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Although rare, retinoblastoma has been at the fore-
front of cancer research and treatment for the last 
three decades. The two-hit hypothesis of oncogenesis 
proposed by Alfred Knudson provided the conceptual 
framework for tumor suppressor gene research and 
led to the discovery of the retinoblastoma pathway as 
a key element in cancer development. More recently, 
the treatment of children with retinoblastoma has also 
provided a model for modern approach to the can-
cer patient; state of the art retinoblastoma treatment 
can only be conceived in the context of the multidis-
ciplinary approach needed to address the oncologic, 
ophthalmologic, and developmental dimensions of 
these unfortunate children.

Treatment of retinoblastoma has evolved at a 
significant speed over the last two decades; ocular 
salvage approaches are now at the core of modern 
treatments, and assessment of visual and functional 
outcomes have become priority. New discoveries in 
retinoblastoma biology are leading the way to the 
development of targeted therapies that could revo-
lutionize our current approaches to the treatment of 
this malignancy. But as we continue to make progress 
in this challenging field, we must not forget those less 

fortunate; while in the developed world eye preserva-
tion has become a priority, developing countries con-
tinue to face delays in diagnosis, poor access to care, 
and suboptimal treatment – the problem in the less 
developed world is cure.

In this book, we have invited a team of experts to 
address all those important aspects of retinoblastoma 
research and therapy - from biology to epidemiology 
to treatment. We hope that in subsequent editions we 
will be able to continue to provide updates on such 
exciting subjects.

As we finalize this work, we cannot forget those who 
preceded and mentored us, especially John L. Hunger-
ford, FRCS, FRCOphth, Hans E. Grossniklaus, MD, 
Barrett G. Haik, MD, FACS, Anna T. Meadows, MD, 
and very especially the late Charles B. Pratt, MD. We 
also cannot forget our families and our patients, who 
have provided the inspiration to guide our careers. 
To all of them this work is dedicated.

Carlos Rodriguez-Galindo, MD
Boston, MA
Matthew W. Wilson, MD
Memphis, TN
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1Chapter 1

Biology of Retinoblastoma

M.A. Dyer

1.1 Landmark Discoveries in Cancer Genetics

Studies on retinoblastoma have led to several landmark 
studies in cancer genetics over the past 4 decades. In  
1971, Knudson proposed that retinoblastoma might 
initiate by biallelic inactivation of a putative tumor 
suppressor gene (Knudson 1971). This “two-hit 
hypothesis” was based on the observation that there 
were two distinct forms of retinoblastoma seen in the 
clinic. Children with a family history of retinoblas-
toma often had bilateral multifocal retinoblastoma. 
In contrast, children with unilateral retinoblastoma 
rarely had any family history of the disease. Knud-
son proposed that for retinoblastoma to form, both 
copies of a putative tumor suppressor gene had to be 
inactivated. Children with a family history of retino-
blastoma inherited a defective copy of this tumor sup-
pressor gene and were likely to have retinal cells that 
sustained mutations in the second allele, leading to 
multifocal bilateral retinoblastoma. In contrast, chil-
dren who have two intact copies of the retinoblastoma 
susceptibility gene develop retinoblastoma only when 
a single cell sustains two independent mutations that 
inactivate both copies of the gene. The lower probabil-
ity of two inactivating mutations in the retinoblastoma 
susceptibility gene could account for the observation 
that these children often had unilateral retinoblastoma  
with fewer tumor foci.

Several years later, Weinberg’s lab cloned Knudson’s 
putative tumor suppressor gene by studying genetic 
lesions and chromosomal aberrations in families 
with a history of retinoblastoma (Friend et al. 1986). 
This was the first human tumor suppressor gene to 
be cloned and it was named RB1 (Friend et al. 1986). 
Initially, researchers believed that RB1 was important 
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Chapter 1 Biology of Retinoblastoma2

for retinoblastoma susceptibility, but its role in other 
human cancers was unknown until Harbour and col-
leagues found that the RB1 gene was also mutated in 
lung cancer (Harbour et al. 1988). Today, it is widely 
held that most, if not all, tumors have sustained genetic 
lesions in their Rb pathway that contribute to deregu-
lated cellular proliferation. These landmark studies on 
the genetics of retinoblastoma susceptibility have had a 
major impact on our understanding of tumor suppres-
sor genes and have formed the framework for much 
of our current knowledge of genetic lesions associated 
with tumorigenesis.

1.2 The Retinoblastoma Paradox

Having established that mutations in the RB1 gene led 
to retinoblastoma in children and that virtually every 
retinoblastoma initiated with RB1 inactivation, three 
research teams set out to model retinoblastoma in mice 
by targeted mutagenesis of the mouse Rb1 gene. In 
1992, three labs simultaneously published their charac-
terization of the Rb-deficient mice (Lee et al. 1992; Jacks 
et al. 1992; Clarke et al. 1992). Surprisingly, mice that 
inherit a defective copy of the Rb1 gene never develop 
retinoblastoma. Importantly, Rb1 is a tumor suppressor 
in mice because the Rb+/− mice have an increased inci-
dence of pituitary tumors. In addition, the human RB1 
gene can rescue the embryonic lethality associated with 
germline inactivation of both copies of the Rb1 gene, 
suggesting that much of Rb function in development is 
conserved across mammalian species (Maandag et al. 
1994). Taken together, these observations suggest that 
the paradox surrounding the species-specific suscepti-
bility to retinoblastoma following Rb gene inactivation 
is probably not due to divergent functions of the Rb 
protein in mice and humans.

The first clue to begin to explain why mice do 
not develop retinoblastoma came from a study using 
chimeric mice made from embryonic stem (ES) cells 
lacking both copies of Rb1 alone or in combination 
with biallelic inactivation of another Rb family mem-
ber called p107 (Robanus-Maandag et al. 1998). Chi-
meric mice made with Rb−/− ES cells did not develop 
retinoblastoma suggesting that loss of heterozygosity 
at the Rb1 locus was not the rate-limiting step to tumor 

initiation in mice. Importantly, chimeric mice made 
from Rb−/−; p107−/− mice did develop retinoblastoma 
suggesting that p107 can suppress retinoblastoma in 
mice. Chimeric mice are technically challenging to 
generate, and this study was limited to a handful of 
animals with retinoblastoma. More importantly, chi-
meric mice are not feasible for testing new therapies to 
treat retinoblastoma, so this discovery had no impact 
on the clinical management of retinoblastoma. In 
addition, these studies did not explain why the p107 
gene had to be inactivated in addition to the Rb gene 
to form retinoblastoma in mice.

Several years after this important discovery, studies 
on the role of the Rb family in mouse and human reti-
nal development offered an explanation to this long-
standing paradox (Donovan et al. 2006). We found that 
when Rb is inactivated in the developing retina, the 
p107 gene is upregulated in a compensatory manner. 
Previous studies have shown that this is probably due 
to a direct role of Rb in suppressing p107 expression in 
the mouse through conserved E2F binding sites in the 
p107 promoter. We also found that p107 can compen-
sate for Rb inactivation, which explains why p107-defi-
cient mice do not develop retinoblastoma (Donovan et 
al. 2006; Zhang et al. 2004). Based on these data and 
the normal expression pattern of Rb and p107 in the 
developing mouse retina, we hypothesized that simul-
taneous inactivation of Rb and p107 in the develop-
ing mouse retina would lead to retinoblastoma. Using 
Chx10-Cre;RbLox/Lox;p107−/− mice, we were able to pro-
duce the first knockout mouse model of retinoblastoma 
by inactivating the Rb gene in the retinal progenitor 
cells of p107−/− mice. Shortly after this study was pub-
lished, two independent groups published similar find-
ings (MacPherson et al. 2004; Chen et al. 2004). One 
of these groups extended our findings to show that 
simultaneous inactivation of Rb and p130 could also 
lead to retinoblastoma (MacPherson et al. 2004). Our 
developmental studies have shown that there is no 
compensation by p130 when either Rb or p107 is inac-
tivated (Donovan et al. 2006). However, there is redun-
dant expression of Rb and p130 in a subset of retinal 
cells during postnatal mouse retinal development, and 
we have postulated that simultaneous inactivation of 
Rb and p130 can overcome this intrinsic genetic redun-
dancy (Macpherson and Dyer 2007).
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These data from genetic studies of the developing 
mouse retinae do not explain why human are suscepti-
ble to retinoblastoma following RB1 gene inactivation. 
To address this question, we studied the expression of 
the Rb family (Rb, p107 and p130) at 8 stages of human 
retinal development (Donovan et al. 2006). The nota-
ble difference between humans and mice is the expres-
sion of p107. In mice, the primary family member 
expressed in retinal progenitor cells during embryonic 
development is the p107 gene. Around birth, p107 
levels decrease and Rb takes its place as the major Rb 
family member in retinal progenitor cells. Human reti-
nal progenitor cells do not express p107 at any stage 
of development. To test if p107 could compensate for 
RB1 loss in the human retina, we reduced RB1 protein 
levels in the developing human retina using an siRNA 
(Donovan et al. 2006). We could detect no compensa-
tory increase in p107 following RB1 gene inactivation 
in the human fetal retinae. Taken together, these data 
suggest that the species-specific difference in retino-
blastoma susceptibility to Rb gene inactivation reflects 
this differential compensation by the p107 gene in 
mice and humans.

1.3 Secondary Genetic Lesions  
in Retinoblastoma

It has been well established that cancer progression 
involves sequential genetic lesions in tumor suppres-
sor pathways that control proliferation, cell death, 
cell adhesion, telomere maintenance and growth fac-
tor dependence. As mentioned above, retinoblastoma 
initiates with inactivation of the RB1 tumor suppres-
sor gene. However, until recently, relatively little was 
known about the subsequent genetic lesions that 
contribute to retinoblastoma progression. In addi-
tion to the Rb pathway, one of the most important 
tumor suppressor pathways is the p53 pathway. The 
p53 pathway is responsible for inducing cell cycle exit 
and/or apoptosis when a cell encounters inappropri-
ate deregulated proliferation or “oncogenic stress.” It is 
important to note that the p53 pathway is directly con-
nected to the Rb pathway through the p14ARF tumor 
suppressor gene (Fig. 1.1). Jackie Lees and colleagues 
have shown that the p14ARF gene is regulated by RB1 

through E2F3a/b (Aslanian et al. 2004). Therefore, in a 
mature cell that exhibits oncogenic stress and deregu-
lated RB1 function, the p14ARF gene is activated and 
this leads to accumulation of p14ARF protein, which 
in turn sequesters the MDM2 protein. The p53 pro-
tein is regulated by the combined activity of MDM2 
and MDMX through distinct mechanisms (Marine 
et al. 2007). MDM2 regulates p53 protein stability, 
subcellular localization and binding to the promoters 
of p53 target genes. In contrast, MDMX is believed 
to regulate p53 transcriptional activity once it has 
bound the target genes involved in cell death and cell 
cycle exit. This well-established connection between 
the Rb and p53 tumor suppressor pathways led us to 
begin to explore the p53 pathway in retinoblastoma. 
Specifically, if RB1 gene inactivation is the initiat-
ing genetic lesion in retinoblastoma, then according 
to the established dogma, the p53 pathway should be 
activated, and this should lead to rapid cell cycle exit 
and cell death through activation of p14ARF. We found 
that the p14ARF gene is expressed at very high levels 
in primary retinoblastomas suggesting that the p14ARF 
gene is directly regulated by RB1 in retinoblasts (Lau-
rie et al. 2006). Next, we explored the other genes in 
the p53 pathway including MDM2, MDMX and p53. 
We found that the MDMX gene was amplified in 65% 
of human retinoblastomas and MDM2 was ampli-
fied in an additional 10% of cases (Laurie et al. 2006). 
The p53 gene was intact in all of the retinoblastomas 
analyzed and functional p53 protein was produced in 
retinoblastoma. These data led to a model in which 
retinoblastomas initiate with RB1 gene inactivation 
producing deregulated proliferation of retinoblasts 
in the developing retina, and these cells subsequently 
sustain a genetic amplification of the MDMX gene 
(Fig. 1.1). Due to the connection between the Rb and 
p53 pathways, the ectopic proliferation of RB1-deficient 
retinoblasts is offset by p53-mediated cell death until 
the p53 pathway is suppressed by increased MDMX 
expression. MDMX can then bind and suppress p53-
mediated transcriptional activation, and this is not 
reduced by p14ARF because it is unable to bind to 
MDMX. To directly test this model, we performed a 
series of experiments in mouse models of retinoblas-
toma as well as primary human fetal retinae (Laurie 
et al. 2006). Data from these studies confirmed that 
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Chapter 1 Biology of Retinoblastoma4

ectopic expression of MDMX can indeed suppress 
p53-mediated cell death in RB1-deficient retinoblasts. 
More recently, we have generated a mouse strain with 
conditional Cre-mediated increased expression of the  
MDMX gene in Rb;p107-deficient retinoblasts (Dyer and 
Lozano, in preparation). As predicted, these mice develop 
aggressive, invasive retinoblastoma similar to those of 
Chx10-Cre;RbLox/Lox;p107−/−;p53Lox/Lox mice (Fig. 1.2).

These data not only provided the first insight into 
the secondary genetic lesions of retinoblastoma but 
they also provided the first target for locally delivered 

chemotherapy. We found that a small molecule inhibitor of 
MDM2-p53 called nutlin-3a could also bind MDMX 
and prevent binding of MDMX to p53 (Laurie et al. 
2006). In animal models of retinoblastoma, locally 
delivered subconjunctival nutlin-3a could induce p53-
mediated cell death and provided a more effective and 
less toxic treatment for retinoblastoma than the con-
ventional broad-spectrum systemic chemotherapy that 
is used to treat retinoblastoma throughout the world.

Having established the primary and secondary 
genetic lesions in retinoblastoma, one of the most 

Figure 1.1

The Rb and p53 pathways are interconnected through the p14ARF tumor suppressor. a In normal retinoblasts, the Rb pro-
tein binds the promoter of the p14ARF gene and suppresses transcription. The low levels of p53 protein found in normal 
retinoblasts are bound to the two negative regulators of p53 called MDM2 and MDMX. As a result, the p53 target genes 
important for mediating cell cycle exit and cell death are silenced. b In a retinal cell lacking Rb, p14ARF transcription is 
activated and this sequesters MDM2, freeing up p53 to activate the transcription of genes important for mediating cell 
cycle exit and cell death. In this way, cells undergoing oncogenic stress are eliminated and this helps to prevent tumor 
initiation. MDMX is not bound by p14ARF. c We have found that in Rb-deficient retinoblasts, the MDMX gene is amplified 
and MDMX protein and mRNA accumulate. This leads to inactivation of p53, and the accumulated p14ARF cannot sup-
press MDMX because it does not efficiently bind to the MDMX protein

4
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important questions that remains is what are the 
genetic lesions that contribute to tumor cell invasion 
and metastasis. Virtually, nothing is known about the 
genetic lesions that follow Rb and p53 pathway inacti-
vation and contribute to changes in cell adhesion and 

motility that allow retinoblastoma tumor cells to invade 
the anterior chamber, the choroid, the retina, and the 
optic nerve. The new preclinical models of retinoblas-
toma that develop aggressive metastatic disease com-
bined with bioinformatics approaches to identify the 
critical molecular pathways should pave the way for 
major advances in this area of retinoblastoma research 
(Ajioka et al. 2007).

1.4 Preclinical Models of Retinoblastoma

Several different preclinical models of retinoblas-
toma have been developed over the past several years 
(Zhang et al. 2004; Laurie et al. 2005). As with any ani-
mal model of human disease, these models have inher-
ent strengths and weaknesses and the best approaches 
focused on using preclinical models to assess the effi-
cacy of new therapies combine complementary models. 
One of the first preclinical models of retinoblastoma 
was the SV40 T antigen model that was produced as an 
unintended consequence of efforts to produce a differ-
ent type of model (O’Brien et al. 1990). The imprecise 
manner in which this model was generated, as well as 
the lack of subsequent characterization, makes it of 
little use for modeling human retinoblastoma. More-
over, it is now widely accepted in cancer biology that 
ectopic expression of potent viral oncogenes in mouse 
tissues rarely recapitulate the human cancers that form 
by inactivation of tumor suppressor pathways. Indeed, 
it is not even known when or where the viral oncogene 
is expressed in the T-antigen mouse model of retino-
blastoma, making it virtually unusable for modeling 
human retinoblastoma.

As mentioned above, in 1992, three different labora-
tories characterized mice carrying a targeted deletion 
of the Rb1 gene. Based on the genetics of the human 
disease, researchers predicted that the Rb1+/− mice 
would develop bilateral retinoblastoma just as children 
who inherit a defective copy of the RB1 gene. Surpris-
ingly, these mice never developed retinoblastoma. Our 
study showing that p107 compensates for the loss of 
Rb1 in the mouse retina suggested that simultaneous 
inactivation of both Rb1 and p107 may lead to retin-
oblastoma in mice. We were able to directly test this 

Figure 1.2

The p53 pathway suppresses retinoblastoma in mice. 
Conditional inactivation of Rb and p107 in the devel-
oping mouse retina leads to retinoblastoma, but this 
is a mild form of the disease that tends to be unilat-
eral and does not invade or metastasize efficiently. The 
majority of animals can live up to 1 year of age with-
out requiring intervention due to tumor progression. 
In contrast, conditional inactivation of Rb, p107 and 
p53 leads to aggressive and invasive retinoblastoma 
that is typically bilateral and accompanied by local 
invasion and metastasis. Virtually, all animals must be 
euthanized due to tumor progression by the time they 
reach the age of 200–250 days. Previous studies have 
shown that the p53 gene is not mutated in human 
retinoblastomas and we have reported that MDMX 
gene amplification leads to suppression of the p53 
pathway in human retinoblastoma. Based on these 
data, we predicted that conditional ectopic expres-
sion of MDMX in Rb,p107-deficient retinoblasts would 
lead to aggressive invasive retinoblastoma similar to 
that seen with Rb, p107- and p53-deficient retinoblasts.  
This is precisely what we found (red line)

5
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hypothesis using a conditional inactivation approach, 
which was required because Rb-deficient mice exhibit 
an embryonic lethal phenotype. We showed that 
Chx10-Cre;RbLox/Lox;p107−/− mice develop retinoblas-
toma, and this was later confirmed by two other labo-
ratories using different Cre transgenic lines (Zhang et 
al. 2004; MacPherson et al. 2004; Chen et al. 2004). The 
advantage of these models is that the tumors initiate 
during retinal development in utero just as in human 
retinoblastoma and they initiate with inactivation of 
the Rb pathway. Since these early studies, several other 
genetic combinations have been characterized that 
develop retinoblastoma. These include: Chx10-Cre;RbLox/

Lox;p107−/−;p53Lox/Lox, Chx10-Cre;RbLox/Lox;p130−/−,  
Chx10-Cre;RbLox/Lox;p130−/−;p53Lox/Lox, Chx10-Cre;RbLox/Lox; 
p107+/−,p130−/−, Chx10-Cre;RbLox/Lox;p107−/−;MDMXTg 
and similar genotypes with other Cre transgenes 
(Ajioka et al. 2007). A detailed comparison of each of 

these strains will be required to determine which most 
faithfully recapitulates the human disease and is there-
fore the best model for preclinical studies of new thera-
pies to treat human retinoblastoma.

One of the limitations of these genetic murine 
models of retinoblastoma is that they are often mul-
tifocal originating from patches of cells lacking Rb 
pathway function. In contrast, it is believed that in 
the human retina, retinoblastoma forms from a small 
number of individual cells in isolated regions of the 
retina. Moreover, it has not been demonstrated that 
the mouse tumors recapitulate the subsequent genetic 
lesion found in human retinoblastoma, such as MdmX 
amplification.

