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Recent advances and challenges in the management of retinoblastoma
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The treatment of retinoblastoma (Rb) has improved significantly in recent times. Worldwide, there is an 
increasing trend to use conservative treatment modalities that aim to preserve the globe as well as vision 
with minimum morbidity. Recently, the use of targeted delivery of chemotherapy to the eye in the form 
of selective intra‑arterial and intravitreal chemotherapy has shown promising results. Radiotherapy is 
beneficial in selected cases, either in the form of plaque brachytherapy or as external beam radiotherapy. 
Orbital disease carries a poor prognosis for survival. However, a multimodal treatment protocol has 
improved survival in children with extraocular disease. Nevertheless, challenges remain, especially for 
the developing world. This review aims to highlight recent advances in the management of Rb that have 
contributed towards improving treatment outcomes and also discuss the challenges ahead, with special 
reference to the Indian scenario.
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Retinoblastoma  (Rb) is the most common intraocular 
malignancy of childhood. The incidence is reported to be 
approximately 1 in 18,000 live births worldwide.[1,2] Leukocoria 
is the most frequent symptom at presentation, and other 
symptoms include poor vision, redness, squint, or proptosis.[2] 
The majority of children are diagnosed before 5 years of age. 
The disease may be unilateral or bilateral; bilateral involvement 
is seen in one‑third of cases. Although potentially curable, the 
prognosis for survival is dependent on early diagnosis and 
appropriate therapy. The management of Rb is complex and 
challenging and often requires a multidisciplinary approach. 
Goals of therapy consist of life salvage, globe salvage, and 
vision preservation, whenever possible.

Fortunately, treatment of Rb has improved significantly 
over recent years. In the initial stages of the disease, the aim 
is to preserve the globe as well as vision, with minimum 
morbidity. This has been made possible with the successful use 
of intravenous chemotherapy and focal treatment. Recently, 
the use of targeted delivery of chemotherapy to the eye in the 
form of selective intra‑arterial and intravitreal chemotherapy 
has shown promising results. Radiotherapy is beneficial in 
selected cases, either in the form of plaque brachytherapy or 
as external beam radiotherapy (EBRT). For advanced orbital 
disease, a presentation not uncommon in developing countries, 
a multimodal treatment protocol has improved survival. 
Nevertheless, challenges remain, especially for the developing 
world. This review aims to highlight recent advances in the 
management of Rb that have contributed towards improving 
treatment outcomes and to discuss the challenges ahead, with 
special reference to the Indian scenario.

Classification and Staging of 
Retinoblastoma
The Reese and Ellsworth classification was developed in the 
1960s to predict globe salvage after EBRT.[3] However, with the 
increasing popularity of systemic chemotherapy, the need for a 
new classification system arose. The International Classification 
of Rb was therefore developed, and it was universally accepted 
as a good predictor of chemoreduction success.[4,5] Recently, 
the American Joint Committee on Cancer has formulated the 
8th edition of Rb staging, with the view that it will be universally 
accepted to define the extent of disease at diagnosis and to 
predict eye survival, metastatic risk, and patient survival. 
Unique to the 8th edition tumor node metastasis (TNM) staging 
for Rb, is the inclusion of germ line cancer predisposition, 
which incurs a high risk for new postdiagnosis Rb tumors and 
second primary tumors such as osteosarcoma and cutaneous 
melanoma, thus affecting overall patient survival. It has 
introduced the stage category H to indicate the germ line status 
of RB1 gene (H1) inferred clinically by bilateral Rb, Rb with an 
intracranial primitive neuroectodermal tumor  (i.e.,  trilateral 
Rb), patient with family history of Rb, or molecular definition 
of a constitutional RB1 gene mutation.[6]

Globe‑saving Treatments
While enucleation remains the standard of care for advanced 
intraocular tumors, conservative treatment which can result 
in globe salvage and preservation of useful vision is being 

Cite this article as: Chawla B, Singh R. Recent advances and challenges 
in the management of retinoblastoma. Indian J Ophthalmol 2017;65:133-9.

