauents
with LCAS (LCAS) [30], CRX (LCA7) [31], CRBI
(LCASB) [32], NMNATI (LCA9) [33],7and RDHI2
(LCA13) mutations [7, 9-11, 14, 16] A relauonsmp
between LCA/EORD and the macular coloboma/
posterior staphyloma:is still unknown. Smgle—gene
mutation cannot explain the formation of a macular
colobcma/postenor staphyloma because they are
present in cases of LCA/EORD assoaatcd ‘with
several different causative genes.

In our patients, the reticulated appearance of the
fundus was present in early chﬂdhood, and it became less
apparent after the formation of the postenor staphyloma
Whether the reticulated appearance was related to the
development of the staphyloma was not determined.

One limitation of this study is the small number of the
patients. In addition, a more detailed screened investi-
gation of the phenotypes and genotypes of patients with
LCA/EORD is needed to confirm our results.

In conclusion, we report the longitudinal clinical
course of three patients in two families with LCA/
EORD who had homozygous A126V substitution in
the RDH12 gene. All of the patients had a progressive
retinal degeneration and posterior staphyloma, and
impairment of the central vision. This is the first report
of Japanese patients with LCA/EORD which was
caused by RDHI2 gene mutation.
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Abstract

Purpose: To report our fi indings in an infant thh Peters -anomaly type II whose retmopathy of
prematurity (ROP) was treated with an anti-VEGF agent and surgeries, Case Report. A male
infant weighing 548 g was born prematurely at 23 weeks and 1 day with.corneal opacity and
shallow anterior chambers in both eyes. At the postmenstrual age. of 35 weeks and 3 days,
the infant was tentat;veiy dlagnosed with stage 3 ROP because of a dilated tunica vasculosa
lentis and ultrasonographic findings. The boy was treated wnth bilateral mtrawtreal injections
of bevacizumab (IVB) because laser photocoagulatlon of ‘che retina couid not be performed
due to the corneal opacity. The retma in the nght eye detached 3 tlmes, namely 5 days, 16
days, and 7 months after the IVB encnrclmg the sclerai buckle and a vitrectomy with
endolaser photocoagulatlon were therefore requwed In his Ieft eye, the retina was reat-
tached after the initial IVB, and no addmonal treatment was reqwred ROP was not reactivat-
ed in both eyes until the last examination at the age of 2 years and 6 months Conclusions:
Our results showed that IVB is a useful treatment for ROP in patients with Peters anomaly
However, a retinal detachment can be a comphcatnon after IVB The optimal timing of IVB for
ROP in infants with hazy media needs to be determmed ) © 2014 S. Karger AG, Basel
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Introduction

Peters anomaly is characterized by congenital corneal opacities, defects of the Descem-
et's membrane, shallow anterior chambers, cataracts, and glaucoma [1, 2]. The corneal
opacities in patients with Peters anomaly make the diagnosis and treatment of retinal
disorders such as retinopathy of prematurity (ROP) difficult. Recently, the intravitreal
injection of antivascular endothelial growth factors, including bevacizumab (IVB), was
reported to be effective as a treatment for ROP [3, 4]. One advantage of IVB over traditional
treatments for ROP, e.g, retinal photocoagulation, is that it can be performed on infants with
hazy media.

We present our findings in an infant with Peters anomaly accompanied by ROP that was
treated with IVB. The research protocol was approved by the Ethics Review Board of the
Kinki University Faculty of Medicine in November 2011, and the procedures conformed to
the tenets of the Declaration of Helsinki of the World Medical Association.

Case Report

Our patient, a male infant, was born prematurely at 23 weeks and 1 day and weighed
546 g. He was noted to have corneal opacities with shallow anterior chambers in both eyes
soon after birth (fig. 1). He was diagnosed with Peters anomaly type Il because he had
corneal-lenticular adhesions in addition to a central corneal opacity with iridocorneal
adhesions [1]. Details of the fundi could not be obtained because of the corneal opacity.

An ophthalmic examination performed at the postmenstrual age of 34 weeks and 2 days
showed a dilated tunica vasculosa lentis, and ultrasonography showed an abnormal echo,
which suggested ridge formation (white triangles in fig. 2). Although these findings
suggested stage 3 ROP, which requires treatment [5], laser photocoagulation would have
been difficult to perform because of the corneal opacity, dilated tunica vasculosa lentis, and
the fixed pupils.

