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Abstract
● AIM: To evaluate the safety and efficacy of posterior 
sub-Tenon’s carboplatin injection compared to intravitreal 
melphalan injection in the management of retinoblastoma 
(RB) with secondary vitreous seeds. The outcome measures 
were vitreous seeds regression, need for other treatment 
modalities to achieve ocular salvage and treatment side effects.
● METHODS: A prospective interventional comparative 
nonrandomized study included RB eyes developed 
secondary vitreous seeds during the period of follow up. 
They subdivided into two groups: study group I where 
posterior sub-Tenon’s carboplatin (20 mg/2 mL) was injected 
and study group II where intravitreal melphalan (20 μg /0.1 mL) 
was injected. The injections repeated every 2-4wk.
● RESULTS: Thirty-three eyes were included in the study. 
Seventeen eyes (16 patients) in study group I and 16 eyes 
(16 patients) in study group II. Ten eyes (30.3%) were 
completely salvaged following local chemotherapies. 
Ocular salvage was 23.5% following posterior sub-Tenon’s 
carboplatin injection versus 37.5% following intravitreal 
melphalan raised to 47.1% and 75% with addition of external 
beam radiotherapy (EBR) with no statistically significant 
difference between the study groups (P=0.16). A statistically 
significant correlation was found between ocular salvage 
rate and type of vitreous seeds either dust, spheres and 
clouds (r=0.42, P=0.015) and eyes harbor new solid tumor 
growth (r=0.35, P=0.045). The mean and median follow 
up periods following local chemotherapy injections were 
2.0y in the study group I and 2.37y in the study group 
II. Few complications were reported: periorbital edema 
in all eyes and ocular motility disturbances in 13 eyes 

(76.5%) following posterior sub-Tenon’s carboplatin 
injection. Vitreous hemorrhage developed in 2 eyes (12.5%) 
and localized retinopathy in 5 eyes (31.25%) following 
intravitreal melphalan.
● CONCLUSION: Local chemotherapy for treatment of RB 
with secondary vitreous seeds is safe and can salvage 
30.3% of eyes without EBR. There is a superiority of 
intravitreal melphalan in ocular salvage however, no 
statistically significant difference between both groups.
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carboplatin; retinoblastoma; secondary vitreous seeds
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INTRODUCTION

R etinoblastoma (RB) is still the most common pediatric 
intraocular tumor[1]. Over the past decade, systemic 

chemotherapy has replaced radiotherapy as the preferred eye 
preserving primary method for treatment of RB. This approach 
avoids the known toxicity of external beam radiotherapy (EBR) 
with similar rates of ocular retention. However, curing RB with 
vitreous involvement remains the most challenging[2-4].
Vitreous seeding is typically seen in advanced intraocular 
RB and represents a major determinant for eye grouping at 
presentation and this type is known as the primary type[5]. It 
may also appear during the treatment course in eyes devoid 
of it at diagnosis and this is known as secondary vitreous 
seeds or vitreous relapse. The administration of diode laser 
hyperthermia is a possible iatrogenic cause to increase this risk 
of secondary vitreous seeding[2]. Another cause is the sudden 
vitreous dispersion of large tumors shortly after the initiation 
of chemotherapy due to a necrotic disruption of the internal 
limiting membrane[6].
RB with vitreous seeds accounts for approximately 30% of all 
patients with the disease[3]. Some cases of vitreous seeding are 
amenable to conventional treatment with systemic intravenous 
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chemotherapy and EBR. However, others can be resistant 
to these measures with unfavorable prognosis leading to 
enucleation[3,7-8].
Novel routes of drug administration such as intra-arterial[9-11], 
intravitreal[12-14] and periocular chemotherapy[15-17] have 
improved the ocular delivery compared with systemic 
chemotherapy[5].
Intra-arterial chemotherapy involves super-selective drug 
administration through the ophthalmic artery, resulting in better 
penetration of ocular structures and lower systemic toxicity[18]. 
It was proved to be effective as first-line of treatment in Group 
C and Group D eyes, according to international intraocular 
classification of RB[19]. Also, Group E salvaged using this 
modality in some reports[4]. It was used as rescue therapy in 
recurrent RB after failure of other treatment modalities[18].
Despite the dramatic increase in ocular salvage with intra-
arterial chemotherapy, vitreous seeding is still one of the main 
reasons for subsequent enucleation in treated eyes[20]. More 
than 50 years ago, Ericson and Rosengren[21] reported on the 
intravitreal delivery of chemotherapeutical drugs targeting 
vitreous seeds. However, this method was not employed in 
routine use due to the concern on possible extraocular spread 
of tumor cells and inconsistent successes[22]. Half a century 
later, several groups revisited the chemotherapeutical drugs and 
intravitreal drug delivery methods for treating vitreous seeds. 
They stated that intravitreal chemotherapy with melphalan is 
an effective and safe modality for eliminating vitreous seeds 
from RB[23-25].
More than 10y ago, experimental work demonstrated that 
periocular carboplatin quickly entered the vitreous cavity 
in high concentrations and it has been incorporated in the 
Children’s Oncology Group for management of Group C and 
Group D eyes[16].
The aim of this study was to evaluate safety and efficacy 
of posterior sub-Tenon’s carboplatin injection compared to 
intravitreal melphalan injection for management of RB with 
secondary vitreous seeds. The outcome measures were vitreous 
seeds regression, need for other treatment modalities to achieve 
ocular salvage and possible side effects.
SUBJECTS AND METHODS
Study Design and Settings  A prospective interventional 
comparative non randomized study was conducted at the 
Ocular Oncology Unit, Ophthalmology Department and 
Oncology and Radiation Medicine Department, Ain Shams 
University Hospital started from September 2012 and ended 
in December 2016. All RB patients presented during their 
follow up period with secondary vitreous seeds after favorable 
response to primary treatments were included in the present 
study.
All treatment procedures including possible side effects were 
explained to the parents and they provided us with an informed 