This is an open access article distributed under the terms of the Creative 
Commons Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows 
others to remix, tweak, and build upon the work non‑commercially, as long as the 
author is credited and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

Symposium



134	 Indian Journal of Ophthalmology	 Volume 65 Issue 2

successfully used for less advanced disease  (Groups A‑D, 
International Classification System).[7] These therapies 
include systemic chemotherapy, focal consolidation with 
transpupillary thermotherapy, laser photocoagulation and 
cryotherapy, radiation treatment with plaque brachytherapy or 
EBRT, and local injections of chemotherapeutic agents through 
the subtenon or subconjunctival route, as an adjunct to systemic 
chemotherapy. The most common chemotherapy drugs used 
intravenously are vincristine, etoposide, and carboplatin (VEC). 
Systemic chemotherapy combined with focal therapy has been 
the mainstay of globe‑preserving treatment for less advanced 
disease.[8] In a recent study published from our center, systemic 
chemotherapy and focal consolidation was found to achieve 
effective tumor control in early‑stage Rb, with outcomes that 
were comparable to those reported from the West.[8]

Selective intra‑arterial chemotherapy
Although systemic chemotherapy in combination with 
focal therapy has achieved good outcomes, intravenous 
chemotherapy can lead to serious toxic side effects including 
myelosuppression and infection. As a result, newer treatment 
approaches have focused on localized delivery of chemotherapy 
to minimize the systemic side effects of intravenous 
chemotherapy. One such novel approach is selective 
intra‑arterial chemotherapy  (SIAC), which delivers targeted 
chemotherapy to the eye harboring the tumor through the 
ophthalmic artery.[9] Being a site‑directed approach, it has 
fewer systemic side effects as compared to intravenous 
chemotherapy. Melphalan is the drug of choice for intra‑arterial 
chemotherapy. In 2004, the Japanese investigators described 
the technique of “selective ophthalmic artery infusion” (SOAI), 
where a microballoon catheter was positioned by a transfemoral 
artery approach at the cervical segment of the internal carotid 
artery just distal to the orifice of the ophthalmic artery.[10,11] 
The Japanese technique of SOAI was further developed into 
direct intra‑arterial  (ophthalmic artery) infusion under the 
pioneering work of Abramson and Gobin in New  York.[9] 
They introduced the technique of super‑selective infusion by 
advancing a microcatheter into the orifice of the ophthalmic 
artery by a transfemoral artery approach. In a Phase I/II clinical 
trial, Abramson et  al. reported their initial experience with 
intra‑arterial ophthalmic artery chemotherapy using melphalan 
in ten children with advanced Rb who were indicated for 
enucleation.[9] They reported a dramatic regression of tumors, 
vitreous seeds, and subretinal seeds (SRS) in each case.[9] No 
severe systemic side effects such as sepsis, anemia, neutropenia, 
or death occurred.[12] In another study, Gobin et al. reported 
their experience of selective ophthalmic artery cannulation 
on 95 eyes of 78 patients with unilateral or bilateral advanced 
intraocular Rb.[12] The Kaplan–Meier estimates of ocular 
event‑free survival rates at 2 years were 70.0% for all eyes, 81.7% 
for eyes that received IAC as primary treatment, and 58.4% 
for eyes that had previous treatment failure with intravenous 
chemotherapy and/or external beam radiation therapy.[12] 
There were no permanent extraocular complications, thus 
suggesting that IAC is safe and effective for the treatment of 
advanced intraocular Rb.[12] Since then, several investigators 
have reported their experience with IAC.[13‑30] In a study 
done by Tuncer et al., 26 Group D eyes of 24 treatment‑naïve 
Rb patients managed primarily with IAC were included.[19] 
Each eye received a mean of three IAC sessions/eye  (range, 
2–5 sessions). Complete regression of the main tumor was 