Thus, we selected to treat the eye with VB [3, 4] (Avastin®; Genentech Inc., South San
Francisco, Calif, USA). A detailed clinical information and treatment options, including
cryotherapy and IVB, were given to the family, and the parents agreed and signed an
informed consent to proceed with the [VB.

At the postmenstrual age of 35 weeks and 3 days, 0.25 mg/0.01 ml of bevacizumab were
injected into the vitreous cavity of both eyes. Five days later, the dilatation of the tunica
vasculosa lentis was reduced in both eyes, but a retinal detachment was detected by
ultrasonography in the right eye (stage 4A ROP; black arrow in fig. 2). An encircling scleral
buckle was placed on both eyes on the same day, and the retina of the right eye was
detached again 11 days after the buckling surgery. We performed lens-sparing vitrectomy in
the right eye because the tunica vasculosa lentis was reduced after the IVB and buckling
surgery. The temporal area of the fundus, where the proliferation was most severe and the
retina was partially detached, was barely observable, and vitrectomy with endolaser
photocoagulation was performed. Since other areas of the fundus could not be observed due
to the corneal opacity, we performed additional transscleral cryopexy in the right eye.

At 4 months after the VB, a cataract with an increase of the intraocular pressure (10P,
33 mm Hg) was detected in the right eye. The cataract was removed and the I0OP was
normalized. Seven months after the 1VB, the corneal opacity was reduced in both eyes,
allowing a better observation of the fundus {fig. 1, fig. 3). Ophthalmoscopy showed a third
retinal detachment in the right eye (arrow in fig. 3), and fluorescein angiography showed an
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avascular zone in both eyes and some leakage of fluorescein in the right eye (fig. 3). The
fovea of the right eye was displaced temporally (fig. 3).

A second vitrectomy was performed in the right eye, and no progression or reactivation
of the ROP or retinal detachment was noticed at the last examination at the age of 2 years
and 9 months. In his left eye, the [OP was normal and the retina was attached after the initial
IVB, and no additional treatment was required. No apparent systemic side effects of the IVB
were observed.

Discussion

The treatment for ROP in infants with corneal opacity is challenging. Although partial
corneal opacity, which is occasionally observed in neonatal infants, allowsclinicians to
observe and treat ROP, dense and bilateral corneal opacities, which were present in our
patient, obstructed the detectionand treatment of the ROP.

We had several treatment options for our patient: IVB, combination of penetrating
keratoplasty with laser photocoagulation, and endoscopic vitrectomy with laser photocoagu-
lation. We selected IVB as the first treatment because it could be performed even in an eye
with a corneal opacity. Penetrating keratoplasty was not considered before the treatment for

ROP because we knew the results are not favorable in patlents w1th Peters anomaly type II

12].

There are 3 problems in managmg ROP in eyes ‘with dense and bxlateral,comeal opac;—
ties: (1) how do we detect ROP, (2) when do we treat ROP, and (3) how do we treat ROP.

According to the results of the Ear'ly Treatment for Retmopathy of Prematurlty (ETROP)
study [5], the treatment for ROP should be performed within 72 h aftera dlagn0515 of type 1
ROP. The most important finding requlred to makea decxslon on the treatment of the ROP is
the ‘plus disease’ condition [5], which is dlfﬁcu!t to recogmze in infants with hazy media.
Therefore, clinicians: need to decide on the treatment for ROP in mfants with hazy media
without any information regarding the status of the fundus "

The ETROP Cooperative Group also. reported that stage 3 ROP was present in 48.1% of
infants whose birth weight was <750 g and i in 43. 3% of infants whose gestatxonal age was
<27 weeks [6]. In our institution, the first treatment is performed between the postmenstru-
al age of 30 and 35 weeks [7]. From the resu]ts of these treatments, the infants who had a
high risk for ROP, mainly those witha gestauonal age of <27 weeks orabirth weight of <750
g, were recommended to be treated between the postmenstrual age of 30 and 35 weeks.

