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Introduction

• The most frequent intraocular 
neoplasm of childhood despite 
being a rare disease.

• The incidence rate below five 
years of age

India: Six cases per million 

Worldwide:  11.8 cases per million.

• Bilateral cases :  generally 
detected early, before 12 
months of age

• Unilateral cases: At around 24 
months 



Genetic basis of 
retinoblastoma

• Two-hit model of tumour suppressor 
gene inactivation in 1971 by Knudson 

Three genetic subtypes 

1. Heritable retinoblastoma : 40% are 
hereditary

- due to germline mutations in the 
biallelic RB1 tumor-suppressor gene

- present at earlier age,

- at higher risk of developing bilateral 
disease

- more likely to develop a secondary 
malignant tumor. 



• -Inactivating mutation (M1) in 
the RB1tumor suppressor gene present 
in all cells of the body

• A second, somatic mutation (M2) in 
a susceptible retinal cell can lead to 
benign retinoma. 

• Further genetic and/or epigenetic 
events (M3…Mn) are required to 
transform to retinoblastoma

• 2. Non-heritable:  progress similarly, 
except both M1 and M2 occur in one 
susceptible retinal cell.

• Roughly 60% of tumors are sporadic

• present with unilateral, more 
advanced disease at diagnosis 



• 3. RB1+/+MYCN-amplified (RB1+/+MYCNA) : rare, non-heritable subtype 
driven by amplification of MYCN with normal RB1, 

- Aggressive & unilateral

- Seen in very young infants

• Another 1.5% of unilateral non-familial retinoblastomas are unexplained and 
have apparently normal RB1 and MYCN genes

- Promoter hypermethylation of RB1

- Resemble sporadic



The retinoblastoma cell of origin

•Retinoblast, or 
primitive retinal 
progenitor or 
precursor cell (RPC): 

•Cone precursor 



CLINICAL EVALUATION 
Symptoms 

•  White eye reflex (leukocoria): is 
a white pupillary reflex, often 
reported by parents as a "white 
spot" in the eye when light 
shines on it, occurs in 60% to 
80% of cases and serves as the 
hallmark sign of retinoblastoma

• Squint

• Diminished vision

• Red eye

• Proptosis



• Family History - Ocular malignancies 
and other malignancies is crucial

• A comprehensive ocular examination 
both eyes

• For pupil examination: leukocoria is 
best observed in dim light using a 
direct ophthalmoscope or during red 
reflex testing



• A slit-lamp examination: in cases of 
advanced disease. For iris 
neovascularization or tumor invasion of 
the anterior segment.

• A dilated fundus examination with 
indirect ophthalmoscopy: 
Lesions typically presents as a white, 
chalky retinal mass with or without 
calcifications.

Tumor size- and oDD (disc diameter) 
Accurate mapping with diagrams & 
description. Associated features 
examined, retinal detachment, vitreous 
or subretinal seeding, and tumor vessels 
supplying the lesion.

• Evaluation Under Anesthesia(EUA) :to 
facilitate a comprehensive assessment.



• Regional neck nodes: Cervical 
or preauricular 
lymphadenopathy

• Systemic examination: to rule 
out hepatomegaly or other 
signs of systemic involvement. 
The neurological examination 
for signs of CNS involvement or 
metastasis. 

• Skeletal abnormalities must 
also be assessed for bone pain



Investigations

Hematological evaluation : Complete blood count (CBC)

Liver Function Tests (LFT) 

Renal Function Tests (RFT) 

Erythrocyte Sedimentation Rate (ESR) 

In advanced disease, bone-marrow examination or lumbar puncture in 
patients if there is concern for extraocular extension, to rule out 
cerebrospinal fluid (CSF) or bone-marrow metastases

Genetic & Molecular studies (when asked for). 



Imaging Studies

• Wide-field photography:  
specialized camera to capture high-
resolution images of the retina and 
provide a panoramic view of the 
fundus. 