achieved in 23 of 24 eyes. One eye with partial regression 
required enucleation due to ciliary body involvement by the 
tumor. They concluded that enucleation or external beam 
radiotherapy could be avoided in the majority of eyes with 
advanced intraocular Rb managed primarily with IAC.[19] 
In another study, Michaels et  al. reported the toxicities and 
outcome of 19 eyes in 17 patients with Rb receiving  selective 
ophthalmic artery infusion chemotherapy (SOAIC) treatment 
between 2008 and 2013.[20] From the 87 treatments, mild local 
reactions were common. Myelosuppression was more common 
after triple‑agent  SOAIC than single‑agent melphalan. Ocular 
salvage was achieved in 11 of 19 eyes and associated with 
triple‑agent therapy.[20] Simultaneous bilateral ophthalmic 
artery chemosurgery (OAC) for bilateral Rb (tandem therapy) 
has also been reported, wherein 116 eyes were salvaged.[21] 
Kaplan–Meier ocular survival was 99.2% at 1 year, 96.9% at 
2 and 3 years, and 94.9% for years 4 through 7.[21] There were 
no cases of metastatic disease or metastatic deaths with a mean 
follow‑up of 3.01 years.[21]

The effect of IAC as a rescue therapy was investigated 
in recurrence of Rb in eyes previously treated with IAC, 
using melphalan  (5  mg, 7.5  mg) alone or with additional 
topotecan  (1  mg).[22] The study concluded that rescue IAC 
provided tumor control in 75% of cases and globe salvage in 
67%.[22] Rescue IAC could be considered in children who fail initial 
IAC, especially if the opposite eye had been enucleated.[22] Chen 
M et al. have studied the effect of IAC in infants <3 months.[23] The 
mean patient age at the first IAC treatment was 10.4 weeks (range 
4.9–12.9 weeks). A total of 28 catheterizations were performed. 
After a mean follow‑up of 28.3 months (range 9–65 months), 
tumor regression was observed in 12 of 13 eyes.[23] All patients 
were alive and no patient developed metastatic disease or other 
malignancies. Their study suggests that IAC as primary therapy 
is a feasible and promising treatment for Rb in infants <3 months 
of age.[23] An interesting case of IAC in adult onset Rb has 
been described.[24] A 32‑year‑old man with active unilateral 
Group D Rb that was recurrent following EBRT was treated 
with IAC, leading to tumor regression. Additional plaque 
radiotherapy and intravitreal chemotherapy were required 
for complete control.[24] In a retrospective case series, Shields 
et al. compared the effects of IAC before and after intravitreal 
chemotherapy.[25] Sixty‑six eyes of 66 patients with untreated 
unilateral Rb were studied. IAC into the ophthalmic artery under 
fluoroscopic guidance was performed using melphalan in every 
case, with additional topotecan as necessary. They found that 
using IAC plus additional intravitreal chemotherapy (as needed 
for vitreous seeding) improved globe salvage in eyes with 
advanced Rb.[25] Leal‑Leal et al. have reported their experience 
of globe salvage with intra‑arterial topotecan‑melphalan 
chemotherapy in children with a single eye.[26] All patients were 
treated with three courses of a combination of melphalan 4 mg 
and topotecan 1  mg. They concluded that SIAC is safe and 
effective for preventing enucleation of 55% of affected eyes in 
this group of patients.[26] In another interesting study, the results 
of IAC for control of persistent or recurrent sub-retinal seeds 
following previous chemotherapy for Rb were reported.[27] A 
total of thirty eyes of 29 patients were included in this study. 
Each eye received a mean of three IAC sessions. The authors 
concluded that IAC can be an effective second‑ or third‑line 
therapy in the management of massive persistent or recurrent 
sub-retinal seeds from Rb following previous chemotherapy.[27] 
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IAC for Rb is not always a straightforward procedure, and it may 
require an adaptable approach. A study done by Bertelli et al. 
illustrates strategies used when the ophthalmic artery is difficult 
to catheterize or not visible, and it ascertains the effectiveness 
and safety of these strategies.[28] They recognized three different 
patterns of drug delivery: a fixed pattern through the ophthalmic 
artery, a fixed pattern through branches of the external carotid 
artery, and a variable pattern through either the ophthalmic 
or the external carotid artery. Alternative routes of IAC for 
intraocular Rb appeared in the short term as effective and safe 
as the traditional drug infusion through the ophthalmic artery.[28] 
Yannuzzi et al. compared enucleation and OAC and found that 
there were more orbital recurrences in the group primarily 
treated with enucleation. OAC for advanced intraocular Rb was 
not found to increase the chance of orbital recurrence, metastatic 
disease, or death compared with primary enucleation in their 
study.[29] Recently, a study[30] has described the outcomes and 
complications of selective IAC in Rb in Indian eyes. It was a 
retrospective interventional case series, in which 6 eyes with 
Rb underwent IAC using melphalan (3 mg/5 mg/7.5 mg) and 
topotecan  (1  mg)  (n  =  4) or melphalan  (3  mg/5  mg/7.5  mg) 
alone  (n  =  2). A  mean of three IAC sessions were given in 
each eye. Following IAC, three cases (50%) showed complete 
regression of the main tumor, 2 (33%) had partial regression, 
while 1  case  (17%) showed no response. Diffuse choroidal 
atrophy and vitreous hemorrhage were observed in 1  (17%) 
eye each. There was no hematologic toxicity or cerebrovascular 
events. It was concluded that IAC could be considered to be an 
effective therapy for globe preservation though larger studies 
with longer follow‑up are required for adequately validating 
the results.[30]