Our results mdlcated that IVB appeared to be effective and led to a regression of the
ROP; however, additional surgeries were needed for the tractional retinal detachments.
Although a retrospective analysis of our findings indicated that earlier IVB treatments may
not lead to retinal detachments, the systemic condition of our patient did not allow an earlier
treatment for the ROP.

A late reactivation of ROP [4, 8] as well as incomplete vascularization after IVB [4, 9]
have recently been reported. The results of fluorescein angiography in our patient suggested
that the ROP had not completely regressed even 7 months after the IVB (fig. 3). Longitudinal
and careful observations are needed after IVB treatment for ROP.

In conclusion, IVB can be a treatment for ROP in infants with Peters anomaly. However,
the diagnosis of ROP and the timing of the IVB in infants with hazy media need more
investigation.
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Minami et al.; Intravitreal Injection of Bevacizumab for Retinopathy of Prematurity in
an Infant with Peters Anomaly
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after VB
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Fig. 1. Photographs of the ‘a'ntéribr‘segrr:lentk of eyes with Peters anomaly type Il .and ROP. The dense
corneal opacities are gradually reduced, These photographs were taken with a RetCam® 3 (Clarity Medical
Systems, Pleasanton, Calif,, USA). Y=Year; M = month.
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Fig. 2. Ultrasonographic findings of eyes with Peters anomaly and ROP. Before the IVB, abnormal echo
was detected which suggested ridge formation {triangles in the upper row, stage 3 ROP). Five days after
the IVB, a retinal detachment was suspected in the right eye (black arrow in the middle row, stage 4A
ROP). Seven months after the IVB, a third retinal detachment is suspected in the right eye (white arrow in
the lower row, stage 4A ROP).
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Fig. 3. Fundus photographs and fluorescein angiograms. A retinal detachment can be seen in the right eye
7 months after the IVB (arrow). An avascular zone and some leakage of fluorescein are still present in the
periphery 1 year and 3 months after IVB. Photography was difficult because of the residual corneal
opacity in both eyes. Fundus photography and fluorescein angiograms were performed using RetCam® 3.
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Abstract

Purpose  To evaluate the outcomes of intravitreal injec-
tion of bevacizumab (IVB) for retinopathy of prematurity
(ROP).

Methods I1VB was selected to be the first treatment for
type 1 ROP in 8 eyes (4 patients). Bevacizumab (0.25 mg/
eye) was injected into the vitreous cavity under either
general anesthesia or sedation. Fundus photography and
fluorescein angiography were performed before the IVB.
One infant was observed to the age of 1 year 6 months, the
second to 1 year 9 months, the third to 1 year 10 months,
and the fourth to 2 years 0 month.

Results  Before the IVB, 6 eyes (3 patients) had ROP in Zone
II and 2 eyes (one patieat) had ROP in zone 1. The 3 infants
with ROP in zone II weighed 652, 476, and 579 g with ges-
tational ages of 24, 27, and 24 weeks at birth, respectively.
The infant with ROP in zone I weighed 972 ¢ with a gesta-
tional age of 26 weeks at birth. IVB was performed at post-
menstrual ages of 33-37 weeks. The IVB was effective in all
eyes with ROP in zone II and additional treatment was not
required, whereas vitreous hemorrhage and cataract were
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found at 19 weeks and 5 months after the initial IVB in the
two eyes with ROP in zone I. These two eyes required addi-
tional IVB, laser photocoagulation, and surgery.
Conclusions Our findings suggest that eyes with type 1
ROP in zone II can be treated with IVB. Further studies are
needed with a larger number of eyes.

Keywords Retinopathy of prematurity - Zone I ROP -
Bevacizumab - Vascular endothelial growth factor -
Anti-VEGF therapy

Introduction

The mainstay treatment for retinopathy of prematurity
(ROP) has been ablation of the avascular retina by either
cryotherapy or- laser photocoagulation since the Nagata
et al. [1] publication, the Cryotherapy for Retinopathy of
Prematurity study [2], and the Early Treatment for Reti-
nopathy of Prematurity (ETROP) study [3]. The ablation of
the avascular retina is reasonable treatment for ROP
because vascular endothelial growth factor (VEGF) is
expressed by cells in the avascular retina and plays an
important role in the development of ROP [4].

