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Abstract
Retinoblastoma is the most common primary child-
hood ocular tumor, affecting nearly 3.5 per million 
children worldwide. A mutation in the RB1 gene, which 
presents as either germline or sporadic, along with ad-
ditional mutational events, promote neoplastic growth 
in the retina. Fortunately, current treatment protocols 
result in success rates approaching 99% at specialized 
centers, with many children maintaining useful vision. 
Overall, treatment is guided by aggressiveness and 
size, and is classified by systems such as the Reese-
Ellsworth System and the International Classification of 
Retinoblastoma. Due to advances in chemotherapy pro-
tocols combined with use of focal laser consolidation, 
treatment paradigms have shifted from enucleation 
to external beam radiation therapy to chemotherapy 
as globe-salvaging therapies. Smaller, less complex 
tumors may be controlled by plaque radiotherapy or 
focal laser ablative therapy. However, larger and more 
complex tumors, such as those that have vitreous or 
subretinal seeding, require methods of chemoreduc-
tion combined with focal consolidation to yield better 
outcomes. Standard chemotherapy protocols utilize 
vincristine, etoposide, and carboplatin with or without 

cyclophosphamide. Finally, there has been a recent 
push in local treatments for retinoblastoma to minimize 
systemic toxicities. These modalities include intravitreal 
or subconjunctival injections and more recently, direct 
chemotherapy administration into the ophthalmic ar-
tery. As a result, enucleation is used less often, but re-
mains an important treatment for the most aggressive, 
refractory cases. The advancement of retinoblastoma 
treatment looks promising; however, worldwide access 
to these treatments and the lack of long-term follow-
up of new local treatment modalities constitute current 
and future challenges.
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Core tip: Retinoblastoma is the most common primary 
childhood ocular tumor, affecting nearly 3.5 per million 
children worldwide. Due to advances in chemotherapy 
protocols combined with use of focal laser consolida-
tion, treatment paradigms have shifted from enucle-
ation to external beam radiation therapy to chemother-
apy as globe-salvaging therapies. The advancement of 
retinoblastoma treatment looks promising; however, 
worldwide access to these treatments and the lack of 
long-term follow-up of new local treatment modalities 
constitute current and future challenges.
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INTRODUCTION
With nearly 3.5 per million children affected worldwide[1], 
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retinoblastoma remains the most common primary child-
hood ocular cancer, accounting for nearly 3% of  child-
hood tumors[2,3]. Heritable or familiar retinoblastoma 
occurs from a germline mutation in the RB1 gene, and 
typically presents within the first year of  life with bilateral 
disease, often with multifocal tumors. The more common 
sporadic (non-heritable) form typically presents later with 
unilateral disease with a single tumor focus. The RB1 mu-
tation, with additional proposed mutational events, pro-
motes neoplastic growth in the retina, leading to clinical 
retinoblastoma tumors with risk of  vision loss, extraocu-
lar extension, optic nerve invasion, metastasis, and death. 

The worldwide incidence of  retinoblastoma ranges 
between 7000-8000 cases a year. The worldwide mortality 
rate of  3000-3376 ranges among nations: from 3%-5% 
in North America and Europe to 20% in Latin America, 
39% in Asia, and up to 70% in Africa. Fortunately, due 
to advances in treatment and early detection, the survival 
rate for retinoblastoma in the United States and other 
countries has approached 99% at specialized centers[3,4].

Treatment of  retinoblastoma is complex and involves 
participation from various medical specialties including 
ocular oncology, pediatric oncology, pediatrics, interven-
tional radiology, and ocular pathology. Factors affecting 
management include size and location of  the tumor, met-
astatic risk, location, and laterality[5,6]. Due to advances in 
the past decade, systemic chemotherapy combined with 
focal laser treatment has gained popularity, particularly 
since it preserves the globe with hopes of  maintaining 
some vision[5,6]. Treatment ranges from chemotherapy, to 
plaque radiation, to enucleation for the more severe and 
refractory cases. Recently, local treatments such as intra-
arterial chemotherapy offer a novel alternative by dem-
onstrating promise as a primary and salvage treatment, 
while minimizing systemic toxicities. The current review 
discusses the evolution of  retinoblastoma treatment, 
highlighting recent advances with the aim of  saving the 
life, eye, and vision of  children with retinoblastoma.