Intravitreal chemotherapy
Vitreous seeds remain the biggest challenge in the management 
of Rb as they have a poor response to intravenous chemotherapy. 
Intravenous chemotherapy has poor penetration in the 
avascular vitreous cavity. Intravitreal chemotherapy is not a 
primary treatment modality but used as a salvage therapy in 
cases of recalcitrant and recurrent vitreous seeds.[31] Melphalan 
is a cytotoxic nitrogen mustard derivative alkylating agent that 
inhibits both DNA and RNA synthesis. The use of intravitreal 
melphalan is based on in vitro studies conducted by Inomata 
and Kaneko. Among the 12 anticancer drugs that were studied, 
they found melphalan to be the most effective against Rb.[32] 
Munier et al.[33] have used melphalan as the drug of choice in 
a dose of 20–30 µg/0.1  ml. The injection is given 3–3.5  mm 
away from limbus. The globe is rotated after injection for the 
uniform distribution of drug. After taking out the needle, triple 
freeze‑thaw cryotherapy application is done on the needle track 
to avoid needle‑track seeding. The injection can be repeated 
every 7–10  days until complete response is achieved. They 
have also described the types of regression of vitreous seeding: 
(1) complete disappearance (regression type 0); (2) refringent 
and/or calcified residues (regression type I); (3) amorphous, 
nonspherical, inactive residues  (regression type  II); or 
(4) a combination of the last two (regression type III).[33] The 
followings are the contraindications for intravitreal injection: 
Anterior segment/ciliary body invasion/other features of 
Group E Rb, the presence of complete PVD, diffuse vitreous 
seeds in all quadrant, and total retinal detachment.[33] 
Munier et al.[33] reported a vitreous seed regression rate of 87% 
in eyes that had already been previously treated with systemic 

intravenous and/or IAC. Shields et  al. have shown a 100% 
success rate of intravitreal chemotherapy at 2‑year follow‑up.[34] 
Some authors have also used topotecan as intravitreal injection. 
Topotecan has a longer half‑life; it is used in a concentration of 
8–20 µg/0.04 ml. Ghassemi et al. studied the effect of intravitreal 
topotecan  (8–20 µg in 0.04  mL of balanced salt solution) 
combined with melphalan (40 µg in 0.04 mL of diluent) in nine 
eyes and found the combination to be safe and effective.[35]