In the last decade, there has been an increase in the use of
VEGF inhibitors to treat chorioretinal vascular disorders [S].
Although it is an off-label use, bevacizumab (Avastin®;
Genentech Inc, South San Francisco, CA, USA), a humanized
anti-VEGF monoclonal antibody, is used extensively for dia-
betic retinopathy and other chorioretinal vascular diseases [5].
In eyes with ROP, an intravitreal injection of bevacizumab
(IVB) was first used as salvage therapy in eyes that had
undergone laser photocoagulation or used in combination with
laser photocoagulation [6—13]. Preoperative IVB was also used
to improve the surgical outcome of severe ROP [12, 14, 15].

1) Springer
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Table 1 Summary of clinical findings of the patients

PM age/weight ROP at IVB zone/ Number of times of IVB/ ROP after IVB/ Age at the last Systemic
stage/proliferation/ Additional treatments Age at vessels examination complications
TVL dilatation reached the ora
serrata
Patient 1/girl
Birth 24W4D/652 g OD p-zone Il/stage 2+/mone/++ I/none Regressed/11M 1Y6M IR (ileostomy)
VB 34W6D OS p-zone 1/ 1/none Regressed/11M
stage 2-+/none/++
NICU discharge 56W0D
Patient 2/boy
Birth 27W0D/476 g OD p-zone Il/stage 3-+/4 clocks/+ 1/none Regressed/4M 1Y9M
IVB 36W2D 0S p-zone Il/stage 3+/4 clocks/+- 1/none Regressed/4M
NICU discharge 43W0D
Patient 3/girl
Birth 24W2D/579 g OD p-zone I/stage 2+/none*/+++ 1/none Regressed/(—)° 1Y10M PDA (operation)
IVB 33W3D OS p-zone IUstage 2-+/none®+++ 1/none Regressed/(—)° IR (ileostomy)
NICU discharge 52W0D
Patient 4/boy
Birth 26W6D/972 g OD zone I/stage 1+4/none/++-+ 2/PC-vitrectomy Reactivated/(~—)b 2YOM IR (ileostomy)
IVB 37W2D OS zone I/stage 1--/none/+--+ 3/PC+-cataract removal Reactivated/(—)® ICH
NICU discharge (still hospitalized) HC (VP shunt)

PM postmenstrual, ROP retinopathy of prematurity, VB intravitreons injection of bevacizumab, TVL tunica vasculosa lentis, W week(s), D day(s), Y year(s), M month(s), p-zone II posterior
zone I, PC laser photocoagulation, IR intestinal rupture, PDA patent ductus arteriosus, /CH intracranial hemorrhage, HC hydrocephalus, VP ventriculoperitoneal, OD oculus dexter, OS oculus

sinister

 Details were hardly observed due to TVL dilatation
® Avascular zone still present

8T
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In 2011, the Bevacizumab Eliminates the Angiogenic

Threat of Retinopathy of Prematurity (BEAT-ROP)

Cooperative Group reported that TVB as the first treatment
for zone I and zone 11 stage 3+ ROP was effectwe equally
or more than Jaser ablation (BEAT -ROP study) [16]. Other
studies of anti-VEGF for ROP report similar results, i.e.,
IVB is effective for ROP e%pemally in the early stage of
ROP [10, 11, 13, 17-20].

The purpose. of this study was to determme the effac»

tiveness of IVB as the first choice treatment for type 1 ROP-

[3]. We defined type 1 ROP according (o the revtsed
ETROP study [3], namely, eyes with zone I, any stage ROP
with plus disease; zone I, stage 3 ROP with or without plus
disease; zone 11, stages 2 or 3 ROP with plus disease.

Patients and methods

The research protocol was (appmved by the Ethics Review -

Board of Kinki University Faculty of Medicine in
November 2011, and the procedures conformed. to the
tenets of the Declaration of Helsinki. All clinical proce-
dures were performed after obtammg a signed mformed
consent form from all parents of the mfants

VB was selected as the first choice treatment for ROP in 2
boys and 2 girls with type 1 ROP bornin the Kinki Uni versity
Hospital from December 2011 to June 2013 [3]. IVB was

performed either in the operating room under general anes-

thesia w1th intubation or in the neonatal mtenswe care umt

inations, fundus photography and ﬂuo
ography (FA) were performed pnor fot

30«gauge needle mserted 05
limbus of both eyes. After

CA USA). FA was pexformed w1th:an mtr'wendus mjecuon
of 10 mg/kg body weight of fluorescein sodium.