written consent. This study was adhered to the tenets of the 
Declaration of Helsinki and was approved by Faculty of 
Medicine, Ain Shams University Research Ethical Committee.
The medical records of these patients were reviewed including: 
age at time of presentation, complaint (its onset, course, 
and duration) as reported by the parents, family history 
and consanguinity, any previous investigations or lines of 
treatment. Reports of ophthalmological examination of the 
children at presentation and at the time of primary treatment 
were reviewed including fundus examination and photography 
with documentation of tumor size, location, number and the 
presence of subretinal fluid, subretinal seeds and vitreous 
seeds. Staging was recorded according to international 
intraocular classification of RB[19]. 
The study excluded resistant cases to primary treatments 
and advanced disease (Group E) who was candidate for 
enucleation. Anterior segment assessment, intraocular 
pressure and indirect ophthalmoscopy were performed. The 
new findings at the diagnosis of secondary vitreous seeds 
were documented using fundus photography (Genesis D; 
Kowa Medicals, Tokyo, Japan). B-scan ultrasonography was 
performed to determine tumor dimensions. 
All patients previously started treatment based on staging 
of the disease guided by Shields et al[26]. For Group A, focal 
treatments in the form of transpupillary thermotherapy or 
cryotherapy were performed until complete tumor regression. 
For Groups B, C, D, six cycles of systemic chemotherapeutic 
agents were administered by oncologist including the following 
protocol; in the 1st week, on day 1: carboplatin (560 mg/m2), 
on day 3: etoposide (200 mg/m2 or 5 mg/kg for patients with 
age less than 36mo) and vincristine (1.5 mg/m2 or 0.05 mg/kg
for patients with age less than 36mo) was given on day 1 
of 3rd week. This cycle was repeated every 28d. This was in 
conjunction with focal treatments that were administered with 
systemic chemotherapy to achieve complete tumor regression.
Thermotherapy was performed according to Shields et al[27]. A 
semiconductor diode laser delivered with a 1300 μm large spot 
indirect ophthalmoscope delivery system [IRIDEX OcuLight 
SLx (California, USA)] was used. The infrared laser was set 
at a continuous mode and the power was adjusted at 300-400 mW 
and was applied for 5-10min in each session of treatment. 
Cryotherapy was performed according to Shields et al[28]. The 
nitrous oxide cryotherapy probe indented the globe to localize 
the tumor and to elevate it on the tip. Freezing was done and 
the ice ball was watched to ensure that it involved the entire 
mass. Tumor destruction was usually achieved with one or 
two session of triple freeze thaw cryotherapy applied at 4wk 
interval. 
Unresponsive disease was defined as persistence of retinal 
tumors, vitreous seeds or subretinal seeds following the end of 
the six cycles of systemic chemotherapy, with no appreciable 
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signs of regression. Recurrence was defined as the re-
growth of retinal tumors, vitreous or subretinal seeds after an 
initial favorable response and regression and those were the 
candidates of the present study. 
Cases with secondary vitreous seeding that were developed 
after chemoreduction and focal therapies were subdivided 
into two groups after explanation of local injection techniques 
and all the possible side effects to the parents: study group 
I: posterior sub-Tenon’s carboplatin injection was added 
to systemic chemotherapy ± focal treatments; study group 
II: intravitreal melphalan injection was added to systemic 
chemotherapy ± focal treatments.
Local Chemotherapy Injection Techniques
Posterior sub-Tenon’s carboplatin injection A uniform 
concentration of 10 mg/1 mL was used for posterior sub-
Tenon’s carboplatin injection. The concentration was chosen 
as the highest stable concentration recommended by the 
manufacturer. A total of 2 mL of carboplatin solution was given 
per injection and repeated every 4wk. Initially one injection/
month was given for 3 successive months. Then every month 
according to response, injections were discontinued if there 
was a progression of the disease or complete clinical response. 
All injections were given under general anesthesia prior to 
administration of systemic chemotherapy on the same day and 
were administrated posteriorly in sub-Tenon’s space without a 
conjunctival cut down (Figure 1A), guided by ultrasonography 
(Figure 1B, 1C) using 25 gauge needle to deliver the 

