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ABSTRACT

Retinoblastoma (RB) is the most frequent intraocular ma-
lignancy of childhood. Tumorigenesis has been firmly asso-
ciated with mutations of the tumor suppressing RB1 gene, 
while, recently, involvement of additional genetic modi-
fications has been illustrated. Clinically, RB is most com-
monly presented with leukocoria and strabismus. Imaging 
techniques supplement diagnosis and contribute to a more 
accurate tumor assessment. Several classification systems 
have been introduced for the purpose of planning therapeu-
tic efforts more precisely. Current available treatment op-
tions include surgical removal, radiation, chemotherapy and 
focal modalities. Despite intravenous chemotherapy being 
the standard treatment, localized methods of administration 
havealso shown efficiency the past few years. Enucleation 
still remains a potential alternative, especially in cases with 
poor prospect of eye salvage. Focal therapy has been utilized 
mostly as a complementary treatment to chemotherapy.  

Key words: Intraocular Malignancy, Leukocoria, Strabis-
mus. 

Introduction
Scottish surgeon James Wardrop was the first to describe 

retinoblastoma in 18091. Retinoblastoma is presented with 
either hereditary or non-hereditary form. It originates from 
retinal cells and unilateral or bilateral lesions may be ob-
served2. Ocular tumors combined with a midline intracra-
nial primitive neuroexodermatic tumor (PNET), commonly 
at the suprasellar or parasellar regions, are termed as trilat-
eral retinoblastoma3. Occurrence of RB is more frequently 
reported in Asia and Africa, where birth rates are high4.
Therapeutic efforts concentrate on both life and eye salvage, 
preservation of vision, as well as prevention of metastasis 
and secondary tumors5.

Epidemiology
The global incidence of retinoblastoma is approximated at 

1 in 16.000 to 1 in 18.000 live births with 8000 new cases ex-
pected annually6. In the United States and Europe 2 to 5 per 
million children each year are presented with this malignan-
cy7. Despite the absence of predisposition based on gender 
or race, individuals from low- and middle- income countries 
have a higher incidence rate compared to those from upper 
income1. Two-thirds of the children are diagnosed before the 
age of 2 and 95% of them before the age of 57. The disease is 
identified as hereditary in the majority of bilateral cases and 
in 10-15% of unilateral8. As surviving individuals are more 
prone to developing second primary tumors, these represent 
the major cause of morbidity amongst them9. External beam 
radiotherapy appears to contributes to this risk10. In 1.5-3% 
of unilateral cases within the first months metachronous 
tumors will appear at the opposite eye11. Trilateral retino-
blastoma presents, with 5,3% in bilateral and 4,1% chance in 



Panoptis Volume 30
Issue 1 June 2018

10

unilateral hereditary disease3. The overall survival rates are 
reported at 30% in Africa, 60% in Asia, 80% in Latin Amer-
ica reaching 95-97% at Europe and North America4. Only 
45 cases of adult onset retinoblastoma have been reported 
worldwide12.

Genetics
In 1971 Alfred G. Knudson provided an explanation for ret-

inoblastoma by introducing the two-hit hypothesis. Accord-
ing to this model in hereditary retinoblastoma a germline 
mutation is required, representing the first hit, along with 
a second somatic mutation, the second hit. In the case of 
non-hereditary retinoblastoma, two somatic mutations cause 
the tumorigenesisoccurrence. The majority of bilateral cases 
is of hereditary nature, while only 10-15% of unilateral tu-
mors have heritable traits. Following an autosomal dominant 
pattern of inheritance, the penetrance of hereditary retino-
blastoma reaches 90%8. Germline mutations can be either 
inherited or occur as a de novo mutation. The probability of 
a de novo mutation resulting in mosaicism should be taken 
into account13. 