Classification
Various classification guidelines have been created to clas-
sify the severity of  retinoblastoma. The Reese-Ellsworth 
(R-E) classification (Table 1) was developed when the 
primary mode of  treatment consisted of  external beam 
radiotherapy (EBRT) and enucleation. This classification 
system is based on tumor size and location, with vitreous 
and subretinal seeding reserved for stage Ⅴb tumors. The 
R-E classification system offered information regarding 
globe salvage with EBRT. More recently, in the era of  
chemoreduction with focal consolidation, a new system 
to predict response to this treatment was developed. In 
2003, the International Classification of  Retinoblastoma 
(ICRB) (Table 2) was introduced to stage retinoblastoma 
and accounted for the advances in chemotherapy. Previ-
ous methods such as the R-E classification system can be 
used to predict the success rates of  chemoreduction, but 
does so in a non-incremental fashion[7]. Newer methods 
of  classification, such as the “Practical Grouping system 

of  RB” have also been effective tools. The Practical Sys-
tem also accounts for the distance of  the seeds from the 
tumor, and the presence of  glaucoma, hemorrhages, and 
optic nerve invasion[8]. Overall, the newer classification 
systems are based on clinical features involving the pres-
ence of  subretinal fluid, subretinal seeds, and vitreous 
seeds, key factors that determine treatment success.

TREATMENTS
Children with unilateral, sporadic retinoblastoma have 
several management options, which include enucleation, 
plaque radiotherapy, laser therapy, systemic chemo-
therapy, and intra-arterial chemotherapy. If  the tumor is 
small to medium size and there is little subretinal fluid, 
plaque radiotherapy can generally achieve tumor control. 
Small tumors may also be amenable to focal laser ablative 
therapy. Larger tumors or those with vitreous or subreti-
nal seeding or subretinal fluid usually require methods of  
chemoreduction combined with focal consolidation uti-
lizing laser ablation. The largest size retinoblastoma, with 
no potential for functional vision, often requires enucle-
ation[5,9]. Most children with trilateral retinoblastoma, 
which is defined as bilateral retinoblastoma with pineal 
gland involvement, are treated with intravenous chemo-
reduction[10,11]. Novel therapies have been investigated for 
local delivery of  chemotherapeutics, including focal, peri-
ocular injection of  carboplatin, as well as superselective 
intra-arterial delivery of  chemotherapeutics. 	 

Radiation
EBRT previously served as primary globe-salvaging treat-
ment, but is now rarely used due to risk of  recurrence 
and to radiation-induced side effects. Such ocular side 
effects include cataract, radiation maculopathy, and radia-
tion optic neuropathy, as well as effects on bony develop-
ment leading to facial malformations. Additionally, EBRT 
toxicity may lead to secondary cancers in the radiation 
field involving the orbital soft tissue as well as osteosar-
comas[11-13].

Radioactive plaques with various isotopes, but more 
commonly iodine-125 in the United States, are temporar-
ily placed onto the scleral surface of  the eye under ultra-
sound guidance, to deliver 40-45 Gy of  radiation to the 
tumor apex[14]. They are most effective in small tumors < 
15 mm in diameter or < 10 mm thickness. Other factors 
involve location of  tumor in relation to optic nerve and 
fovea, plaque placement feasibility, and refractory na-
ture of  the tumor[14]. A study on 208 tumors undergoing 
plaque brachytherapy for RB showed that plaque therapy 
is most effective in tumors refractory to chemoreduction, 
laser, thermotherapy, and cryotherapy. These patients dis-
played tumor control of  83% at 1 year and 79% at 5 years. 
The study found the most common 5-year side effects 
were cataract, papillopathy, maculopathy, and glaucoma. 
Evidence suggests that prognostic factors for successful 
radiation treatment include tumors that lack subretinal 
or vitreous seeding[14,15]. Although radiation is a reliable 
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method, it may not outweigh the risk of  radiation reti-
nopathy[15], and with the development of  novel delivery 
techniques such as periocular and intra-arterial chemo-
therapy, plaque brachytherapy is used less often in salvage 
or primary therapy. 