chemotherapy over the quadrant where seeds were present. 
Cryotherapy as an adjuvant therapy was administered to the 
periphery of the injected eye at the same sessions in some patients 
in an attempt to increase drug delivery. Topical antibiotic/
corticosteroid combination ointment was prescribed four times 
daily after the procedure for one week with cold fomentation.
Intravitreal melphalan injection Eligibility criteria for 
intravitreal melphalan and the injection technique were 
according to Munier et al[12]. This was performed under general 
anesthesia at the operative theatre under complete sterile 
conditions. By using 30 gauge needle, a dose of (20 μg/0.1 mL) 
melphalan was injected via a pars plana approach (Figure 2A, 
2B). It was injected under umbrella of systemic chemotherapy. 
Upon needle withdrawal, the injection site was sealed and 
sterilized with cryotherapy (triple freeze-thaw technique) 
(Figure 2C) followed by copious irrigation of the injection site 
by distilled water (Figure 2D) for 3min. Topical antibiotic/
corticosteroid combination ointment was prescribed following 
the procedure. Intravitreal injection of melphalan was given on 
response and on a weekly schedule.
EBR was used in resistant cases and was administered by 
oncologist in a dose ranging from 35.0 to 45.0 Grey using the 
lateral lens sparing technique[29]. Enucleation was performed in 
cases of failure of treatment with no hope of useful vision.
The patients were followed up under anesthesia by fundus 
examination and photography every 4wk during treatment 
period until complete response. It was established if the seeds 

Figure 1 Technique of posterior sub-Tenon’s carboplatin injection  A: The drug (20 mg/2 mL) was delivered using 25 gauge needle without 
a conjunctival cut down; B, C: Ocular ultrasound show the drug (black area pointed to by the white arrows) was in sub-Tenon’s space.

Figure 2 Technique of intravitreal melphalan injection  A, B: A dose of 20 μg/0.1 mL melphalan was injected via a pars plana approach using 
30 gauge needle; C: Cryoprobe was applied to the injection site while the needle was withdrawn (triple freeze-thaw technique); D: Copious 
irrigation of the injection site by distilled water for 3min.
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were completely disappear (vitreous seeds regression type 0), 
refringent and/or calcified residues (type I), amorphous often 
non spherical inactive residues (type II), or a combination of 
the latter two (type III)[24]. Follow up was carried out every 
3mo after complete response. Episodes of tumor and or seeds 
recurrences, new mass development, side effects of treatments 
and rate of eye salvage were documented along a period of 
12mo from end of secondary treatments.
Statistical Analysis  Data were analyzed using SPSS 13 
software (SPSS Inc., Chicago, Illinois, USA). Kolmogorov-
Smirnov test was used to assess normality of data. Non-parametric 
quantitative data was expressed as median and interquartile range 
(IQR), 95% confidence interval. Comparison between variables 
of two groups was performed using the Mann-Whitney U 
test. Parametric continuous variables were expressed as mean 
and standard deviation. Independent sample t-test was used 
to compare between quantitative variables of two groups. 
Description of qualitative variables was in the form of numbers 
and percentages. Chi-square and Fisher’s exact tests were used 
to compare between qualitative data. Spearman’s correlation 
coefficient was used to correlate between variables. The level 
of significance was set at P≤0.05.

RESULTS
The study included 21 males (65.6%) and 11 females (34.4%). 
Median age at the first presentation and primary therapy was 
7.5mo (range: 1.5-72.0; IQR: 18.0). Leucocoria was the most 
common presentation in 22 patients (68.8%), strabismus in 
7 patients (21.9%) and accidentally discovered RB during 
routine fundus examination in 3 patients (9.4%). Family 
history was positive in 5 patients (15.6%) and with positive 
consanguinity among 4 patients (12.5%). RB was bilateral 
in 26 patients (81.3%) with the other eye was enucleated 
in 12 patients (37.5%). Thirty-three eyes of 32 RB patients 
developed secondary vitreous seeds. Study group I included 
17 eyes (16 patients) and study group II included 16 eyes (16 
patients). Staging of these eyes at presentation was: Group B 
in 25 eyes (75.8%), Group C in 8 eyes (24.2%). One patient 
(3.1%) had RB with bilateral recurrent vitreous seeds, 
both eyes staged as Group B at the initial presentation and 
treatment. This patient was included in study group I. The 
median/mean intervals till recurrence of vitreous seeds 
were 5.0mo and 9.75mo in study group I and study group 
II respectively. Table 1 demonstrated demographic data of 
each of study groups. 