In contrast, orthotopic xenograft models have sev-
eral advantages that complement the deficiencies in 
the genetic models of retinoblastoma (Fig. 1.3) (Laurie 
et al. 2005). First, they are established in the developing 

Figure 1.3

Orthotopic retinoblastoma xenograft using newborn rats and mice. To complement the genetic models of retinoblastoma, 
we have also developed and characterized an orthotopic xenograft model. A human retinoblastoma cell line expressing 
firefly luciferase was generated, and when 1,000 cells are injected into the vitreous of a newborn rat or mouse pup eye, 
they rapidly expand and form retinoblastoma in the subsequent 9–10 days. They reorganize the retinal vasculature and 
invade the surrounding tissue. Longitudinal studies with these animals can be carried out due to the noninvasive detec-
tion of tumor cell growth (and response) using the Xenogen imaging system

6
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vitreous, which is precisely where the tumor forms 
normally. Second, they are formed from human tumor 
cell lines that were derived from enucleated retinoblas-
toma eyes. Third, they have well characterized genetic 
lesions that occur in the human disease and serve as 
a reasonable model for aggressive human retinoblas-
toma. Fourth, they grow in the vitreous and reorganize 
the retinal vasculature similar to that seen in human 
retinoblastoma. They are also much higher through-
put than the mouse models and have well character-
ized tumor initiation and progression. These models 
have been extensively used in preclinical studies of 
chemotherapy for the treatment of retinoblastoma as 
well as other novel methods to stop retinoblastoma 
tumor progression. The limitation of xenograft models 
is that the tumor is formed by fully transformed retin-
oblastoma cell lines that may have undergone genetic 
changes that allow them to grow in culture and are not 
present in the primary tumor. In addition, they do not 
go through the process of tumor initiation and progres-
sion in situ and, in this regard, they do not recapitulate 
the human disease. The strengths and weaknesses of 
the knockout mouse models and the orthotopic xeno-
graft models are complementary and, therefore, the 
best preclinical studies combine these two models to 
gain the most complete picture of treatment efficacy 
before moving into clinical trials.

1.5 Improving Retinoblastoma Treatment  
with Preclinical Studies

Preclinical models are required for rare childhood 
cancers, such as retinoblastoma, because there are not 
enough patients for large-scale multicenter clinical tri-
als. A single clinical trial for retinoblastoma may take 
up to 5 years to complete. Preclinical models that faith-
fully recapitulate the human disease provide a unique 
opportunity to test a variety of different combinations 
of chemotherapy in a fraction of the time required for a 
human clinical trial. Moreover, preclinical studies allow 
researchers to optimize the timing and method of drug 
delivery and the relationship between pharmacokinetics 
and pharmacodynamics for each treatment.

The major challenges that we currently face for 
preclinical studies of retinoblastoma are related to the 

diagnosis of early stage tumors and monitoring tumor 
progression using imaging modalities that are used in 
the clinical management of retinoblastoma. It is also 
very important to monitor visual acuity in preclinical 
models of retinoblastoma because the ultimate goal of 
therapeutic intervention is to preserve vision without 
risking the child’s life. A definitive diagnosis of retin-
oblastoma is made using a retinal camera, MRI, and 
ultrasound. Therefore, these modalities must be incor-
porated into preclinical studies of retinoblastoma. 
Intraocular pressure (IOP) must also be carefully 
monitored because, in some cases, elevated IOP can 
lead to optic nerve damage and secondary blindness. 
The most comprehensive preclinical studies of retino-
blastoma would incorporate tumor diagnosis using a 
retinal camera combined with ultrasound and MRI, 
and visual acuity would be continuously monitored 
along with IOP over the course of treatment.

The other advantage offered by preclinical models is 
the opportunity to study alternative methods for drug 
delivery. In patients, clinicians have experimented 
with subconjunctival delivery of chemotherapy as well 
as intraocular delivery, but a careful side-by-side com-
parison of these different approaches.

1.6 Cell of Origin for Retinoblastoma

One of the most debated topics in the retinoblas-
toma field is the identification of the cell of origin 
(Macpherson and Dyer 2007; Dyer and Bremner 
2005). Traditionally, pathologists have characterized 
the structure histopathological features of tumors 
and compared those to cell types found in the normal 
tissue to provide support for the cell of origin. More 
recently, scientists have used sophisticated molecular 
analyses and advanced imaging techniques to pro-
vide more detailed profiles of the differentiated fea-
tures of tumor cells. However, the major limitation of 
this approach is that it assumes that tumor cells are 
somehow fixed in their developmental program and 
that this relates to the cell of origin. This view fails to 
take into account the evidence accumulated over the 
past decade that tumor suppressor genes can regu-
late cell fate specification and differentiation as well 
as proliferation and survival. Therefore, inactivation 

7
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of one or more tumor suppressor pathways may lead 
to changes in the apparent fate of developing tumor 
cells in addition to changes in their proliferation and 
survival. This makes it difficult if not impossible to 
identify the cell of origin for a tumor by character-
izing the tumor cells no matter what techniques are 
employed. It is much more informative to identify 
the precise genetic lesions that initiate and propagate 
the tumor and then study how those genetic changes 
affect different cell types in the tissue of origin. Using 
this approach, we can compare the tumor phenotype 
from different cells of origin with the genetic lesions 
seen in the human tumors to reconstruct the biology 
of tumor progression.

Another complicating factor in CNS tumors, such 
as retinoblastoma, is that the tumor may originate 
from a retinal progenitor cell. In the mammalian CNS, 
progenitor cells are multipotent, and therefore, when 
these cells become transformed, they may produce 
cells that express a variety of markers and further com-
plicate efforts to infer the cell of origin.

For retinoblastoma, the evidence points to a reti-
nal progenitor cell as the cell of origin and this has 
led to a general consensus in the field (Macpherson 
and Dyer 2007). Preclinical models were instrumen-
tal in making these advances in our understanding 
of the cell of origin. The first piece of evidence is that 
retinoblastoma mutations likely occur in dividing 
cells and these cells are the retinal progenitor cells. 
Moreover, efforts to model retinoblastoma in newly 
postmitotic cells or differentiated cells in the mouse 
retinae have been largely unsuccessful (Vooijs et al. 
2002). Also, retinoblastomas have many features of 
retinal progenitor cells and produce differentiated 
cells with features of amacrine neurons and horizon-
tal neurons (Zhang et al. 2004; Ajioka et al. 2007). It 
is not known if this is a default state or if this is the 
stage of development that initiated the tumor initia-
tion mutation. The only piece of evidence that the 
cell of origin may not be a progenitor cell has come 
from recent studies showing that a differentiated 
horizontal neuron can give rise to retinoblastoma 
in one particular animal model (Ajioka et al. 2007). 
We think this reflects a unique aspect of horizontal 
neurons rather than the true cell of origin in human 
retinoblastoma.

1.7 Conclusions

Research on retinoblastoma has been at the center of 
many of the landmark discoveries in cancer genetics 
over the past 3 decades. However, despite these impor-
tant advances in our understanding of cancer initia-
tion and progression, research discoveries have had 
little impact on the clinical management of retinoblas-
toma until recently. By focusing on the role of the Rb 
family in retinal development, several research teams 
have gained insight into how the Rb family of proteins 
regulates retinal progenitor cell proliferation and dif-
ferentiation in the retina. In just a few years, novel 
animal models of retinoblastoma have been developed 
that recapitulate the human disease and these models 
have now been used to test new combinations of che-
motherapy and have contributed to innovative clinical 
trials. Moreover, mouse models were instrumental in 
identifying secondary genetic lesions in retinoblas-
toma and developing the first targeted chemotherapy 
for this disease. Finally, studies on genetically engi-
neered mice have led to a better understanding of the 
retinoblastoma cell of origin and retinoblastoma pro-
gression. These advances and many others have set 
the stage for a new phase of retinoblastoma research 
in which preclinical studies will more directly impact 
clinical trials for this debilitating childhood cancer.
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2.1 Introduction

From an epidemiologic perspective, retinoblastoma 
is one of the most interesting childhood tumors to 
study. Retinoblastoma is a primitive neuroectodermal 
tumor, and its occurrence in early childhood suggests 
that incidence can be associated with events affecting 
development of neuroectodermal tissues during the 
fetal period. Furthermore, it exists in two genetically 
distinct forms associated with differing (though not 
mutually exclusive) clinical presentations (see chapters 
3 and 4). This allows the formulation of two distinct, 
though parallel, mechanisms for disease develop-
ment. Additionally, there is considerable geographic 
variation in incidence, suggesting differential genetic 
susceptibility or environmental exposure(s). The com-
bination of these three factors: a defined and relatively 
limited temporal window for development; two genet-
ically distinct forms arriving, via different genetic 
pathways, to essentially identical histologic presenta-
tions; and the geographic variation in incidence sug-
gest several handles/angles through which one could 
examine associations and risk factors for development 
of this disease. Despite these facts, and due in large 
part to the rarity of the disease, little is understood 
about the factors that culminate in the relatively well 
understood cell cycle and apoptotic pathway defects 
that define retinoblastoma at a molecular level.

Much has been published regarding the molecular 
changes that occur during the development of retino-
blastoma, and recently, more reports have become 
available regarding incidence, survival, and treat-
ment in countries outside of northern North America 
and Europe. Results from these studies point to some 
potential risk factors underlying disease development; 
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however, few studies have been done to specifically 
elucidate these factors. Thus, this discussion of the 
epidemiology of retinoblastoma will, out of necessity, 
focus on disease incidence and on those few hypo-
theses that have been explored using population based 
study methodology.

2.2 Incidence

2.2.1 Population Differences in Incidence

Global incidence data for retinoblastoma show an 
approximate 50-fold variation, which is highly atypical 
for a pediatric tumor. This degree of variation is com-
parable to that seen in adult malignancy, such as cer-
vical, gastric, and colon cancer, in which variations in 
environmental exposures – such as infectious agents 
and diet – are known to play a role. Other pediatric 
tumors with widely varying incidence rates, such as 
Hodgkin and non-Hodgkin Lymphomas, are tumors 
in which infectious agents are known to play a role. 
For retinoblastoma, when incidence data show sepa-
rate rates for unilateral and bilateral disease, variation 
in incidence appears largely restricted to unilateral 
disease (Stiller and Parkin 1996). The incidence of 
unilateral retinoblastoma appears to be higher in 
several less affluent regions of the world, suggesting 
that environmental factors associated with poor liv-
ing conditions may increase the risk of mutagenesis 
in retinal cells (Stiller and Parkin 1996); however, 
many of the rates that suggest increased incidence in 
less affluent countries are based on small numbers of 
cases and thus, need to be interpreted with caution.

Retinoblastoma occurs primarily in children 
under the age of 5 years, with a median age of diag-
nosis of 24 months in children with unilateral disease 
and 9–12 months in children with bilateral disease 
(Goddard et al. 1999; Butros et al. 2002). Later age at 
diagnosis is generally reported in areas where there 
is decreased access to medical care, but diagnosis in 
children older than 5 years of age is rare. One group 
in Sao Paulo, Brazil, examined the incidence of retino-
blastoma in older children and found that of 453 cases 
of retinoblastoma, only 3.5% (16) were diagnosed 
after 60 months of age (Aguirre Neto et al. 2007). 

Incidence rates are thus frequently expressed as 
“per million children 0–4 years of age,” rather than as 
“per million children 0–14 years of age,” as is common 
for other childhood cancers.

According to population-based registry data com-
piled and published by the International Agency for 
Research in Cancer (IARC), incidence rates are gener-
ally similar in North America, Europe, and Australia; 
somewhat higher rates are observed in Central and 
South America; a wide range of rates are reported in 
Asia with the highest in one region in India (Chennai); 
and generally higher rates are observed in Africa 
(Parkin et al. 1998). This pattern supports the hypoth-
esis of higher retinoblastoma incidence in less indus-
trialized countries, though the highest rates are clearly 
in Africa and a range of rates are observed in other 
less industrialized countries. A comparison of the inci-
dence rates for those registries with incidence greater 
than 15 per million children less than 5 years, using the 
registry data compiled by IARC, is shown in Table 2.1 
(Parkin et al. 1998). Large variation within geographic 
regions and even within countries is evident within 
both more and less industrialized regions (compari-
sons are limited to those countries with multiple reg-
istries). Variation within the US is described below. 
In Europe, although most countries have incidences in 
the range of 6–12 per million less than 5 years, much 
lower rates are noted in Bulgaria, and higher rates are 
noted for several countries (see Table 2.1).

There is marked variation in rates within Latin 
America, though data is limited to those countries or 
cities with registries. Incidence rates cluster into two 
groups: less than 9.5 per million in countries such as 
Cuba and Uruguay with the lowest rates, and greater 
than 15 per million children <5 years in others. Some 
of this variation appears to correlate with variation in 
development indices, such as Gross National Prod-
uct, literacy, and degree of health care system infra-
structure. Within countries, there is also a suggestion 
of variation by economic development, with higher 
rates in poorer regions of countries such as Mexico 
(see below) and Brazil, where incidence in Goiania 
is 1.6 times that of Belem. The regions with higher 
incidence may differ from those with lower inci-
dences in many other factors including ethnic origin 
and environmental exposures.
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In Asia and Oceania, some registries have documented 
incidence by ethnic origin, and this has further high-
lighted populational differences in incidence; for exam-
ple, in New Zealand, rates differ between Maoris and 
non-Maoris (see Table 2.1), and in Singapore, where 
incidence in Malays is one third that of ethnic Chinese. 
Regional variations in incidence are also present. Nota-
bly, incidence in India is markedly higher in Chennai 
(formerly Madras) than in Delhi, Bombay, Bangalore, 
or Poona. Incidence in New Zealand is far higher than 
incidence in Australia. Incidence in Africa also varies 

greatly, with population based registries in Algeria and 
Egypt documenting rates of 4–6 per million <5 years, 
while incidence rates for some sub-Saharan African 
countries, such as Mali, Uganda, and Zimbabwe, are 
amongst the highest worldwide. These incidence varia-
tions suggest that environmental factors may be play-
ing a role, though genetic susceptibility to particular 
environmental exposures may explain some of these 
differences.

Recent articles have further delineated population 
differences. In Europe, a recent evaluation of incidence 

Table 2.1. Registries with the highest incidence of retinoblastoma

Rates per million  
children ages 0–4

Registry/Ethnicity Country Incidence a Total cases  
(N < 1 yr) + 
(N age 1-4)

Ratio M:F

Registries with rates >20.0 Bamako Mali 42.5 2 + 46 1.5
Kampala Uganda 24.0 4 + 15 1.4
Zimbabwe (African 
ancestry)

Zimbabwe 23.3 1 + 17 1.3

Hawaii (native 
Hawaiians)b

US 22.5 4 + 7 0.2

IMSS Chiapasb,e Mexico 21.8 12 0.5
Alaska (natives)b US c 8 0.33

Registries with rates 17.5–20.0 Chennai/Madras India 19.6d (15.9–16.1) 10 + 68 1.0
Hanoi Vietnam 18.9 3 + 14 2.3
Singapore (Chinese) Singapore 18.8 5 + 24 1.5
New Zealand  
(non-Maori)

NZ 18.6 18 + 36 1.2

New Zealand (Maori)b NZ 17.8 4 + 11 0.9
Valencia Spain 17.8 6 + 12 1.4

Registries with rates 15.0–17.4 Philippines Philippines 17.4 22 + 155 1.3
Calib Colombia 17.1 4 + 20 0.5
Quitob Ecuador 16.6 2 + 15 0.7
Ibadan Nigeria 16.1 4 + 26 1.5
Costa Ricab Costa Rica 15.7 17 + 35 0.8
Lima Peru 15.5 4 + 15 1.0
Norway Norway 15.4 11 + 29 1.3
Belemb Brazil 15.4 0 + 10 0.6
Denmark Denmark 15.3 14 + 24 1.8

a Annual incidence per million children ages 0–4 years. From Parkin et al 1998 except as otherwise noted
b Populations with F:M >1.0
c   The rate was 7.4 per million children under 14 years. If their rate were calculated based on children under age 5, their rate 

would likely surpass 20 per million, though this rate was based on a small number of children
d Incidence decreased in follow up report based on data from later years
e From Fajardo Gutierrez et al. 2007
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of retinoblastoma in European children (1978–1997) 
using data collected through the Automated Childhood 
Cancer Information System project and including 
data from 60 registries demonstrated an overall inci-
dence that increased by 1% per year over the 20-year 
period beginning in 1978. The age-standardized inci-
dence rate for the age range 0–14 years was 4.1 per 
million children, with one third of cases affected with 
bilateral disease (MacCarthy et al. 2006). In contrast, a 
recent study by Seregard et al., in Sweden and Finland,  
where birth cohort analysis was possible, demonstrated  
that incidence was stable from 1990 to 1998, with a 
mean incidence rate of 11.8 (95% CI 10.5–13.1) and 
11.2 (95% CI 9.4–13.0) per 1 million children less than 
5 years of age in Sweden and Finland, respectively, 
despite the fact that analysis looking at annual inci-
dence rates suggested an increase during that period 
(Seregard et al. 2004). Similarly, in a study examining 
incidence rates in Germany over the 20-year period 
beginning in 1987, incidence based on 732 retinoblas-
toma cases registered in German Children’s Cancer 
Registry (one third were bilateral), demonstrated an 
age-standardized incidence rate/year for all children 
<15 years of 4.0 per million with stable rates through-
out this period (D. Debling, personal communication).

Some registries have published follow up reports 
after the compilation of the 1998 IARC monograph. 
For India, a follow up study done in Chennai showed 
a slight decrease in incidence of retinoblastoma. From 
1990 to 2001 in children <5 years, incidence was 15.9 
(males)–16.1 (females) per million, a decrease from 
that reported earlier, suggesting a change in underlying 
risk factors. Interestingly, survival in Chennai is noted 
to be far less than in other parts of the world at 48%; 
thus, the overall elevated incidence is not likely to result 
from an increase in inherited familial cases (Swami-
nathan et al. 2008). In Karachi, Pakistan, registry data 
also suggests elevated incidence (Bhurgri et al. 2004). 
Incidence from this registry, however, was reported 
only as frequency in the IARC compilation because of 
a lack of actual population estimates (the last census 
was in 1981). After the data was compiled by IARC, the  
registry itself published data on cases reported in the 
5 years following the IARC publication. They calculated 
the Age Standardized Incidence for Karachi itself at 
5.3 per 100,000 children (or 53 per million) <5 years, 

which would place its incidence as the highest in the 
IARC reports. However, given concerns regarding 
underestimation of the actual source population, it is 
likely that this incidence is much lower. This group also 
reports a predominance of males to females (M:F 1.5),  
but as noted by IARC, this is true for all cancers in 
Karachi and is thought to represent a relative neglect 
of illness in girls. Reliable incidence data for Islamabad 
are also not available, but frequency data there also 
demonstrates an elevated M:F ratio (1.9) (Parkin et al. 
1998). Although incidence estimates for Pakistan are 
not reliable, there is a suggestion of increased incidence, 
as the relative frequency of retinoblastoma compared 
with other pediatric malignancies is 7.4% (compared 
with 3% in US White populations) (Parkin et al. 1998).

2.2.2 Variation Within Countries:  
Subpopulations with Higher Incidence

The overall incidence of retinoblastoma in the U.S. has 
been stable over the 20-year period ending in 1995, 
ranging from 10 to 14 per million children <5 years, 
with retinoblastoma comprising 3–4% of childhood 
cancer. However, incidence within the US is not uni-
formly distributed and there appears to be variation 
by ethnicity, gender, and geographic region. Within the 
US, particular subpopulations have unusually elevated 
incidence. In most of the US registries, the rates amongst 
African American children are higher than those in 
“non-black” or “white” children. The difference in rates 
between ethnic groups is quite variable, with the ratio 
of incidence of “black” to “white” ranging from 1.43 in 
the Greater Delaware Valley, to 1.17 in New York State 
and 1.15 in the combined SEER registries, and 0.47 
in Los Angeles. In the Hawaii SEER registry data (see 
Table 2.1), native Hawaiians appear to have an increased 
incidence of retinoblastoma. Similarly, Alaska natives 
had a rate significantly higher than US whites in SEER 
data (Odds Ratio [OR] 2.8; 95% CI 1.3–5.3). Like the 
Alaskan Native children, the rate in the New Mexico 
SEER registry Native Americans was higher (6.8 per 
million <14 years) compared with “white” children 
from the combined SEER registries (2.7 < 14 years)  
(OR 2.5; 95% CI 1.4–4.5). Interestingly, the overall 
rates for childhood cancer in Alaskan Natives and 

14



Epidemiology Chapter 2 15

New Mexico Native Americans were lower than those 
in SEER registry data for white children, though the 
rate for osteosarcoma (but not other bone tumors) 
was also higher among New Mexico Native Americans 
when compared with US whites (SEER) (OR 1.8; 95% 
CI 1.0–3.4) (Lanier et al 2003). Given the biological 
overlap between osteosarcoma and retinoblastoma, 
this finding is particularly intriguing. Interpretation 
of these variations based on data from regional US 
subpopulations is limited by the small number of cases 
upon which the incidence rates are based.

In a recent population-based study by Fajardo-
Guttierez et al in Mexico, in which it was possible to 
examine regional differences in the incidence of retin-
oblastoma within the Mexican Social Security sys-
tem (IMSS), the highest incidence of retinoblastoma 
occurred in the state with the highest incidence for 
central nervous system tumors (Chiapas, see Table 2.1) 
(Fajardo Gutierrez 2007). Although the incidence of 
retinoblastoma was highest in Chiapas – the poorest 
state in Mexico and a state in which a high proportion 
of the population is indigenous – the number of cases 
on which incidence was calculated is very small.