Laser therapy 
Laser therapy consists of  using a diode laser via indirect 
ophthalmoscopy to apply precise burns to the entirety 
of  the tumor. Laser therapy is performed during exam 
under anesthesia (EUA), and is used as monotherapy, 
combined with systemic or intraarterial chemotherapy, or 
for focal tumor recurrences. For small, unilateral tumors, 
local laser ablative therapy may spare a child systemic or 
local chemotherapy and can be used as monotherapy. 
However, children must continue to have frequent EUAs, 
as new tumors can occur at sites away from the solitary 
lesion. Studies have shown that systemic chemotherapy 
combined with focal laser consolidation is more effica-
cious than systemic chemotherapy alone, with in-depth 
discussion in the next section. Finally, laser therapy does 
not prove efficacious for vitreous or subretinal seeds, but 
is often used for focal, marginal recurrences following 
primary tumor treatment. Overall, laser ablative therapy 
plays an important role in the primary management of  
retinoblastoma.

Chemotherapy 
To maintain globe-salvage while eliminating the risk of  ra-
diation complications, systemic chemotherapy has become 
a popular treatment modality in the management of  reti-
noblastoma[16]. Due to carboplatin’s success among treat-
ment of  other pediatric tumors, it remains a widely used 
choice to treat RB[16] and is combined with other agents 
such as etoposide, vincristine, and occasionally cyclophos-
phamide[17,18]. Evidence suggests that such multi-agent 
chemotherapy may have better outcomes when given in 
combination with focal laser ablation. For instance, of  36 
eyes with R-E Group Ⅰ-Ⅴ that were given carboplatin 
and vincristine at 3-wk intervals over a 6 mo period, nearly 
half  (52%) of  eyes showed tumor growth and 42% had 

vitreous seeding, indicating that multi-agent chemotherapy 
alone may not be sufficient[19]. Shields et al[9] showed that 
of  83 eyes in R-E Groups Ⅰ-Ⅳ, chemoreduction with 6 
cycles of  Fluorouracil (5FU), epirubicin and cyclophos-
phamide combined with cryotherapy, thermotherapy, or 
plaque radiotherapy showed treatment failure of  10% 
by 5 years, causing the need for additional EBRT; for 
eyes in R-E Group Ⅴ, combination failure was 47% at 
5 years. The study also showed that by 5 years, 35% of  
eyes required enucleation. The eyes requiring enucleation 
included 15% of  R-E Group Ⅰ-Ⅳ eyes and 53% of  R-E 
Group Ⅴ eyes. Although there was no long-term follow-
up, no child developed metastasis or died in the series[9].

When treatment involves both 4-9 cycles of  che-
motherapy and a diode laser ablation to all tumor areas 
including macular and foveal components, tumor control 
rates for R-E Group Ⅰ-Ⅳ have been reported to be 100% 
at 3 years[20]. Further evidence suggests that recurrence 
rates of  more aggressive (R-E Group Ⅴb and Group D) 
tumors may decrease when treated with systemic chemo-
therapy and local consolidation. Shields et al[21] demon-
strated that ICRB Group D tumors (or RB with diffuse 
seeds) had a 47% success rate with chemoreduction com-
bined with focal consolidation. Schefler et al[20] has also 
shown success rates as high as 83% in aggressive Group 
Ⅴ tumors that were treated with the diode laser therapy 
to the macular and foveal components of  the tumor in 
combination with 4-9 cycles of  systemic chemotherapy. 
Of  note, 57% of  these patients retained a 20/80 or better 
vision outcome, despite direct ablation to the fovea[20]. 

Lastly, the most aggressive ICRB Group E tumors 
benefit most from enucleation and histological analysis. 
High-risk features on histopathologic analysis may be 
considered for adjuvant chemotherapy. These factors 
include deep choroidal invasion, or involvement of  the 
anterior chamber, iris, ciliary body, or optic nerve. Suc-
cessful prognostic factors for systemic chemoreduction 
include tumor margins at least 3 mm from fovea/optic 
disk and lack of  subretinal fluid[22]. Poor prognostic fea-
tures include anterior chamber seeding, iris infiltration, 
ciliary body infiltration, involvement of  optic nerve, cho-
roidal involvement, and infiltrates into the sclera[23].