Table 1 Demographic data of the study groups                                                                                                                                                   n (%)

Items
Study group I

Sub-Tenon’s carboplatin 
(17 eyes in 16 patients)

Study group II
Intravitreal melphalan 
(16 eyes in 16 patients)

P

Sex distribution 0.71a

Male 10 (62.5) 11 (68.75)
Female 6 (37.5) 5 (31.25)

Median age at the first presentation (mo) 6.0 (range: 2.0-72.0; IQRb: 9.0) 7.5 (range:1.5-72.0; IQRb: 18.0) 0.37c

Presenting complaint 0.72d

Leucocoria 10 (62.5) 12 (75.0)
Strabismus 4 (25.0) 3 (18.75)
Accidentally discovered 2 (12.5) 1 (6.25)

Laterality 1.0a

Unilateral 3 (18.75) 3 (18.75)
Bilateral 13 (81.25) 13 (81.25)

Involved eye by secondary vitreous seeds 1.0a

Right 12 (70.6) 8 (50.0)
Left 5 (29.4) 8 (50.0)

Staging of the eyes with secondary seeds 
at initial presentation 0.43a

Group B 14 (82.4) 11 (68.8)
Group C 3 (17.6) 5 (31.2)

Staging of the other eyes 0.01d

Free 3 (17.6) 3 (18.7)
Group A 4 (23.5) 2 (12.5)
Group B 3 (17.6) 5 (31.3)
Group C 1 (6.0) 0 (0.0)
Group E 6 (35.3) 6 (37.5 )

Median/mean interval of recurrence (mo) Median: 5 (range: 1.0-48.0; IQRb:15.5) Mean: 9.57±6.29 SD (range: 1.0-24.0) 0.29c

aFisher’s exact test; bIQR: Interquartile range; cMann-Whitney U test; dChi-square test. P-value set at ≤0.05 was statistically significant.
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From the 17 eyes received posterior sub-Tenon’s injections: 
14 eyes (82.4%) were in Group B and 3 eyes (17.6%) were 
in Group C. From the 16 eyes received intravitreal injections: 
11 eyes (68.8%) were in Group (B) and 5 eyes (31.2%) were 
in Group C. As regards initial tumor characteristics: median 
number of tumors/eye was 2.0 (range: 1-4; IQR: 1.0). Sixteen 
eyes (48.5%) had tumors located <3 mm from the fovea and 
17 eyes (51.5%) had tumors located ≥3 mm from foveal center 
in both study groups. There was no statistically significant 
difference between study groups as regards tumor location 
(P=0.17). The mean tumor base diameter was 4.67±1.79 SD 
(range: 1.0-8.0 mm). Eighteen eyes (54.5%) had tumors <5 mm 
in base diameter and 15 eyes (45.5%) had tumors of  ≥5 mm in 
base diameter. There was a statistically significant difference 
between study groups as regards frequency of eyes had mean 
tumor base diameter ≥5 mm, being higher in study group II, 
(P=0.01). The mean tumor thickness was 4.31±1.42 SD (1.5-
7.0 mm). The tumor thickness was <5 mm in 9 eyes (27.3%) 
and ≥5 mm in 24 eyes (72.7%). At presentation localized 
subretinal fluid was present in 3 eyes (9.1%) and subretinal 
seeds in 4 eyes (12.1%).
Focal therapies in conjunction with chemoreduction were used 
in the form of cryotherapy in 4 eyes (12.1%) and transpupillary 
thermotherapy in 20 eyes (60.6%). Median of laser sessions 
was 3.0 (range: 2.0-6.0; IQR: 1.0). There was a statistically 
significant higher number of laser sessions in study group I 
compared study group II (P=0.001). Following treatment using 
chemoreduction ± focal therapies, complete regression of the 
RB tumors occurred in 22 eyes (66.7%), resistance in 4 eyes 
(12.1%) and recurrence of the tumor developed after initial 
improvement in 7 eyes (21.2%). New masses developed in 5 
eyes (15.1%). Secondary vitreous seeds were focal (<3 mm from 
main tumor margin) in 15 eyes (45.5%) and diffuse in 18 eyes 
(54.5%). According to the shape of vitreous seeds, spheres 
(Figure 3A, 3B) were present in 12 eyes (36.4%), dusts (Figure 
3C) in 14 eyes (42.4%), and clouds in 7 eyes (21.2%) with no 
statistically significant difference between the study groups 
(P=0.69). 
	Posterior sub-Tenon’s injection of carboplatin was used in 17 
eyes (51.5%). The average number of injections was 3 times/
eye. Intravitreal melphalan injection was performed in 16 eyes 
(48.5%). Injections ranged from 1-10 times (median: 3, IQR: 