Some populations with apparent excess of retino-
blastoma have a relative paucity of neuroblastoma 
(Alaskan natives, New Mexico American Indians, 
Chiapas) as if one occurred in greater numbers at 
the expense of development of the other. This may 
indicate a possible shared underlying mechanism of 
tumor formation in which different factors lead to a 
bifurcation in the formation of a primitive neuroec-
todermal tumors (PNET) leading to development of 
neuroblastoma in one population, and retinoblastoma  
in another. Alternatively, the factors that lead to develop-
ment of retinoblastoma may coexist with factors that 
protect against neuroblastoma.

2.2.3 Gender Differences

Comparing incidence worldwide, focusing on those 
countries with the higher incidence rates, we see some 
differences in the incidence by gender (Table 2.1). In 
some regions of the world, there appear to be slightly 
more male cases than female cases, while in other 
regions, the difference is markedly in the other direction.  

In some populations of Latin America and in native 
American populations of North America, the incidence 
in girls is much higher than in boys; for example, the 
Alaskan Native population had a 3:1 Female:Male inci-
dence (Lanier et al. 2003), and in the states in Mexico, 
in which retinoblastoma figured amongst the five most 
common pediatric malignancies – Chiapas (where it 
was second) and Veracruz (where it was fifth) – there 
was a predominance of female cases, with M:F 0.5 and 
0.7, respectively. In Oman, where the incidence is only 
8.3 per million <5 years of age, the ratio of M:F is 0.7 
as well (Khandekar et al. 2004). However, all of these 
data are the results of observations on small numbers 
of cases in each registry. Unfortunately we do not have 
data on laterality from the majority of these registries, 
thus it is not possible to see if the ratio of male to 
female cases varies by laterality.

2.2.4 Biologic Underpinnings of Epidemiologic 
Studies on Retinoblastoma

Hereditary retinoblastoma is characterized by the 
presence of a germline mutation, earlier clinical man-
ifestation of disease with disease detectable in utero 
in children with known familial disease, and very 
elevated risk of developing secondary malignancies. 
All children with bilateral tumors and roughly 15% 
of children with unilateral tumors have this form of 
disease. There are no definitive clinical characteris-
tics that differentiate the 15% of unilateral patients 
with germline mutations from the 85% who lack 
them. The ability to differentially examine risk fac-
tors for tumors involving germline mutations from 
those without them by using laterality as a proxy is 
thus hampered. Ongoing epidemiologic studies, such 
as one by the Children’s Oncology Group, will be able 
to bypass this imprecision by evaluating tumor muta-
tions directly.

Studies done to date have relied on the relative dis-
tinctiveness of the laterality phenotypes in order to 
analyze results. Although much is understood about 
the effects of the RB1 mutations underlying the forma-
tion of retinoblastoma, little is known about the etiol-
ogy of these mutations in germinal or retinal cells. New 
germline mutations are known to occur preferentially 
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on the paternal allele, suggesting the implication of 
paternal preconception risk factors (Zhu et al. 1989; 
Kato et al. 1994; Dryja et al. 1989). However, there is 
no knowledge about the etiology of retinal cell muta-
tions or their time of occurrence, and little is known 
about the causes of unilateral disease. The crucial 
period for mutation development in retinoblastoma 
may be during retinal formation occurring in early 
embryonal development between the 4th and 8th week 
of gestation, or during infancy as retinal cells continue 
to divide until about age 2 years. Although as stated 
earlier, the molecular changes leading to retinoblas-
toma are well characterized, the role of risk factors or 
contributing exposures has been studied only rarely. 
Below is a summary of studies that explore risk factors 
or characteristics hypothesized to play a role in disease 
development.

2.3 Potential Hypotheses

2.3.1 Parental Occupations

Because retinoblastoma occurs during infancy and 
early childhood, the examination of risk factors and 
environmental exposures has focused primarily on 
potential contributions from parental exposures. 
Given the low incidence of retinoblastoma, tradi-
tional epidemiologic studies have been limited to 
case–control and case–series studies. The largest and 
most extensively reported study has been a case–
control telephone interview study conducted by the 
Children’s Cancer Study Group in 67 bilateral and 
115 unilateral cases who did not have a family his-
tory of the disease.(Bunin 1990) In this study, pater-
nal employment in the military (OR 2.8; 95% 1.1–8.8, 
p = 0.04) or in the metal industry (OR infinity; 95% 
CI 1.4-infinity, p = 0.02) was associated with having a 
child with bilateral disease, and paternal employment 
as a welder or machinist was associated with having a 
child with unilateral disease (OR 4.0; 95% CI 1.1–22.1, 
p = 0.04). These findings are similar to those from 
studies done on other PNETs of childhood (Olshan 
et al. 1999). Interestingly, this study also examined 
potential transgenerational exposures and found that 
maternal grandparental employment in farming was 

also associated with unilateral disease (OR 10.0; 95% 
CI 1.4–433, p = 0.02).

One retrospective cohort study of Norwegian agri-
cultural workers noted an increased incidence of retin-
oblastoma in children whose parents had worked with 
pesticides (Kristensen et al. 1996). This is particularly 
intriguing given the findings of the above noted asso-
ciation between unilateral retinoblastoma and mater-
nal grandparent farm work (Bunin et al. 1990), as well 
as because work done earlier as part of a case–control 
study in Mexico found increased risk with paternal 
occupation as a farm worker (bilateral disease) (OR 2.7; 
95% CI 1.1–6.5) (Orjuela et al. 2000a) and with maternal 
and infant exposure to chickens and pigs (unpublished 
data); these trends echo findings in epidemiologic 
studies of other PNETs. For example, maternal occu-
pation as a farm worker has also been associated with 
development of neuroblastoma (Olshan et al. 1999). 
For brain tumors, increased risk has been found for 
agricultural workers, or for maternal exposure to farm 
animals or farm residence (Preston-Martin et al. 1993; 
Bunin et al. 1994; Holly et al. 1998; Kristensen et al. 1996; 
Cordier et al. 2001). In those studies of brain tumors in 
which farm animal exposure has been analyzed by spe-
cies, exposure to chickens and pigs conferred increased 
risk of PNET (medulloblastoma) (Holly et al. 1998; 
Kristensen et al. 1996).

2.3.2 Parental Age

Increased parental age has been associated with 
greater risk for bilateral retinoblastoma. Advanced 
paternal age is hypothesized to be associated with 
an increased risk of new germ cell mutations by way 
of increased opportunity for mutation formation in 
dividing spermatocytes. Since new germline mutations 
occur preferentially on the paternal allele, this hypoth-
esis has some biological plausibility. Earlier studies 
from the Dutch population based registries found that 
increased parental age (of both fathers and mothers) 
was significantly associated with increased Relative 
Risk of having a child with bilateral (but not unilateral) 
retinoblastoma (Moll et al. 1996). However, these stud-
ies were hampered by relatively small sample sizes.  
One case–series study from India found that fathers 
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of children with nonfamilial bilateral disease were 
older than those of children with unilateral disease 
(Sivakumaran et al. 2000). Two recent European stud-
ies attempted to address this question using the case 
data available from larger national registries. One such 
study in the UK matched cases ascertained from the 
national registry (diagnosed from 1968–1986) with 
birth record controls matched on date of birth, sex 
and origin. The OR for retinoblastoma resulting from 
assumed new germ cell mutations among children of 
fathers who were at least 45 years old at the time of the 
child’s birth was 3.0 (95% CI 0.2–41.7) (Dockerty et al. 
2001). Although this finding was not significant, it was 
suggestive and consistent with results of earlier stud-
ies. The authors did not hypothesize an increased risk 
from advanced maternal age, nevertheless, the effect 
observed in women between 30 and 34 years of age 
was also elevated, with an OR 2.03 (95% CI 0.87–4.74) 
when compared with women 25–29 years of age. The 
authors were able to eliminate cases with family history 
and further restricted their analysis to bilateral cases. 
However, because of the high degree of correlation 
between maternal and paternal ages, the authors were 
unable to separate the effects of parental age. A more 
recent study done in Sweden is the only population-
based cohort study thus far with the power to examine 
the independent effect of parental age on incidence of 
childhood cancer (Yip et al. 2006). In this study, the 
authors were able to separate the effects of maternal 
from paternal age and found that advanced maternal 
age is actually significantly predictive of increased 
risk of having a child with retinoblastoma. Although 
a modest increased risk associated with advanced 
paternal age was apparent, the effect disappeared after 
adjusting for maternal age. This Swedish study assessed 
parental ages via national registries by examining  
4.3 million children (and their parents) born between 
1961 and 2000, including 226 cases of retinoblastoma. 
Yip et al. found that for children <5 years of age, 
increased maternal age (after adjustment for paternal 
age) was associated with elevated risk of retinoblas-
toma (when women older than 40 years at age of 
childbirth were compared with women younger than 
25 years at childbirth), the Incidence Rate Ratio was 
2.39; 95% CI 1.17–4.85) (Yip et al. 2006) This finding 
suggests that maternal risk factors can contribute to 

likelihood of developing hereditary (bilateral) retino-
blastoma despite the fact that new mutations were 
expected to occur on the paternal allele given prior 
findings. When comparing these results with those of 
the UK study, it is important to note that in the latter 
case, women younger than 25 years of age had lower 
incidences of having children with retinoblastoma 
than the designated reference group (25–29); thus, if 
these younger mothers had been used as a reference 
group, it is likely that results in the UK study might 
have been similar those from the Swedish study.

2.3.3 In Vitro Fertilization (IVF)

Recently, another risk factor has emerged, which 
may be closely linked to the risk factor of increased 
maternal/paternal age. A study done through the 
Dutch Retinoblastoma registry found that children 
conceived by means of in vitro fertilization (IVF) 
had a 5–7-fold increased risk of retinoblastoma (Moll 
et al. 2003); however, these results were based on only  
5 cases (2 bilateral, 3 unilateral). Although studies 
done in birth cohorts of children born after IVF in the 
UK, Denmark, and Australia observed no increase in 
incidence of retinoblastoma (Bradbury and Jick 2004; 
Lidegaard et al. 2005; Bruinsma et al. 2000), it is pos-
sible that the increases in incidence found in Holland 
might in part be related to parental age. None of the 
birth cohort studies restricted analysis to a subpopu-
lation with older parental ages in order to examine 
the effect on risk of retinoblastoma. Further exami-
nation of the incidence of retinoblastoma in children 
conceived through IVF will be essential to determine 
if the effect is indeed independent of parental age.

2.3.4 UV Exposure

One explanation posited for the geographic variations 
in retinoblastoma incidence has been the inherent 
geographic differences in ultraviolet (UV) radiation 
exposure. One group of investigators had suggested 
that the geographic differences that are found in the 
incidence of unilateral disease can be attributed to the 
annual environmental exposure to UV rays, but that 

17



Chapter 2 Epidemiology18

the incidence of bilateral tumors is unrelated to UV  
exposure. Increased UV exposure to the retina would 
lead to increased probability of mutations and thus 
tumors in the retina. Hooper et al found that incidence 
of retinoblastoma falls significantly with increasing 
geographic latitude, and that increased incidence of uni-
lateral disease (but not bilateral disease) is significantly 
associated with increased annual ambient exposure to 
UV rays (Hooper et al. 1999) However, a subsequent 
analysis by the NCI found that although incidence of 
retinoblastoma was significantly correlated with UV-B 
radiation exposure levels, this association disappeared 
after adjusting for climate, race, and socioeconomic 
development. As a result, they concluded that geo-
graphic variation is not explained by variations in UV 
exposure, but rather that tropical climate and exposure 
related to ethnic susceptibility and economic develop-
ment may be confounding the association found with 
UV exposure (Jemal et al. 2000). Studies done on this 
topic have only looked at the UV exposure of a given 
geographic region but have not taken into account 
individual differences in duration of exposure.

2.3.5 Nonoccupational Parental Exposures

Other parental exposures have been examined as 
potential risk factors for retinoblastoma. In a study 
by Bunin et al., gestational exposure to X-ray OR 2.3; 
p = 0.08), a morning sickness medication (which is no 
longer available) (OR 2.8; p = 0.02), and low maternal 
educational level (not finishing high school) (OR 5.5; 
p = 0.03) were associated with increased risk for hav-
ing a child with unilateral disease. Two other exposures 
were found to be significantly protective: multivitamin 
use during pregnancy (for both unilateral and bilat-
eral forms of the disease) and periconceptional use of 
barrier contraceptive (OR 0.1; p = 0.02) or spermicide  
(OR 0.2; p = 0.02. The protective effects of these two 
factors were further explored in the context of another 
study (see below).

In a later study of 106 children with retinoblastoma 
and 198 hospital-based controls at the Instituto Nacio-
nal de Pediatria (INP), a public tertiary care hospital 
in Mexico City, a significantly increased risk for the 
development of unilateral retinoblastoma was associ-

ated with factors related to maternal poverty during 
pregnancy, including poor nutrition (OR 2.3; 95% CI 
1.2–2.4), lack of prenatal care (OR 2.6; 95% CI 1.1–5.9), 
delivery at home (OR 4.8; 95% CI 2.1–11.0), low level of 
maternal education (not finishing secondary school) 
(OR 3.7; 95% CI 1.4–9.5), birth outside of the capital 
(OR 2.5; 95% CI 1.3–5.0), and breast feeding for longer 
than 6 months (OR 2.4; 95% CI 1.3–4.3) (Orjuela et al. 
2000a). None of these risk factors appeared to play a 
role in development of bilateral disease, although anal-
ysis was hampered by the small number of cases with 
bilateral disease. Per capita and household income did 
not appear to contribute to risk. These factors echoed 
in part the findings from the US study. Together, these 
socioeconomic indicators are more suggestive of an 
underlying mechanism that could be correlated with 
lower maternal socioeconomic status in Mexico rather 
than suggesting that a lower socioeconomic status per 
se increases risk. Among the potential underlying fac-
tors that could contribute risk, nutrient intake is one of 
the mechanistically more interesting possibilities.

2.3.6 Diet

Recent studies have suggested that gestational nutri-
ent intake may be relevant to the development of 
PNET tumors, such as neuroblastoma, medulloblas-
toma, and retinoblastoma. The case–control study by 
Bunin et al in the US found a significantly protective 
effect against both unilateral (OR 0.4; p = 0.02) and 
bilateral disease (OR 0.2, p = 0.02) for mothers who 
consumed multivitamins during pregnancy (Bunin 
et al. 1989). The case–control study in Mexico found 
that maternal diets low in vegetables, folate, lutein, 
and vitamin B6 intake during pregnancy were associ-
ated with a 2–4-fold increased risk of having a child 
with sporadic retinoblastoma (Orjuela et al. 2005). The 
significantly increased risk for developing unilateral 
disease that was associated with breast feeding for 
longer than 6 months also suggests an increased risk 
associated with prolonged dependence on breast milk 
for nutrients, and possibly a protective effect of substi-
tuting formula (which has synthetic vitamins added) 
or other foods. Breast fed infants receive folate and 
other B vitamins in breast milk, however, the levels 
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of these in breast milk necessarily depend on mater-
nal diet. Decreased intake of these nutrients, necessary 
for DNA methylation and synthesis, as well as retinal 
function, may increase risk for having a child with spo-
radic retinoblastoma. Other studies have found simi-
lar increased risk for development of neuroblastoma 
and medulloblastoma associated with lower maternal 
micronutrient intake during pregnancy (Bunin et al. 
1993; Olshan et al. 2002; French et al. 2003).

2.3.7 Viral Agents

The geographic variations in patterns of incidence of 
retinoblastoma have led investigators to wonder about 
the possibility of involvement by an infectious agent. 
The retinoblastoma protein, pRb, which is generally 
absent or truncated and ineffective in retinoblastoma 
as a result of RB1 mutations, can be inactivated by 
three viral proteins, which share sequence homology 
for a region that binds and inactivates pRb. These three 
viral proteins are the E7 protein of the human papil-
loma virus (HPV), the T antigen of the SV40 virus, and 
the E1A antigen of adenovirus. Their potential to inac-
tivate pRb suggested a possible role for these viruses 
in development of a subset of retinoblastoma. The dis-
tribution of areas of increased incidence of retinoblas-
toma shared some similarity with areas of increased 
incidence of cervical carcinoma known to be causally 
associated with HPV. The US-based study’s finding of 
the tenfold protective effect of periconceptional use 
of barrier contraceptives also suggested the possible 
involvement of a sexually transmitted agent.

DNA sequences from oncogenic HPV subtypes (16 
and 18) were detected in about one third of fresh fro-
zen retinoblastoma tumor samples studied in central 
Mexico, suggesting a role for HPV infection (Orjuela 
et al. 2000b). Tumors containing HPV had significantly 
lower proliferative indexes and clinically less invasive 
behavior. Similarly, in Brazil, Palazzi, Villa et al exam-
ined paraffin-embedded tumor tissue from 43 chil-
dren with unilateral retinoblastoma for HPV DNA 
using PCR/ dot blot hybridization and also found 
high risk oncogenic HPV DNA types 16 and 35 in 12 
(27.9%). A higher frequency of differentiated tumors 
(63.3%) was observed among the HPV-positive tumors 

(Palazzi et al. 2003). Montoya Fuentes in Northern 
Mexico examined 51 paraffin embedded samples (col-
lected between 1985 and 1997) and found that 35% of 
tumors contained oncogenic HPV subtypes (by PCR 
and immunohistochemistry); 31.4% (16 cases) with 
HPV 33 and 5.9% (3) with HPV 31,35, or 51. Interest-
ingly, no tumors with HPV 16 or 18 were found, and 
2 of the 18 cases with High Risk HPV were bilateral. 
Their study found a slightly higher proportion of 
advanced stage disease at diagnosis (St. Jude stage 3 
or greater) in children whose tumors were HPV nega-
tive when compared with those that were HPV posi-
tive (18% vs. 13%) (Montoya-Fuentes et al. 2003). More 
recently, a study in India has found HPV16 in 27% of 
44 tumors. Tumors that were HPV positive were more 
likely to have detectable pRb and to have occurred in 
children diagnosed before 18 months of age (Krish-
nakumar 2008). Oncogenic HPV subtypes found in 
various studies are among those causally associated 
with the development of cervical cancer; however, one 
study has not found presence of HPV or other possible 
causal viruses in retinoblastoma tumors from the US 
and Canada (Gillison et al. 2007). Thus, the evidence 
for a role of HPV is not conclusive. More molecular 
evidence of a possible role for HPV in development of 
retinoblastoma has recently been published by Ponce-
Castaneda et al who have found that gene expression 
profiles made from tumor tissue from retinoblastoma 
differ by HPV status. Tumors with differing HPV sta-
tus (presence versus absence by PCR) differ signifi-
cantly in their expression of certain genes involved in 
inflammatory responses, while their gene expression 
profiles do not differ as clearly when comparing uni-
lateral and bilateral tumors (Ponce-Castaneda et al. 
2008). Together, these studies suggest an intriguing 
possible mechanism that may contribute as a cofactor 
for incidence of retinoblastoma in some areas of the 
world, but further work to better elucidate a potential 
infectious etiology is needed.

2.3.8 Diagnostic Interval

Most reports on incidence of retinoblastoma have 
not discussed disease stage, in large part because 
registries generally do not collect these data. Relative 
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prevalence of metastatic disease is limited to reports 
 originating from clinical treatment centers: For exam-
ple, in a report of 141 children with retinoblastoma 
followed in Istanbul, 9.9% presented with metastatic 
disease (Ozkan et al. 2006), while in Ankara, 20.9% of 
91 children had metastatic disease (Ozdemir et al. 
2007). A report on the incidence amongst Swiss chil-
dren recorded over a period of 42 years showed that 
the incidence of more advanced intraocular disease, 
group E, has decreased. The authors noted an associa-
tion with decreasing interval of time between the first 
symptoms (usually by parents) and retinoblastoma 
diagnosis. Over the 42-year period, this time inter-
val decreased significantly only for unilateral disease 
(Wallach et al. 2006). Other reports from Argentina and 
Brazil have noted that children with a longer period of 
time between noting of symptoms and diagnosis of 
disease were also more likely to have more clinically 
advanced disease (Erwenne and Franco 1989; Chan-
tada et al. 1999). These findings suggest a benefit of 
diagnosing disease closer to the time that symptoms 
are first noted, implying a linear relationship between 
this interval and disease progression. However, more 
recent work in a public hospital serving uninsured 
patients from central Mexico has not demonstrated 
a significant association between longer diagnostic 
delay and more advanced clinical stage (by either ABC 
or St Jude’s staging) for 125 newly diagnosed patients 
without a family history who had either bilateral or 
unilateral disease (Orjuela et al. unpublished data). It 
is thus less certain that increased delay in diagnosis 
necessarily leads to progression and development of 
more advanced disease.