• Ocular Ultrasonography with color 
doppler- A scan B scan: High-
frequency B-scan: an echogenic 
mass with high internal reflectivity, 
a feature commonly associated 
with calcification, which is a 
hallmark of retinoblastoma.



Radiological investigation

MRI: To assess optic nerve invasion extraocular extension

intracranial metastasis 

presence of trilateral 
retinoblastoma 

(pinealoblastoma and 
primitive 

neuroectodermal 
intracranial tumours 

associated 
with RB1 mutations)

CT was historically 
used to detect ocular 
calcifications but has 
largely been replaced 

by ultrasound and MRI 
due to concerns 

regarding pediatric 
radiation exposure.A: Axial T1-weighted image 

B: Axial fat-saturated T2-weighted image 
C: Axial gradient-echo MR image shows foci of blooming (arrow) 
corresponding to areas of calcification.
D, E : Axial diffusion-weighted and apparent diffusion coefficient
F: Axial contrast-enhanced fat-saturated T1-weighted MR image shows 
avid nearly homogeneous enhancement within the retinoblastoma



OCT images of a 17-week-
old male with a germline 
retinoblastoma mutation. 

• Very useful are high 
frequency (50 MHz) 
ultrasound biomicroscopy 
and OCT to discover invisible 
tumours in infants with 
familial disease



Pathology

Gross Pathology: As a white, friable intraocular mass arising from the 
retina. The tumor may exhibit areas of calcification, necrosis, and 
hemorrhage. 

Microscopic Features:composed of small hyperchromatic cells with a high 
nuclear-to-cytoplasmic ratio. Tumor cells may be arranged in a spoke-
wheel pattern around a central core, known as rosettes, with Flexner-
Wintersteiner rosettes (cuboidal cells surrounding a central lumen) and 
Homer Wright rosettes (tumor cells surrounding a tangle of neural 
filaments) being pathognomonic. 

RB1+/+MYCNA retinoblastoma have a distinct morphology with rounded 
nuclei and prominent nucleoli related to the high MYCN protein

Flexner-Wintersteiner

Homer Wright rosettes



Immunohistochemistry

Differentiate it from other 
small round blue cell tumors

Synaptophysin: stain positively 
for this marker, indicating the 
tumor cells' neuroectodermal 

origin.

Neuron-specific enolase:  
positive staining supports 

retinal differentiation.

Ki-67: The high proliferative 
index reflects the tumor's 

aggressiveness.

S-100 Protein: This marker is 
positive in some cases and 

may suggest certain forms of 
differentiation.

Glial fibrillary acidic 
protein: This molecule may be 

expressed in areas of glial 
differentiation within the 

tumor.

Vimentin: Positive staining in 
undifferentiated tumor



Prognostic Features

High-risk features include 

•Optic nerve invasion beyond the lamina cribrosa

•Massive choroidal invasion, scleral or orbital 
extension

•The presence of tumor cells at surgical resection 
margins. 



Differential 
Diagnosis

Medulloepithelioma: which originates from the 
nonpigmented ciliary epithelium 

Embryonal rhabdomyosarcoma: typically involving 
the orbit rather than the retina, also shares some 
histological features

Primary intraocular lymphoma: which usually affects 
older patients and involves the uvea or vitreous 
rather than the retina, can also resemble but is 
differentiated based on patient age and tumor site



Classification and staging

• Created in 1963 to predict rates of tumor control and globe 
preservation following photon radiation therapy using lateral beams. 



• When intravenous chemotherapy for 
intraocular retinoblastoma was 
introduced in the 1990s, a new 
classification scheme, the International 
Intraocular Retinoblastoma Classification 
(IIRC) scheme, was developed.

• The IIRC scheme groups tumours from A-
E, depending on their size, location, and 
additional features, including the 
presence of retinoblastoma ‘seeds’ 
and/or retinal detachment.