3) with 2-4wk interval. Table 2 demonstrated the clinical 
characteristics and treatment outcomes among the study groups.
EBR was added in 18 eyes (54.5%) due to failure of local 
chemotherapy in causing regression of vitreous seeds. It was 
given to 10/17 eyes (58.8%) in study group I, 4/10 eyes were 
salvaged following its administration.  Eight /16 eyes (50.0%) 
received EBR in study group II, 6/8 eyes were salvaged. 
Eight eyes were enucleated following failure of EBR (6 eyes 
belonged to study group I and 2 eyes belonged to study 
group II).
	In the remaining 15 eyes (45.5%), EBR was avoided in 10 
eyes, (4 eyes belonged to study group I and 6 eyes belonged 
to study group II) and those eyes were completely salvaged 
following local chemotherapies. Five eyes was enucleated 
without use of EBR due to advanced disease (3 eyes belonged 
to study group I and 2 eyes belonged to study group II). 
The mean/median duration of follow up following local 
chemotherapy injections were 2.0y and 2.37y in study group I 
and study group II respectively.
The total number of salvaged eyes was 20 eyes (60.6%), 8 
eyes in study group I and 12 eyes in study group II. Six eyes 
(42.8%) and 2 eyes (66.7%) belonged to Groups B and C 
respectively were salvaged in study group I, 7 eyes (63.6%) 
and 5 eyes (100%) belonged to Groups B and C respectively 
were salvaged in study group II at the end of follow up. 
	Ocular salvage rates were 23.5% and 37.5% following 
posterior sub-Tenon’s carboplatin injection and intravitreal 
melphalan injection without EBR respectively raised to 47.1% 
and 75% with addition of EBR (Table 2) with no statistically 
significant difference between study groups (P=0.16). Table 3 
summarized the ocular salvage rates among the study groups 
based on international classification of RB and the use of 
different treatment modalities.
	Regarding type of regression of vitreous seeds in salvaged 
eyes, it was type (0) in 6 eyes, type I in 3 eyes (Figure 3D, 
3E), type II in 8 eyes and type III in 3 eyes (Table 2). There 
was no statistically significant difference between the study 
groups regarding type of regression of vitreous seeds (P=0.11). 
There was a statistically significant difference between the 
study groups regarding type of regression of vitreous seeds 
and ocular salvage rate (P=0.001). It was found that 10/14 
eyes, 10/12 eyes and 0/7 eyes harbor dust, spheres and clouds 

Figure 3 Vitreous seeds  A, B: Sphere active type; C: Dust active type on surface of tumor; D, E: Calcified vitreous seeds following intravitreal 
melphalan and posterior sub-Tenon’s carboplatin injections respectively.
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Table 2 Clinical characteristics and treatment outcomes among the study groups                                                                                       n (%)

Items Study group I
Sub-Tenon’s carboplatin (17 eyes)

Study group II
Intravitreal melphalan (16 eyes) P

Median tumor number/eye 2.0 (range:1.0-4.0; IQRa:1.5) 2.0 (range:1.0-4.0; IQRa: 1.25) 0.9b

Tumors location at presentation 0.17c

<3 mm from fovea 6 (35.3) 10 (62.5)
≥3 mm from fovea 11 (64.7) 6 (37.5)

Tumor base diameter at presentation (mm) 0.01
<5 mm 13 (76.5) 5 (31.3)
≥5 mm 4 (23.5) 11 (68.7)

Tumor thickness at presentation (mm) 0.26c

<5 mm 3 (17.6) 6 (37.5)
≥5 mm 14 (82.4) 10 (62.5)

Response of main tumor to primary 
treatment 0.14d

Completely regressed 14 (82.3) 8 (50.0)
Resistance 1 (5.9) 3 (18.8)
Recurrence 2 (11.8) 5 (31.2)

Type of recurrent vitreous seeds (location) 0.73c

Focal 7 (41.2) 8 (50.0)
Diffuse 10 (58.8) 8 (50.0)

Type of recurrent vitreous seeds (shape) 0.69d

Dust 8 (47.1) 6 (37.5)
Sphere 5 (29.4) 7 (43.8)
Cloud 4 (23.5) 3 (18.7)

Subretinal seeds 0.33d

Negative 16 (94.1) 13 (81.3)
Positive 1 (5.9) 3 (18.7)

Subretinal fluid 0.61d

Negative 16 (94.1) 14 (87.5)
Positive 1 (5.9) 2 (12.5)

New solid tumor masses 0.65c

Negative 15 (88.2) 13 (81.3)
Positive 2 (11.8) 3 (18.7)

Type of focal therapy added 0.008d

Negative 8 (47.1) 1 (6.25)
Transpupillary thermotherapy 6 (35.3) 14 (87.5)
Cryotherapy 3 (17.6) 1 (6.25)

Mean number of laser sessions/eye Median: 4 (range:3.0-6.0; IQRa:3) Median: 3 (range: 2.0-6.0; IQRa:1) 0.001b

EBR 0.73c

Negative 7 (41.2) 8 (50.0)
Positive 10 (58.8) 8 (50.0)

Mean/Median  duration of follow up (y) 
following local chemotherapy  injections Mean: 2.0±0.56 SD (range: 1.5-2.92) Median: 2.37 (range: 1.0-2.81; IQRa:1.0) 0.15b

