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Abstract In recent years, there have been dramatic

changes in the management of intraocular retinoblastoma.

Intraocular retinoblastoma is a highly curable malignancy

and current treatments are aimed to preserve vision while

reducing the late effects such as treatment-induced sec-

ondary malignancies. The advent of intra-arterial che-

motherapy changed the treatment paradigm from systemic

treatment with chemotherapy to local treatment, and new

questions emerged. While intra-arterial chemotherapy

achieved encouraging results, only experience from major

referral centers is reported, so its indications, advantages

and risks are still to be elucidated. Many factors should be

considered when choosing the appropriate conservative

therapy. When the disease has extended outside the eye, the

chances of cure are significantly lower and treatment

should be tailored by the presence of pathology risk factors

such as invasion of the choroid, the optic nerve, and the

sclera. Adjuvant therapy is decided upon this information.

Children with overt extraocular disease are treated with

higher dose neoadjuvant therapy followed by delayed

enucleation and adjuvant therapy.

Key Points

Conservative treatment of retinoblastoma changed

from systemic chemotherapy to intra-arterial

chemotherapy for higher risk cases in many centers

of high and middle income countries.

Enucleation of the affected eye is still needed for

eyes with advanced disease potentially harboring

occult metastatic dissemination.

Treatment of children with pathology risk factors for

metastatic disease is encouraging with the use of

tailored adjuvant therapy.

Children with overt extraocular disease may be cured

when the CNS is not involved.

1 Introduction

Retinoblastoma is a tumor presenting in young children

and it is the most common neoplasm of the eye in the

pediatric age group, occurring in about 1 in 17,000 live

births [1]. Its incidence may not be distributed equally

around the world [2]. Reports suggested an increased in-

cidence in some less developed countries, such as Mexico

and Brazil, but also among children of Native American

descent in North America [3, 4]. However, other popula-

tion-based studies failed to find any difference compared

with Western countries [5]. Whether these geographical

variations, if they really exist, are due to ethnic or so-

cioeconomic factors is not fully understood. Many studies
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tried to identify socioeconomic features that could explain

this potentially increased incidence. Reports from Mexico

suggested an association of some dietary factors such as

low consumption of fruits and vegetables during pregnancy

in mothers of children with an increased risk of

retinoblastoma [6]. There is a long debate about the role of

the human papillomavirus infection as a potential factor

explaining the increased prevalence of retinoblastoma in

less developed settings, but this association has not been

conclusively proven to date since results from different

countries led to disparate estimates [7, 8]. Other studies

reported an increased risk of retinoblastoma in children

born after in vitro fertilization [9], but other studies failed

to find a correlation between fertility treatment and higher

risk for this tumor [10].

Retinoblastoma presents in two distinct clinical forms,

which critically influence treatment decisions. The first is

unilateral eye involvement, accounting for about 60 % of

the cases, which are sporadic in about 90 % of the cases

and have germline mutations of the RB1 gene in the re-

maining 10 % of cases; these children are usually diag-

nosed after the first year of life. The second form is

bilateral or multifocal, and hereditary, accounting for the

remaining 40 % of cases. This form is usually diagnosed

earlier in life, frequently during the first year, and it is

determined by germline mutations of the RB1 gene, usually

occurring as a new mutation in children without family

history for this tumor. Less frequently, it occurs as a result

of inheritance of the mutation from an affected parent. Pre-

implantation diagnosis of RB1 mutations has been reported

as a method to reduce familial retinoblastoma [11]. Chil-

dren carrying a germline mutation of the RB1 gene have a

higher predisposition to secondary cancers later in life [12].

This phenomenon is critically important for the manage-

ment of retinoblastoma, mostly in developed countries,

since secondary malignancies are currently the major cause

of death of these patients [13]. Treatments such as che-

motherapy and especially external-beam radiotherapy

(EBRT) increase this risk [14].

The most common presenting sign of retinoblastoma is

leukocoria (abnormal white pupillary reflex, Fig. 1) and

less commonly with strabismus which usually denotes less

advanced disease [15]. These clinical findings are normally

detected by the parents, in children that otherwise look

normal, and have little impact on their quality of life.

However, the clinical features at presentation vary ac-

cording to where the patient lives, since in less developed

countries the disease is usually diagnosed after progression

to glaucoma, leading to buphthalmos (increased eye size)

and later to tumoral invasion of the orbit which ultimately

leads to severe proptosis resulting in an orbital mass and

later to metastatic dissemination [16]. These children may

be severely compromised in their general health.

2 Diagnostic Evaluation

The diagnosis of intraocular retinoblastoma is usually

made by an ophthalmologist through indirect ophthal-

moscopy under general anesthesia. Upon the diagnostic

examination, a comprehensive intraocular disease evalua-

tion, including the documentation of the number, location,

and size of retinal tumors, as well as the presence of retinal

detachment and subretinal fluid and vitreous and subretinal

seeds, must be performed [17]. After this evaluation, each

eye is classified according to current grouping systems that

are needed to estimate the ocular prognosis and to tailor

treatment [18] (Table 1).