2.3.9 Screening and Media Campaigns

Some experts have advocated the importance of estab-
lishing retinoblastoma screening programs, as well as 
media campaigns to increase public awareness and 
thus empower parents to seek medical attention earlier. 
Given retinoblastoma’s incidence of 1 in approximately 
16,000 live births, campaigns for public awareness will 
need to weigh its incidence and potential public health 
impact when prioritizing time for retinoblastoma in 
public service announcements. Screening campaigns 

will also need to proceed with caution, given the 
inherent difficulties of mounting effective screening 
for rare diseases. The screening campaigns mounted 
for neuroblastoma, another primitive neuroectoder-
mal tumor of early childhood, have not been suc-
cessful in decreasing disease related mortality nor in 
decreasing incidence of clinically more advanced dis-
ease (Schilling et al. 2002; Woods et al. 2002; Yamamoto 
et al. 2002; Maris and Woods 2008). This lack of success 
may in part be ascribed to inherent biologic differ-
ences between more invasive and less invasive forms 
of neuroblastoma (Maris 2007). During the interven-
ing time since the screening programs for neuroblas-
toma were first created, investigators have developed a 
better understanding of the biology of neuroblastoma 
(Hiyama et al. 2008). The underlying assumption, that 
the degree of invasiveness is linearly related to the 
amount of time that the disease remains untreated, 
now appears to underestimate the true biologic com-
plexity of the disease. Advances in the understanding 
of the biology of retinoblastoma may help better elu-
cidate the potential benefit derived from a screening 
program for retinoblastoma. For this disease, the ques-
tion remains: is more aggressive disease biologically 
distinct from less aggressive or invasive disease? And, 
from the epidemiologic perspective, are risk factors 
the same for more invasive and less invasive disease?

2.4 Summary

Risk factors for development of sporadic (without fam-
ily history of this disease, either laterality) retinoblas-
toma are poorly understood. Here, we have presented 
variations in incidence of retinoblastoma and risk fac-
tors that have been proposed as potentially important 
for development of retinoblastoma. In aggregate, the 
geographic and ethnic variations in incidence in retin-
oblastoma are suggestive of underlying risk factors for 
development of disease. Closer examination of fac-
tors that may differ between populations with differ-
ent rates could improve our understanding of disease 
development. Studies that focus on the likely windows 
of susceptibility and utilize information from genetic 
analysis in order to differentiate forms of the disease 
will inform our understanding of retinoblastoma and 
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may potentially inform therapy and strategies for earlier  
detection. Future epidemiologic studies may help eluci-
date whether more aggressive disease is associated 
with the same risk factors as less aggressive disease. 
Such an understanding would inform efforts aimed at 
earlier disease detection.
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3.1 Introduction

This chapter will review the clinical and histopatho-
logic features associated with the presentation and 
diagnosis of retinoblastoma. A thorough appreciation 
of the differential and a detailed clinical assessments 
is the cornerstone of arriving at the proper diagnosis.  
Unlike most cancers, retinoblastoma is unique, as 
tissue is generally not necessary for diagnostic and 
treatment purposes. However, once the eye is enucle-
ated, the histopathologic features guide therapy and 
prognosis. We will review ancillary testing that can 
assist the clinician and address pathologic features that 
can affect patient prognosis.

3.2 Initial Presentation

The vast majority of patients with retinoblastoma are 
referred with no known familial history or predispo-
sition. The most common finding on presentation in 
North America and Western Europe is leukocoria, a 
white pupil (Fig. 3.1) that is generally detected by par-
ents or family members (Wallach et al. 2006; Imhof 
et al. 2006; Balmer and Munier 1999). These findings 
may be intermittent depending upon the child’s field of 
gaze. Photographs are helpful as they can demonstrate 
the presence of an abnormal white reflex retrospec-
tively. Alternatively, leukocoria may be detected by the 
child’s pediatrician on routine red reflex testing. Such 
findings should always confer an immediate referral 
to an ophthalmologist. Similarly, children who are 
unable to maintain orthophoria should be referred for 
a dilated funduscopic examination.
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Less common types of presentation occur and 
include redness, injection, and pain (Balasubramanya 
et al. 2004). These findings may present in an eye that 
has developed advanced disease with inflammation, 
increased intraocular pressure, and/or neovascular 
glaucoma. Blood (hyphema) or white cellular tumor 
deposits (pseudohypopyon) simulating inflammation in 
the anterior chamber of the eye may to also be signs at 
presentation. While trauma is not an uncommon find-
ing in infants who develop hyphema, all children with 
this presentation should have retinoblastoma excluded 
prior to any invasive treatments (such as anterior 
chamber paracentesis) (Balasubramanya et al. 2004).

Orbital cellulitis is a less common means of presen-
tation. Generally, this occurs in cases where there is sig-
nificant intraocular necrosis; the cellulitis represents 
a secondary inflammatory response. Retinoblastoma 
may present in a more advanced stage with extraoc-
ular involvement. Massive proptosis with injection, 
swelling, and lymphadenopathy is the most common 
presentation in the developing world, but rare in North 
America or Europe (Bowman et al. 2008; Ajaiyeoba 
et al. 2007; Gündüz et al. 2006; Badhu et al. 2005).

Those with a known familial predisposition for 
retinoblastoma are generally diagnosed early in their 
course. These children are screened with exams under 
anesthesia (EUA) following birth. Small tumors are 

diagnosed before any clinical symptoms develop. 
Patients at high risk can be screened in utero with  
echography or imaging (MRI) (Maat-Kievit et al. 1993). 
Abnormal hyperechogenicity in the periocular region 
of the fetus may suggest development of the malignancy. 
Amniotic fluid can also be obtained for genetic testing 
(Rao et al. 2008; Pierro et al. 1993). Preterm delivery 
has been reported in patients diagnosed with retino-
blastoma in utero in order to treat the tumor promptly.

3.3 Clinical History

A thorough and detailed clinical history is the first 
step in working through the differential diagnosis. 
One should inquire about the onset of symptoms, 
specifically, the timing and onset of leukocoria or stra-
bismus. This may be supplemented with review of old 
photographs. The child’s systemic health should be 
reviewed. Any recent changes in weight or appetite 
should be recorded. Of the ophthalmologic questions, 
the following should be asked has the child had any 
difficulties with vision, ocular preference between one 
eye and the other, any difficulty grasping for objects 
or recognizing individuals, and abnormal motility of 
the eye or nystagmus. In review of the child’s recent 
medical history, it is important to record any recent 
trauma or illnesses, including fever or diarrhea. One 
should obtain an accurate birth history, including the 
weeks of pregnancy and any abnormalities associ-
ated with the pregnancy and/or delivery. One should 
inquire about any abnormal infections suffered by 
the mother or fetus. Postdelivery hospitalization and 
their course should be reviewed.

The differential diagnosis for retinoblastoma 
includes a number of conditions with genetic predispo-
sition; thus, a detailed family history should be obtained 
(Field et al. 2007). One should review all malignancies 
developed in the family and inquire if any other mem-
bers have had their eye removed or are known to be 
visually disabled or blind. In some cultures, the diag-
nosis of cancer may not be disclosed to other family 
members or the patient. Thus, it is important to inquire 
as to the etiology of those who are blind or who may 
have lost vision. It is also helpful to review any cancer 
syndromes or those who seem predisposed to cancer. 

Figure 3.1

Clinical photograph of a child undergoing examination 
under anesthesia with leukocoria of the left eye. Notice 
the white pupillary reflex
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Ocular abnormalities that have a familial predisposition 
should be reviewed such as strabismus, cataracts, or 
visual disability. In some instances, a pedigree may be 
helpful in documenting abnormalities affecting siblings 
and distant relatives. It is important given the complex-
ity of our modern family unit to review the family his-
tory of any birth parents and/or step children in cases 
where patients and siblings have different parents.

Given the differential diagnosis that includes 
potential exposure to infectious agents, a thorough 
social history should also be obtained. Any exposure 
to birds, cats, and dogs should be documented. In 
particular, one should inquire if the patient in ques-
tion has been exposed to puppies and/or puppy feces. 
Finally, one should completely review the patient’s 
medications and allergies.

3.4 Initial Examination

The initial clinical assessment of the child can be per-
formed in the office setting. The child’s mental status 
should be reviewed for an age appropriate response. 
Periocularly, one should assess the facial region for a 
normocephalic appearance. Low-set ears or a broad 
flat nasal bridge should be noted (due to its associa-
tion with 13q deletion syndrome). The child’s vision 
should be assessed – central steady and maintained 
vision and/or any strabismus should be documented. 
Cover/uncover testing is helpful in documenting ocu-
lar preference. The periocular area should be reviewed 
for any asymmetrical swelling or injection; any prop-
tosis should be measured. If cooperative, a pupillary 
response should be assessed for an afferent defect. 
An obvious hyphema or hypopyon should be docu-
mented. In some instances, a cooperative child can be 
seen at the slit lamp, allowing for review of the ante-
rior segment and iris. The intraocular pressure should 
be assessed by palpation and any asymmetry docu-
mented. A dilated funduscopic examination should be 
attempted in the office in order to confirm presence of 
any posterior pole masses. An initial ultrasound can be 
also performed to confirm an intraocular mass with 
findings suggestive of retinoblastoma (see echographic 
features of retinoblastoma under the section entitled, 
Examination Under Anesthesia).

Parents and siblings of the affected child should 
also have a dilated fundus examination to exclude 
any retinocytomas or spontaneously regressed retin-
oblastomas, which would suggest an inhereditable 
disease (Field et al. 2007; Smith et al. 2000).

3.5 Differential Diagnosis

There are many benign ocular conditions that can 
simulate retinoblastoma. Most can be differentiated 
with an appropriate assessment and ancillary testing 
(see Table 3.1 and Appendix).

Among the most common conditions that mimic 
retinoblastoma is Coats’ Disease. This is an abnor-
mality of the retinal vasculature of uncertain etiol-
ogy. Patients are slightly older than most children 
with retinoblastoma (ages 4–10 years). Cases are 
usually unilateral with a predisposition in males. 
The lesions are associated with yellow exudative 
material and retinal telangiectasia. In advanced 
cases, massive exudation mimics a mass and the eyes 
develop neovascular glaucoma requiring enucleation.  

Table 3.1. Differential diagnosis of retinoblastoma

Coats’ disease

Persistent fetal vasculature (PFV)

Toxocariasis

Cellulitis

Metastasis

Cataract

Coloboma

Norrie’s Disease

Herpes Simplex Retinitis

Cytomegalovirus Retinitis

Toxoplasmosis

Astrocytic hamartoma

Retinopathy of prematurity

Retinal detachment

Combined hamartoma of the retinal pigment epithelium

Myelinated nerve fiber

27



Chapter 3 Clinical Features, Diagnosis, Pathology

Angiography, echography, and neuroimaging can 
assist in distinguishing retinoblastoma from Coats’ 
disease (Fernandes et al. 2006; Shields et al. 2001a).

Persistent fetal vasculature (PFV), also known as 
persistent hyperplastic primary vitreous (PHPV), 
is generally a unilateral condition associated with 
maldevelopment of the eye. These eyes present with 
an abnormal white reflex and associated cataract in 
an eye with reduced axial length. Advanced cases 
demonstrate ciliary processes dragged into the ante-
rior segment. Echography can assist in measuring the 
axial length and demonstrating a hyaloid remnant or 
stalk emanating from the lens toward the optic nerve 
(Sun et al. 2003).

Retinopathy of prematurity (ROP), in its advanced 
state, can also be confused with retinoblastoma when 
severe neovascularization leads to retinal detachment 
and abnormal pupillary reflex. Today, many of these 
cases are indentified through routine ROP screening 
of at risk newborns. Infectious causes also need to be 
considered including toxocariasis, toxoplasmosis, con-
genital cytomegalovirus, and herpes simplex retinitis 
(Wolach et al. 1995). A metastatic neoplasm, such as 
leukemia, may present with a pseudohypopyon. Con-
genital abnormalities, such as retinoschisis, cataracts, 
and colobomas, can lead to an abnormal white pupil-
lary reflex, but are generally easily distinguished from 
retinoblastoma under anesthetic exam. Norries’ dis-
ease is a rare X-linked recessive abnormality associated 
with bilateral posterior pole masses. Retinal astrocytic 
hamartomas can appear similar to retinoblastoma foci, 
but are generally associated with syndromes such as 
tuberous sclerosis or neurofibromatosis.

3.6 Examination Under Anesthesia

One of the most critical aspects in the diagnosis of 
retinoblastoma is a careful funduscopic examination. 
Although not universal, the vast majority of retino-
blastoma centers perform this under anesthesia. This 
includes a formal assessment of intraocular pressure 
(with Schiotz/Perkins tonometry or similar method). 
The patient is then examined for any abnormalities, 
such as cleft pallet or cleft lip, which may be associated 
with genetic syndromes. The anterior segment of the  

eye is assessed with microscopy. The conjunctiva  
and sclera should be assessed for any abnormal 
hyperpigmentation, mass, or injection. The cornea is 
reviewed for edema and its diameters are measured 
with calipers to assess for enlarged dimensions. The 
anterior chamber should be checked for signs of 
inflammation and the iris for nodularity or rubeosis. 
The lens should be assessed for any opacity, and cili-
ary processes should be documented if appreciated.

A funduscopic examination is performed with indi-
rect ophthalmoscopy and gentle scleral depression to 
the ora serrata. Small retinoblastoma lesions may appear 
as translucent flat or dome shaped lesions. Associated 
lens opacity is rare, and the eyes are of normal axial 
length. As the tumors increase in size, they often take 
on a white or off-white, chalky color. Vascular dilatation  
and tortuosity is often associated in the form of a 
feeder vessel. Frank calcification can occasionally 
be seen and is highly suggestive of retinoblastoma 
(Figs. 3.2 and 3.3). Classically, the tumors are subdi-
vided depending upon their growth pattern. The endo-
phytic tumor grows into the vitreous cavity, while the 
exophytic form grows into the subretinal space elevat-
ing the retina. A third, albeit rare, subtype, is the dif-
fuse infiltrating retinoblastoma, which can be the 
most challenging to diagnose, as a frank mass is not 
appreciated. Most often these cases occur unilaterally  

Figure 3.2

Fundus photograph of the right eye with a small- to 
medium-size superior temporal tan white retinal tumor
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in older children and are sometimes mistaken for 
Coats’ disease or inflammatory process with pseudo-
hypopyon (Shields et al. 1991, 2001a).

In addition to a careful and thorough assessment 
of all lesions, the vitreous should be assessed for any 
signs of vitreous debris. Findings, such as retinal 
exudates and telangiectasia, are often associated with 
pseudoretinoblastoma such as Coats’ disease. These 
lesions generally take on a more yellow color. Vitritis or 
tractional abnormalities are associated with inflamma-
tory conditions such as toxocariasis (Wolach et al. 1995). 
In addition to retinal drawings, most centers obtain 
baseline fundus photography with use of a contact 
camera (RetCam® Clarity Medical Systems, Pleasanton, 
CA, USA). This instrument allows for photography and 
angiography throughout the posterior pole.

Ancillary testing should be obtained during the ini-
tial EUA. Ophthalmic echography is a critical tool in 
the diagnosis of retinoblastoma. Typically, on A-scan 
retinoblastoma foci demonstrate high internal echoes. 
On B-scan, calcified lesions demonstrate areas of 
high echogenicity with a characteristic loss of tissue 
echoes directly behind the tumor. While the diagnosis 
of retinoblastoma can be performed without fluores-
cein angiography, a number of centers perform this at 

baseline. Angiogram testing generally demonstrates 
an intense hyperfluorescence and a fine vascular net-
work within moderately sized tumors. Late phases of 
the angiogram show marked staining and leakage.

Neuroimaging of the brain and orbit must always be 
performed at baseline. Neuroimaging should encom-
pass the globe, orbit, central nervous system, and pineal 
region. The scans noninvasively demonstrate features 
supportive of a retinoblastoma diagnosis and can fur-
ther assess the orbit for features of extraocular disease 
(Amoaku et al. 1996). In addition, imaging of the brain 
helps to rule out metastatic disease and so-called “trilat-
eral retinoblastoma” of the pineal region (Gündüz et al. 
2006; Amoaku et al. 1996; Bagley et al. 1996; Duncan 
et al. 2001).

Historically, the preferred imaging modality was 
the computed tomography (CT) scan. The significant 
calcification associated with retinoblastoma is easily 
visualized and its presence is highly correlative of retin-
oblastoma. However, lack of calcification does not rule 
out the malignancy. In recent years, spiral CT has gained 
interest in some centers due to the shortened acquisition 
time and limited need for general anesthesia. A number 
of experts have raised concern regarding the routine 
use of CT scans in patients at risk for retinoblastoma 
due radiation exposure. As a result, some oncologists 
prefer Magnetic Resonance Imaging (MRI) of the brain 
and orbit instead of CT. The advantages of this approach 
include limiting radiation exposure as well as improved 
visualization of the periorbital structures and orbital 
portion of the optic nerve (Apushkin et al. 2005; Bagley 
et al. 1996; O’Brien 2001; Brisse et al. 2007). Some reports 
have suggested MRI as a helpful adjunct in distinguish-
ing Coats’ disease from retinoblastoma.

Historically, lumbar puncture and bone marrow 
biopsy were performed at the time of diagnosis of 
retinoblastoma. In most centers, this approach has been 
abandoned unless the patient has altered complete 
blood counts, high-risk features such as extraocular 
orbital/CNS disease or massive choroidal involvement 
on histopathologic review (Azar et al. 2003). In cases 
where there exists continued ambiguity regarding the 
diagnosis, serology can be helpful in detecting elevated 
antibodies for select infectious etiologies including 
toxoplasmosis, toxocara canis, cytomegalovirus virus, 
and herpes infection.

Figure 3.3

Fundus photograph of an eye with a large retinal and 
vitreous tumor with vitreous seeds. Notice the bright 
white color of the large mass and the small inferiorly 
located tumors floating in the vitreous

29



Chapter 3 Clinical Features, Diagnosis, Pathology

3.7 Fine Needle Aspiration Biopsy

Under the vast majority of circumstances, the diag-
nosis of retinoblastoma can be performed without 
the need for cytopathologic confirmation. There 
have been a number of case reports citing extraoc-
ular extension and seeding of the tumor in the 
orbit, following vitrectomy of eyes with unexpected 
retinoblastoma or needle biopsy. Most experts do 
not recommend such an approach. However, under 
very select circumstances and only under the care of 
experienced ocular oncologists and ocular patholo-
gists, needle biopsy has been described using a 
transcorneal method through the peripheral iris. 
Under all circumstances, a pars plana approach 
should be avoided (Shanmugam and Biswas 1997; 
Karcioglu 2002; Robertson 1997).

3.8 Grouping and Staging of Retinoblastoma

Generally, staging of the patient is performed by the 
pediatric oncologist while the grouping of the eye is 
performed by the ocular oncologist. Historically, the 
Reese–Ellsworth classification has been used to group 
eyes with intraocular retinoblastoma (see Table 3.2) 
(Kiss et al. 2008). The classification progresses from 
group Ia to Group Vb with more advanced grouping 
harboring a worse prognosis when treated with pri-

mary external beam radiation therapy. In recent years, 
a new system has been devised, referred to as the ABC 
system also known as the International Classifica-
tion for Intraocular Retinoblastoma (see Table 3.3 and 
Appendix) (Kiss et al. 2008). The system groups the eye 
from A through E and is generally associated with best 
to worst prognosis associated with treatment including 
focal modalities and systemic chemotherapy. Eyes that 
are not felt to be salvageable including those with neo-
vascular glaucoma, massive intraocular hemorrhage, 
and involvement of the anterior segment are generally 
classified as unsalvageable, group E.

A committee of retinoblastoma experts from large 
centers worldwide has developed a consensus classifica-
tion for systemic staging. Patients are classified according 
to extent of disease and the presence of overt extraocular 
extension. In addition, a proposal for substaging consid-
ering histopathological features of enucleated specimens 
is presented to further discriminate between Stage I and 
II patients. Table 3.4 shows a summary of the classifica-
tion system (Chantada and Doz 2006).

3.9 Pathology

Retinoblastoma originates in the sensory retina, 
expanding the retina and involving the vitreous cavity. 
The cell of origin of retinoblastoma is still unknown, 
but it represents a retinoblast with high mitotic activ-
ity and apoptotic rate (Nork et al. 1995). Gross features 
of retinoblastoma include a white-gray tumor with 
a chalky appearance and a soft, friable consistency. 