The effects of intravitreal chemotherapy on retinal function 
as studied on electroretinogram (ERG) are conflicting. Brodie 
et al. reported that photopic ERG was not affected following 
melphalan injection, indicating preservation of retinal function 
after a dosage of 20–30 μg,[36] whereas Francis et al. in their study 
have reported reduced ERG amplitude, indicating permanent 
retinal toxicity.[37] The risk of extraocular spread following 
intravitreal injection in Rb was evaluated by Smith et al.[38] Of 
the 315 eyes of 304 patients who underwent 1300 injections, 
the proportion of patients with extraocular spread was found 
to be 0.003.[38]

Radiotherapy
Radiation therapy has an established role in selected patients. 
It may be in the form of plaque brachytherapy or EBRT. The 
indications for plaque brachytherapy include solitary tumors 
that are located anterior to the equator up to the ora serrata 
and recurrent or residual tumors after primary chemotherapy 
or failed EBRT.[39‑41] Radioisotopes such as iodine  (I125) and 
ruthenium  (Ru106) are the most commonly used isotopes. 
Iodine  (I125) seeds are inserted into a gold carrier to protect 
normal surrounding tissue from radiation. The radiation dose 
required is calculated by dosimetry planning to provide up 
to 40 Gy to the tumor apex. The plaque is kept in situ until 
the desired radiation dose has been delivered, usually over a 
period of 2–4 days. Special plaques with a notch are used to 
treat tumors adjacent to the optic disc. Side effects of radiation 
therapy include dryness of eye, irritation, madarosis, cataract, 
scleral necrosis, radiation retinopathy or papillopathy, optic 
neuropathy, and strabismus. Second malignancies do not 
appear to be associated with this type of local therapy. In one 
study on the role of plaque brachytherapy in Rb, Shields et al. 
reported that plaque radiotherapy provided tumor control 
in 79% of cases at 5‑year follow‑up.[39] It was found to be 
particularly useful for those tumors that failed treatment with 
other conservative modalities.[39] Tumors in young patients 
without vitreous or subretinal seeding showed the best 
long‑term control.[39] Plaque brachytherapy has also come 
up not only as a secondary treatment modality for recurrent 
or recalcitrant tumor but also as a primary treatment. The 
American Brachytherapy Society Ophthalmic Oncology Task 
Force recommends primary brachytherapy for unilateral 
anterior lesions that are <15 mm in base and up to 10 mm in 
thickness and without vitreous seeding.[42]

In the prechemotherapy era, EBRT was extensively used for 
the treatment of Rb. With the advent of systemic chemotherapy, 
the popularity of EBRT declined because of side effects such as 
development of secondary malignancies and radiation‑induced 
complications. However, in recent times, there has been 
substantial advancement in radiation therapy, and the advent 
of newer radiotherapy techniques has led to greatly improved 
radiation delivery to the target and more conformal treatment 
plans with better normal tissue sparing. These include 
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intensity modulated radiotherapy, stereotactic conformal 
radiotherapy (SCR), volumetric modulated arc therapy, proton 
therapy, and helical tomotherapy.[43] SCR is a noninvasive 
radiotherapy technique that uses highly accurate positioning 
to deliver treatment with small beams and can provide an 
alternative to brachytherapy. A recent study has shown that 
SCR provides more homogeneous dose within the target 
volume and similar or lower doses to the surrounding normal 
tissues.[44] However, additional studies with long‑term results 
are needed to prove its efficacy over plaque therapy. Proton 
beam therapy provides a uniform dose coverage of the target, 
and unlike photon beams, it has no exit dose and distributes 
no energy beyond the target. These unique properties reduce 
the incidence of late effects of radiation.[45] However, proton 
therapy is expensive and is currently not widely available. 
The main indications of EBRT are chemoresistant cases of 
intraocular Rb, as an adjuvant therapy in residual microscopic 
disease after enucleation surgery, and as part of multimodal 
therapy for orbital Rb.