In the same anesthetic procedure, a bi-dimensional ul-

trasound evaluation can be performed to further measure

the tumor size. Imaging studies such as head and orbit

magnetic resonance imaging are needed to evaluate ex-

traocular extension, the involvement of the pineal or

supraselar areas, to rule out trilateral disease and to help in

differentiating retinoblastoma from other causes of leuko-

coria. Trilateral retinoblastoma refers to the development

of a primary intracranial (usually pineal or supraselar)

primitive neuroectodermal tumor in a patient with the

heritable form (i.e., germline) of retinoblastoma [19].

3 Initial Management of Retinoblastoma: Deciding

Which Eyes Need to Be Enucleated

Once extraocular extension has been ruled out clinically and

by imaging studies, management decisions are focused

around the possibility of eye preservation. Enucleation of the

affected eye is usually curative for intraocular retinoblas-

toma, but in bilateral cases it will naturally lead to blindness.

3.1 Factors That Influence the Decision of Enucleation

The decision to preserve an eye with retinoblastoma is made

by considering the extent and location of intraocular

Fig. 1 Leucokoria in the left eye as a presenting sign of

retinoblastoma

G. Chantada, P. Schaiquevich

Author's personal copy



disease, which helps in predicting the likelihood of visual

results, the laterality of the tumor and the resources avail-

able for conservative treatment. This is a complex decision

that includes not only estimations of the likelihood of pre-

serving vision without increasing the risk of tumor dis-

semination, but also tailoring therapy so that treatments

used cause the least impact in inducing late effects such as

sensorial nerve toxicity and especially secondary malig-

nancies usually occurring decades later [13, 20, 21]

(Table 2). In addition to these factors, familial cultural

preferences for non-surgical therapies play an increasingly

important role. Even though, on occasion, globe salvage

does not result in improved vision, and in some cases may

even be associated with an increased risk of metastatic

dissemination, the preference of affected families for con-

servative therapies critically affects the decision process. In

some countries, family acceptance of enucleation is poor

and that poses a challenge for the initial management of

retinoblastoma [22]. In developing countries, its initial

management is also influenced by the presence of ex-

traocular disease which is more prevalent [23].

3.2 Identifying Children at Risk of Occult

Disseminated Disease

Extraretinal extension to the outer layers of the eye may be

present in a variable proportion of children at diagnosis,

reaching up to 50 % of the affected eyes at diagnosis in

some developing countries [24]. Microscopic invasion to

the choroid, the sclera and the optic nerve are all associated

with an increased risk of extraocular relapse [25]. The

clinical identification of children with these higher risk

Table 1 The original version of the International Classification for

Intraocular Retinoblastoma [18]. This table was published in

Ophthalmology Clinics of North America 18:41–53, viii. Intraocular

retinoblastoma: the case for a new group classification. Linn

Murphree, Copyright Elsevier (2005)

Groups Children’s Hospital of Los Angeles version

A Eyes with small discrete tumors away from critical structures. All tumors are B3 mm, confined to the retina, and located at least 3 mm

from the foveola and 1.5 mm from the optic nerve. No vitreous or subretinal seeding is allowed

B Eyes with no vitreous or subretinal seeding and retinal tumors of any size or location. Retinal tumors may be of any size or location not

in group A. A small cuff of subretinal fluid extending B5 mm from base of the tumor is allowed

C Eyes with only focal vitreous or subretinal seeding and discrete tumors of any size or location. Any seeding must be local, fine and

limited so as to be theoretically treatable with a radioactive plaque. Retinal tumors are discrete and of any size and location. Up to one

quadrant subretinal fluid may be present

D Eyes with diffuse vitreous or subretinal seeding and/or massive non-discrete endophytic or exophytic disease. Seeding more extensive

than Group C. Massive and/or diffuse intraocular disseminated disease may consist of fine or ‘greasy’ vitreous seeding or avascular

masses. Subretinal seeding may be plaque-like. Includes exophytic disease and [1 quadrant retinal detachment

E Eyes that have been destroyed anatomically or functionally by the tumor. Eyes with one or more of the following. Irreversible

neovascular glaucoma, massive intraocular hemorrhage, aseptic orbital cellulitis, tumor anterior to anterior vitreous face, tumor

touching lens, diffuse infiltrating retinoblastoma, phthisis or pre-phthisis

Table 2 Description of various

risks associated with

chemotherapy for the treatment

of retinoblastoma

EBRT External-beam

radiotherapy

Risk Reported incidence References

Secondary malignancies in irradiated areas 6–17 % (30 years) Draper et al. [21]

Marees et al. [13]

Toxic mortality of chemoreduction Depends on setting (0–1 %) Naseripour et al. [50]

Secondary acute myeloid leukemia 1/187 Patients Turaka et al. [20]

3/177 Patients Chantada et al. [53]

Risk of pathology risk factors

Eyes A–C 0 % Kaliki et al. [29]

Eyes D 17 %

Eyes E 24 %

Occurrence of trilateral retinoblastoma 1.5–6 % (EBRT era) Kivela, 1999 [19]

1.5 % (Chemoreduction era) Shields et al. [57]

Occurrence of severe ototoxicity 8/175 Patients Jehanne et al. [56]

10/60 Patients Qaddoumi et al. [55]