Types of regression of vitreous seeds 0.11d

0 4 (23.5) 2 (12.5)
I 1 (5.9) 2 (12.5)
II 3 (17.6) 5 (31.3)
III 0 (0.0) 3 (18.8)
No regression 9 (52.9) 4 (25.0)

Ocular salvage 0.16c

Yes 8 (47.1) 12 (75.0)
No 9 (52.9) 4 (25.0)

aIQR: Interquartile range; bMann-Whitney test; cFisher’s exact test; dChi-square test. P≤0.05 was statistically significant. EBR: External beam radiotherapy.
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respectively were salvaged. A statistically significant moderate 
positive correlation was found between ocular salvage rate 
and type of vitreous seeds either dust, spheres and clouds 
(Spearman’s correlation coefficient was 0.42, P=0.015).
	A statistically significant difference was found regarding globe 
salvage in those had new masses (0/3 eyes) and eyes had 
recurrent seeds only (12/13 eyes) (P=0.007). A statistically 
significant moderate positive correlation was found between 
ocular salvage rate and appearance of new tumor mass. 
Spearman’s correlation coefficient was 0.35 (P=0.045).
	All eyes received posterior sub-Tenon’s injections had 
periorbital edema that resolved with cold fomentation and 
topical steroid ointment. Motility disturbance due to muscle 
and orbital fibrosis was developed in 13 eyes (76.5%). 
Vitreous hemorrhage was developed in two eyes (12.5%) 
following intravitreal injection that was cleared one month 
later and localized peripheral salt and pepper retinopathy at 
site of injection in 5 eyes (31.25%). Two patients (6.25%) had 
bilateral enucleation with no case of extraocular spread or 
systemic metastasis during the follow up period.
DISCUSSION
Intravenous chemotherapy involving a 3-drug regimen of 
vincristine, etoposide and carboplatin is the most widely 
utilized first-line therapy for intraocular RB. Such therapy 
aims at chemoreduction, focal therapies can be subsequently 
used, with the primary goal of eye conservation. Systemic 
chemotherapy in cases with germline RB gene mutations may 
decrease the risk of trilateral RB[30]. This modality provides 
good control of early-stage intraocular RB confined to the 
retina without subretinal or vitreous involvement[31-32].
More advanced RB characterized by seeding into the 
subretinal space or the vitreous are classified as Groups C 
to E. Success rate of systemic chemotherapy is shown to be 
progressively decrease with increased tumor burden. In Group 
C eyes where seeding is focal and close to the tumor (<3 mm), 
good outcomes, with successful tumor control from 67% 
to 90% of eyes was achieved[33-34]. Previous studies[31-32,34-35] 
have demonstrated high incidence of intraocular recurrence 

necessitating EBR and/or enucleation in advanced RB cases, 
with treatment success achieved in only 9% to 57% of Group D.
Several studies[3,7,36-38] reported salvage of about 67% of eyes 
with vitreous seeds using systemic chemotherapy coupled with 
EBR however irradiation can induce second non ocular malignant 
neoplasm especially in patients with the hereditary form of RB 
in addition to the usual side effects of radiotherapy[38].
By using local chemotherapeutic injections, the intraocular 
concentration of agents is increased without additional 
systemic toxicity from increasing intravenous dosages. It was 
found that intravitreal injections of melphalan in RB with 
vitreal seeds achieve higher intravitreal levels, which was 
important in achieving eye preservation[39].
Transgenic mice with RB have also shown significant 
tumor control with subconjuctival injection of carboplatin, 
accompanied by little or no local toxicity[40-41]. Periocular 
injection of carboplatin was used for RB control over two 
decades, often as an adjunct to systemic chemotherapy. It 
achieves rapid levels within the vitreous in 30min, with 
concentration of 6-10 times compared to that achieved by 
intravenous route, and can last for hours[42-43].
From the present results it was found that posterior sub-Tenon’s 
injection of carboplatin for treatment of RB with recurrent 
vitreous seeds has regressing effects in combination with 
other modalities. Marr et al[16] and Manjandavida et al[3] stated 
that better efficacy was obtained when adjunctive periocular 
injection of carboplatin was used along with systemic 
chemotherapy than when patients have been treated with 
systemic chemotherapy alone for advanced RB. It is believed 
that a high intracellular carboplatin level obtained in the tumor 
tissue is associated with increased tumor control[44]. So further 
increase in the intraocular concentration of carboplatin by 
periocular injections is a good adjunct to intravenous systemic 
chemotherapy for intraocular RB, and is a potential option 
for decreasing the amounts of intravenous chemotherapy the 
patients are subjected to[45].
In the present study regarding the response of secondary 
vitreous seeds to posterior sub-Tenon’s injection of carboplatin; 

Table 3 Ocular salvage rates among the study groups based on international classification of RB and the use of different 
treatment modalities                                                                                                                                                                         n (%)