When the ROP was found to have signs of reactivation,
e.g., a re-dilatation of the retinal vessels, re-proliferation on
the ridge, or retinal/vitreous hemorrhages, we performed
another IVB, laser photocoagulation, or surgery after
detailed information was given to the family.

Resuits

Of the 8 eyes, 6 eyes of 3 patients had ROP in zone Il and 2 eyes
of 1 patient had ROP in zone 1. The patient characteristics and

clinicalresults are shown in Table 1, In infants that had ROPin

zone I[ (patxent@ 1-3), the dilatation of retinal vessels and the
“tunica vasculosa lentis was reduced within 1 week after the
'IVB (Fig. 1). In patient 2

; 2, the proliferation on the ridge was
absent | week after the [VB. After these regressions, no reac-

E 'ﬁYgﬁpn,Qf:,me»ROP was seen, and no additional treatment was
- needed. In patients | and 2, the retinal vessels had extended to
' ﬁle'fédge of the ora serrata at 9 and 2 months after the IVB,

whereas in patient 3, an avascular zone was still present in the
tempcral periphery with a width of 4 disc diameters from the

- ora 3erra¢a at age | year 10 months. The capillary formation

between the retinal vessels appeared to be normal except in the

: peﬁphery where arteriovenous (AV) shunts and poorly devel-

oping capmanes were seen in FA (Fig. 2).
‘On the other hand, the 2 eyes with ROP in zone 1

: ‘«e(patlent 4y had a regression of the ROP after the initial
: ’ﬁIVB however, capillaries were not found between the

retinal vessels in the FA, and vitreous hemorrhage was
detéCted;aﬁs:ing from the optic disc after all (Fig. 3).
No notable systemic side effects were found in all
patients. A 'summary of the clinical course of two repre-
sentative patients is presented below.

Patient 1

This girl was born prematurely at 24 weeks and 4 days

~ weighing 652 g, and was noted to have stage 2+ ROP in

posterior zone II with dilatation of the tunica vasculosa
1egitjs, oculus utro (OU) at postmenstrual age of 34 weeks
s (Figs. 1, 2). The eyes were treated with IVB at
menstrual-age of 34 weeks 6 days. Ten days after the
e tunica vasculosa lentis was markedly reduced
the retinal vascular tortuosity was decreased
,Wever, 5 months after the IVB, an avascular
ill remained in both eyes with an AV shunt. The

Before IVB

10 days’
after IVB

Fig. 1 Photographs of the anterior segment of the eye of patient 1 with
ROP in zone II (Table 1). Before the intravitreal injection of
bevacizumab (IVB) (upper row) and 10 days after the IVB (Jower row)
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Fig. 2 Fundus photographs and
fluorescein fundus angiograms of
patient 1 with ROP in zone II.
Avascular zones still remained

S months after the IVB, and some
leakage of fluorescein can be seen
at the late stage of FA (arrow).
IVB intravitreal injection of
bevacizumab, FA fluorescein
fundus angiography, NA not
available

Before 'NB

Funidi:

10 days
- after IVB
Fundi

 5months .
afterIVB. |
Fundi

formation of capillaries between the peripheral retinal
vessels ‘was poor (Fig. 2, bottom right). At 9 months after
the IVB, the vessels had extended to the edge of the ora
serrata and no AV shut was found ophthalmoscopically.
She did not need additional treatment after the initial 1VB.