Standard chemotherapy protocols utilize vincristine, 
etoposide, and carboplatin with or without cyclophos-
phamide. Other medications that have been the subject 
of  more recent studies involving systemic treatment and 
local delivery include melphalan, paclitaxel, topotecan, 
and cisplatin.

Paclitaxel, an antineoplastic agent that stabilizes mi-
crotubules, and topotecan, a topoisomerase I inhibitor, 
have shown early promise. At the cellular level, paclitaxel 
used in combination with β-lapachone has been shown 
to induce apoptosis in human RBY79 cells[24]. In animal 
models, local delivery of  paclitaxel via subconjuncti-
val injections resulted in reduced tumor size in a dose-
dependent manner. Toxicities observed were conjunctival 
and corneal toxicity and lens opacification[25]. Another 
antineoplastic agent that shows potential therapeutic ef-
fects for retinoblastoma treatment is topotecan, which 
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Table 1  Reese-Ellsworth classification

Group Globe salvage 
likelihood

Features

Ⅰ Very favorable < 4 disc diameters at or behind equator
(1) solitary
(2) multiple

Ⅱ Favorable 4-10 disc diameters, at or behind equator
(1) solitary
(2) multiple

Ⅲ Doubtful (1) anterior to equator
(2) solitary, > 10 disc diameter behind equator

Ⅳ Unfavorable (1) multiple tumors, some > 10 disc diameters
(2) lesion extends anteriorly to ora serrata

Ⅴ Very 
unfavorable

(1) tumors occupying over 50% of retina
(2) vitreous seeding

Source: Adapted from[56].
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traps the cell cycle in S-phase[26]. Studies showed similar 
topotecan vitreous drug levels in rabbit eyes that were 
administered via the periocular or systemic route[27] al-
though murine retinoblastoma models suggest prolonged 
drug levels when delivered intravitreously[28]. Chantada 
et al[29] administered various periocular doses in a pilot 
study on 5 children with retinoblastoma, which showed 
dose-dependent systemic absorption with no toxicities. 
Another study on children showed tumor reduction with 
a median dose of  3.72 mg/m2 when periocular topotecan 
was combined with fibrin, causing reduced tumor volume 
and lowering rates of  enucleation or additional systemic 
chemotherapy[30].

Although chemotherapy has been shown to be ef-
ficacious in the treatment of  RB, it is not without risks, 
especially when toxic chemotherapeutics are administered 
to children and infants. Systemic chemotherapy has been 
associated with systemic toxicities, including pancyto-
penias requiring hospitalizations and transfusions[31]. In 
addition, there is concern for nephrotoxicity, as well as 
ototoxicity in platinum-based chemotherapy agents. Car-
boplatin related ototoxicity has been reported in up to 
5% of  patients undergoing treatment for retinoblastoma, 
the risk increasing when carboplatin is administered with 
cisplatin[32]. However, there is controversy regarding the 
actual incidence of  ototoxicity in children treated with 
chemotherapy for RB with recent reports by the Child-
rens’ Oncology Group indicating a very low incidence 
and recommendation that these agents not be withheld 
for these concerns. Nonetheless, focus has shifted on 
adjuvant agents that avoid or decrease systemic doses of  
chemotherapy, as well as local delivery of  chemothera-
peutics to avoid systemic administration. 

In the pre-clinical setting, vascular targeting agents, 
such as anecortave acetate, have proven efficacious in the 
LHBETATAG mouse model for retinoblastoma, demonstrat-
ing a decrease in the vascularity of  tumors while enhanc-
ing tumor control when combined with chemotherapy 
or other agents[33]. Glycolytic inhibitors, such as 2-deoxy-

D-glucose, have also been investigated in the LHBETATAG 
model and shown to target hypoxic regions of  tumors. 
Retinoblastoma tumors have been shown to have up to 
21% hypoxia, areas that consist of  slow-growing tumor 
cells unlike other hyperproliferation areas[34]. These hy-
poxic cells are resistant to chemotherapy and radiation 
therapy which target hyperproliferation cells. Advanced 
retinoblastoma tumors universally fail due to persistent 
vitreous seeding, tumor foci without an established blood 
supply and proposed regions of  hypoxia[35]. Further stud-
ies and human trials are needed to determine the utility 
of  glycolytic inhibitors, anti-angiogenic agents, as well as 
other novel agents. Of  note, the use of  adjuvant agents 
must be optimally timed and used in combination to 
maximize the efficacy and synergistic effect[36].