Shields and colleagues 
developed a modified 
scheme, the Intraocular 
Classification of 
Retinoblastoma (ICRB), 
which differed from the 
IIRC mainly in the 
definitions of the 
advanced groups, D and E. 
In 2006, the ICRB scheme 
was found to successfully 
predict the outcome of 
intravenous 
chemotherapy



American Joint Committee on 
Cancer TNM staging takes into 
account systemic disease and 
includes the statuses of both 
extraocular and intraocular 
involvement 
The recently published 8th edition 
includes a hereditary (H) 
component for Rb, making it the 
cTNMH scheme (c for clinical). The 
cTNMH categories are based on 
whether the tumour burden is 
determined to be intraretinal, 
intraocular, advanced intraocular 
or extraocular. The TNM scheme 
also has a pathological (pTNM) 
sub-classification which is widely 
used by ophthalmic pathologists. 



St Judes 
staging 





Genetic diagnosis

• Enables precise screening of 
relatives and subsequent 
generations

• Of unilateral patients, 85% will 
test negative 

• In familial retinoblastoma, 
prenatal screening can be 
performed on DNA obtained 
from amniotic fluid.



Management

Management strategies are 
tailored based on factors

• Tumor size

• Laterality (unilateral or bilateral)

• Disease extent (intraocular or 
extraocular, systemic)

• Age and genetic predisposition.

• Overall health of the child

• Socioeconomic circumstances

• Access to expert care.



Treatment 
Goals

The primary goal : to save life.

The secondary goal: to preserve vision and, 
when possible, maintain the eye.

A tertiary goal: to minimize treatment-
related morbidity, including the risk of 
secondary malignancies and adverse effects.



Multidisciplinary 
team 
Involvement

Ophthalmologist: Detailed ocular assessments and managing localized 
treatments

Radiologist

Pathologist

Pediatric oncologist / Medical oncologist

Radiation Oncologist

Surgical oncologist

Geneticist 



Evolution of 
treatment

• The treatment of retinoblastoma has evolved 
significantly over the past few decades, 
shifting from traditional methods like 
enucleation and external beam radiation to 
more advanced, targeted therapies that 
prioritize eye preservation and minimize long-
term complications.







Localized 
Therapies

Laser photocoagulation: is commonly 
used for small, posteriorly located 
tumors. 

This technique uses laser energy to 
coagulate the blood vessels supplying 
the tumor, resulting in tumor necrosis.

Primarily indicated for group A tumors 
or small group B tumors. 



Cryotherapy: involves tumor destruction 
through cycles of freezing and thawing, often 
using the triple freeze-thaw technique.

This procedure is most effective for small 
anteriorly located tumors, such as those near 
the ora serrata. 

Unsuitable for larger or posterior tumors



Thermotherapy (transpupillary 
thermotherapy, TTT): utilizes heat 
delivered via an infrared diode 
laser to destroy tumor cells. 

Although mainly used for focal 
consolidation following 
chemotherapy, it can also be used 
as an isolated treatment.



Systemic 
Chemotherapy

Used as

Primary therapy: in higher 
risk RB, which includes 

bilateral groups D and/or E. 

Chemoreduction: used in 
combination with local 
therapies ( good initial 

responses to chemotherapy 
to be consolidated with local 

therapy typically classified 
as group B or C )



• The most common 
chemotherapy regimen is 
the combination of 
vincristine, carboplatin, 
and etoposide (VCE), 
which is the standard 
triple-drug therapy for 
retinoblastoma.





Local: Intraarterial chemotherapy

Shown to be effective in 
locally controlling 80–100% 
of patients with groups C, D 

and E when used in 
combination with systemic 

chemo therapy

Involves the insertion of a 
catheter into the femoral 
artery, which is advanced 

toward the ophthalmic 
artery. 

Delivers high concentrations 
of chemotherapy drugs, 

such as melphalan, 
topotecan, and carboplatin, 
directly to the affected eye. 

The main advantage is the 
high drug concentration to 

tumor cells while 
significantly reducing 

systemic toxicity.

Additionally, highly effective 
for treating vitreous seeds. 