RB1 gene is located in chromosome 13q14 and translates 
into pRB, a 928 amino-acid protein14. It is associated with 
several tumors including retinoblastoma, osteosarcoma, 
small cell lung cancer, breast cancer and pancreatic cancer. 
RB1 acts as a tumor suppressing gene, which suppresses E2F 
transcription factors. The hyperphosphorylated pRB repress-
es the promoters of the genes correlating to E2F transcrip-
tion factors, hence, reversely inhibiting the advancement of 
the cell cycle. In the presence of signals promoting mitosis 
the cyclin-dependent kinases (CDKs) hyperphosphorylate 
pRB in order to progress the cell cycle from G1 to S phase15. 

Retinoma, a benign retinal tumor, has both RB alleles in-
activated, too. This illustrates that additional, either genetic 
or epigenetic, modifications are required for the development 
of the malignancy16. Mutations on BCOR gene, a corepres-
sor of transcription, display the second highest frequency 
following RB117. Genomic gains are also observed at 1q, 2p 
and 6p along with 16q loss18. The p53 pathway is related to 
RB either with mutations in TP53 gene or inactivation of the 
pathway itself through other mutated genes, such as MDM2 
and MDM4. Concerning epigenetic changes in retinoblasto-
ma, RB1 holds a considerable role in controlling numerous 
oncogenes and tumor suppressor genes, like SYK (spleen ty-
rosine kinase) gene13,17. 

Except for the RB1 mutations, amplification of another 
oncogene, MYCN, may lead to retinoblastoma. As such, ele-
vated levels of MYCN have been observed in 3% of all retin-
oblastoma cases while 1% shows only MYCN amplification 
without RB1 mutations19. 

Retinoblastoma relies amongst the phenotypic expressions 
of 13q deletion syndrome, providing that the deleting area 

includes the 13q14 locus. Symptomatology is characterized 
by heterogeneity, varying from growth deficiency and men-
tal retardation to microcephaly and other clinical features20.

Clinical features
The clinical presentation of retinoblastoma is related to the 

location and growth of the tumor. Leukocoria (white pupil) 
(Figure 1) is the most typical finding. Nowadays, it is usually 
recognized by parents as an absent red reflex on digital flash 
photography. Following leukocoria, strabismus (misaligned 
eyes) is the second most common clinical feature, when 
central vision impairment is present. In some cases buph-
thalmos, pain, vitreous hemorrhage, sterile orbital cellulitis 
(inflammation caused by necrosis), heterochromia and hy-
popyon are also observed21. Symptomatology shows varia-
tion at certain countries such as Soudan22 and Mali23. Lack of 
awareness along with insufficient access to health resources 
often leads to delayed diagnosis. In such instances, proptosis, 
the forward protrusion of the globe, becomes the prevailing 
clinical feature24. Another possible finding is phthisis bulbi 
which may be the result of retinal detachment, caused by 
tumors of considerable size25.

Based on its growth pattern retinoblastoma is character-
ized as exophytic or endophytic (Figure 2). Exophytic RB 
emerges from the outer retina and is correlated to subretinal 
seeds while endophytic RB is located at the inner retina with 
a tendency for vitreous seeding. Both of these patterns may 
also be present simultaneously26.

￼

Figure 1: Case of bilateral leukocoria caused by bilateral 
retinoblastoma.

Figure 2: Endophytic form 
of retinoblastoma.



11

Retinoblastoma

Diffuse infiltrating retinoblastoma, a variation of RB, ac-
counts for up to 2% of the cases. Its main characteristic is 
a flat retinal lesion while infiltration of the vitreous and the 
anterior chamber might be observed, too. Symptomatology 
differentiates from that of regular retinoblastoma. The pri-
mary manifestations are reduced vision, redness and pain, 
hence masquerading as intraocular inflammation27. Vitreous 
cells followed by pseudohypopyon and increased intraocular 
pressure are also regular clinical signs. Patients with diffuse 
infiltrating retinoblastoma are usually older compared to 
those with typical retinoblastoma26.

Diagnosis
Clinical features and examination set the diagnosis for 

retinoblastoma28. More accurate RB surveillance is usually 
performed with examination under anesthesia (EUA)29. Ad-
equate diagnosis may be set with indirect ophthalmoscopy 
after the dilation of the pupil through the administration of a 
pharmacological agent6. 