Local treatments
Local treatment forms include subconjunctival (sub-
Tenons’) injections, intravitreal injections[37,38] and intra-
arterial administration. The advantage of  administering 
chemotherapeutic agents locally includes the ability to ad-
minister higher concentrations of  medication that would 
otherwise cause considerable toxicity if  administered 
systemically. Local chemotherapy in the form of  intravit-
real or subconjunctival/sub-Tenon’s injections has been 
shown to have benefits in murine/animal models, where 
subconjunctival carboplatin injections had a dose depen-
dent effect on tumor control[37,38]. The rational for this 
treatment is to provide a deeper chemotherapy adminis-
tration that bathes the sclera. Leng et al[39] demonstrated 
that periocular carboplatin injection may especially be an 
effective adjunct in the treatment of  resistant, advanced 
retinoblastoma. A case report of  retinoblastoma refrac-
tory to diode laser ablation showed tumor regression with 
chorioretinal scarring after receiving periocular injections 
of  carboplatin. In a phase Ⅰ/Ⅱ trial, Abramson et al[40] 
investigated the efficacy and toxicity of  up to 2 mL and 
20 mg/injection of  peri-ocular carboplatin injection for 
treating intraocular retinoblastoma. Three of  five eyes 
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Table 2  International classification of retinoblastoma

Group Subgroup Quick reference Features 

A A Small tumor size ≤ 3 mm
B B Larger tumor Size > 3 mm

Macula ≤ 3 mm to foveola
Juxtapapillary ≤ 1.5 mm to disc
Subretinal fluid Clear subretinal fluid ≤ 3 mm from margin

C C1 Focal seeds Subretinal seeds ≤ 3 mm from tumor 
C2 Vitreous seeds ≤ 3 mm from tumor 
C3 Both subretinal and vitreous seeds ≤ 3 mm from tumor 

D D1 Diffuse seeds Subretinal seeds > 3 mm from tumor 
D2 Vitreous seeds > 3 mm from tumor 
D3 Both subretinal and vitreous seeds > 3 mm from tumor

E E Extensive retinoblastoma > 50% globe involvement or 
Neovascular glaucoma
hemorrhage in anterior chamber, vitreous, or subretinal space
Invasion to postlaminar optic nerve, choroid (> 2 mm), sclera, orbit, anterior chamber

Source: Adapted from[7].
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with vitreous disease showed a response to treatment 
while the eye with subretinal seeding did not display a 
response. Although 54% of  eyes had vitreous seeding, 
major tumor response was observed. Toxicities included 
transient periorbital edema, optic atrophy, muscle fibrosis, 
and vascular alteration. Such vascular sclerosis may lead 
to subsequent delay in transit through the vessels, a factor 
that must be considered when administering other future 
treatments, including systemic chemotherapy or local 
intra-arterial delivery. Thus, there seems to be promise of  
periocular carboplatin injections for treating resistant reti-
noblastoma with vitreous seeding, but vascular alterations 
need to be considered when planning intra-arterial deliv-
ery in patients that have received periocular carboplatin 
in the past. 

To avoid systemic chemotherapy and to deliver con-
centrated doses to local tissue, local delivery of  chemo-
therapeutics is currently being investigated via intra-arteri-
al delivery. A group in Japan[41,42] pioneered the technique 
of  selective ophthalmic arterial infusion (SOAI). A cath-
eter is passed into the carotid artery and advanced past 
the ostium of  the ophthalmic artery. A balloon is then 
used to occlude distal flow, followed by infusion of  che-
motherapeutics, thus minimizing exposure to the brain. 
In a study involving 187 patients (610 eyes) treated with 
intraocular retinoblastoma, technical success rates of  the 
procedure were as high as 97.51%[41]. The study found 
no complication of  brain infarction from catheterization. 
Side effects included bradycardia, facial redness, and mild 
eye-lid swelling. This study concluded that for patients 
with intraocular retinoblastoma, SOAI using balloon oc-
clusion may provide a safe and effective form of  drug 
delivery. Of  note, this initial study failed to report on tu-
mor control rates or visual outcomes, but provided proof  
of  principle for this novel delivery technique. 