Occurrence of severe vascular choroid toxicity 4/95 Patients Gobin et al. [35]

2/13 Patients Munier et al. [65]
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factors is challenging and they may not always be detected

by imaging studies, which have relatively low sensitivity

and specificity [26]. Some clinical features at presentation

may be helpful to predict which patients would have

pathology risk factors warranting immediate enucleation

[27, 28]. In a large series from a single institution in North

America, the likelihood of harboring microscopic pathol-

ogy risk factors that ultimately led to metastasis in eyes

with group D or less was minimal [29]. However, for

children with initially enucleated group E eyes, up to 10 %

of the eyes that had pathology risk factors ultimately de-

veloped metastatic disease [29]. Other studies from de-

veloping countries found similar correlations [28]. In such

series, the presence of glaucoma, buphthalmos, anterior

chamber invasion, and older age at diagnosis were corre-

lated with the presence of high risk factors on pathological

examination [27, 28]. However, these associations were not

so evident in other smaller series from developed countries,

probably because of the lower prevalence of pathology risk

factors which reduced the statistical power of the analysis

[30]. Since the likelihood of extraocular relapse is directly

influenced by the presence of pathology risk factors,

identifying these children is important if conservative

therapy is important. Minimally disseminated disease, al-

ready present at diagnosis in these higher risk patients, may

lead to extraocular relapse if no treatment is given [31].

However, it is currently difficult to identify, clinically or on

histopathology, those who will develop extraocular relapse

if adjuvant therapy is not given since only a proportion of

children with pathology risk factors will ultimately develop

metastatic disease if conservative therapy is undertaken

with treatments other than systemic chemotherapy. Sys-

temic chemotherapy used for conservative therapy may

reduce, but probably not completely eliminate the occur-

rence of metastatic relapse by treating minimally dis-

seminated disease. From historical data, when EBRT was

the predominant conservative therapy for retinoblastoma,

prophylactic chemotherapy was never used to prevent oc-

cult distant dissemination in preserved eyes [32]. The oc-

currence of extraocular relapse in those patients was,

nevertheless, very low.

3.3 Enucleation Versus Conservative Therapy in Eyes

with Advanced Disease

In recent years, with the availability of newer local treat-

ment modalities other than systemic chemotherapy, pa-

tients with more advanced disease are being offered globe

salvage treatment. Since these advanced eyes are more

likely to harbor minimally disseminated disease, some

authors expressed their concerns about the potentially in-

creased risk of metastatic dissemination [33]. This dis-

cussion concerns the use of intra-arterial chemotherapy

(IAC), also known as chemosurgery, which has recently

become a popular conservative therapy. However, to date,

death from metastatic disease was reported in \5 % of

patients treated with IAC, which is comparable to death

rates reported with other therapies in high-risk children [29,

34–36]. However, in most cases of unilateral disease, initial

enucleation is the treatment preferred by most groups,

especially when extraretinal disease is more likely; for

example, in those group E eyes with glaucoma and inva-

sion of the anterior chamber or rubeosis iridis [37, 38].

Eyes with less advanced disease such as those with groups

A to C are treated with a conservative approach by most

centers around the world [38, 39]. The most difficult de-

cision is related to conservative therapy of group D eyes,

which include those eyes with extensive retinal involve-

ment, usually with retinal detachment and/or vitreous or

subretinal seeding. Enucleation is not mandatory for these

eyes because they do not present clinical risk factors as-

sociated with increased risk of occult metastatic disease;

but, on the other hand, the resulting vision would be

minimal. In these cases, the status of the fellow eye is a

factor to consider when deciding treatment. The avail-

ability of treatment is also critical for the decision to pre-

serve an eye with advanced disease. It is anticipated that

these children would require multiple rounds of local

therapy, occasionally brachytherapy with radioactive pla-

ques, and probably more than one line of chemotherapy,

usually including treatment modalities that are not avail-

able in every center. Enucleation is recommended by some

groups, especially for children with unilateral disease be-

cause the visual potential would not be much different. In

addition, enucleation makes it possible to perform a full

pathological examination of the enucleated eye, ruling out

the rare occurrence of pathology risk factors that would put

the patient at risk of occult metastatic disease [40]. How-

ever, other groups would consider conservative therapy for

these eyes, even in unilateral cases (summarized in

Table 3) [39]. In these cases, no obvious visual functional

advantage would be added, but the cosmetics and psy-

chological adjustment may be better compared with those

enucleated. Children who were treated only with enucle-

ation for retinoblastoma presented declining cognitive and

adaptive skills over time and a lower chance of finding jobs

and partners in adulthood [41, 42]. The risk of presenting

pathology risk factors in group D eyes is lower than 20 %

and these are frequently choroidal invasion or intralaminar

optic nerve invasion [43], which lead to \5 % of ex-

traocular relapse [44]. In addition, extraocular relapse may

occur in children with enucleated eyes that show no

pathology risk factors or in enucleated eyes with such

factors that were given adjuvant therapy, so the actual risk

of metastatic relapse in preserved eyes of group D disease

that did not receive systemic treatment compared with

G. Chantada, P. Schaiquevich
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those initially enucleated in whom adjuvant therapy is

tailored according to the pathology has not been estimated.