Patient 4
Patient 4 was an infant boy who weighed 972 g at gesta-

tional age 26 weeks and 6 days. His intestines had rup-
tured, and he had severe intracranial hemorrhages and

@ Springer

infection of the respiratory orgams. At the first ophthal-
mological examination performed at postmenstrual age
32 weeks 5 days, the media were slightly hazy, and the
retinal vessels were within zone I. However, the vessels
were not dilated and no demarcation line was seen. At
postmenstrual age 37 weeks 2 days, he weighed 1320 g
and his pupils were fixed. The tunica vasculosa lentis was
prominent, and the retinal vessels were still poorly devel-
oped in zone I with plus disease in both eyes (Fig. 3). Our
examination indicated that he required treatment for ROP,
and accordingly IVB was administered OU on the same
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Fig. 3 Fundus photographs and
fluorescein fundus angiograms
of patient 4 with ROP in zone L. o ;
A vitreous hemorrhage can be . Before IVB
seen at the posterior pole OD -

19 weeks after-the initial IVB,
a reactivation of ROP

Fundi

7 weeks
after IVB

Fundi

19 weeks
after IVB
Fundi

FA
& carly stage

- FA
late stage
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day. Nineteen weeks after the IVB, a vitreous hemorrhage
was noticed at the posterior pole OD, and severe necvas-
cularization and wide areas of avascular retina were found
by FA OU (Fig. 3). A second IVB was administered
together with laser photocoagulation OU and vitieous
surgery was performed OD. Because a mature cataract
developed OS 8 months after the initial IVB, it was
removed and a third IVB with endolaser photocoagulatmn
was performed OS. After that, his ROP regressed until the
age 2 years, although he is still hospitalized in the NICU
because of his poor general condition.

Discussion

The results showed that IVB was effective andno addmonal
treatment was required in 6 eyes (3 patxents) wu:h ROP in
zone 1. However, the 2 eyes (patient 4) with ROP in zone I
required additional IVB, photocoagulation, and surgery.

The BEAT-ROP study reports that IVB and laser pho-
tocoagulation were effective treatments for stage 34 ROP
[16]. They studied 150 premature babies until postmen—
strual age 54 weeks and reported that the recnrrence rate of
ROP was 42 % after laser photocoagulanon and 6% after
IVB in infants with zone I ROP. The recurrence ‘Tdte was

12 % after laser photocoagulation and 5 % after IVB in

infants with zone II ROP [16]. From these results, [VB
appears to be effective for stage 34+ ROP. and had advan-
tages over laser ablation for zone I stage 3+ ROP.

After the BEAT-ROP study, several studles reported late
reactivations of the ROP following anu-VEGF treatment
[21-25]. Jang et al. [21] report bilateral retmal detachmems
that developed 4 month after combined intravitreal injec-
tion of ranibizumab and laser photocoagulatxon in patxents
with zone I, stage 3+ ROP although the ROP completely
regressed 3 months after the injection. Lee et al. [22]
reported a late-onset vitreoretinal traction which resulted in
retinal detachment 2.5-4 months after IVB with or without
laser photocoagulation in cases with stage 3+ ROP. Hu
et al. [24] reported late reactivations of ROP after IVB
They reported that the reactivations were seen at a mean
postmenstrual age 49.3 + 9.1 weeks, and the me‘ n inter-
val between: the initial IVB. and the reactwahgn was
14.4 weeks. In their report, 4 out of 17 eyes progressed to
stage 5 ROP, and they concluded that laser trea{menf isa
useful option for reactivated ROP after IVB {24]

Studies on a rat model of ROP demonstrated a late
increase in erythropoietin and angiogenic signaling in the
avascular retina after an intravitreal injection of anti-VEGF

agents [26]. These results may be related to the late reac-

tivation of ROP after IVB in humans [21-25].
Our patients with type 1 ROP in zone II (6 eyes of 3
patients) who were treated with IVB did not require any

@ Springer

additional treatment after the initial TVB. However, in
patients 1 and 2, it required 9 and 2 months, respectively,
for the retinal vessels to reach the edge of the ora serrata
after the IVB (Table 1; Fig. 2). Patient 3 still had an
avascular area with an AV shunt at 1 year 8 months after
the initial IVB. Capillary formation between retinal vessels
appeared to be normal except for the peripheral AV shunt
in eyes with ROP in zone II (Fig. 2, bottom right).

* These findings are not consistent with the result of Lee

“et al. [9], who reported a rapid development of the retinal

vessels after IVB combined with laser photocoagulation.
The AV shunt with poorly developed capillaries in the
periphery may be a risk factor for a late reactivation of
ROP. However, additional studies are needed before a final
conclusion can be made.