Table 3.2. Reese–Ellsworth grouping

Ia   Solitary tumor <4 dd in size at or behind the equator

Ib    Multiple tumors, none >4 dd in size at or behind 
the equator

IIa    Solitary tumor 4–10 dd in size at or behind the equator

IIb    Multiple tumors 4–10 dd in size behind the equator

IIIa Any lesion anterior to the equator

IIIb Solitary tumor >10 dd in size behind the equator

IVa Multiple tumors some >10 dd in size

IVb Any lesion anterior to the ora serrata

Va  Massive tumor involving >50% of retina

Vb  Vitreous seeding

dd = disc diameters

Table 3.3. International classification of intraocular retino-
blastoma grouping

A No tumor >3 mm in dimension; away from fovea 
and optic nerve

B Any eye not in Group A with no vitreous seeding, 
subretinal fluid is <5 mm from the base of the tumor

C Tumors with focal fine vitreous seeding  
or subretinal fluid (less than one quadrant)

D Massive or diffuse vitreous seeding, extensive 
subretinal masses

E Unsalvageable eyes; neovascular glaucoma, tumor 
touching the lens, anterior segment tumor, phthisis, 
diffuse infiltrating retinoblastoma
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Bright white speckles corresponding to calcifications 
are found throughout the tumor (Fig. 3.4). The gross 
features of retinoblastoma depend on the growth pat-
tern of the tumor (McLean et al. 1994; Hurwitz et al. 
2002). Some of these patterns correlate with clinical 
presentations and differences in biological behavior.

Tumors with endophytic growth pattern arise from 
the retina and grow into the vitreous cavity (Fig. 3.5). 
These tumors tend to entirely fill the cavity and pro-
duce floating tumor spheres called vitreous seeds. If 
tumor is left untreated, it eventually invades the ante-
rior portion of the eye reaching the conjunctiva. From 
there, the tumor can permeate the lymphatic vessels 
and metastasize to regional lymph nodes (McLean et al. 
1994; Hurwitz et al. 2002; Chévez-Barrios et al. 2007).

Exophytic retinoblastomas grow from the retina 
into the subretinal space and often cause serous 

Table 3.4. International staging system for retinoblastoma

Stage 0: Patients treated conservatively (subject to 
presurgical ophthalmologic classifications)

Stage I: Eye enucleated, completely resected histologically

Stage II: Eye enucleated, microscopic residual tumor

Stage III: Regional extension
(a) overt orbital disease
(b) preauricular or cervical lymph node extension

Stage IV: Metastatic disease
(a) hematogenous metastasis:
   (1) single lesion
   (2) multiple lesions
(b) CNS extension:
   (1) prechiasmatic lesion
   (2) CNS mass
   (3) leptomeningeal disease

Figure 3.4

Gross photograph of an eye with retinoblastoma after 
initial removal of the superior calotte. Notice the tan 
white color of the tumor with small brighter white 
speckles that represent calcifications (arrows)

Figure 3.5

Gross photograph of an eye with retinoblastoma with 
an endophytic growth pattern. The tumor arises from 
the retina (arrow) and grows into the vitreous
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detachments of the retina (Fig. 3.6). These tumors 
may invade the choroid through Bruch’s membrane 
(Hurwitz et al. 2002; Chévez-Barrios et al. 2007). Mixed 
endophytic and exophytic tumor growth is the most 
common pattern encountered (Hurwitz et al. 2002; 
Chévez-Barrios et al. 2007) (Fig. 3.7). There are other 
less common patterns such as the extensively necrotic 
presentation, where not only the tumor shows more 
than 90% necrosis but also the intra-ocular tissues such 
as the ciliary body, choroid, and retina (Fig. 3.8). Other 
presentation is the diffuse infiltrating retinoblastoma 
where the tumor expands the entire retina without 
forming a discrete tumor mass and it tends to invade 
the anterior segment with a pseudohypopyon (McLean 
et al. 1994; Hurwitz et al. 2002; Chévez-Barrios et al. 
2007; Croxatto et al. 1983; Shields et al. 1988).

3.10 Histologic Features

Microscopic examination of the eye with retino-
blastoma reveals a tumor with large areas of necrosis 
and multifocal calcifications replacing portions of the 
retina (Fig. 3.9a). The majority of the tumor is formed 
by small hyperchromatic cells with a high nuclear 
to cytoplasmic ratio. The tumor cells are mitotically 
and apoptotically active (Hurwitz et al. 2002; Chévez-
Barrios et al. 2007) (Fig. 3.9b). The viable cells surround 
blood vessels in a range of 90–110 micro forming a 
collarette (pseudorosettes) (Fig. 3.9c). Viability of the 
tumor cells depends on the intrinsic tumor blood 
supply. Areas of coagulative necrosis contain multiple 
foci of dystrophic calcification.

Figure 3.6

Gross photograph of an eye with retinoblastoma with 
an exophytic growth pattern. The tumor arises from 
the retina (arrow) and invades the subretinal space

Figure 3.7

Gross photograph of an eye with retinoblastoma with an 
undetermined growth pattern. The tumor obliterates the 
retina and invades the vitreous and the subretinal space
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Some retinoblastomas show large areas of undif-
ferentiated or poorly differentiated tumor; other 
tumors show a certain degree of differentiation 
represented by formation of rosettes. Flexner-
Wintersteiner rosettes are highly characteristic of 
retinoblastoma, although they are also seen in pine-
aloblastomas and medulloepitheliomas. Flexner-
Wintersteiner rosettes are lined by tall cuboidal 
cells that circumscribe an apical lumen. The api-
cal ends attach to each other by terminal bars, and 
the cells may have apical cytoplasmic projections 
into the lumen of the rosette (Fig. 3.10a) (McLean 

et al. 1994; Hurwitz et al. 2002; Chévez-Barrios et al. 
2007). Homer Wright rosettes are less common than 
Flexner-Wintersteiner rosettes, and they are found 
in a variety of neuroblastic tumors in addition to 
retinoblastoma. These rosettes do not surround a 
lumen, but rather extend cytoplasmic processes that 
fill the center of the rosette. Homer Wright rosettes 
may be incomplete and admixed with well-formed 
Flexner-Wintersteiner rosettes (Fig. 3.10b).

About 6–10% of tumors show benign photore-
ceptor differentiation into groups of cells with short 
cytoplasmic processes, abundant cytoplasm, and 
small round nuclei similar to photoreceptors. These 
groups of cells, which resemble a bouquet of flow-
ers, are called “fleurettes” (Ts’o et al. 1970a; Ts’o et al. 
1970b). Neither significant mitotic activity nor necro-
sis is observed within the fleurettes (Fig. 3.10c).

A benign counterpart of retinoblastoma called 
retinocytoma (also retinoma) that solely contains 
well-differentiated glial cells and fleurettes has been 
described. These benign tumors contain areas of 
abrupt calcification associated with retinal pigment 
epithelium proliferation. These tumors also contain 
the RB1 mutations similar to their malignant coun-
terpart (Singh et al. 2000; Dimaras et al. 2008; Margo 
et al. 1983).

3.11 Extraocular Extension, Metastasis,  
and Prognostic Factors

Optic nerve invasion: If left untreated, retinoblas-
toma usually fills the eye and completely destroys 
the internal architecture of the globe. The most 
common route of spread is by invasion through the 
optic nerve. However, the size of the tumor is not 
always the defining factor for invasion as there are 
small tumors that invade the optic nerve. The tumor 
may invade only the optic nerve head, and this is 
considered as intraocular invasion, which carries 
almost the same prognosis than no optic nerve inva-
sion (Fig. 3.11) (Chantada et al. 2009; Spencer 1975; 
Karcioglu et al. 1997; Tosi et al. 1989; Kopelman et al. 
1987). However, once in the nerve, the tumor tends 
to spread directly along the nerve fiber bundles 
toward the optic chiasm, passing through the  lamina 

Figure 3.8

Gross photograph of an eye with extensively necrotic 
retinoblastoma. The tumor is tan with areas of hemor-
rhages and mostly necrotic. The intraocular structures 
are also necrotic. The lens (*) is cataractous
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cribrosa and into the retrolaminar area. This is now 
considered extraocular extension as the lamina cri-
brosa is the equivalent of the sclera. Patients with 
retrolaminar invasion carry worst prognosis for 
metastasis, and the prognosis is worse as the tumor 
infiltrates farther toward the chiasm and nearer 
the surgical margin. The tumor may also infiltrate 
through the pia into the subarachnoid space and 
from there into the brain and the spine (McLean 
et al. 1994; Hurwitz et al. 2002; Chévez-Barrios et al. 

2007; Chantada et al. 2009; Spencer 1975; Karcioglu 
et al. 1997; Tosi et al. 1989; Kopelman et al. 1987) .

Uveal invasion: The second major route of spread is 
through massive involvement of the choroid into the 
orbit via either scleral canals or by direct extension 
through the sclera (McLean et al. 1994; Hurwitz et al. 
2002; Chévez-Barrios et al. 2007; Chantada et al. 2009; 
Spencer 1975; Karcioglu et al. 1997; Tosi et al. 1989; 
Kopelman et al. 1987). Extraocular extension generally  

Figure 3.9 a–c

Histologic characteristics of retinoblastoma. a The tumor arises from the retina (R) and has geographic areas of necrosis 
(N) and dystrophic areas of calcification (Ca++). (H&E. Original magnification 10×). b The tumor is composed by medium-
sized undifferentiated cells with hyperchromatic nuclei and many mitotic figures (open arrow) and frequent apoptosis 
(solid arrow). (H&E. Original magnification 40×). c Perivascular sleeves of tumor (pseudorosettes) seen surrounding a 
blood vessel (*). Away from the vessels the tumor undergoes necrosis. (H&E. Original magnification 20×)
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occurs within six months if intraocular tumors are 
left untreated. The definition of focal versus mas-
sive choroidal invasion and the decision to treat have 
been controversial (Chantada et al. 2009; Spencer 
1975; Karcioglu et al. 1997; Tosi et al. 1989; Kopelman 
et al. 1987). Recently, the Children’s Oncology Group 
(COG) and the International Retinoblastoma Staging 
Working Group have proposed an objective classifi-
cation based on specific anatomic location and size of 
the tumor. Focal choroidal invasion is then defined as 
any focus that is less than 3 mm in maximum diam-
eter and does not reach the sclera (Fig. 3.12). Massive 

choroidal invasion is any focus of tumor measuring 
3 mm or more in maximum diameter and reaches 
the sclera. However, if the tumor is more than 3 mm 
but does not reach the sclera, it is considered mas-
sive invasion. Currently, there are ongoing clinical 
prospective trials testing these definitions and their 
prognostic value through COG (ARET0332).

Extraocular extension dramatically increases the 
chances of hematogenous and lymphatic spread. 
Tumor may reach metastatic sites through four routes 
(Table 3.5) (McLean et al. 1994; Hurwitz et al. 2002; 
Chévez-Barrios et al. 2007).

Figure 3.10 a–c

Characteristic formation of tumor cells into rosettes and fleurettes. a Flexner-Wintersteiner rosettes show an empty 
center and a membrane similar to that of the outer limiting membrane in the normal retina. b Homer Wright rosettes 
display a center that is filled by cellular prolongations of the cytoplasm. c Fleurettes are very well-differentiated 
structures that closely resemble groups of photoreceptors. Mitoses or apoptosis are rarely seen in these cells
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3.12 Metastasis

Histologically, metastases of retinoblastoma are less 
differentiated than intraocular tumors. Rosettes are 
rarely encountered and fleurettes have never been 
described. When very well-differentiated extraocu-
lar tumors appear outside of the orbit, a differential 
diagnosis of a primary primitive neuroectodermal 

tumor (PNET) must be considered (McLean et al. 
1994; Hurwitz et al. 2002; Chévez-Barrios et al. 
2007).

Table 3.5. Routes of retinoblastoma tumor to distant metastasis

1. Direct infiltration of tumor:
 (a) Optic nerve into the brain
 (b) Choroid into the orbit soft tissues and bones

2.  Dispersion of the tumor cells through the subarachnoid 
space of the optic nerve to:

 (a) Opposite optic nerve
 (b) CSF into the brain and spine

3.  Hematogenous dissemination to lung, bone, and 
brain secondary to:

 (a) Orbital and bone invasion
 (b) Lymphatic invasion reaching the lymph nodes

4. Lymphatic dissemination:
 (a)  Tumors with anterior spread into conjunctiva and 

eyelids
 (b)  Conjunctiva and skin lymphatic channels drain 

into regional lymph nodes.

Figure 3.11

Optic nerve invasion by retinoblastoma tumor. The 
tumor in this photograph is invading mostly the 
prelaminar (intraocular) portion of the optic nerve. 
However, the tumor invades the superficial layers of the 
lamina cribrosa (depicted by the black line). The depth 
of invasion is approximately 0.8 mm. The lamina crib-
rosa is the area of the optic nerve corresponding to the 
sclera(s). The postlaminar optic nerve is free of tumor in 
this example. (H&E. Original magnification 2×)

Figure 3.12

Choroidal invasion by retinoblastoma. The tumor 
arising and invading the retina has penetrated Bruch’s 
membrane (arrow) and invaded the choroid. This 
example is of a focal choroidal invasion as the focus 
measures less than 3 mm in maximum diameter. (H&E. 
Original magnification 10×)
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3.13 Prognostic Factors for Metastasis

Metastatic disease is still associated with a poor prog-
nosis. Most clinical findings are not useful in pre-
dicting the occurrence of metastasis in children with 
retinoblastoma. However, histopathologic features may  
provide a good evaluation. Multivariate statistical analy-
sis has suggested the correlation of certain histopatho-
logic findings and prognostic risk factors (Chantada 
et al. 2009; Spencer 1975; Karcioglu et al. 1997; Tosi et al. 
1989; Kopelman et al. 1987). The two most important 
prognostic indicators for the development of metas-
tasis are the presence of tumor in the optic nerve 
posterior to the lamina cribrosa at the site of surgi-
cal transection and extrascleral extension of tumor 
into the orbit (McLean et al. 1994; Hurwitz et al. 2002; 
Chévez-Barrios et al. 2007; Chantada et al. 2009; Spen-
cer 1975; Karcioglu et al. 1997; Tosi et al. 1989; Kopel-
man et al. 1987). The extent of tumor invasion in the 
optic nerve correlates with prognosis. Superficial inva-
sion of the optic disc is associated with a mortality 
rate of 10%, a rate similar to that seen when the optic 
nerve is not involved. The presence of tumor up to the 
lamina cribrosa is associated with a mortality rate of 
29%. Invasion of tumor posterior to the lamina crib-
rosa is associated with a mortality rate of 42%, while 
the presence of tumor at the transected surgical mar-
gin is associated with a mortality of 80% (Chantada 
et al. 2009; Spencer 1975; Karcioglu et al. 1997; Tosi 
et al. 1989; Kopelman et al. 1987).

Choroidal invasion: Massive, but not focal, invasion 
of the choroid by tumor increases the possibility for 
hematogenous spread, either through vascular per-
meation of choroidal vessels or more frequently by 
extension through the sclera into the orbital tissues 
(Tosi et al. 1989; Kopelman et al. 1987) (Fig. 3.12).

Other factors: Extensive ocular tissue and tumor necro-
sis (more than 95% of tumor) has been associated 
with histologic high-risk prognostic factors for tumor 
metastasis and mortality (Chong et al. 2006). Vascu-
larization of tumor is also a proposed risk factor for 
metastasis that is currently under study (Jia et al. 2007; 
Jockovich et al. 2007; Apte and Harbour 2007; Marback 
et al. 2003). Other factors that had been proposed are 
invasion into the iris and neovascularization of the iris 
with secondary glaucoma (Baez et al. 1994).

3.14 Trilateral Retinoblastoma  
and Other Tumors

Trilateral retinoblastoma is a well-recognized, although 
rare, syndrome. Primary retinoblastomas of the 
pineal and parasellar sites have been called trilateral 
retinoblastoma and usually present as single tumors. 
Tumors of the suprasellar region tend to present 
earlier than tumors of the pineal region after the diag-
nosis of intraocular tumors. Most of the cases involved 
patients with a family history of retinoblastoma, and 
the disease is usually fatal. The prognosis of children 
who develop trilateral retinoblastoma is dismal with 
current treatment strategies. Because patients who 
were asymptomatic at the time of diagnosis of intrac-
ranial disease had a better overall survival than those 
who were symptomatic, screening for intracranial 
tumors may be a valuable strategy in the management 
of patients with bilateral and/or hereditary retinoblas-
toma (Antoneli et al. 2007; Shields et al. 2001b; Kivelä 
1999; Paulino 1999). In recent years, coinciding with 
the use of systemic chemotherapy for the treatment 
of bilateral retinoblastoma, there has been a decrease 
in the number of patients with trilateral presentation. 
The reason may be the adjuvant treatment of small 
incipient tumors in the pineal and parasellar sites with 
the chemotherapy used for the ocular tumors (Shields 
et al. 2001b). These tumors may appear several years 
after successful treatment of intraocular retinoblas-
toma. They may be far more differentiated than the 
primary tumor and may contain numerous rosettes, 
fleurettes, and individual cells showing photoreceptor 
differentiation. Trilateral retinoblastoma is different 
from metastatic retinoblastoma; in that metastatic 
retinoblastoma presents as multiple, undifferentiated 
tumors within the first two years of initial treatment.

3.15 Processing of Eyes with Retinoblastoma  
for Histopathologic Examination

It is important to adequately process the eye with 
retinoblastoma after enucleation because the histo-
pathologic features may guide adjuvant treatment 
and prognosis. It is also recommended that in unilat-
eral retinoblastoma, genetic studies of the tumor be 
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performed. To this end, the eye needs to be opened 
immediately after enucleation to obtain fresh tumor. 
In general, the first step is to orient the eye to decide 
where to perform the incision. The orientation of the eye 
is performed by the localization of the inferior oblique 
that inserts directly in the sclera under the macular area 
(temporal to the optic nerve). After orientation, cross-
section of the optic nerve margin should be obtained 
to avoid contamination with fresh tumor. The optic 
nerve section is submitted for histologic examination 
in a separate cassette. The eye is then open creating a 
controlled opening at the level of the equator, carefully 

avoiding forceful manipulation or involving structures 
of the optic nerve. Samples of the tumor (3–4 mm in 
maximum diameter) may be obtained from the cup of 
sclera created by the section, especially avoiding trac-
tion of the retina or other intraocular structures. The 
tumor is immediately frozen for future studies. The 
eye can then be placed in adequate amount of form-
alin to allow fixation for at least 48 h. After adequate 
fixation, the eye can be further sectioned to obtain a 
central section that includes the pupil of the iris and 
the optic nerve – the PO section. The two caps of the 
eye resulting from this cut are referred as calottes and 

Figure 3.13

Processing of eyes with retinoblastoma. The top row shows the eye after sectioning. The central portion of the eye that 
contains the pupil and the optic nerve (PO segment) is submitted in one cassette. The inferior and superior calottes are 
further sectioned into anterior–posterior segments and submitted in one cassette per calotte. The bottom row represents 
the sections on the slides from each cassette to demonstrate the representation of the structures in each slide

38



Clinical Features, Diagnosis, Pathology Chapter 3

should be also submitted for examination. It is prefer-
able to further section these calottes in an anterior–
posterior direction to obtain 3–4 segments to evaluate 
as much choroidal surface as possible. The calottes 
segments can be submitted in one cassette per calotte 
(Fig. 3.13). The resulting slides to be examined should 
include levels of the PO section, the 2 calottes and the 
cross-section of the optic nerve (Fig. 3.13).
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4.1 Introduction

Retinoblastoma was the first cancer to be described as 
a genetic disease. The progression of a normal retinal 
cell to the eventual malignant tumor involves a step-
wise accumulation of molecular genetic alterations, 
which correlate with clinical stage and pathology of 
the tumor. This chapter gives an overview of the cur-
rent state of knowledge of retinoblastoma genetics 
and its implications for genetic counseling.

4.2 Molecular Genetic Progression  
of Retinoblastoma

The journey of a developing retinal cell to retinoblas-
toma begins with mutation or loss of expression of the 
retinoblastoma tumor suppressor gene (RB1). Alfred 
Knudson’s classic hypothesis predicted that “two hits” 
are rate-limiting for the disease (Knudson 1971), and 
indeed, it was later shown that loss of both alleles 
(M1 and M2) of RB1 is necessary, but not sufficient, 
for retinoblastoma development (Fig. 4.1). Why the 
loss of RB1 specifically initiates childhood tumors of 
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the retina and a few specific second primary tumors, 
remains unclear. Let us explore the key features of RB1 
and its protein product, pRB, to begin to learn about 
how retinoblastoma arises in its absence.