In many developing countries, enucleation may not be

initially accepted by some families [22, 45]. This problem

accounts for at least half of the deaths in those settings, so

some clinicians use pre-enucleation chemotherapy in order

to bide time and prevent abandonment while efforts are

made to persuade the families to accept enucleation [46].

However, when this approach is undertaken, timely enu-

cleation should be done since prolonged administration of

chemotherapy in eyes that should have been initially enu-

cleated may lead to tumor progression after initial re-

sponse, followed by extraocular dissemination and death

[47]. Nevertheless, in countries with limited resources,

initial enucleation of group D and E eyes with retinoblas-

toma should be considered as a life-saving procedure and

strategies to improve the acceptance of affected families to

this surgical procedure should be available to decrease

treatment refusal. In these settings, investing in early di-

agnosis, pathology services, prostheses, and good focal

therapy may probably be a priority.

4 Deciding the Chemotherapy Strategy

for Conservative Therapy

4.1 Systemic Chemotherapy

Except for selected cases with very limited disease,

categorized as group A eyes (usually detected by family

screening), which may be treated solely with focal treat-

ments such as laser or cryotherapy only, most other cases

would need an initial period of tumor reduction with che-

motherapy. The role of chemoreduction is to decrease tu-

mor size and make the tumors suitable for subsequent local

therapy. Local therapy is influenced by many factors such

as quality of the equipment and skill of the treating group,

all of which are critical for the success of this strategy. In

the mid-1990s, systemic chemoreduction with carboplatin-

based regimens, usually in combination with vincristine

and etoposide, were used extensively by most groups in

many parts of the world [48]. With this treatment, most

intraocular tumors usually show dramatic shrinkage al-

lowing for consolidation with local treatment after a

number of cycles (usually less than six). This treatment was

successful in avoiding EBRT as conservative therapy in

more than 90 % of those with eyes in the less advanced

groups A to C [49]. However, even though the toxicity

profile of systemic chemoreduction clearly favors that of

EBRT, changing the paradigm from a globe-localized

treatment devoid of systemic toxicity such as EBRT to a

systemic treatment highlighted the chemotherapy toxicity.

Despite the vast majority of patients not presenting any

significant systemic long-term side effects associated with

chemotherapy, severe toxicities were reported in a minority

of patients [50]. The toxicities observed were similar to

other pediatric tumors, but in the case of tumor chemore-

duction for retinoblastoma, they should be considered from

a different perspective since disease-free survival is 100 %,

so chemoreduction is used only to reduce long-term toxi-

city. Hence, what may be an acceptable toxicity for a life-

threatening tumor may be unacceptable for retinoblastoma.

There have been reports about deaths related to systemic

chemotherapy used for chemoreduction [50], but reports on

toxicity with this and other therapies such as IAC are scant

[51, 52]. The causes of mortality in children receiving

chemoreduction for intraocular retinoblastoma included

toxicity of the chemotherapy used [50] and secondary

malignancies such as etoposide-related acute myeloblastic

leukemia [53, 54]. Other non-fatal, but potentially severe

long-term toxicities of systemic chemotherapy included

carboplatin-induced ototoxicity [55, 56]. An initial report,

Table 3 Schematic comparison

of treatment modalities for

unilateral retinoblastoma. Eyes

with glaucoma, buphthalmos

and/or anterior chamber

invasion are treated by

enucleation [35, 38, 52]

Enucleation Systemic

chemotherapy

Intra-arterial chemotherapy

Availability Always High Limited

Inherent potentially severe

acute toxicity

Related to general

anesthesia

Infection

Transfusion

Secondary leukemia

Central line

Procedure related

Occult disseminated disease

Stroke

Long-term quality-of-life

related risks

Cosmetic Ototoxicity Ocular toxicity

Major weakness Cosmetic sequelae Poor results in

advanced eyes

Acute and long-

term sequelae

Potentially missing occult

tumor dissemination

Major advantage Safety Availability Cosmetic

Management of Retinoblastoma
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based on a retrospective cohort analysis, suggested that

systemic carboplatin-based chemotherapy might prevent

the occurrence of trilateral retinoblastoma [57]. However,

other studies with a similar design could not confirm this

observation [53]. These estimations are summarized in

Table 2. Alternatives to conventional three-drug (carbo-

platin-etoposide-vincristine) chemoreduction include the

addition of intravenous topotecan and periocular carbo-

platin as reported from St Jude Children’s Research

Hospital in the US, which showed very good results in

children with advanced tumors [58], or synchronized

thermochemotherapy as pioneered by the Institut Curie in

France [59]. The Hospital for Sick Children in Toronto,

Canada added cyclosporine to the three-drug regimen in an

attempt to maximize its effect by blocking multidrug re-

sistance proteins [60]. Their comparison with standard

regimens has not been published thus far.

For patients with advanced intraocular tumors (group

D), especially those with vitreous seeds, ocular salvage

rates were still not satisfactory with systemic chemore-

duction [53, 61]. In many cases, additional EBRT was re-

quired. A sizable proportion of these eyes were ultimately

enucleated after failing both therapies, which results in a

high exposure to mutagenic agents for such children, who

usually receive multiple cycles of chemotherapy and

EBRT. The addition of different treatment modalities such

as periocular administration of carboplatin [38] or topote-

can did not improve results in this population [53].