Following these initial studies, other groups investi-
gated techniques for intra-arterial delivery, including direct 
cannulation of  the ophthalmic artery, termed superselec-
tive intra-arterial chemotherapy[43]. Initial phase Ⅰ/Ⅱ stud-
ies showed promise as salvage therapy as 6 of  8 eyes were 
spared from enucleation[43]. Abramson et al[43] showed that 
intra-arterial chemotherapy could also be used as a primary 
therapy. Effective drug combinations showing promise in 
R-E Group Ⅴ classification patients include melphalan 
alone, melphalan with topotecan, and melphalan with 
topetecan and carboplatin. A 4-year prospective study on 
95 eyes undergoing intra-arterial chemotherapy via selective 
catheterization of  the ophthalmic artery further showed 
promising results. Chemotherapy injections included mel-
phalan with or without topotecan. Two-year survival rates 
free of  ocular events were as high as 81.75% for eyes that 
received this treatment as primary therapy. In addition, no 
eyes in R-E Group Ⅰ-Ⅳ were enucleated. Enucleation was 
performed, however in 19 of  83 (23%) of  Group Ⅴ eyes 
due to vitreous seeding[44]. One of  the largest studies on 
SOAI involved 1452 procedures on 408 eyes with Group 
A-E retinoblastoma that received melphalan[42]. The pa-
tients were followed from 1988-2007, and showed a tech-
nical success rate of  98.8%. In terms of  therapeutic re-

sponse, secondary neoplasms occurred in only 11 patients, 
the 15-year cumulative incident rate being 5.8%. Hundred 
percent of  ICRB Group A eyes were salvaged, 88% of  
Group B, 65% of  Group C, 45% of  Group D, and 30% 
of  Group E. For patients with non-macular tumors, over 
half  (51%) of  eyes had a visual acuity greater than 0.5 and 
36% of  eyes had a visual acuity > 1.0 at the last follow up 
visit. Side effects noted were severe orbital inflammation 
in 0.5% of  cases, diffuse chorioretinal atrophy in another 
0.5%, and transient periocular swelling in some cases. No 
patients showed systemic toxicities[42]. 

A study by Vajzovic et al[45] at Bascom Palmer Eye 
Institute studied the complication and safety profile of  
intra-arterial melphalan chemotherapy in 12 eyes of  10 
children with advanced RB (R-E stage Ⅴb or Interna-
tional Classification Group D). The study of  12 eyes 
receiving ophthalmic artery melphalan for 9 mo showed 
no tumor progression at the 6-mo follow up visit. The 
study suggested that melphalan holds promise as a globe-
conserving treatment option in advanced RB cases[46]. 
Further study showed that in the most severe cases re-
quiring enucleation, infusing melphalan directly in the 
ophthalmic artery has proven to significantly decrease 
the enucleation rate from 100% to 23.5%[37]. Additional 
patients from Bascom Palmer were included in a study 
by Peterson et al[46] showing that of  17 tumors of  15 pa-
tients, 76% of  the tumors were spared enucleation due 
to its response to melphalan. Of  note, the study demon-
strated that doses below 5 mg had a higher rate of  failure 
and vitreous hemorrhage compared to those eyes treated 
with 5 mg or higher. These findings suggest further stud-
ies are needed determine ideal dosing strategies. Finally, 
Shields et al[47] published a series of  reports on children 
with Rb undergoing intra-arterial chemotherapy. They 
showed that Group C or D eyes showed 100% and 33% 
globe salvage, respectively. The treatment showed prom-
ise for patients with subretinal seeds where 9/11 (82%) 
demonstrated complete response, and 6/9 (67%) of  eyes 
with vitreous seeds showed complete response. 