However, the procedure 
carries risks such as vascular 

complications, orbital 
edema, and retinal toxicity.



Intravitreal 
chemotherapy



CHEMOTHERAPY FOR RETINOBLASTOMA POST
ENUCLEATION (CHEMOPREVENTION)



Brachytherapy

Has been used to treat intraocular tumors  since 1930 

Modern  plaques currently include assemblies of gold shells with  low-
energy photon seeds (125I, 103Pd, and 131Cs) or solid  beta (106Ru 
and 90Sr) plaques

Remains a valuable and necessary tool to treat focal primary tumors, 
secondary resistant and recurrent tumors after chemoreduction and 
tumors not amenable to other local treatment modalities

The ABS-Ophthalmology Oncology Task Force recommends (Level 2 
Consensus) that  ideal tumors for primary brachytherapy are located 
anterior  to the equator and in unilaterally affected children. 

For secondary treatment, residual or recurrent tumors are treated  
irrespective of location. Exceptions include anterior segment 
involvement (typically an indication for enucleation)



Episcleral 
plaque 
brachytherapy 
(EPB) 

Can be considered for the treatment of groups B or C when 
the tumor diameter is <16 mm, tumor thickness is 4–9 
mm, and vitreous seeding is limited

Excellent treatment for small isolated tumors located far 
from the optic nerve or macula

The recommended dose to the tumor apex is 45 Gy.

Reported local control rates range between 79% and 94% 
at five years. 

Radiation retinopathy is the most common visually 
threatening complication, especially in those patients 
undergoing chemotherapy.



Plaque treatment planning

• Team: Radiation oncologist, ophthalmic oncologist, 
and medical physicist

• The fundus diagram should be created 

- the tumors clock hour orientation within the  eye

- its longitudinal and transverse diameters

- its  largest basal diameter

• It should include measurements from the tumor to 
the fovea, optic nerve, lens,  and opposite eye wall. 

• From  the ophthalmic  examination, ultrasound 
findings, and photographic  images.

• Pre planning











CONVENTIONAL EXTERNAL BEAM 
RADIOTHERAPY 

The use of EBRT to treat RB has 
decreased dramatically over the past 

four decades, more than for other 
types of pediatric cancer.

According to the National Cancer 
Institute’s Surveil lance, Epidemiology, 
and End Results database of the nine 
original tumor registries (SEER-9), the 
use of EBRT for RB has declined from 
30% of treatments in the period from 
1973 to 1976 to 2% in the period from 

2005 to 2008.



External beam radiotherapy (EBRT) 
is no longer recommended for first 
line therapy for primary intraocular 

retinoblastoma, since radiation, 
especially in the first year of life, 
imposes a high risk of secondary 
cancers when the patient carries 

an RB1 mutation.

Radiation was also found to affect 
the growth of the soft tissue and 

bone around the eye



Indications

Patients with multifocal RB 

Tumors close to the macular or optic nerve 
with preserved vision. 

Large tumors and those with vitreous seeding 
that do not respond to systemic 
chemotherapy. 

EBRT serves as a salvage treatment for 
recurrent or resistant tumors, as well as for 
extraocular spread in selected cases.



Treatment 
volume

Treating the entire retina : due to concerns about new 
retinal lesions after EBRT was conventional practice.

However, the rates of new lesions in the uninvolved 
retina were similar in patients who received focal and 
whole retinal treatment.

Avoiding irradiation of the uninvolved retina may 
reduce the rates of eye complications

Whole retina treatment may be required for group D 
eyes as well as salvage therapy in eyes with vitreous or 
subretinal seeding unresponsive to chemotherapy.



• Traditionally, a single D-
shaped lateral field with 
the anterior field border 
positioned at the lateral 
bony canthus was 
used.With this technique, 
the posterior pole of the 
lens was in the 30% isodose 
line

• In an effort to spare the 
lens and treat anterior 
retina, a number of 
techniques were developed 
to treat the anterior eye 
but shield the lens with a 
hanging block or a shielded 
contact lens.