4.2 Intra-Arterial Chemotherapy

IAC via superselective catheterization of the ophthalmic

artery through a catheter inserted through the iliac artery has

been pioneered by the New York group refining a treatment

strategy originally developed in Japan [62, 63]. The levels

of chemotherapy in the eyes after IAC are significantly

higher than those of systemic chemotherapy, with sig-

nificantly lower systemic exposure as reported in preclinical

work [64]. This improved ocular pharmacokinetics also

came with a predictable increased ocular toxicity that would

occasionally cause severe vascular damage to the choroid

[65]. Other concerns about the use of this treatment are

related to the exposure to ionizing radiation during the

procedure; however, it was reported to be at safe levels if a

limited number of applications are performed by an expe-

rienced group [66]. Another drawback is related to the lack

of protection against occult metastatic and trilateral disease,

but the evidence supporting this fact is limited when patients

are appropriately selected for this treatment, as discussed

above. Even though it was not reported in the literature,

CNS stroke is one of the most serious potential complica-

tions related to IAC, however no case has been reported so

far. Patients with thrombophilia may be at higher risk for

this complication, so IAC is not recommended [67].

IAC yielded the best results in advanced tumors reported

to date according to results in large referral centers

(Fig. 2); however, long-term follow-up is necessary [34,

35, 68, 69]. The chemotherapy agents used for this treat-

ment originally included melphalan, as pioneered by Ja-

panese investigators, but use of other agents such as

topotecan and carboplatin soon became common [35, 70,

71]. Following these outstanding results, many patients

with unilateral retinoblastoma and group D disease are

currently offered IAC by many groups [38, 72]. However,

it should be noted that a high degree of expertise including

the availability of a special interventional radiology and

qualified personnel and a trained pharmacy facility are

needed for the successful administration of IAC. Tradi-

tionally, initial enucleation was used in these children,

however, there is still controversy about this practice and

there is no unanimous opinion or randomized studies

supporting this recommendation [37].

Fig. 2 a Extensive intraocular retinoblastoma at diagnosis. b The same tumor after two cycles of intra-arterial chemotherapy (photographs

courtesy of Dr. David H. Abramson)
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4.3 Current Practice

Currently, most groups offer systemic chemoreduction for

group A–C disease [38] and IAC is used as secondary

treatment for relapsed disease to avoid EBRT. Other

groups would offer upfront IAC based on its lower sys-

temic toxicity profile [73], but its ocular side effects may

counterbalance this improved toxicity profile, especially in

less advanced disease where visual outcome is usually

excellent. In group D eyes, many groups are moving to

upfront IAC [35, 37], especially for unilateral disease

where systemic chemoreduction led to disappointing re-

sults. Others will still favor enucleation, except in those

cases with bilateral involvement [37]. For eyes with group

E disease, most groups would offer initial enucleation be-

cause the risk of occult metastatic disease is relatively

higher [37]. This is especially true in less developed

countries where pathology risk factors are more prevalent

[74]. However, despite its widespread use, IAC has not yet

been tested in formal prospective randomized trials.

5 Second Line Chemotherapy for Preserving Eyes

with Relapsed–Refractory Retinoblastoma

After treatment with chemoreduction (systemic or intra-

arterial), previously treated tumors or vitreous or subretinal

seeds may relapse or progress. Less frequently, new tumors

appear, occasionally later, after many years of follow-up.

Since these patients are usually at very close follow-up,

these recurrences are detected early and frequently no

further chemoreduction is needed for tumor control.

Treatment should be highly individualized. However,

especially in the case of vitreous and subretinal seeding

which are usually not amenable to focal treatment alone,

further chemotherapy and occasionally EBRT may be

needed [75]. The decision to give further conservative

therapy after failure of first-line chemoreduction and focal

therapy depends on many factors, but mostly on the status

of the contralateral eye and the visual potential. Delaying

enucleation after long attempts with salvage therapies has

been associated with an increased risk of tumor dis-

semination [76]. However, in certain situations, especially

when a low number of cycles were used for initial

chemoreduction and if IAC is not available, second-line

systemic chemoreduction may be considered [77]. There is

no recommended standard regimen in this situation and the

same carboplatin-etoposide-vincristine may be used (lim-

iting the cumulative dose of etoposide) as well as other

regimens including topotecan, another active drug [58]. In

centers where IAC is available and it was not used for prior

therapy, it may be an alternative especially for subretinal

seeding or treatment of relapsed retinal tumors not

amenable to focal therapy [77]. In a retrospective analysis,

it was significantly more effective than periocular and se-

quential systemic chemotherapy [77]. In cases where vit-

reous seeding predominates, recent experience favors the

use of intravitreal injection of chemotherapy [78]. This

treatment, despite it being initially described decades ago,

gained renewed interest thanks to an improved adminis-

tration schedule minimizing its risk of orbital tumoral

seeding [79]. The most commonly used agent is melphalan,

but thiotepa [80, 81] and more recently, topotecan [82]

have also been used. Retinal toxicity is the limiting toxicity

in these usually heavily pretreated eyes [83]. Even though

the results of this treatment have been encouraging, many

questions regarding the toxicity, dose, and schedule of

melphalan are yet to be elucidated. EBRT may also be used

as rescue therapy for chemotherapy refractory cases [75].