4.2.1 The RB1 Gene, Protein, and Function

The RB1 gene is located within a 183 kB region on human 
chromosome 13q14. Its promoter lacks any of the usual 
consensus TATA- or CAAT-binding elements, but instead 
contains binding sites for transcription factors Sp1 and 
ATF. The 5¢ region of the gene harbors a CpG island, 
which is normally unmethylated. The gene is made up of 
27 exons, which produce a 4.7 kB mRNA that is trans-
lated into a 928 amino acid protein called pRB.

Two highly conserved domains of pRB, termed 
domain A and domain B, create a pocket that serves to 
bind proteins with the consensus amino acid sequence 
LxCxE (where “x” is any amino acid). Proteins with this 
motif include the E2F family of transcription factors 
as well as viral oncoproteins, such as Simian Virus 40 
Large T-antigen and adenovirus E1A. Pocket domains 
are also found in p107 and p130, which together with 
pRB constitute the retinoblastoma family of proteins.

pRB is posttranslationally modified by phosphory-
lation. Phosphorylation of pRB is cell cycle regulated 
and carried out by cyclin-dependent kinases (cdks), 
which are bound to and activated by cyclins. The 
C-terminal domain of pRB contains the binding site 
for the cyclin–cdk complex. pRB is phosphorylated 

at the G
1
 to S phase transition by complexes cdk4/6, 

cyclin D or cdk2, and cyclin E. The protein is increas-
ingly phosphorylated at different sites as the cell 
cycle proceeds, first by cdk2-cyclin A from S phase 
to G

2
, followed by cdc2-cyclin B in M phase. Dephos-

phorylation of pRB is mediated by phosphoprotein 
phosphatase 1 (PP1), producing a hypophosphory-
lated pRB that is present during G

0
 and G

1
 phases.

The phosphorylation status affects the physical 
interaction between pRB and the E2F proteins. E2F 
family members activate genes involved in the G

1
–S 

phase transition; thus, they promote cell cycle progres-
sion. Hypophosphorylated pRB can bind to E2Fs and 
thereby inhibit this function to halt the cell cycle. As pRB 
is phosphorylated, it loses its ability to bind E2Fs, allow-
ing them to activate genes that promote the cell cycle. 
Similarly, in retinoblastoma, mutation of RB1 leading to 
nonfunctional or absent pRB would result in constant 
activation of E2Fs and steady stimulation of the cell 
cycle, a feature beneficial to tumor development.

Additional functions of pRB include apoptosis and 
differentiation and are often mediated through inter-
actions of pRB with its numerous and varied binding 
partners. Deregulation of cell death or differentiation 
pathways normally controlled by RB1 could also be 
important to retinoblastoma tumorigenesis.

4.2.2 Cell of Origin

The identity of the retinal cell that is uniquely sus-
ceptible to developing retinoblastoma continues to 
evade researchers. Early studies pinpointed the cells 
of the outer nuclear layer as the origin based on the 
fact that structures called Flexner-Wintersteiner 
rosettes, characteristic of retinoblastoma, resemble 
an attempt at photoreceptor differentiation (Flexner 
1891; Tso 1980). However, more recent studies sug-
gest that the cell of origin lies in the inner nuclear 
layer, based on the topology of emerging tumors in 
the human retina (Gallie et al. 1999).

It is logical to assume that the cell of origin must 
be a retinal cell that normally requires expression of 
RB1 during development; interestingly, this also impli-
cates specific cells of the inner nuclear layer, namely 
the Müller glia, bipolar, and horizontal cells (Spen-
cer et al. 2005). Observation of Rb1-deficient murine 

M1RB1
+/+

RB1
+/-

RB1
- /-

RETINOMA RETINOBLASTOMA

RB1
- /-M2 M3 Mn

Figure 4.1

Retinoblastoma is initiated by the loss of RB1. Loss of 
both alleles of RB1 (M1 and M2 mutational events) 
are necessary, but not sufficient, for retinoblastoma 
development. The M1 event can either be inherited or 
arise sporadically in a susceptible retinal cell, while M2 
is always sporadic. Loss of RB1 in a susceptible retinal 
cell predisposes to the benign tumor retinoma, while 
a number of subsequent mutational events (M3–Mn) 
usually eventually lead to retinoblastoma.
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retina revealed that bipolar and horizontal cells die by 
apoptosis, while Müller glia and amacrine cells sur-
vive Rb1 loss (Chen et al. 2004). Many mouse models 
of retinoblastoma also report tumors arising from the 
inner nuclear layer (Chen et al. 2004; Windle et al. 1990; 
MacPherson et al. 2004) likely indicating that these 
cells are most prone to tumorigenesis after loss of RB1, 
whereas other retinal cells may suffer different fates.

It is likely that stem cells, which are primitive, inher-
ently self-renewing cells,  are the origin of retinoblastoma, 
as is clear for hematopoietic malignancies. Retinoblas-
toma emerges during the time in retinal development 
when stem cell-like progenitor (uncommitted; can give 
rise to any cell type) and precursor (restricted to certain 
cell types) cells make up a large part of the retina, and 
after a few years of age as retina becomes nonprolifera-
tive, even a person with a germline RB1 mutation deve-
lops no new retinoblastomas. Within the tumors, only a 
specific subset of cells may maintain stem cell charac-
teristics, and continuously generate cells that attempt 
differentiation, forming tumor with abortive differen-
tiation to form photoreceptor-like structures.

4.2.3 Transient Arrest: Senescence  
Halts Retinoma

Retinoma is a clinically benign retinal tumor origi-
nally described as an elevated, gray, translucent lesion 
with areas of ‘cottage cheese’-like calcification (Gal-
lie et al. 1982). It has a distinct pathology, marked by 
the presence of benign appearing cells and fleurettes 
(Margo et al. 1983), features not shared by retinoblas-
toma, though the two distinct lesions can be found 
in the same eye. It was hypothesized that retinoma 
represented an intermediate stage between normal 
retina and retinoblastoma (Gallie et al. 1999).

Due to its rarity, retinoma has only recently begun 
to be studied at the molecular level, mainly from eyes 
enucleated for retinoblastoma found also to contain 
retinoma (Dimaras et al. 2005; Dimaras 2007). Consis-
tent with the initial hypothesis, retinoma was found 
to contain the same two RB1 mutations as its adjacent 
retinoblastoma (Dimaras et al. 2005; Dimaras 2007). 
The loss of RB1 potentially triggers a limited number 
of cell divisions and aberrant proliferation, resulting 
in the development of retinoma (Dimaras 2007).

The question remains, however, as to what keeps 
retinoma from progressing to retinoblastoma in cases 
where it remains clinically benign for the lifetime of the 
patient. The answer may lie in the fact that retinoma is 
associated with expression of p16INK4a, not detected in 
retina or retinoblastoma (Dimaras et al. 2005; Dimaras 
2007). Senescence that is induced after oncogenic stim-
ulation is thought to be mediated by p16INK4a, a cell cycle 
inhibitor (Collado et al. 2005; Braig et al. 2005; Braig and 
Schmitt 2006); expression of p16INK4a in benign tumors 
and deregulated expression in malignant tumors have 
been observed in gastrointestinal cancer (Sabah et al. 
2004) and melanoma (Radhi 1999). Thus, the transition 
from benign to malignant retinal cancer could occur 
after a reversal of the senescent state as is observed in 
the development of other cancers, and the rare cases 
of retinoma that do not progress to retinoblastoma 
could be an example of stable arrest. At this time, we 
are unable to study these specimens beyond the clinic, 
since eyes affected only with retinoma do not require 
treatment or enucleation, only clinical surveillance.

4.2.4 Post-RB1 Progressive Events

Since most retinoblastoma tumors display genomic 
imbalances, it was hypothesized that chromosomes 
that are frequently gained or lost in retinoblastoma 
may harbor candidate oncogenes or tumor suppressors, 
respectively. Numerous studies on retinoblastoma using 
comparative genomic hybridization (CGH) revealed 
most frequent gains of chromosomes 1q, 2p, and 6p 
and loss of chromosome 16q. These were subsequently 
narrowed down to the smaller, most commonly gained 
or lost regions within the chromosomes, pinpointing 
candidate oncogenes and tumor suppressor genes 
harbored by those regions (Corson and Gallie 2007).

4.2.4.1 Genomic Gain of 1q: KIF14

Over 50% of retinoblastoma tumors show gain at 
chromosomal arm 1q by CGH (reviewed in (Corson 
et al. 2007)). The minimal region of gain was narrowed 
to 1q31-32, gained in about half of tumors with 1q gain. 
Using quantitative multiplex (QM) PCR, the region 
was further narrowed to 1q32.1. From this region 
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containing 12 genes, the mitotic kinesin KIF14 was 
identified as a potential retinoblastoma oncogene, 
since it was amplified in one case of retinoblastoma 
and overexpressed in all retinoblastoma tumors com-
pared to normal retina by quantitative RT-PCR.

KIF14 is a mitotic kinesin that functions during 
cytokinesis. Therefore, in tumors, KIF14 overexpres-
sion may facilitate the proliferation that leads to 
tumor growth. In addition to its potential role as an 
oncogene in retinoblastoma, KIF14 overexpression 
has been correlated with higher tumor grade and 
worse outcome in lung and breast cancers.

It has also been suggested that MDM4 might be 
the candidate oncogene at 1q, since it inhibits the 
transcriptional activity of p53 and stabilizes MDM2, 
which targets p53 for degradation. A study using array 
CGH and Fluorescence In Situ Hybridization (FISH) 
found that MDM4 was gained in a subset of retino-
blastoma tumors (Laurie et al. 2006). Hence, could 
there be two oncogenes essential for tumorigenesis 
at a single minimal region of gain? Or does perhaps 
only one gene have functional importance in tumori-
genesis, while the other gene is simply ‘along for the 
ride’? Clearly, further investigation is warranted.

4.2.4.2 Genomic Gain of 6p: DEK and E2F3

The most common region of gain on chromosome 
6 was first identified as an isochromosome and later 
narrowed down to 6p22 (gained in 44% of retinoblas-
toma tumors) (Chen et al. 2001). Initially, the potential 
oncogene in this region was thought to be the kinesin 
KIF13A, later coined RBKIN for its hypothesized role 
as an oncogenic kinesin in retinoblastoma. Subsequent 
expression analysis eliminated RBKIN as the candidate 
6p oncogene, but identified two others: E2F3 and DEK. 
E2F3 plays a role in initiation of the cell cycle, and was 
recently found to regulate DEK. DEK is a known onco-
gene in many cancers and is translocated in leukemia. 
It has been implicated in a number of different functions, 
including chromatin remodeling, mRNA splicing, and 
transcriptional regulation.

The roles of DEK and E2F3 in the retina and how 
they might function either alone or in combination 
when overexpressed in retinoblastoma are unclear. 

Knockdown of either candidate in retinoblastoma 
cell lines with 6p22 gain causes massive cell death 
(DEK) and decreases cellular growth rates (DEK 
and E2F3); therefore, it is possible that both genes 
could play a cooperative role in retinoblastoma 
development (Orlic 2007).

4.2.4.3 Genomic Gain of 2p: NMYC

Another chromosomal region frequently gained in 
retinoblastoma occurs on chromosome 2p. The mini-
mal region of gain at 2p24 contains the gene NMYC, 
known to be amplified in neuroblastoma. Since the 
retinoblastoma cell line Y79 also showed NMYC 
amplification, this gene was assumed to be the retin-
oblastoma oncogene at this region. Since then, NMYC 
amplification has been observed in various frequen-
cies of retinoblastoma tumors tested. The function of 
overexpression of NMYC or other 2p genes in retino-
blastoma remains to be elucidated.

4.2.4.4 Genomic Loss of 16q: CDH11

Approximately 31% of retinoblastoma tumors show 
loss at chromosome 16q22 (Marchong et al. 2004), a 
region that contains two cadherin genes, CDH11 and 
CDH13. Expression studies pinpointed CDH11 as 
the potential tumor suppressor gene, which unlike 
CDH13, was expressed in retina but decreased or 
lacking in the majority of retinoblastoma tumors 
studied.

Although the precise mode of function of CDH11 
is not well known, it belongs to the cadherin family 
of proteins, which are involved in cellular adhesion. 
The ability of the tumor to surpass cellular adhesion 
might be important for metastasis or vitreous seed-
ing. This does not exclude other roles for CDH11; 
however, as studies from a murine model of retin-
oblastoma indicate, Cdh11 loss causes an increase 
in the rate of cellular proliferation in developing 
tumors (Marchong 2007).

The techniques used to narrow the regions 
harboring potential retinoblastoma oncogenes and 
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tumor suppressors detect gross chromosomal deletions  
or aberrations, but are likely to miss point mutations 
or small deletions, as well as epigenetic modifica-
tions, that might play a role in tumor progression. 
For example, CGH studies did not identify frequent 
loss of chromosome 13q, the location of RB1, likely 
because most RB1 mutations are not large deletions. 
A candidate gene approach can be used to discover 
potential retinoblastoma tumor suppressor genes and 
oncogenes not suggested by genomic studies. This 
approach was used to identify p75NTR as a potential 
retinoblastoma tumor suppressor gene, as discussed 
in the following section.

4.2.4.5 Deregulation of Apoptosis: Loss  
of Expression of p75NTR

Loss of RB1 in many tissues leads to apoptosis; yet 
for reasons unknown, in the retina, RB1−/− cells can 
survive and form tumors. This led to the hypoth-
esis that perhaps a mutational event downstream 
of RB1 loss targeted a gene responsible for initiat-
ing cell death in response to tumorigenic insult. 
The p53 gene, a well-known tumor suppressor gene 
involved in the regulation of apoptosis, was studied  
for potential deregulation in retinoblastoma.  
However, retinoblastomas commonly show a few 
cells expressing p53, and radiation of retinoblas-
toma cell lines results in normal upregulation of p53. 
In addition, no mutations of p53 have been found in 
retinoblastoma cell lines or primary tumors. MDM4 
overexpression, observed in a subset of retinoblas-
toma, could potentially cause deregulation of p53, as 
it directly inhibits the transcriptional activity of the 
tumor suppressor.

Another candidate for a pro-apoptotic tumor 
suppressor in the retina is NGFR, which encodes 
p75NTR, a modulator of developmental cell death in 
the retina. Expression analysis revealed t hat retino-
blastoma tumors show reduced or lost p75NTR mRNA 
expression and complete absence of the protein, 
while retina and retinoma express normal levels of 
the protein (Dimaras et al. 2006). Functional evi-
dence in mice and retinoblastoma cell lines indicate 
a pro-apoptotic role of p75NTR and support the idea 

that p75NTR is a tumor suppressor in retinoblastoma 
(Dimaras 2007).

4.2.5 Murine Models of Retinoblastoma

The functional study of retinoblastoma and its step-
wise accumulation of genetic events depend on study 
of a murine retinoblastoma model that precisely 
mimics human retinoblastoma progression, since 
only late stage human retinoblastomas are available 
for molecular studies when eyes are removed for 
therapy. The existing murine retinoblastoma mouse 
models are reviewed in the following sections.

4.2.5.1 RB1 Knockout Mouse Models

Heterozygote RB1+/− mice developed pituitary and 
thyroid tumors after somatic inactivation of the sec-
ond RB1 allele in the appropriate tissue; however, 
retinoblastoma was not observed (Hu et al. 1994; 
Lee et al. 1992). The first transgenic RB1 knockout 
proved to be embryonic lethal (Lee et al. 1992; Jacks 
et al. 1992; Clarke et al. 1992), later attributed to a 
placental defect (de Bruin et al. 2003). However, even 
with a replacement normal placenta, RB1−/− mice did 
not survive past birth (de Bruin et al. 2003). Multiple 
RB1+/− transgenics in combination with knockout 
of E2F1 (Tsai et al. 1998), p107 (Lee et al. 1996), and 
p53 (Morgenbesser et al. 1994) were made, yet none 
resulted in murine retinoblastoma; the latter two, 
however, developed retinal dysplasia.

4.2.5.2 Viral Oncoprotein-induced Murine  
Retinoblastoma

Using papillomavirus E7 and E6 to inhibit pRB and 
related proteins, retinal tumors were induced in mice 
(Griep et al. 1998; Howes et al. 1994). In an attempt 
to create a murine model for pituitary tumors using 
Simian Virus 40 Large T-antigen (TAg), one mouse 
lineage serendipitously developed tumors specifically 
in the retina that very closely mimicked the human 
condition. The TAg-induced retinoblastoma (TAg-RB)  
transgene is 100% penetrant and the tumors display 
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characteristic Flexner-Wintersteiner and Homer  Wright 
rosettes (Windle et al. 1990). These mice have been 
used in several clinical studies to test potential treat-
ments for retinoblastoma (Escalona-Benz et al. 2005; 
Jockovich et al. 2006; Murray et al. 1997). Further more, 
the TAg-RB murine tumors mice show M3–Mn events 
like human retinoblastoma: loss of p75NTR, CDH11 
(Marchong et al. 2004), gain of DEK, E2F3 (Orlic et al. 
2006; Grasemann et al. 2005), and KIF14.

4.2.5.3 Conditional RB1 Knockout Murine  
Retinoblastoma Models

Most recent mouse models have attempted to mimic 
human retinoblastoma by knocking out RB1 specifi-
cally in the retina using the Cre-lox system, either 
on a p107 null (Chen et al. 2004) or p130 null genetic 
background (MacPherson et al. 2004), or by Cre-
mediated inactivation of pRB and p107 on a p53 null 
background (Zhang et al. 2004). A retinal-specific 
promoter is used to drive Cre expression, resulting 
in RB1 knockout at different stages in retinal devel-
opment in each mouse. The tumors develop Homer 
Wright rosettes; however, Flexner-Wintersteiner 
rosettes or M3–Mn events have not been reported.

4.2.5.4 Limitations of Mouse Models

Although mouse models can yield functional infor-
mation that cannot be attained by the use of human 
clinical samples, we must be critical of the informa-
tion garnered from these models and how it relates 
to the human disease. For example, the conditional 
models mentioned above develop retinal tumors in 
a completely mutant retina, which is not the case in 
humans, where the tumor most often initiates in one 
mutant cell in an otherwise normal retina. Morpho-
logical and molecular features are important when 
translating knowledge from murine models to human. 
The TAg-RB mouse model that most closely mimics 
the clonal nature of human retinoblastoma presents 
with similar histological features and acquires the 
same M3–Mn events as human retinoblastoma.

4.2.6 Summary: A Model of Retinoblastoma  
Development

Although the number and combination of events 
required for retinoblastoma initiation and progres-
sion is inconclusive, it is tempting to design a model of 
retinoblastoma progression, the precise order of events, 
as well as is proposed the number and combination of 
events required for malignancy, remains inconclusive. 
In general, a susceptible retinal cell loses both copies 
of RB1 and undergoes a limited bout of proliferation, 
forming a benign retinoma lesion. Absence of RB1 
permits low-level genomic instability that is halted by 
p16INK4a-mediated senescence forming a benign retin-
oma. A rare cell escapes this arrest by downregulation 
of p16INK4a, perhaps also escaping apoptosis by early 
loss of p75NTR. Cell proliferation resumes, followed 
and provoked by the accumulation of further genomic 
imbalances, perhaps some of which were initiated at 
a low level at the retinoma stage to begin with. A 
combinatory gain of oncogenes NMYC, KIF14, E2F3, 
and/or DEK ensues, along with loss of CDH11, result-
ing in full-blown malignant retinoblastoma.

4.3 Genetic Counseling

Genetic counseling provides valuable information to 
retinoblastoma patients and their families about the 
nature of the disease, inheritance patterns, risks to 
family members, and implications for family planning. 
This section covers the features of retinoblastoma that 
impact genetic counseling such as hereditability and 
transmission of the disease, risk for second primary 
cancers, and implications of molecular genetic testing.

4.3.1 Heritability of Retinoblastoma

Both RB1 alleles have to be deregulated in order for 
retinoblastoma to develop in a developing retinal cell. 
However, the mutant RB1 allele behaves as an auto-
somal dominant trait, since heterozygous carriers of 
an RB1 mutation will almost always lose the second 
allele and develop retinoblastoma.
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The majority of retinoblastoma cases (90%) arise 
sporadically in the tissues of the affected proband or 
the parental germline; they are also referred to as iso-
lated cases because there is no family history of the 
disease. If the initial RB1 mutation arises in a germ 
cell before conception, or in the early embryo, the risk 
for retinoblastoma will be heritable (Table 4.1). If two 
somatic RB1 mutations occur in a susceptible retinal 
cell leading to retinoblastoma, but the germline is not 
affected, the tendency to retinoblastoma will not be 
heritable. Sporadic retinoblastoma more commonly 
arises in only one eye (unilateral); however, it can 
also affect both eyes (bilateral). Sporadic tumors are 
likely to be unifocal; however, mutifocal tumors have 
also been observed. Care must be taken to ensure that 
tumors described as “multifocal” are actually “new”, 

and not actually a result of recurrent or disseminated 
tumors, as this affects the probability of the proband 
carrying a germline mutation (Table 4.2). For this rea-
son, multifocal tumors cannot be clearly identified 
in eyes displaying vitreous or subretinal seeding, or 
tumors with poor prognosis features (International 
Intraocular Retinoblastoma Classification C, D, E 
(Murphree 2005)).