Despite the fact that RB is a malignancy, no biopsy is con-
ducted since there is a high risk of tumor spreading along the 
needle’s route30.  

Ocular ultrasonography can identify 92-95% of calcifica-
tions, measure the dimensions of the tumor and determine 
endophytic and exophytic expansion31. 

CT scan is not recommended since exposure to radiation 
elevates the probability of second primary tumor formation 
in hereditary retinoblastomas32.

MRI is used for corroborating the malignancy and map-
ping its borders29. Before enucleation pathological character-
istics, such as expansion to the optic nerve (Figure 3) and 
the choroid coat33, can be assessed with MRI31. Findings of 
subvitreus seeding and anterior chamber disease34, as well as 
calcifications are visible through high-field MRI scanning33. 
It is also crucial for the detection of invisible tumors and 
trilateral retinoblastoma. In the last case, MRI is applied in-
traoperatively35.  

￼

Figure 3: MRI (sagittal enhanced T1-weighted sequence) of retino-
blastoma with optic nerve expansion.

Optical Coherence Tomography (OCT) has lately been 
useful in discerning and monitoring small tumors. It can also 
evaluate tumor’s response to therapy along with possible re-
lapse and visual impairment36.

Wide-angle photography with digital retinal cameras is 
valuable for assessing the therapeutic result in addition to 
RB imaging and monitoring. Fluorescent angiography can 
be performed with the same system allowing illustration of 
the tumor’s vascular structures, particularly in cases where 
diagnosis is indefinite29.

Ultrasound Biomicroscopy (UBM) is utilized for the eval-
uation of probable anterior segment expansion of retinoblas-
toma and invasion of the cilliary body37.

Differential diagnosis includes Coat’s disease, persistent 
hyperplastic primary vitreous (PHPV), toxocara endoph-
thalmitis, medulloepithelioma, uveal melanoma, vitreous 
hemorrhage, coloboma, rhegmatogenous retinal detachment 
and retinoma38,39.

Maternal ultrasound and fetal MRI are proposed for pre-
natal RB detection from 34th to 38th week of gestation in 
cases with recognized hereditary RB or germline RB1 mu-
tation. Some centers in order to avoid possible visual impair-
ment by invisible tumors to the above imaging modalities 
advocate early-term delivery. As far as carriers of RB1 mu-
tation is concerned, postnatal screening for retinoblastoma 
requires ocular exam within 1-2 weeks of birth performed 
without anesthesia followed by exams every 2-4 weeks un-
til the infant is 3 months old. Exams under anesthesia are 
recommended from the 3rd month up to the 5th year of age. 
As individuals with RB1 mutation have high risk of second 
primary tumors further examination may be necessary until 
the age of 1840.

Classification
The development of a therapeutic plan requires a staging 

system for retinoblastoma based on its international recog-
nized clinical features. Several classifications have been in-
troduced over time, taking into account the evolvement of 
treatment options41.

The first system was developed by Reese and Ellsworth 
(RE) in 1960s. Its main premise was the prognosis of in-
traocular disease regarding the first line treatment of the era, 
external beam radiation (EBRT). Thus, the eyes were cate-
gorized into 5 groups (from I-V) based on the favorability 
of sight maintenance (Table 1)42. In the 1990s, intravenous 
chemotherapy replaced EBRT as the primary conservative 
treatment. This led to the creation of the International In-
traocular Retinoblastoma Classification (IIRC), which fol-
lows similar division labeled from A to E43. A modifying 
scheme of IIRC, Intraocular Classification of Retinoblasto-
ma (ICRB) (Table 2), was introduced in 2006 being the cur-
rent golden standard44. Two variations exist; the Philadelphia 
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Classification and the Children’s Hospital Los Angeles Clas-
sification (CHLA)41.