Extraocular Retinoblastoma
Although extraocular disease is rare in the developed 
countries, it is not an unusual feature in the developing 
world, where extraocular disease constitutes 20%–50% of 
all Rb cases.[46‑48] The management of orbital Rb remains 
a challenge as orbital involvement is associated with a 
10–27  times higher risk of metastasis when compared with 
cases without orbital extension.[49] In the past, orbital Rb was 
treated with orbital exenteration, which is a mutilating and 
disfiguring surgery. Nowadays, the preferred management 
approach involves a multimodal protocol which consists of 
neoadjuvant chemotherapy (NAC), enucleation surgery, EBRT, 
and adjuvant chemotherapy.[50‑53] Initially, a combination of 
high‑dose chemotherapeutic agents is used for inducing tumor 
regression. After enucleation, orbital EBRT and adjuvant 
chemotherapy are given to eradicate microscopic residual 
disease and prevent metastasis.

There is paucity of literature on orbital Rb, and treatment 
strategies are still evolving. Recently, a prospective randomized 
comparative study on 54 cases of Stage III Rb (International 
Retinoblastoma Staging System)[54] was published from our 
center.[55] Treatment consisted of a multimodal protocol with 
NAC, enucleation, orbital EBRT, and adjuvant chemotherapy. 
For chemotherapy, patients were randomized into two 
groups; one group was treated with high‑dose triple‑drug 
chemotherapy consisting of VEC and the other group with 
carboplatin and etoposide, alternating with cyclophosphamide, 
idarubicin, and vincristine  (five drugs). The main outcome 
measures were survival probability, cause of death, and 
chemotherapy‑related toxicity.[55] The mean follow‑up was 
21.3 months (standard deviation ± 11.34). The overall Kaplan–
Meier survival probability was 80% and 42% at 1  year and 
4 years, respectively.[55] The Kaplan–Meier survival probability 
at 1 year was similar in both groups (81% and 79%). However, 
at 4 years, the survival probability for VEC‑treated cases was 
higher [63% vs. 25%], with a strong trend of better survival over 
time  (P  =  0.05).[55] Central nervous system  (CNS) metastasis 
was the most common cause of relapse and death. Two cases 
in the five drugs’ group died due to sepsis following febrile 
neutropenia. Grade 3 and Grade 4 hematological toxicities were 
also more common in children treated with five drugs’ therapy, 

with a significant difference in Grade 4 neutropenia (P = 0.002). 
No case required orbital exenteration. The results of our study 
showed more effective tumor control and a better safety profile 
with the VEC protocol, which was recommended as systemic 
chemotherapy for nonmetastatic orbital Rb.[55]

Genetics and Prenatal Diagnosis
Rb usually occurs when both alleles of the RB1 tumor 
suppressor gene get inactivated in a precursor retinal cell, 
which is followed by mutations in some other specific 
genes.[56,57] Both alleles may be lost from a retinal cell from 
which a tumor arises (nonheritable Rb), or it could be a germ 
line mutation, in which case, there is a predisposition for the 
development of multiple retinal tumors during childhood 
and even other cancers later in life.[56] Children with RB1 
germ line mutation usually have tumor at birth which is 
bilateral, mostly on posterior pole affecting the macula.[58,59] 
Because of such location, even focal treatment like laser will 
lead to visual compromise. Tumors developing later in life 
are usually peripheral, thus with a better visual outcome.[58,60] 
Soliman et al.[61] have done a study to compare the conventional 
postnatal screening of familial Rb with prenatal RB1 mutation 
identification followed by planned early‑term delivery. It was 
a retrospective observational study comparing two cohorts. 
Cohort 1 comprised of spontaneously delivered babies 
examined within 1 week of birth and confirmed to have RB1 
mutation postnatally. Cohort 2 comprised of babies prenatally 
diagnosed by amniocentesis to have RB1 allele and planned for 
early‑term delivery. They concluded that in case of a parent 
having Rb, prenatal molecular diagnosis with early‑term 
delivery increased the chances of infants having no detectable 
tumors at birth, better vision outcomes, and less invasive 
therapy. Therefore, prenatal diagnosis facilitates anticipatory 
planning for both the child and family.