Radiotherapy 
dose 

The traditional therapeutic dose of EBRT is  45 Gy

Modern precision radiotherapy techniques, such as IMRT and 
stereotactic radiotherapy using a hypofractionated dose schedule, 
aim to achieve conformal dose distribution to the eye tumor.

However, IMRT results in a high integral dose by delivering low doses 
to surrounding tissues, which may in crease the risk of secondary 
tumors. 

The volume of the bony orbit receiving >5 Gy was found to be 69% 
for IMRT, 25% for three-dimensional (3D) conformal electrons, and 
10% for proton radiotherapy.



PROTON 
BEAM 

THERAPY 

By reducing the radiation dose to the bone 
surrounding the eye, proton beam therapy (PBT) is 
expected to reduce the in incidence of secondary 
sarcoma. 

A retrospective analysis of patients with RB treated 
with PBT at Massachusetts General Hospital or photon 
RT at Boston Children’s Hospital showed that the 
former significantly reduced the rate of secondary 
malignancy [0/55 (0%) vs. 4/31 (13%)]

However, since the median follow-up period was 
shorter for PBT than for photon RT (6.9 years vs. 13.1 
years) and the number of RB patients treated with PBT 
was relatively small, this finding requires confirmation 
in larger patient cohorts.









Results: 
www.thelancet.com/lancetgh   
Vol 10   March 2022 

• Global retinoblastoma survival 
and globe preservation: a 
systematic review and meta-
analysis of associations with 
socioeconomic and health-care 
factors



• The total number of patients was 4147.

•  Median age at diagnosis was between 24-36 months of age. 

• The overall globe salvage rates ranged from 13% to 54.7%, with early intraocular disease 
having greater rates of vision preservation. 

• A higher proportion of vision salvage (>50%) was found in recently concluded studies, 
mainly due to the use of intra-arterial chemotherapy after 2019. 

• The pooled 5-year overall survival (OS) was 78.7%. Reported relapse rates ranged from 
7% to 36%. 

• Treatment abandonment rates varied between 10% to 58%.



Complications

Dryness of the eye

Cataract: During the megavoltage EBRT era, cataract developed in 
about 20–30% of eyes about 2–3 years after radiotherapy. The 
incidence is higher in patients treated with orthovoltage X-rays:

Orbital hypoplasia

Glaucoma, neovascularization, and hemorrhage sometimes 
require enucleation after EBRT



Indications 
for 
enucleation

Unilateral advanced tumors (particularly with extensive 
seeding) with negligible visual potential (group D or E)

A blind eye with recurrent disease following 
chemotherapy and/or radiation

Any eye with suspected optic nerve, anterior segment, 
choroidal, scleral, or extraocular tumor involvement

If the active tumor in the eye and cannot be followed due 
to obscured media (e.g., vitreous hemorrhage or phthisis).

Exentration when persistent extraocular component after 
high  dose chemo



Screening

• Vision screening and eye 
examination

• Red-eye reflex examination

• Awareness to all health 
professionals

• An innovative study called 
PhotoRed in India trained 
healthcare professionals to use 
flash photography to identify 
childhood eye diseases, including 
retinoblastoma



Surveillance
• Surveillance screening for second cancers 

(including leiomyosarcoma, osteosarcoma, 
melanoma, lung and bladder cancer)  with 
and without radiation is a pressing need in 
the opinion of retinoblastoma survivors.



Take home 
message

The most frequent intraocular neoplasm of childhood

White eye reflex (leukocoria) serves as the hallmark sign of retinoblastoma

Accurate mapping of fundus with diagrams & description is essential

CT scan to be avoided in suspected RB gene mutations

Primary goal of the management is to save life and secondary to save 
vision

Group A to C treated with focal therapies with and without systemic/ local 
chemotherapy

Episcleral plaque therapy can be used in Group B & C

Use of EBRT declined, used for extraocular and as salvage treatment for 
recurrent or resistant tumors

Proton therapy is emerging as the preferred modality
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