Regarding extraocular RB, the International Retinoblas-
toma Staging System (IRSS) was proposed, ranging from 
conservative treatment (stage 0) to metastatic disease (stage 

IV) (Table 3)43.
The most recent edition of the TNM staging (TNM8) com-

bines pathological and clinical aspects with the location of 
the tumor (intraocular or extraocular)26. Heritability is also 
included contributing to a more precise prognosis41.

Table 1: Reese-Ellsworth Classification 

Table 2: International Classification of Retinoblastoma 

Table 3: International Retinoblastoma Staging System (IRSS)
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Therapy
Recent developments in therapy have supplemented tradi-

tional methods offering a plethora of treatment options (Ta-
ble 4)45.

Enucleation 
Enucleation is the primary form of treatment for unilateral 

group E and advanced cases of group D eyes, particularly 
if there is a poor prospect of preserving the vision (Table 
2)46. Clinical findings such as tumors larger than 15mm, or-
bital inflammation, retinal detachment, neovascularization 
of the iris, secondary glaucoma, orbital cellulitis and optic 
nerve expansion are also indications for surgery due to their 
high histopathological risks5,45,47,48. In bilateral cases when 
the lesions are asymmetrical, enucleation is proposed for the 
eye with the worst prognostic potential49. When conservative 
treatments are proven unsuccessful, enucleation is the meth-
od of choice50. Excision of the tumor provides the potential 
of histopathological examination, hence assessing possible 
extraocular spread49. For cosmetic reasons a prosthetic im-
plant is placed in the eye socket to fill the orbital volume51.  

Radiotherapy
While in the 1980s, external beam radiotherapy (EBRT) 

was considered the first-line treatment of retinoblastoma, the 
high risk of developing secondary tumors led to its replace-
ment by other methods52. Specifically, the risk for secondary 
malignancies (e.g. sarcoma) was found to be around 51% at 
50 years of age53. Currently EBRT is useful for preserving 
the remaining eye when other treatments are found insuffi-
cient, particularly in the cases of diffuse vitreous and sub-
retinal seeding54. Other indications of EBRT include intrac-
ranial disease, tumors invading the sclera or the orbit55 and 
those threatening the macula or the optic nerve along with 
multifocal RB56.

The latest update in radiation therapy is proton radiation 
therapy (PBT). By using a more focused beam the exposure 
of bones and surrounding soft tissues is minimized, thus re-
ducing the risk of secondary cancers. PBRT is commonly 
used either in combination with chemotherapy or on its own 
as an eye salvage technique, when other modalities are prov-
en unsuccessful56.

Chemotherapy
Since 1990s57, intravenous chemotherapy (IVC) is used as 

first line treatment of retinoblastoma or combined with other 
methods. It usually involves co-administration of 2-, 3- or 
4- chemotherapeutic agents with the most common regimen 
being carboplatin, etoposide and vincristine (CEV)58. IVC as 
monotherapy is reported with success rates of 100% for eyes 
of group A, 93% of group B and 90% of group C. However, 
it is less sufficient in controlling the more advanced tumors 
of group D (47%) and group E (33%). For a more effective 
approach of group B, C and D tumors, focal therapies follow 
systemic chemotherapy, since this way the blood-retina bar-
rier becomes more permeable to chemotherapeutics29. IVC 
has also shown efficiency in bilateral cases of intraocular RB 
management minimizing the possibility of metastasis, pine-
oblastoma and long-term second malignancies. Systemic 
chemotherapy has scarce adverse effects, such as neurotox-
icity, hyponatremia, nephrotoxicity, ototoxicity, immunosup-
pression and secondary leukemia45.

Intra-arterial chemotherapy (IAC) was originally de-
veloped in Japan and allows eclectic administration of 
chemotherapeutics to the eye along with reduced systemic 
exposure59. Infusion of the agent (melphalan, topotecan, car-
boplatin)6 in the ophthalmic artery is achieved through cath-
eterization of the femoral artery59. Melphalan is extensive-
ly used alone on the grounds of its high efficacy and short 
half-life or in combination with topotecan in cases of sub-
stantial vitreous seeding60. IAC has been recommended for 

Table 4: Treatment options in RB

Retinoblastoma
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treatment of unilateral or non-hereditary retinoblastoma60,61. 
Simultaneous treatment of both eyes in bilateral retinoblas-
toma, called tandem therapy, has also been described62. Oth-
er applications of IAC include relapsed subretinal seeds and 
relapsed tumors when IVC and plaque radiotherapy have 
failed45. Among the side effects of IAC that have been re-
ported are retinal detachment (19.3%), vitreous hemorrhage 
(18.1%), periorbital edema or inflammation (34%) and nau-
sea or vomiting (33.7%)63.