The Indian Scenario and Challenges Ahead
Studies from different parts of the world have shown a wide 
variation in the clinical presentation and survival outcomes of 
children affected by Rb.[62‑67] Unlike the West which has excellent 
survival rates, mortality in developing nations is as high as 
40%–70%, mainly due to late presentation.[63] The clinical 
presentation and survival of children with Rb were recently 
reported from our center in a large series of 600 cases.[46] Delay 
in presentation was a matter of concern. Extraocular spread 
was observed in 28% cases, and metastasis to the CNS was 
noted at presentation in 15.7% of extraocular cases.[46] These 
findings reflect a lack of awareness regarding early signs 
of RB, inadequate health‑care facilities at the primary and 
secondary levels of health care, delay in the referral system, 
and poor compliance to treatment, a feature common to most 
developing nations. Within the intraocular group, advanced 
Group D/E tumors constituted 78% cases.[46] Due to advanced 
stage at presentation, enucleation was the most commonly 
recommended treatment. A similar high rate of enucleation 
has also been reported from China,[68] where the majority of 
children presented with advanced disease. In our series, less 
advanced tumors  (Group A–C) were picked up less often 
among unilateral cases as compared to bilateral cases  (5.3% 
vs. 38.4% in unilateral and bilateral groups, respectively). The 
main reason for picking up early tumors was either during 
screening of siblings with a positive family history or due 



February 2017		  137Chawla and Singh: Recent advances and challenges in the management of retinoblastoma

to advanced disease in the fellow eye.[46] Our observation of 
identifying less advanced disease more often in bilateral Rb 
was consistent with that reported by Zhao et al.[68] in Chinese 
children. For intraocular disease, globe salvage rates for 
Group A–Group D disease in our series were 100%, 94%, 83%, 
and 54%, respectively, which were comparable with those 
reported by Shields et al.[69] (100%, 93%, 90%, and 47%). The 
mortality rate was 24%, and the cumulative 5‑year survival 
probability was 65%, which is similar to the figure of 64.4% 
reported from Taiwan.[67] This survival rate is considerably 
lower than the 5‑year survival rate seen in the USA (95%),[70] 
Japan  (93%),[71] and Iran  (83%).[66] In our study, extraocular 
invasion was predictive of low survival  (hazard ratio 5.04, 
P < 0.001).[46] Socioeconomic and cultural factors also play a role 
in influencing treatment decisions. While Rb does not have a 
sex predilection, our study found a male preponderance which 
could be due to the lack of attention towards the girl child in our 
country, especially in rural areas.[46] Another study from India[72] 
reported on the histopathologic features of 232 enucleated eyes 
of Rb. The authors found that the incidence of choroidal and 
optic nerve infiltration was higher in Asian Indian children 
than among children from the West, and they attributed this to 
delayed diagnosis or to a difference in the biological behavior 
of tumors occurring in the Asian Indian population.

Overcoming the Challenges ‑ What can be 
Done?
Our study on Indian children found that delayed presentation 
due to lack of awareness and inaccessibility to proper medical 
facilities at the primary and secondary levels of health care were 
major obstacles in achieving high cure rates.[46] These hurdles 
need to be overcome by making efforts toward facilitating 
early diagnosis and avoiding delays in the referral system.[46] 
A nationwide awareness campaign to educate the public and 
health‑care professionals about early signs of Rb is required. 
Strengthening of medical facilities for diagnosing and treating 
Rb at the primary and secondary levels of health care will also 
go a long way in reducing mortality and morbidity associated 
with the disease and lead to improved outcomes that are 
comparable with the West.[46]
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