For zone I ROP, the BEAT-ROP and other studies
reported favorable results after IVB [16-20]. However,
patient 4 in the present study had ROP in zone I and was in
poor general condition. This patient had a late reactivation
OU of ROP 19 weeks after the initial IVB. He therefore
required additional treatments OU. Retrospective analyses
suggest that when FA detected poorly developed retinal

‘vessels and no neovascularization, additional IVB and/or

pan&étinal laser photocoagulation OU might be needed at
7 weeks after the initial IVB (Fig. 3).

V‘Ba‘tki,e;it 4 developed a mature cataract, however, we do
not know whether or not the cataract formation is related
to the bevacizumab and/or ROP. The cataract does not
seem to have been induced by lens injury as a compli-

- cation of the IVB, because it developed 8 months after

the injection.
IVB for ROP is effective and has several advantages

- over retinal ablation by laser or cryotherapy. First, IVB

does not ablate the retina. Second, the procedures for IVB
are less traumatic than retinal ablation and can be per-
formed on babies who are in poor general condition. Third,
IVB can be performed on eyes with hazy media.
However, the efficacy of IVB for type 1 ROP in zone

I 'needs more investigation because it can be treated by

laser photocoagulation. There are also other problems

~ with IVB, e.g, IVB into premature babies in the NICU

requires well-trained doctors; and retinal detachment, lens

injury, or infection can be complications. The amount of
‘bévacizumab for infants needs consideration. We used
0.25 mg of bevacizumab/eye, which was a lower dose

than that used in the BEAT-ROP study [16], because we
knew that unilateral IVB affects the fellow eyes [27];
however, we did not know the systemic safety dose of
IVB in infants. In addition, the extent of the follow-up
period following the IVB needs to be established because
residual avascular retina with an AV shunt may develop
with a severe reactivation of ROP [25]. It must be
remembered that bevacizamab is also a drug approved for
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cancer and is used as an intravenous injection, and that it
has not been approved for intravitreal injections for either
adults or infants.

In conclusion, IVB appears to be appropriate for treating
eyes with ROP in zone II. Because only 8 eyes of 4 patients
were studied, longitudinal and additional studies are nee-
ded to confirm our findings.
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Introduction k ' pattern and accounts for approximately 50% to 60% of all RP
patients [1]; To date, 42 arRP-causing genes and three loci have

Retinitis pigmentosa (RP; OMIM #268000) is a heterogeneous been reported in the Retinal Information Network (RetNet;
group of inherited disorders characterized by visual field loss, night https://sph.uth.cdu/retnet/). Among these arRP-causing genes,
blindness, abnormal color vision and fundus degeneration. The 1 6ons i Usher syndrome 2A (USH2A) are the most frequent
prevalence _OIj RPis %{p!proximately 1 per 4,000 persons and more ;4 account for approximately 17% cases including cases with
than 1 milion individuals are affected worldwide [1]. The  aqditional hearing loss [1]. In non-syndromic arRP, the most
inheritance of RP shows various patterns including autosomal frequent arRP genes are eyes shut homolog (EYS), USH24 and

recessive (arRP), autosomal dominant, X-linked, sporadic (spRF), ATP-binding cassette sub-{amily A member 4 (4BCA4), which
mitochondrial [2] and digenic [3] inheritance. Among the various
patterns of RP inheritance, arRP is the most frequent inheritance
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Table 1. Autosomal recessive retinitis pigmentosa (arRP)-causing mutations and potential arRP-causing variants found by exome sequencing.

Family ID Gene Name GenBank ID Exon Nucleotide Change Amino Acid Change State Frequency* SNPID Reference Pathogenicity

RP#002 CNGA1 NM_000087 5 c.191delG p.G64VIsX29 Homo 2 HGVB Disease-causing

RP#004 EYS NM_001142800 33 c.6714delT p.P2238PfsX16 Hetero 0 Collin et 21, 2008 Disease-causing
EYS NM_001142800 35 c.C7002A p.C2334X Hetero 0 This study

RP#014 EYS NM_001142800 4 cA41T p.E47D Hetero 0 This study Potential disease-causing
EYS NM_001142800 26 c4957dupA p.S1653KfsX2 Hetero 2 iwanami et al. 2012

RP#016 TULP1 NM_003322 1 ¢.G3A pMil Hetero 0 This study Potentlal disease-causing
TuLPt NM_003322 13 cC1246T pR416C Hetero 0 15200769197 dbSNP