Intra-arterial and intravenous chemotherapy are often in-
adequate for the management of vitreous seeds, usually ob-
served in C, D and E groups, due to their distant location from 
retinal vasculature. Thus, intravitreal chemotherapy (IVitC) 
was introduced for treating relapsed or refractory vitreous 
seeds in conjunction with other treatments for addressing the 
main tumor mass64. The most common chemotherapeutic 
in IVitC is melphalan, too, injected via pars plana45. Oth-
er drugs include carboplatin, topotecan and methotrexate65. 
Safety measures (e.g. cryotherapy at the injection site) are 
implemented to avoid possible disperse of the tumor’s seeds 
along the needle’s course66. Retinal pigment mottling at the 
location with the highest concentration of the agent, the most 
frequent side effect, was estimated between 18-43%65.

Periocular chemotherapy (POC) involves the subconjunc-
tival or subtenon injection of therapeutic agents (carboplatin, 
topotecan). It is indicated for the treatment of eyes classified 
in groups D or E with diffuse vitreous seeds that demand 
higher local dose of chemotherapy. Subtenon injections of 
carboplatin may be utilized to improve tumor control, spe-
cifically if combined with intravenous chemoreduction45. In 
addition to that, subconjuctival chemotherapy also comple-
ments laser therapy29. Optic nerve ischaemic necrosis and 
atrophy, reduced ocular motility due to fibrosis and pseu-
do-preseptal cellulitis are some of the side effects that have 
been described67–69.

Focal therapy
Focal therapies include transpupillary thermotherapy, cry-

otherapy, laser therapy and plaque brachytherapy26. These 
treatments are indicated for group A eyes and following in-
travenous or intra-arterial chemotherapy in cases of group B, 
C and D eyes21. 

Transpupillary thermotherapy (TTT) utilizes infra-
red radiation (810-nm diode laser) to heat the tumor up to 
42°C-60°C, avoiding this way coagulation of retinal vessels. 
TTT is used for local management and tumors positioned 
posterior to the equator of the globe with dimensions smaller 
than 4.5mm base and 2.5mm thickness70.

In transscleralcryotherapy, which is performed under vis-
ualization26, a nitrous oxide cryoprobe freezes the tumor up 
to -90°C70 for treating small lesions occupying the anterior 
half of the globe45. 

In laser therapy, the tumor’s vessels are coagulated at tem-
peratures over 65°C with a 520nm argon laser. Laser photo-
coagulation is used for small posterior malignancies, usually 
after intravenous chemotherapy, and tumor-related neovas-
cularization of the retina45.

Plaque brachytherapy is a type of radiation treatment in 
which a probe with radioisotopes Iodine-125 or Rutheni-
um-106 is placed on the sclera21 for 5-7 days29. Plaque radi-
otherapy may be used as a primary or, more commonly, as 
a second-line treatment following failure of previous thera-
peutic attempts71.

Conclusion
Parents should be cautious of the visible clinical findings 

of retinoblastoma, such as leukocoria and strabismus, and 
immediately seek pediatric consultation. Early diagnosis 
is in most cases life-saving, preventing extraocular spread 
of the tumor, and crucial for salvaging both the eye and the 
vision of the patient. Recently, new therapeutic approaches 
have emerged allowing for a more targeted treatment while 
minimizing potential side effects. Current efforts are direct-
ed towards alternative chemotherapeutics, molecular and 
gene therapy, suprachoroidal injections and nanotechnolo-
gy-based drug-delivery systems45.
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