6 Which Patients Have a Higher Risk of Extraocular

Relapse?

After enucleation, a thorough pathological examination

should be done including a careful evaluation of structures

of the eye that are critical to predict extraocular extension.

Retinoblastoma tends to invade the optic nerve from where

it may find its way into the CNS. It also frequently invades

the choroid and after filling its whole width, it may also

invade the sclera on its way to the orbit. It can also give rise

to systemic metastasis after gaining access to the choroidal

circulation or other yet unidentified mechanisms since

distant metastases were also reported in patients without

choroidal invasion. However, it is important to note the

limitations of assessing the risk of metastasis entirely by

histological risk factors since only a limited portion of the

eyeball can be effectively evaluated; therefore choroidal

invasion may be missed through insufficient sampling,

even by expert and comprehensive evaluations [84]. The

most common metastatic sites of retinoblastoma include

the CNS, bones and the bone marrow [85]. Occasionally, it

can metastasize to other organs such as the liver or distant

lymph nodes. Thus, in eyes showing invasion to the

choroid, the optic nerve, or the sclera, most groups use

adjuvant therapy to reduce the risk of extraocular relapse

[25]. Other pathological features such as invasion to the

anterior segment, tumor differentiation or others were not

conclusively found to be associated with a significantly

higher risk by many groups [86, 87], although they are used

by other groups for tailoring adjuvant therapy [87, 88].

Despite there being general agreement that invasion to the

choroid, optic nerve, and sclera are risk factors for ex-

traocular relapse, there is still some discussion about the

inclusion of different subgroups in the higher-risk

population [25]. On occasions, there is a microscopic
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residue after enucleation, either when the tumor extends

beyond the resection margin of the optic nerve or when it

extends to the orbit through the sclera [84]. Such cases

should be treated with intensive adjuvant therapy in order

to prevent relapse [89].

6.1 Uveal Invasion

The extent of uveal invasion is important to assess the risk

for extraocular relapse [44, 84]. After a worldwide con-

sensus, massive choroidal invasion has been defined as that

greater than 3 mm in any dimension [84]. Less than mas-

sive choroidal invasion has not been significantly associ-

ated with an increased risk of extraocular relapse [90, 91].

Children initially enucleated whose eyes showed massive

choroidal invasion have an estimated 6 % risk of ex-

traocular relapse. Even though they have a significantly

lower probability of event-free survival (94.2 %) compared

with those with focal invasion (99.2 %) (p = 0.04), there

was no significant difference in survival (98.7 vs. 99.2 %,

respectively; p = 0.29) because some patients with an

extraocular relapse may be cured with second-line therapy

[44]. Hence, some groups recommend adjuvant therapy to

further reduce the occurrence of extraocular relapse [88,

92], and others recommend only observation if high-dose

therapy is available to rescue those who relapse [93]. So, if

all these children are given adjuvant therapy, about 95 %

of them would be exposed to unnecessary chemotherapy in

order to potentially prevent extraocular relapse in the re-

maining 5 % [44]. Salvage therapy for extraocular relapse

is highly intensive and, though effective in more than 50 %

of the cases, it is associated with a high frequency of severe

late effects [29, 94]. Therefore, the use of adjuvant therapy

should consider other factors including the availability of

effective salvage therapy, adequate follow up and re-

liability of the pathological examination as well as sup-

portive care during the course of chemotherapy.

6.2 Optic Nerve Invasion

When optic nerve invasion is considered as a risk factor for

extraocular relapse, there is general agreement that those

with prelamina cribrosa involvement are not at a sig-

nificantly higher risk [25, 95]. However, when the tumor

extends beyond the lamina cribrosa (which is technically

considered a microscopically extraocular extension), the

risk of extraocular relapse is higher and adjuvant che-

motherapy has been recommended by most groups [88,

92]. However, the exact risk for extraocular relapse is not

known since relatively few patients were treated with ob-

servation alone. There is some evidence to suggest that the

risk of extraocular relapse may be additive when con-

comitant massive choroidal invasion or scleral compromise

is present [25]. However, even in these higher risk

populations, [95 % of the children survive with adequate

therapy [88, 96, 97]. Those with microscopic, completely

resected scleral invasion usually present with other risk

factors, and most groups agree that adjuvant therapy is

needed [98]. A study reported that the extraocular relapse

rate may be significantly lower when higher dose adjuvant

therapies are used [98]. However, there is no agreement on

this topic, so some groups report encouraging results using

standard doses of carboplatin-based regimens and others

propose that higher intensity regimens, usually also in-

cluding alkylating agents, may yield better results in higher

risk populations [98, 99]. The major limitation of most

studies is the low number of patients included, which make

it difficult to estimate the efficacy of an adjuvant regimen

in cohorts with relatively low risk of extraocular relapse.

6.3 Other Pathology Risk Factors

In addition to massive choroidal, scleral, and post-laminar

optic nerve extension, some groups recommend adjuvant

chemotherapy to other children with putative higher risk

factors such as anterior chamber invasion or combination

of prelaminar optic nerve and focal choroidal invasion [92].