The minority of retinoblastoma cases (10%) are 
familial, in other words, inherited from an affected 
parent or unaffected carrier parent. Familial cases are 
always heritable, since the first RB1 mutation is pres-
ent in all cells of the body including the germline. As 
a result, familial cases are commonly bilateral and 
multifocal, though some unilateral cases have been 
observed.

Table 4.1. Heritability of retinoblastoma

Clinical presentation  
in proband

% of  
RB patients

Genetic mechanism Inherited? Heritable?

Familial (mostly bilateral; 
sometimes unilateral)

10% Inherited mutant RB1 allele Yes Yes

Sporadic bilateral 30% 88% New mutation arising in germline  
of father (>90%) or mother (<10%)

No Yes

12% Mutational mosaicism No (Yes)a

Sporadic unilateral 60% 85% Somatic mutations of both RB1 alleles No No
15% New mutation arising in germline 

(often mosaic)
No Yes

a Germline mosaicism can only be measured in males (Sippel et al. 1998)

Table 4.2. Probability that proband has germline mutation

Clinical presentation

Unilateral

BilateralFamily History Unifocal Multifocal Probability

Positivea + 100%
+ 100%

+ 100%

Negativeb + 100%
+ 15%

+c 15-?%

a Positive = more than one affected family member
b Negative = only one affected individual in the family (the proband)
c True multifocal tumors, not disseminated tumors
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In addition to retinoblastoma, RB1 mutation 
 predisposes to other primary cancers, including 
osteosarcoma, malignant melanoma, and soft tissue 
sarcoma (Eng et al. 1993; Fletcher et al. 2004). These 
second primary neoplasms present later in life, but 
earlier than the same tumors in persons with no 
RB1 mutation. No particular RB1 mutation has been 
shown to predispose to second tumors in retinoblas-
toma patients (Lohmann 1999); however, unknown 
modifier genes can potentially increase the risk as 
shown for lipoma (Genuardi et al. 2001). Also, treat-
ment of retinoblastoma with external beam radia-
tion has been shown to increase the risk for second 
primary tumors to as high as 50% by 50 years of age 
(Wong et al. 1997).

In the absence of molecular diagnosis, it is 
important to screen all first-degree relatives of retin-
oblastoma patients when it is the first identified case 
in the family. Eye examinations may identify under-
lying retinal lesions (retinoma, retinal scarring) even 
if they do not develop retinoblastoma.

4.3.2 Role of Environmental Factors

No environmental factors have been shown to con-
tribution to the development to retinoblastoma 
(Buckley 1992). However, certain paternal occupa-
tions (metal manufacturing, welder-machinist) can 
predispose their future offspring to retinoblastoma, 
perhaps because of an increased risk of germline 
mutagenesis (Bunin et al. 1990).

4.3.3 Molecular Genetic Testing

The heritable nature of retinoblastoma and risk for 
other cancers necessitates genetic testing in the proband 
and their family, since the relative risk to family mem-
bers and future offspring depends on whether or not 
the proband has germline RB1 mutation (Tables 4.1 
and 4.2). Technological advances have made genetic 
testing of the proband rapid and highly sensitive, 
identifying the heritable RB1 mutation in 92.2% of cases 
(Retinoblastoma Solutions Test Sensitivity 2007),  

further enabling testing of other family members  
for the presence or absence of the mutation. Genetic 
counseling for family members found to have increased 
risk of developing retinoblastoma and/or transmitting 
the mutation to their offspring improves the quality 
of clinical care for retinoblastoma patients and their 
at-risk relatives. Furthermore, identifying noncarri-
ers of the RB1 mutation eliminates the requirement 
for obtrusive and costly clinical surveillance, as only 
family members found to carry the mutation need 
to be monitored for the potential development of 
tumors. Molecular testing has improved the standard 
of care for retinoblastoma, and has yet to be emulated 
in the treatment and management of other cancers, 
where the initiating molecular events are not as 
clearly defined.

4.3.4 RB1 Test Strategies

4.3.4.1 Sporadic Bilateral or Familial  
Retinoblastoma

Genetic testing of constitutional DNA (usually from 
a sample of peripheral blood) in hereditary cases of 
retinoblastoma identifies over 90% of causative muta-
tions (Retinoblastoma Solutions Test Sensitivity 2007). 
The second RB1 mutation can be detected only from 
tumor DNA; however, for bilateral or familial cases, 
this is usually not required (Lohmann et al. 2007).

For sporadic bilateral retinoblastoma, analysis of 
peripheral blood may not always lead to the detection 
of the causative RB1 mutation. In such cases, testing 
of tumor DNA may reveal either two RB1 mutations 
or one RB1 mutation together with evidence of LOH. 
The constitutional blood can then be retested specifi-
cally for the presence of the mutation(s); if neither 
is detected, it is assumed that the patient is mosaic. 
(Note: the lowest level of mosaic mutation detectable 
is dependent on the methodology used and currently 
varies from 2% to 20% (Lohmann et al. 2007)).

If a causative mutation is detected as heterozygous 
in the proband’s blood, then the proband’s parents 
should be tested for the mutation. Most cases of spo-
radic bilateral retinoblastoma are de novo, in other 
words, caused by a new mutation. In a small number 
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of cases, the parent may be low-level mosaic, unde-
tectable by current methodologies. For this reason, 
all siblings of the proband should also be tested for 
the proband’s mutation. Children of the proband are 
at 50% risk of inheriting the mutation.

4.3.4.2 Sporadic Unilateral Retinoblastoma

For sporadic unilateral cases, the peripheral blood DNA 
is usually normal (85% of patients), and DNA from the 
tumor must be analyzed to identify both RB1 mutations. 
The peripheral blood DNA should then be tested for the 
identified mutations, as 15% of patients are likely to be 
heterozygous carriers (germline) or mosaic.

If neither RB1 mutation is identified in the blood 
(only in the tumor DNA), then this is most likely a non-
germline, sporadic case of retinoblastoma, and parents 
and siblings are not at risk. There exists, however, the 
rare possibility that one of the tumor mutations is low-
level mosaic, so future offspring of the proband should 
be tested for the presence of the mutation.

In some cases where no tumor or tumor DNA is 
available, blood from unilateral isolated patients 
can be screened using comprehensive molecular 
techniques (discussed below) to identify a germline 
mutation. The finding of no mutation lowers the risk 
of a germline mutation from 15% to 1.7% if the labo-
ratory test sensitivity is 90%.

4.3.4.3 Prenatal Testing

Transmission of an RB1 mutation from an affected par-
ent to their offspring can be detected prenatally in DNA 
from amniotic fluid. If the familial mutation is detected, 
premature labor can be induced at 8 months gestation 
in order to start immediate treatment on the tumor. 
This can potentially save the child’s vision before the 
tumor reaches a stage necessitating enucleation.

4.3.4.4 RB1 Mutation Identification

Over a thousand distinct RB1 mutations leading to 
retinoblastoma have been identified (Richter et al. 
2003) suggesting that there are virtually an infinite 

number of ways to break the gene and initiate retin-
oblastoma. Mutations range from exonic or whole 
gene deletions causing frameshifts or loss of the 
entire gene, respectively, to point mutations caus-
ing splicing defects, missense or nonsense muta-
tions. The range of mutation types can be found as 
either the first (M1) or second (M2) RB1 mutations; 
however, the second mutation, in the tumor cells, 
is usually (65% of cases) mitotic recombination 
resulting in the same RB1 mutation on both chro-
mosomes, recognized first as loss of heterozygosity 
(Cavenee et al. 1983; Hagstrom and Dryja 1999; Zhu 
et al. 1992).

A variety of molecular genetic techniques are 
employed to find the identity of an unknown RB1 
mutation (Table 4.3). Methylation-specific PCR or 
Southern Blot with methylation-specific restriction 
endonucleases can be used to detect RB1 hypermeth-
ylation (Zeschnigk et al. 1999). Cytogenetic aber-
rations, such as translocations or gross deletions of 
13q, can be detected by FISH using lymphocytes from 
peripheral blood.

Gross deletions and duplications can also be 
 identified by multiplex ligation-dependent probe 
amplification (MLPA), or quantitative multiplex-
PCR with high-resolution fragment length  analysis. 
The latter additionally detects length variations 
resulting from small insertions or deletions in the 
coding sequence.

Point mutations (leading to frameshifts, missense, 
nonsense, or splice mutations, as above) can be iden-
tified by standard sequence analysis and/or mutation 
scanning. Also, RNA from blood can be tested to detect 
splicing defects or rearrangements of RB1 (Lohmann 
et al. 2007).

4.3.4.5 Missense Mutations

Missense mutations result in the alteration of the nor-
mal sequence of amino acids in the translated protein. 
Most RB1 missense mutations leading to retinoblas-
toma create a protein with complete or partial loss of 
function of the pocket domain. Many missense muta-
tions result in incomplete penetrance of retinoblas-
toma (discussed below) (Lohmann 1999).
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4.3.4.6 Frameshift and Nonsense Mutations

Frameshift and nonsense RB1 mutations in retino-
blastoma have been identified throughout the gene, 
resulting from point mutations or deletions or dupli-
cations within the gene. Mutations resulting in a pre-
mature termination codon can sometimes produce 
a partially functional mutant protein; however, this 
is not usually observed in retinoblastoma. This has 
been suggested to be a result of nonsense-mediated 
decay, a natural cellular surveillance mechanism that 
recognizes and initiates the destruction of transcripts 
containing premature stop codons.

4.3.4.7 Aberrant Splicing

Point mutations within introns or exons of RB1 can 
affect the normal splicing of the gene. Often, splicing 
errors will result in frameshift mutations leading to 
a premature termination codon, the consequences of 
which are described above. However, if the  mutation 
affects intronic splicing signals, which are less 
 conserved, then its effect is variable and may some-
times both normal and splice normally, while at other 
times it may produce a mutant transcripts, may be 
produced. Mutations affecting the highly conserved, 
invariant +1, +2, −1, −2 intronic nucleotides tend 

to be highly penetrant, while those in other intronic 
positions that variably affect splicing have more vari-
able effects and are more likely to lead to reduced 
penetrance (see below for discussion of penetrance) 
(Zhang et al. 2008).

4.3.4.8 Epigenetic Mutations

In addition to these genetic mutations, epigenetic 
mutations can also lead to retinoblastoma by inhibit-
ing the expression of the gene. For example, hyper-
methylation of the CpG island of the RB1 promoter 
results in transcriptional inhibition of the RB1 gene. 
Current knowledge suggests that methylation of the 
RB1 promoter only occurs in the somatic retinal cells, 
present in about 10–12% of retinoblastoma tumors, 
one or both RB1 alleles are inactivated by hyperm-
ethylation as the causative events tested (Richter et al. 
2003; Klutz et al. 1999; Ohtani-Fujita et al. 1997).

4.3.4.9 Translocations and Gross Deletions

Some cases of retinoblastoma are caused by trans-
locations and/or large deletions of 13q14, the chro-
mosomal region where RB1 is located (Ejima et al. 
1988; Bunin et al. 1989). About 5% of children have 

Table 4.3. Clinical tests

Molecular test Mutations detected Rate of detectiona

FISH Submicroscopic deletions and translocations >8%

QM-PCR Submicroscopic deletions, insertions and rearrangements 37%

MLPA Deletions, insertions 16%

Mutation scanning
Sequence analysis

Single base substitutions, small length mutations 70–75%

Targeted mutation analysis  
(Allele-specific PCR)

Specific recurrent point mutations 30%

Methylation analysis Promoter hypermethylation 10–12%b

Analysis of RNA from blood (Deep intronic) splice mutations, gross rearrangements <5%c

a From (Lohmann et al. 2002)
b In tissue from retinoblastoma tumor
c In individuals where mutation could not be identified in DNA
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deletion of a large region of 13q (also referred to 
as 13q deletion syndrome) and in addition to retino-
blastoma, present with other signs of genetic disease. 
However, even large deletions can show a reduced 
penetrance if the deletion is in frame, resulting in a 
truncated stable protein (Chen et al. 2004).

4.3.4.10 Penetrance of Retinoblastoma

RB1 mutations, such as frameshift or nonsense muta-
tions that lead to null alleles and no functional pro-
tein, almost invariably lead to bilateral retinoblastoma  
(99% of cases). Full penetrance of an RB1 mutation 
means that the majority of family members develop 
retinoblastoma. Since the distribution of tumors 
between the two eyes is random, highly penetrant 
RB1 mutant alleles usually cause bilateral retinoblas-
toma (affecting both eyes).

As mentioned previously, there exist rare cases 
(<10%) of reduced penetrance mutations, evident in 
families with fewer affected children and more unaf-
fected carriers. Reduced penetrance retinoblastoma 
is caused by distinct RB1 mutations (specific splic-
ing defects, promoter mutations, missense muta-
tions) that leave some residual, partial function of 
the pRB protein (Lohmann et al. 2007). In addition, 
large deletions that span DNA beyond the RB1 gene 
also show reduced penetrance, presumably because 
an unknown adjacent gene(s) is also deleted that is 
essential for cell survival, so that loss of heterozygos-
ity results in cell death before a tumor can form. In 
these cases, tumors have a different intragenic RB1 
second mutant allele. In general, reduced penetrance 
of an RB1 mutation is also reflected in reduced 
expressivity, so those who are affected develop fewer 
tumors, commonly unilateral. Trilateral retinoblas-
toma can also arise where one or both eyes and an 
intracranial primitive neuroectodermal tumor, usu-
ally in the pineal gland, develops.

4.3.4.11 Mosaicism

If a sporadic RB1 mutation occurs as a postzygotic 
event early in the development of the fetus, only a 
subset of constitutional cells will harbor the  mutation 

and the individual will be mosaic for the mutant 
allele (Sippel et al. 1998). The distribution of cells 
mutant for RB1 varies depending on the timing and 
location of the mutation in the embryo. The mosaic 
individual may or may not develop retinoblastoma, 
and the mutation will be heritable only if the ger-
mline is affected. Individuals with mosaicism for RB1 
mutations usually present with fewer tumors that are 
likely to be unilateral.

4.3.4.12 Parent of Origin Effect

One specific RB1 mutation (base substitution in intron 
6 leading to missplicing of exon 6) (IVS6+1G-->T) 
in several unrelated families has been shown to result 
in earlier and more tumors in children who inherited 
the mutant allele from their father, and far fewer and 
later onset tumors if they inherited the mutant allele 
from their mother (Klutz et al. 2002). RNA analysis 
revealed lower mutant mRNA compared to normal 
RNA in patients with the paternally inherited allele, 
showing the usual effect of nonsense-mediated decay 
associated with premature termination of translation. 
Individuals with exactly the same, but maternally 
inherited, mutant allele had equal levels of normal 
and mutant transcript.

In more than 90% of bilateral isolated cases, 
prezygotic RB1 mutation has arisen that does not 
show the mutation in the parent’s blood cells. Most 
commonly, LOH on the child’s tumor shows that the 
new germline RB1 mutation originates on a paternal 
allele rather than the maternal (Zhu et al. 1989). This 
may reflect a difference between male and female 
gametogenesis that makes mutations more likely to 
occur in the male.

4.4 Conclusions and Significance

In conclusion, the definition of retinoblastoma as a 
genetic disease and the careful study of its molecu-
lar genetic development have contributed significant 
knowledge that has positively impacted clinical out-
comes. Knowledge of the initiating molecular events 
in retinoblastoma progression, namely the loss of 
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both alleles of the RB1 gene (M1 and M2), has been 
developed into clinical tests that can achieve high sen-
sitivity to discover the family’s unique RB1 mutant 
allele(s) and use that knowledge to improve outcomes 
for affected children and remove from surveillance 
those who do not carry the mutation. The delineation 
of post-RB1 loss events (M3-Mn) has also led to the 
development of further molecular tools with clini-
cal and diagnostic potential. Finally, the recognition 
that retinoma is an intermediate lesion between nor-
mal retina and retinoblastoma suggests a model of 
molecular progression to cancer that holds promise 
to impact on future treatment and outcomes.

4.5 Glossary

Bilateral retinoblastoma retinoblastoma that 
affects both eyes.

de novo germline mutation new mutation, arising 
 sporadically in a germ 
cell of the proband’s 
parent or in early stages 
of embryogenesis of the 
proband.

Expressivity the phenotypic hetero-
geneity in the presenta-
tion of the disease.

Familial retinoblastoma the RB1 allele that 
resulted in retinoblas-
toma was transmitted 
from a parent; children 
with familial retinoblas-
toma are constitution-
ally heterozygous for 
RB1 mutant alleles.

Heritable retinoblastoma offspring of probands 
with heritable retino-
blastoma are at 50% 
risk to inherit the 
mutant allele.

Isolated or sporadic no family history of 
retinoblastoma  retinoblastoma; may or 

may not have a constitu-
tional RB1 mutant allele.

Mosaic the RB1 mutation 
occurred early in devel-
opment, affecting only a 
subset of constitutional 
cells.

Multifocal retinoblastoma two or more retinoblas-
toma tumors affecting 
one eye.

Penetrance the frequency at which a 
genotype (mutation) is 
expressed at the pheno-
typic level.

Proband the first patient in a 
family to be diagnosed 
with retinoblastoma.

Trilateral retinoblastoma retinoblastoma develops 
in both eyes (or only 
one eye) in addition to 
pinealoblastoma or a 
primitive neuroectoder-
mal brain tumor.

Unifocal retinoblastoma a single retinoblastoma 
tumor in one eye.

Unilateral retinoblastoma retinoblastoma that 
affects one eye.
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5.1 Introduction

Radiation therapy is a primary treatment for retino-
blastoma resulting in high rates of disease control 
and functional organ preservation. Late effects from 
treatment, including secondary tumor formation in 
patients with genetic predisposition have, during the 
past 15 years, led investigators to pursue treatment 
approaches that delay or omit radiation therapy. 
Currently, the role of radiation therapy in the man-
agement of retinoblastoma remains in a state of 
uncertainty, and the number of patients irradiated 
using external beam methods is on the decline even as 
cure rates continue to increase (Broaddus et al. 2009). 
Investigators and caregivers await firm evidence that 
visual outcomes and eye preservation are equivalent 
with newer approaches that include episcleral plaque 
brachytherapy as a component of local therapy in the 
current front-line management for selected patients 
(Antoneli et al. 2006).

In the treatment of retinoblastoma, radiation 
therapy provides the benchmark for the evaluation 
of tumor control, for eye preservation, and for side 
effects. Its role has been diminished by its known con-
tribution to secondary tumors in a high-risk popula-
tion and the move toward chemotherapy combined 
with local ophthalmic therapy (Wilson et al. 2001). 
Radiation therapy is the most effective nonsurgical 
treatment for retinoblastoma. It is the only treatment 
for which long-term data identify attribution of late 
effects in vulnerable young patients and those with 
genetic susceptibility to malignancy induction. Radi-
ation therapy has an excellent track record in pres-
ervation of the eye. In patients with Reese–Ellsworth 
group I–II disease, tumor control rates measured at 
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5 years are in excess of 95%. In patients with more 
advanced disease (Reese–Ellsworth groups III and 
IV), 5-year control rates reduce to approximately 50%, 
partly owing to the greater tumor burden and intraoc-
ular extent of disease (Blach et al. 1996). Patients with 
Reese–Ellsworth group VB disease have 5-year eye-
preservation rates of approximately 53% (Abramson 
et al. 2004a). Poor tumor control in advanced cases is 
often attributed to vitreous seeding. Although data 
on visual acuity are relatively limited, most patients 
are reported to have good visual acuity (20/20–20/40) 
after radiation therapy; the rest have at least some 
prospect for functional vision (20/50–20/400) (Egbert 
et al. 1978; Hall et al. 1999). Visual acuity and field after 
therapy are affected by tumor location, tumor size, 
and treatment (Abramson et al. 2004b), which often 
depend on the patient’s age at the time of diagnosis; 
younger patients are more likely to have tumors about 
the macula (Brinkert et al. 1998).