For cases presenting with vitreous seeding, studies 
have shown promise in melphalan administered via intra-
vitreal injections, showing long term success rates of  eye 
preservation up to 60%[15,41]. However, penetrating an eye 
harboring retinoblastoma presents the risk of  extraocular 
extension. Recent techniques have been described com-
bining elimination of  vitreous reflux and application of  
cryotherapy to the sight of  injection to minimize the risk 
of  extraocular extension. Nonetheless, in cultures where 
enucleation is not acceptable, risks vs benefits of  these 
treatments must be weighed and discussed thoroughly 
with the family.

For cases with bilateral retinoblastoma, melphalan ad-
ministration with focal ablative treatment may also avoid 
enucleation[12,45]. Evidence suggests that subsequent, bi-
lateral administration of  chemotherapy through the oph-
thalmic artery may be safe and effective, termed tandem 
therapy. A case series on 4 patients by Abramson et al[43] 
showed no metastasis, and a 100% salvage rate, although 
1 patient did develop neutropenia.
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Intra-arterial melphalan has been shown to cause sev-
eral local side effects and warrants some discussion. The 
study by Vajzovic et al[45] on 12 children showed local 
side effects such as retinal and choroidal microemboli in 
9% of  cases, vitreous hemorrhage in 25% of  cases, and 
myositis in 8% of  cases. Other side effects reported with 
melphalan include lid edema, forehead hyperemia, eyelash 
loss[12], as well as neutropenia, intraretinal hemorrhages, 
peripapillary cotton wool spots, vitreous hemorrhages, 
and periocular edema from myositis[45]. Other vascular 
side effects include ophthalmic artery stenosis, and po-
tentially blinding vascular obstruction from thrombotic 
events[47-49]. A report by Shields et al[47] showed that of  
16 cases, eyelid edema, blepharoptosis, and orbital con-
gestion with temporary loss of  motility were seen, but 
resolved within 6 mo. Permanent and potentially blind-
ing complications included 3 cases of  ophthalmic artery 
stenosis, 2 cases with retinal artery occlusion[47], and other 
reports of  ciliary thrombosis in enucleated eyes receiving 
IAC have been reported[47,49]. 

Failure rates of  intra-arterial melphalan therapy are 
higher for tumors refractory to other treatment modali-
ties. A histopathologic case series of  the enucleated eyes 
of  3 patients showed the presence of  viable tumor, even 
after super-selective intra-arterial melphalan treatment. 
Two of  the three eyes were high grade tumors, based 
on TNM staging, with optic nerve invasion[50]. A recent 
study by Graeber et al[51] also showed presence of  non-
necrotic, non-calcified tumor cells in 5/9 enucleated eyes 
that underwent chemosurgery.

PROGNOSIS
Children who do not develop tumor recurrence for at 
least 5 years are considered cured[52]. Lifetime follow up is 
still required due to risks of  metastatic spread and death 
from secondary malignancies, which can be as high as 
40% within 50 years of  diagnosis for bilateral/hereditary 
RB[53]. Trilateral retinoblastoma, which involves both eyes 
and the pineal gland, is highly fatal, with a median sur-
vival of  9 mo[54]. Long-term survivors should also be fol-
lowed for the development of  second malignancies with 
periodic physical examination, laboratory screening, and 
radiology testing, depending upon specific risk factors.

CONCLUSION
Overall, the characteristics of  retinoblastoma in terms of  
classification, size, location, and presence of  seeding, guide 
the ocular oncologist to determine potential treatment 
modalities. However, it is of  utmost importance to include 
the family in the decision-making process. Treatment 
paradigms have shifted from enucleation and EBRT as 
primary therapy to chemoreduction with focal laser con-
solidation. Current treatment protocols result in success 
rates approaching 99% in specialized centers, with many 
children maintaining useful vision. The next era of  retino-
blastoma treatment is shifting to local delivery of  agents 

to avoid systemic chemotherapy. However, much remains 
unknown regarding the long-term efficacy of  these lo-
cal treatments, as well as the side effect profile. Despite 
these advancements in developed countries, one of  the 
challenges in treating retinoblastoma worldwide remains 
access to care: if  every patient with RB could be referred 
to tertiary care centers, mortality would drop by 62% to 
reach 1200/year[55]. The advancement of  retinoblastoma 
treatments look promising, but future studies looking at 
long-term outcomes of  various treatment modalities, tox-
icities, and the effect on genetic manipulation is warranted.
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