However, the benefit of this approach is difficult to deter-

mine because their risk for extraocular relapse is lower than

3 % without therapy other than enucleation [90]. Most of

the available evidence about the role of pathology risk

factors as predictors of extraocular relapse is based upon

initially enucleated cases, so their impact in cases that have

been secondarily enucleated after chemoreduction is not

known. Most groups follow the same guidelines for the

indication of adjuvant therapy [25]. However, because of

the need to limit high cumulative doses of carboplatin and

etoposide, on occasions the use of alternative regimens

using topotecan or alkylating agents to reduce long-term

toxicity is recommended [76].

7 Management of Patients Presenting Overt

Extraocular Disease

Patients with overt extraocular dissemination are seen more

frequently in developing countries and virtually never seen

in developed countries (Fig. 3) [23]. Delayed diagnosis is

probably the reason for this discrepancy [23].

7.1 Orbital Retinoblastoma

Orbital extension is usually evident on physical examina-

tion of the patient but occasionally it may be recognized

only by imaging studies [100]. With newer and more

sensitive imaging modalities, more subtle orbital invasion,
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especially to the optic nerve or to the sclera, may be more

accurately detected making it difficult to categorize these

patients as with orbital extension [101].

The standard treatment for retinoblastoma with region-

ally disseminated disease includes preoperative che-

motherapy followed by resection of any residual orbital

mass and adjuvant chemotherapy and radiotherapy [102,

103]. Extensive and mutilating surgical procedures such as

orbital exenteration should be avoided since the orbital

masses usually regress after neoadjuvant chemotherapy.

About two thirds of patients with orbital retinoblastoma

may be cured with this approach, however, those present-

ing with massive optic nerve enlargement still do poorly

and more intensive therapies may be necessary [104].

7.2 Metastatic Retinoblastoma

When distant or CNS metastasis are present, the prognosis

is not so favorable. In fact, until the use of high-dose

chemotherapy and autologous stem cell rescue (ASCR) for

the treatment of these children became available, virtually

none survived [85]. According to reported series including

a limited patient number, consolidation with high-dose

chemotherapy and ASCR provides a chance for cure to

about 60–70 % for stage 4a patients (metastatic disease

outside the CNS) [105], even in middle-income countries

with lesser resources [106]. However, even with this

treatment, those with invasion to the CNS (stage 4b dis-

ease) have a dismal prognosis [107].

There are yet unresolved controversies in the manage-

ment of children with metastatic retinoblastoma with high-

dose chemotherapy and ASCR. The role of thiotepa in the

preparative regimens as opposed to other protocols with

less toxic agents is not well defined. The need for post-

ASCR radiotherapy to involved bulky sites, especially the

CNS, is currently not determined. Recent studies showed

that minimal disease is present in the cerebrospinal fluid

(CSF) in children with high risk of CSF relapse, such as

those with massive optic nerve involvement [31]. The use

of intrathecal or intraventricular chemotherapy using new

agents such as topotecan or radioimmunotherapy agents

including radio-labelled GD2 may be considered for these

patients [108].

7.3 Patients with Impending Extraocular

Dissemination

An additional higher-risk patient cohort includes those with

severe buphthalmos caused by glaucoma, but without

conclusive imaging features of extraocular disease [53,

109]. In this particular population, enucleation is manda-

tory for tumor control and most of these patients will show

pathology risk factors [28]. However, enucleation may be

difficult in these patients, even in experienced hands. These

severely swollen eyeballs may make it difficult for the

surgeon to obtain an adequate optic nerve stump and oc-

casionally a tumoral residue may be left [28], which would

make intensive therapy including orbital radiotherapy

necessary for treatment. Additionally, these eyeballs are

more susceptible to perforation which would also require

intensive therapy, including radiotherapy as recommended

for cases with prior intraocular surgery [110]. Recent evi-

dence suggests that some of these children present

minimally disseminated disease in the CSF which would

increase their risk of CSF relapse [31]. Hence, extrapolat-

ing the encouraging experience with the use of neoadjuvant

chemotherapy for overt orbital disease, some groups in-

troduced this treatment for these children with the aim of

facilitating secondary enucleation after chemotherapy in-

duces tumor regression following a limited number of cy-

cles [109]. In addition, in children initially treated with

chemotherapy, it may be introduced earlier compared with

those initially enucleated who would need to wait some

weeks to recover from the procedure [53]. This may pro-

vide a prompt treatment of minimally disseminated dis-

ease. However, with this treatment, risk estimation based

upon pathology would be limited by the fact that pre-

enucleation chemotherapy causes tumor regression, which

occasionally may even be complete, and invasion to critical

coats may go undetected [111]. Hence, this treatment

would aim at reducing the incidence of globe perforation

and incomplete tumor resection in the optic nerve. So, the

groups currently using this strategy recommend planned

enucleation after two or three chemotherapy cycles using

Fig. 3 Massive orbital dissemination as a presenting sign in

retinoblastoma
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agents in doses capable of obtaining a good penetration to

the CNS and continuing adjuvant chemotherapy after

enucleation regardless of the pathology findings [53]. In

cases where invasion to the resection margin is evident

(even if cells look necrotic), orbital radiotherapy should be

considered. Other groups are not using this strategy with

the rationale that not all of these patients actually have

pathology risk factors needing adjuvant therapy which may

be better tailored by initial enucleation and pathology ex-

amination [111] in an untreated eye and that neoadjuvant

chemotherapy and secondary enucleation may cause tumor

progression.