RP#017 EYS NM_001142800 26  c.4022delC p.S1341FfsX11 Hetero O This study Disease-causing
EYS NM_001142800 26 c4957dupA p.S1653KfsX2 Hetero 2 Iwanami et al. 2012

RP#019 CNGA1 NM_000087 6 c.265delC pL8YFfsX4 Hetero 2 Chen et al. 2013 Disease—causing
CNGA1 NM_000087 11 c.1429delG PVATTYSX17 Hetero 0 This study

RP#021 CNGA? NM_000087 5 c.191delG p.G64VISX25 Homo 2 HGVB Disease-causing

RP#023 USH2A NM_206933 49  cL9676T p.R3226X Hetero 0 This study Potential disease-causing
USH2A NM_206933 55 cT10859C pJ3620T Hetero O HGVB

RP#026 EYS NM_001142800 26  c4957dupA p.S1653KX2 Homo 2 Iwanami et al. 2012 Disease-causing

RP#027 SAG NM_000541 n c.926delA pI309TfsX12 Homo 6 Fuchs et al. 1895 Disease-causing

RP#028 USH2A NM_206933 4 cT7880C pJ26277 Hetero 0 This study Potential disease-causing
USH2A NM_206933 55 cC10931T p.T3644M Homo 1 rs185823130 dbSNP
USH2A NM_206633 70 cT15178C p.S5060P Hetero 0 This study

RP#029 CNGA? NM_000087 6§  c265delC p.LBSFfsX4 Homo 2 Chen et al. 2013 Disease-causing

RP#030 Qorf71 NM_001029883 1 «C85T p.R2SW Hetero 4 15201706430 dbSNP Potential disease-causing
C2orf71 NM_001025883 2 c.C3748T p.R1250C Hetero 0 This study

HGVB =Human Genetic Variation Browser (http://www.genome.medkyoto-u.ac jp/SnpDB/abouthtml); dbSNP = (http://www.ncblnim.nih.gov/SNP/); Frequency* show the number of mutations or variants found in 1150 alleles of

575 controls.

doi:10.1371/journal.pone.0108721.t001
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account for approximately 10%, 8% and 5% to 6% of cases,
respectively [1,4-10].

Large scale screening of selective exons in 30 RP-causing genes
was previously performed in 193 Japanese RP- families [11].
Although it only targeted exons with known mutations, the study
failed to identify high frequency RP genes [11]. Anather study of
the Japanese RP population focused on the RP genes RHO [12—
14] and EYS {15,16]; and found that E¥S was a {requent arRP
gene with a prevalence rate of 9% to 16% [15,16]. However;
almost all reported EYS gene mutations in these studies have not
been reported in Western populations suggesting that Japanesc
individuals have a different genetic background. [15,16], Thesc
results suggest that the genetic background of RP in the Japanese
population is different from that in the Western population. -~

The recent techmological development of exon capture with
99% coverage of all exons and its combination with next
generation  sequencing enables effective genetic  studies for

RP#002; CNGA1 RP#004; EYS

4

Frequent CNGAT Mutations in Japanese RP

hereditary diseases [17-20] and the investigation of novel
mutations in multiple candidate genes [21].

The purpose of this study was to find frequent arRP genes in the
Japanese population. In this study, we performed whole exome
analysis of 30 Japanese arRP/spRP patients with confirmation in
an additional 69 arRP/spRP patients. We found frequent arRP-
causing mutations in the cyclic nucleotide gated channel alpha 1
(CNGAI) gene.

Materials and Methods

Informed consent

The protocol of this. smdy was approved by the Institutional
Review Board at the six participating institutions - (National
Hospital Organization Tokyo Medical Center, Jikei University
School of Medicine, Mie University School of Medicine, Nagoya
University Graduate School of Medicine, Teikyo University
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Figure 1. Pedigrees identified with arRP-causing mutatsons or potential arRP-causing vanants The solid squares (male) and circles
(female) represent affected patients. The proband of each family is indicated by a black arrow. Unaffected family members are represented by white
icons. The slash symbol indicates deceased individuals. The doub|ed line indicates consanguineous marriage. The generation number is shown on'the

left.
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