Items
Study group I

Sub-Tenon’s carboplatin (17 eyes)
Study group II

Intravitreal melphalan (16 eyes)
Group B Group C Group B Group C

Salvaged eyes (20 eyes)
No EBR added 2 (14.3) 2 (66.7) 3 (27.3) 3 (60)
EBR used after failure of local therapy 4 (28.6) 0 (0.0) 4 (36.3) 2 (40)

Non salvaged eyes (13 eyes)
No EBR added 3 (21.4) 0 (0.0) 2 (18.2) 0 (0.0)
EBR used after failure of local therapy 5 (35.7) 1 (33.3) 2 (18.2) 0 (0.0)

Total 14 3 11 5

EBR: External beam radiotherapy.
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23.5% of eyes were salvaged in conjunction with systemic 
chemotherapy without EBR especially when the primary 
tumors were controlled. Shields et al[27] in a retrospective 
study reported their experience with the efficacy of periocular 
carboplatin injections over a 12y period. Their eyes were in 
advanced stages than the present study. Totally 2/33 (6%) were 
in Group E, 30/33 (90%) in Group D and 1/33 (3%) in Group 
C eyes. Viable vitreous seeding was found in 28/33 (85%), 
recurrent retinal tumor in 2/33 (6%) and advanced subretinal 
seeding in 3/33 (9%) of eyes. The median number of injections 
and mean were three, maximum of 11, and a minimum of one 
injection per eye. Of 13 eyes (39%) had avoided enucleation.
All salvaged eyes in their study were in Group D with the 
exception of one Group C eye. No Group E eyes were salvaged. 
Ocular survival at 36mo was 36%. Eleven of the 13 salvaged 
eyes received concurrent treatment with chemotherapy in 30%, 
EBR in 46%, or brachytherapy in 8%. Two of the salvaged 
eyes (16%) were treated with periocular injections alone. These 
data do not support its use as monotherapy. The use of multiple 
treatment modalities either simultaneously, before and/or after 
injections including EBR or plaque radiotherapy in their study 
and  also an overall  number of injections of 102 reaching 11 
times in some treated eyes might explain the difference in the 
results with the present study regarding ocular salvage. 
A case report was published in 2010 of a 5mo old baby with 
bilateral RB (Reese Ellsworth Group Vb of left eye and 
Group Ia of right eye at that time) received one initial cycle 
of intravenous carboplatin and was treated focally with laser 
in both eyes but had persistent vitreal seeds in the more 
advanced left eye. That eye received 11 injections of periocular 
carboplatin with additional laser treatments which led to 
resolution of the vitreous seeds with no recurrence for 9y. 
This is because periocular injection can control small vitreal 
tumors[17].
There was an earlier trial[15] of use of subconjuctival carboplatin 
as a treatment of intraocular RB to avoid the risks of use of 
systemic chemotherapy like anemia, neutropenia, infections 
and organ toxicities. The study included 13 eyes in 11 patients 
with bilateral RB. Those eyes were classified as Reese-
Ellsworth Group Vb at the time of enrollment into the study, 
whereas 6 had only retinal or subretinal disease. Seven 
(64%) of the 11 patients had been treated previously with an 
intravenous carboplatin-containing chemotherapy regimen, 
and 4 of those had also received EBR previously. A median 
of 3 injections per eye. The median dose administered per 
injection was 20 mg. Three of five eyes with vitreous seeding 
had impressive responses. These three patients who had 
major responses of their vitreous disease had all previously 
received both carboplatin-containing systemic chemotherapy 
and EBR before the disease progression. At the end of their 
study, they recommended evaluation of various devices used 