8 Investigational Therapies

Even though many translational research projects including

preclinical models have been developed for retinoblastoma

treatment, their contribution to current patient management

is relatively limited. Topotecan and carboplatin are prob-

ably the drugs that were evaluated more thoroughly in

preclinical models and their ocular pharmacology has been

characterized in detail [112, 113]. More recently, melpha-

lan ocular pharmacology was fully characterized [64];

however, most of the studies were done after it was in-

troduced for patient use. For IAC, the pharmacokinetic

assessment of the ocular and systemic disposition of intra-

arterial melphalan and topotecan was carried out in non-

tumor-bearing swine [114] and primate [115, 116] models

due to the size of the animal and the size of the ophthalmic

artery that technically allowed for catheterization. Despite

being the best possible animal models to perform the

studies on, the anatomical and physiological differences

between the species only provide estimative data. Also, it

has to be acknowledged that there are no tumor-bearing

animal models whose size allows for super-selective infu-

sion into the ophthalmic artery.

Besides the characterization of the ocular pharmacology

and in vitro and in vivo antitumor activity of conventional

drugs, preclinical models may play a critical role in finding

new treatment strategies for retinoblastoma in two addi-

tional fields [117]. One is the development of improved

delivery systems to the vitreous in order to treat vitreous

seeding in a more effective way. Devices for sustained-

release preparations for periocular and intravitreal routes

were evaluated [118]. One of them, embedding che-

motherapy to fibrin sealant to increase the dose and achieve

a longer exposure, made its way to the clinic [119, 120].

However, many interesting targeted therapies such as anti-

angiogenic [121] or hypoxia-targeting [122] agents,

for example, have not yet progressed further from

animal models. Additionally, preclinical work is critical to

identify new targets based on molecular mechanisms for

tumorigenesis in retinoblastoma. The earliest experience in

this field was reported for nutlins [123–125]. Nutlins, and

specifically nutlin-3, are selective inhibitors of the p53–

MDM2 interaction where MDM2 is a negative regulator of

p53. Thus, by targeting the results of the extra copies of the

MDM2 gene in retinoblastoma cells, nultin-3 could induce

cell death mediated by p53. Nultin-3 showed promising

activity in combination with topotecan in retinoblastoma

cell lines and tumor-bearing animals [123]. However, be-

cause of pharmacological and ocular bioavailability

limitations, this drug was not explored further. More re-

cently, spleen tyrosine kinase (SYK), another new target

identified by sequencing the whole genome and the epi-

genome of retinoblastoma tumors, became of interest for

further clinical use [126]. Specifically, SYK is a proto-

oncogene required for retinoblastoma cell survival and

evidenced to be upregulated in retinoblastoma samples.

Taking into account that this target has already been related

to other malignancies, it would be of interest to have a

deeper understanding of its implications and therapeutics in

retinoblastoma. SYK inhibitors such as fostamatinib were

evaluated in transgenic and xenograft models showing an

encouraging activity, but limitations in its ocular pharma-

cology made it difficult to translate to the clinic [127]. The

recent identification of MYCN as a driver for retinoblas-

toma tumorigenesis in cases with no RB1 gene mutation

also provides an opportunity for targeted therapy [128]. All

these developments highlight that for a new agent to be-

come incorporated in the clinics, issues like ocular phar-

macology including pharmacokinetics and safety

assessment are essential for their feasibility. Thus, defining

therapeutic doses and schedules of treatment is a very

sensitive task that should be performed in conjunction with

different preclinical models. Limitations in animal models

include the fact that transgenic mice do not entirely reca-

pitulate the tumorigenic steps of human retinoblastoma and

xenografts are created by injecting human retinoblastoma

cells in the vitreous or the subretinal space. This mechan-

ism is not the same as that of human retinoblastoma where

the tumor grows from the retina to these spaces. Major

changes in the blood–retinal barrier make it difficult to

translate the results to the human situation.

New knowledge generated from genomic studies may

provide more specific clues for assessing the risk of ex-

traocular relapse than conventional pathology. The recent

characterization of retinoblastoma subtypes with potential

differences in their malignant potential may be the first step

in identifying genetically higher risk populations [129].

Another aspect of recent research that is of great interest is

based on the need for identification of patients with ad-

vanced disease with extraocular dissemination but before

metastasis is present. As for other pediatric malignancies,

the study of minimally disseminated disease by molecular
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techniques may provide new information on the patterns of

dissemination of retinoblastoma and their clinical impli-

cations. In this area, new data about the detection of

molecular markers showed promising results for identify-

ing these patients at high risk of metastasis [31, 130]. Fi-

nally, non-invasive imaging studies capable of recognizing

viable retinoblastoma cells would also provide important

information potentially affecting the management of this

tumor [131].
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