to noninvasively deliver various drugs to the vitreous and the 
possibility of development of a multimodality protocol that 
use a combination of both systemic and locally administered 
chemotherapy in intraocular RB.
Manjandavida et al[3] stated that intensive management with 
primary high dose of systemic chemotherapy and concurrent 
periocular carboplatin, and EBR selectively in chemotherapy 
failure provides gratifying outcome in RB with vitreous seeds. 
They saved by their different protocol of treatment, 95%, 85% 
and 57.5% of eyes in Groups C, D and E respectively.
The use of intravitreal melphalan for recurrent or resistant vitreous 
seeds had promising results in the previous studies[12,25,46-49]. In the 
present study, it saved 37.5% of eyes receiving this modality. 
In a study of 23 eyes with active vitreous seeds, Munier et 
al[12] reported globe salvage in 87% of eyes with complete 
remission of vitreous seeds over a mean follow-up period of 
2y. Intravitreal melphalan 20-30 μg was injected every 7-10d 
via the pars plana approach. The median number of injections 
was 6.5 (range: 2-8). 
Seregard and Singh et al[49] studied 11 eyes treated with 
intravitreal melphalan and reported the globe salvage in 100% 
eyes at a mean follow-up of 9mo. Intravitreal melphalan 20-30 
μg was injected every month via the pars plana approach with 
concomitant triple freeze-thaw cryotherapy to the injection 
site. The median number of injections was 6.0 (range: 2-6). 
This was not comparable to the present study because of the 
difference in dose of melphalan injected which was up to 30 μg 
and the median number of injection which was 6 times/eye in 
their study. 
Lee et al[50] in a retrospective study on 8 eyes used combined 
intravitreal injection of melphalan combined with intra-
arterial chemotherapy (3-5 sessions/eye) in all eyes that were 
previously treated with intravenous chemotherapy. They used 
a median number of melphalan injections of 3.5 (range: 2-4) 
with a globe salvage rate of 87.5%. The high rate of ocular 
salvage compared to the present study was due to combination 
of intra-arterial injections in all cases.
Ji et al[51] conducted a study to evaluate the efficacy of 
intravitreal melphalan for vitreous seeds from RB in 19 
Chinese patients. The patients received multiple intravitreal 
injections of 20 μg melphalan. Successful control of vitreous 
seeds was achieved in 16 of 19 eyes (84.21%) and globe 
retention was achieved in 73.68% (14/19) eyes.
They found a significant difference in response to intravitreal 
melphalan for cloud, spheres, and dust seeds. Cloud was the 
most resistant to control and dust was the easiest. The median 
number of injections to control was 9, 6, and 3 respectively. 
This was reported in the present study and previous studies[13,25].
Factors predict vitreous seeds regression stated by Manjandavida 
et al[3] were bilateral RB, absence of subretinal fluid, absence 
of subretinal seeds and tumor base diameter of less than 16 mm. 
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The present study found that there was no correlation between 
these factors and regression of vitreous seeds and eye salvage 
except type of vitreous seeds and new solid tumor growth. This 
difference may be due to large number of cases (101 eyes) 
studied on a retrospective way over 10y in their study. 
No case of extraocular extension or systemic metastasis 
reported in the present study owing to the precautions used to 
minimize this risk during intravitreal injection as described by 
Munier et al[12] in the form of repetitive freeze and thaw cycles 
at the injection site when pulling out needle and irrigation with 
sterile distilled water submersion on the surface of the eye for 
at least 3min after injection. Smith et al[52] reported that local 
and systemic tumor spread following intravitreal melphalan 
injection is rare especially by the use of safety enhancing 
injection techniques.
Ji et al[51] reported vitreous hemorrhage developed in 2 cases, 
cataract in 3 cases, a localized peripheral salt-and pepper 
retinopathy in 8 eyes and pupil posterior synechia was noted 
in 1 case which was comparable to the present study regarding 
the occurrence of vitreous hemorrhage owing to the use of a 
dose of 20 μg/0.1 mL which is generally accepted to be safer 
for the retina and the eye[13,20,48,53].
Transient periocular swelling and redness occur in the majority 
of patients following periocular carboplatin injection[15-16,54]. 
More serious side effects (endophthalmitis, motility restriction 
and conjunctival scarring) usually developed after three 
injections per eye, each performed at 3-4wk interval. This 
is due to direct toxicity of carboplatin[51]. Ocular motility 
disturbance in the present study was (76.5%) which was lower 
comparable to a previous study of Mulvihill et al[54]. They 
detected limitation of ocular motility in all 12 eyes (100%) 
of 10 RB patients injected with periocular carboplatin and 
significant fibrosis was proved by histopathology of enucleated 
eyes. Kim et al[55] had a case of 5mo old infant had bilateral 
RB and received periocular carboplatin for 3 times in the more 
advanced eye and developed orbital fibrosis and fat necrosis 
following the third injection. Marr et al[16] lost patients during 
follow up and the data available on forced duction test was 
not available to them in their retrospective study, so they did 
not report this side effect. Fibrin sealant sustained release 
carboplatin may be used to limit the number of injections 
and prevent diffusion of the drug into the orbit[56]. According 
to that, the decision to use posterior sub-Tenon’s carboplatin 
injection must weigh the risks and benefits and should be 
discussed thoroughly with the parents. 
Intravitreal melphalan injection could save 6 eyes (37.5%) 
versus 4 eyes (23.5%) following posterior sub-Tenon’s 
injection and these rates were doubled following EBR use. 
There was no statistically significant difference between the 
two groups. This result was different from previous results 
regarding the efficacy of intravitreal melphalan. It might be 

due to some study limitations; lack of randomization, small 
number of cases in each group, different study population 
characteristics, cases of RB with secondary vitreous seeding 
were included only in the study, location of the tumor (more 
tumors near the fovea in the present study), dosage and 
numbers of injection.
In conclusion, this was the first prospective study comparing 
the safety and efficacy of local injection of carboplatin in the 
posterior sub-Tenon’s space and melphalan into the vitreous 
cavity for treatment of RB with secondary vitreous seeds. It 
was found that both techniques can salvage 30.3% of eyes 
without the need for EBR. Additional 30.3% of eyes were 
salvaged by EBR following failure of local therapies. There 
was a trend toward superiority of intravitreal melphalan in 
ocular salvage however, no statistically significant difference 
was found between the two groups.
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