5.2 Treatment Methods

The promise of more advanced external beam radia-
tion therapy methods has yet to be realized. The advent 
of newer treatments coincided with the movement 
away from the use of front-line radiation therapy. With 
the advent of conformal radiation therapy methods, 
investigators eager to focally irradiate localized dis-
ease also realized that the price of increased confor-
mity and a potentially lower integral patient dose was 
an increase in the volume receiving lower doses.

Treatment methods used for fractionated irra-
diation of localized retinoblastoma have been exten-
sively reviewed (Munier et al. 2008). The governing 
hypothesis surrounding the use of newer meth-
ods is that increased conformity of treatment will 
reduce dose to normal tissues and subsequently the 
side effects of radiation therapy. At stake is a broad 
spectrum of side effects ranging from the treatable 
endocrinopathies to lifelong and apparent deformity 
to the development of an incurable secondary tumor. 
More recently, external beam irradiation is utilized 
as a second-line therapy for patients with tumors 
not amenable to local therapies, including epis-
cleral plaque brachytherapy. These cases often have 

 vitreous seeding for which lens-sparing treatment 
might compromise the volume at risk for tumor pro-
gression, whole-globe irradiation is required, and the 
advantage of some focal methods may be reduced.

Most clinicians are familiar with the D-shaped 
fields used to treat unilateral or bilateral disease, with 
the isocenter placed 2–3 mm behind the lens at the 
level of the surgical limbus (Fig. 5.1). With the advent 
of three-dimensional radiation therapy, a variety of 
methods have been used to treat retinoblastoma, 
including intensity-modulated radiation therapy. The 
various methods may be compared on a dosimetry 
basis by comparing dose–volume histograms for nor-
mal tissue, assuming adequate coverage of the targeted 
volume. Although each method may be used to achieve 
conformity (i.e., shaping the radiation field so that the 
highest doses are centrally focused on the targeted 

Figure 5.1

Typical D-shaped field used to treat unilateral or bilateral 
retinoblastoma
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volume), each method has different characteristics 
in terms of normal tissue irradiation. A recent report 
demonstrated the advantages of intensity-modulated 
radiation therapy over three-dimensional conformal 
radiation therapy and conventional two-dimensional 
irradiation in terms of the dose delivered to normal 
tissue structures (Krasin et al. 2004). Although, for 
most techniques, increasing the conformity of the 
highest doses results in a relatively sharp decline of 
the dose–volume curve at the higher doses, this gain 
comes at the expense of increasing the volume of nor-
mal tissue that receives the lowest doses. Consider 
the dose to the bony orbit, a common site of second-
ary malignancies: even optimally applied intensity-
modulated radiation therapy will result in 50% of the 
orbit receiving 50% of the prescribed dose. Higgins 
et al. (2006) used fractionated stereotactic radiation 
therapy to treat the orbit in children under anesthe-
sia. They found a maximum average deviation to be  
± 2 mm. In their estimate, the normal tissue complica-
tion probability for growth inhibition of the orbit was 
reduced from 95–100% using standard techniques to 
less than 16% using their methods. Sahgal et al. (2006) 
used similar techniques in a small group of patients 
and found no acute or late side-effects in patients 
treated to a focal portion of the retina. The lone patient 
who required treatment of the entire globe developed 
cataract and corneal ulceration.

Proton beam radiation therapy has been available 
for decades. Only recently have protons  become the  
modality of choice to deliver a precise dose to the  
target yet minimize the dose to normal tissues. A 
proton beam has exquisite stopping power in tissue 
and produces essentially no lateral scatter, whereas 
photon beams traversing the tissue slowly lose energy 
and deposit decreasing doses of radiation along the 
path through the tissue. Where the photon beam 
enters the tissue, it deposits most of its dose superfi-
cially, then continues to deposit dose gradually until 
it exits the patient. The proton beam, with its sharp 
Bragg peak, can penetrate deeply and deposit dose 
in the targeted volume, leaving no exit trail (Fig. 5.2).  
The proton beam can be modulated to achieve a 
more widely spread Bragg peak and used to uni-
formly irradiate the tumor or target at a particular 
depth. Comparing photons or X-rays with protons, 

it is easy to see that proton beam irradiation can 
be used to control tumors at any depth without the  
entrance and exit doses associated with photon 
beam irradiation that are largely responsible for 
the complications we see in patients given radiation 
therapy for retinoblastoma. The advantage of pro-
tons over photons in reducing doses to normal tis-
sue (lens, lacrimal gland, bony orbit, and soft tissues)  
has been demonstrated for of tumors in various 
sites in the retina (Lee et al. 2005). One study showed 
that for tumors located in the nasal retina, central 
retina, or temporal retina, irradiation of normal 
tissue can be avoided by using beam positioning 
and eye positioning techniques. Krengli et al. (2005) 
used tumor volumes from three patients with retino-
blastoma were compared on the basis of treatment 
planning using conformal, electron and intensity-
modulated radiation therapy. Protons beam therapy 
had the best orbital bone sparing dose distribution. 
Only 10% of the bone exceeded 5 Gy using protons 
compared to 25% for 3D-CRT electrons, 69% for 
IMRT, 41% for a single 3D lateral beam, 51% for a 
3D anterolateral beam with a lens block, and 65% 
for a 3D anterolateral beam without a lens block. This 
finding opens up the possibility of selective retinal 

Figure 5.2

Coronal digital reconstruction of a CT image demon-
strating the unique stopping ability of protons in a 
case of bilateral retinoblastoma
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irradiation by using an external beam. Enhance-
ments that allow fine-beam (pencil-beam) scanning 
and new methods of achieving stereotaxy (including 
image guidance and robotics) will enable very precise 
proton-beam treatment of the retina in patients with 
retinoblastoma. Given plans to increase the availability 
of proton beam radiation therapy in the US, the rela-
tively small number of cases (based on current trends) 
that will require radiation therapy, and the obvious 
dosimetric advantages in these high-risk patients, pro-
ton beam radiation therapy will become the standard 
modality for external beam irradiation of retinoblas-
toma. Fig. 5.3 shows the differences in orbital bone 
irradiation for a patient with unilateral retinoblastoma 
treated with conventional radiation therapy using 
en face electrons or paired photons beams, conformal 
or intensity-modulated radiation therapy methods, 
and proton beam radiation therapy. The differences 
in normal tissue irradiation likely correlate with risk 
for late effects including secondary tumors and abnor-
malities in growth and development although long-
term data are lacking in this patient population treated 
with newer methods including proton beam radiation 
therapy.

Newer methods of irradiation combine advanced 
methods of patient immobilization and verification 
with three-dimensional treatment planning and 
delivery methods. The goal is to limit the highest 
doses to the targeted volume and minimize dose to 
normal tissues. In the setting that the tumor is con-
fined to the retina, lens sparing treatment should be a 
primary consideration to reduce cataract formation. 
This may be achieved simply by irradiating the pos-
terior aspect of the globe. When more focused meth-
ods are employed or the target is prone to motion, 
fixation of the globe is required. Such immobilization 
is available at highly specialized centers of ocular 
oncology (Fig. 5.4).

Episcleral plaque brachytherapy has enjoyed resur-
gence and is employed primarily as a consolidative 
therapy after induction chemotherapy for tumors that 
have not completely responded yet meet the criteria 
for plaque treatment (see chapter 7). It has been used 
successfully to salvage progression of local failures 
after chemotherapy and radiation therapy in numer-
ous reports. Indeed, episcleral plaque brachytherapy 
is the only radiation therapy option in the current 
portfolio of localized retinoblastoma protocols in the 
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Children’s Oncology Group (COG). The current COG 
trial of systemic neoadjuvant chemotherapy for  
group B intraocular retinoblastoma,1 which gener-
ally enrolls patients with tumors >3 mm in dimen-
sion with or without subretinal fluid and no evidence 
of vitreous seeding, includes episcleral plaque 
brachytherapy as a local therapy along with cryo-
therapy, thermotherapy, and laser photocoagula-
tion. Local therapies are allowed during cycles 2–6 of 
chemotherapy. Patients who require external beam 
radiation therapy are considered treatment failures. 
Similarly, the COG is conducting a single arm trial of 
vincristine, etoposide and systemic and subtenon car-
boplatin chemotherapy for groups C and D intraocu-
lar retinoblastoma.2 Episcleral plaque brachytherapy 

is included as one of the local therapies, which are 
withheld until the third course of chemotherapy and 
assessment of response. In this latter study, which 
includes patients with vitreous seeding, plaque ther-
apy can be viewed only as a supportive therapy and 
does not replace the role of external beam treatment 
when progressive vitreous disease is present.

Episcleral plaque brachytherapy has the advan-
tages that it is highly focal, it allows irradiation of 
normal tissue to be limited, and it has a high rate 
of lesion control. Its disadvantages include its lack 
of availability or applicability as a treatment tech-
nique. It requires extensive operator experience and 
in some instances produces significant adverse effects 
in the retina. A standard dose is 40 Gy to the apex at 
40–50 cGy per hour and may require inpatient admis-
sion. Common sources include iodine 125 (125I), but 
other sources have been investigated. In the largest 
reported series from Philadelphia, tumor control rates 
in excess of 86% were achieved in 102 cases (Shields 

Figure 5.4

Unique immobilization of the globe for the treatment of retinoblastoma using proton therapy

1Trial of Systemic Neoadjuvant Chemotherapy for Group B  
Intraocular retinoblastoma (ARET0331)
2A Single Arm Trial of Systemic and Subtenon Chemotherapy 
for Groups C and D Intraocular Retinoblastoma (ARET0231)
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et al. 2001). The St. Jude series included a relatively 
small number of cases and a lesion control rate of 
96% (Merchant et al. 2004). Responses to episcleral 
plaque brachytherapy are seen rapidly and in some 
cases during the brief course of application (Fig. 5.4). 
Discussion of all the radiation techniques reported 
for treatment of unilateral and bilateral tumors and 
of all the measures taken to spare the lens and mini-
mize irradiation of normal tissue are beyond the 
scope of this chapter. Indeed, given that a substantial 
number of patients are diagnosed with vitreous seed-
ing (Reese–Ellsworth IVB) after chemotherapy and 
require whole eye irradiation and have poor tumor 
control, it may be less important to reduce the total 
dose of radiation, spare the lens, or use a more focal 
radiation delivery technique.

5.3 Extraocular and High-Risk Retinoblastoma

Patients with extraocular and high-risk retinoblas-
toma include a group of children who are not com-
monly seen in clinical practice in the US. Radiation 
therapy is indicated for extraocular retinoblastoma 
and after enucleation when high-risk features are pres-
ent including scleral involvement and involvement of 
the margins of the optic nerve based on anatomic 
pathologic examination (see chapter 8) (Stannard et 
al. 1979). Based on orbital or regional involvement, 
patients should receive radiation therapy to initially  
involved sites after induction chemotherapy. Delay-
ing radiation therapy is meant to allow for response 
evaluation to chemotherapy, the possibility of 

cytoreduction, and reduced treatment volume.  
The fundamental target volume is the orbit for most 
cases of pathologically defined extraocular tumor and 
extends to include regional sites and lymph nodes 
based on clinical and imaging evidence of tumor 
extension. In the rare instance that regional sites or 
lymph node involvement are documented in the 
absence of local pathologic evidence of extraocular 
tumor, the orbit may be omitted from the primary 
treatment volume. The dose used for treatment of the 
orbit or regional extraocular sites is typically 45 Gy.

The aforementioned approach has been adopted 
by the Children’s Oncology Group in their trial 
for extraocular and high-risk retinoblastoma.3 The  
target volumes and doses for patients with orbit- 
confined and regional disease are included in Table 5.1. 
An example case demonstrating the definitions of 
clinical and planning target volume is included in 
Fig. 5.5.

Radiation therapy may be indicated for patients 
with metastatic retinoblastoma based on response to 
chemotherapy. In most treatment protocols, patients 
with hematogenous metastases or CNS involvement 
who achieve a complete response to induction chem-
otherapy are not irradiated; however, incompletely 
responding patients are most often irradiated at the 
completion of chemotherapy that includes consoli-
dation using high-dose therapy and stem-cell rescue. 
This sequence is mandated for patients who require 
craniospinal irradiation. Typical doses include 36 Gy 
to non-CNS metastatic sites in patients who appear to 
respond to chemotherapy. Based on age, older patients 
who require craniospinal irradiation should receive 

3  A trial of intensive multimodality therapy for extraocular retinoblastoma. (ARET0321).

Table 5.1. Target volumes and doses for patients with orbit-confined and regional retinoblastoma

Stage/Site GTV CTV PTV PTV doses

Orbital involvement Residual tumor Orbita including GTV CTV+5 mm 45 Gy

Orbital and regional 
extraorbital involvement

Residual tumor and 
regional lymph nodes

Orbit including GTV and extraorbital 
and regional lymph nodes

CTV+5 mm 45 Gy

Orbit = internal bony orbit, optic foramen and optic nerve to chiasm
GTV gross tumor volume, CTV clinical target volume, PTV planning target volume
aOrbit may be omitted from the treatment volume when local pathologic evidence of extraocular tumor is not present
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36 Gy to the neuraxis and 45 Gy to residual disease. 
Younger patients should receive at least 23.4 Gy to the 
neuraxis. There is evidence to suggest that clinically 
defined disease has limited microscopic tumor infil-
tration so that the clinical target volume surrounds 
the clinically identifiable residual tumor (gross tumor 
volume), may be as small as 5 mm. These patients 
have a poor prognosis (Leal-Leal et al. 2006).

5.4 Secondary Malignant Tumors

The risk of second malignant neoplasms is highest 
among patients with the germline mutation of the RB1 
gene (for more information on second malignancies 
in retinoblastoma survivors, see chapter 9). They may 
occur without the use of radiation therapy (Mahajan 
et al. 2008) and in patients treated with chemother-
apy (Gombos et al. 2007). Chemotherapy is known 
to enhance the development of second malignant 
neoplasms in irradiated patients (Marees et al. 2008). 
Radiation-induced tumors are the most frequent and 
bone and soft-tissue sarcomas are the most common 

(Kleinerman et al. 2005). It appears that more patients 
die from radiation-induced sarcomas than from retin-
oblastoma itself (Kleinerman et al. 2007).

The report by Wong et al. (1997) had a major 
impact on the use of radiation therapy. The report 
covered a 70-year experience and included 604 
patients with bilateral retinoblastoma. It estimated 
that the 50-year cumulative incidence of second 
malignant neoplasms in irradiated patients was 51% 
for patients with bilateral disease, but only 5% for 
patients with unilateral disease. The data also showed 
that radiation-induced tumors were the leading cause 
of death among long-term survivors.

More recent data show that the incidence is 
lower. Marees et al. (2008) reported on 668 retino-
blastoma survivors treated from 1945 to 2005 who 
were in the Dutch registry. With a median follow-
up of 21.9 years, they showed that the standardized 
incidence ratio for the development of a second-
ary tumor was 20.4 among irradiated patients with 
hereditary retinoblastoma versus 1.86 among those 
who were not irradiated. The cumulative incidence 
of a secondary tumor at 40 years was estimated to 

Figure 5.5

Three-dimensional radiation therapy targeting of the orbit. Clinical (inner contour) and planning (outer contour) target 
volume contours are shown (left image) along with superior (center image) and anterior (right image) projection of the 
volumetric orbital target volume
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be 28% (95% CI 21–35). Kleinerman et al. reported 
on 1601 previously studied retinoblastoma survi-
vors through the year 2000 (Kleinerman et al. 2005). 
The analysis included nearly 1,000 patients with 
irradiated or unirradiated hereditary tumors. The 
standardized incidence ratio (ratio of observed to 
expected cancers) was 22 in the irradiated group 
and 7 in the unirradiated group, a threefold differ-
ence. The cumulative incidence of new cancers at 50 
years was 36% (95% CI 31–41) among those irradi-
ated.

While these reports are more refined and control 
groups more acceptable than in the past, these type 
of data will continue to be challenged for their poten-
tial bias with regard to treatment era and techniques, 
the statistical handling of trilateral retinoblastoma, 
the attribution of low-dose therapeutic exposures 
and diagnostic imaging, the fundamental lack of 
long-term data for patients treated only with che-
motherapy, and the suspicion that patients treated 
decades ago with “radiotherapy alone” may have 
had poorly documented chemotherapy exposure.  

Radiation oncologists acknowledge the attribution  
of radiation therapy but remain concerned that 
functional outcomes and vision in this patient 
group have lost ground in the current era hoping 
that an improved assessment of the risks for malig-
nancy induction, including a refined evaluation of 
genetic predisposition, will identify a role for their 
modality.

The risk of secondary cancer overrides most deci-
sions about treatment. Abramson et al. (Abramson 
and Frank 1998) determined that the risk of a sec-
ond malignancy was reduced in patients older than  
12 months compared to those younger than 12 months 
when irradiated. Statistically, the risk of secondary 
malignancies in patients irradiated when older than 
12 months was equal to that in patients who did not 
receive radiation therapy. They concluded that delay-
ing radiation therapy until the patient was older than 
1 year appeared to reduce the risk of a second malig-
nancy. Similar findings were observed by Moll et al., 
who reviewed the Dutch Registry and patients with 
hereditary retinoblastoma (Moll et al. 2001) (Fig. 5.6).
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5.5 Nonmalignant Side Effects  
from Radiation Therapy

There are a variety of potential side effects from radi-
ation therapy that impact the goals of organ pres-
ervation, preservation of vision, and maintaining 
length and quality of life. The side effects of radiation 
therapy have framed current clinical trial designs to 
include avoidance of radiation therapy for patients 
with retinoblastoma. These side effects include 
(Tawansy et al. 2006; Pomarede et al. 1984; Srithavaj 
and Thaweboon 2006; Miller et al. 2005; Kase et al. 
2008; Guyuron 1990; O’Doherty et al. 2005).

Ophthalmic and nonophthalmic complications 
include:

−	 Retinal detachment
−	 Vitreous hemorrhage
−	 Cataract formation
−	 Glaucoma
−	 Endocrinopathy
−	 Xerophthalmia
−	 Altered oral ecology
−	 Orbital hypoplasia.

Destruction of any portion of the eye, including  
phthisis bulbi, is an uncommon but potential compli-
cation along with ocular glaucoma, which negates all 
potential benefits of radiation therapy and leaves the 
patient with the burden of radiation exposure since 
enucleation is usually required. Less severe but equally 
problematic is retinal detachment. Xerophthalmia is 
an expected complication of radiation therapy when 
the sebaceous meibomian glands or lacrimal glands 
are included in the irradiated volume. Cataract forma-
tion is a frequent side effect from radiation therapy. 
The true incidence of cataract formation is unclear; 
however, Miller et al. (2005) reported on a series of 
patients where the median interval from diagnosis to 
cataract surgery was 42 months (range, 28–95 months). 
Even with directed irradiation of the anterior cham-
ber, cataract formation is not guaranteed suggesting 
that predisposing factors are contributory. Kase et 
al. (2008) showed that growth factors produced by 
retinoblastoma cells may lead to cataract formation. 

TGF-beta is known to potentiate radiation effects. 
There are no clinical data evaluating TGF-beta levels 
in cataracts induced by irradiation. Hopefully with 
newer techniques of irradiation, hourglass deformity 
is a thing of the past (Guyuron 1990).

5.6 Controversies in the Management  
of Retinoblastoma

Radiation therapy may be indicated when the globe 
is penetrated traumatically or surgically in advance 
of the diagnosis of retinoblastoma (Gass 1963). 
Investigators at the Will’s Eye Institute (Shields et 
al. 2000) reported on the management of retino-
blastoma in patients after vitrectomy. Their series 
included 900 patients from which 11 (1%) cases 
treated with vitrectomy prior to the diagnosis of 
retinoblastoma were identified. In no case was 
retinoblastoma suspected prior to vitrectomy per-
formed to treat vitreous hemorrhage, toxocariasis, 
toxoplasmosis, or endophthalmitis. All cases were 
sporadic and the median age was 6 years. Retino-
blastoma was diagnosed after cytologic evaluation 
of the vitrectomy specimen in most cases and less 
often at the time of the procedure. With a median 
follow-up of 7 years, none of the patients treated 
with adjuvant therapy experience tumor recur-
rence. Treatment included enucleation in all, but 
one patient and orbital irradiation was adminis-
tered in 9 patients and a similar were treated with 
chemotherapy. Others have reported on the treat-
ment of retinoblastoma following ocular surgery 
(Stevenson et al. 1989). Extraocular retinoblastoma 
was the initial presentation for three patients pre-
viously treated with ocular surgery that included 
biopsy, vitrectomy, or lensectomy. The time from 
surgery to presentation ranged from 3 to 18 months 
and all were successfully treated with combined 
modality therapy that included orbital irradiation 
to 44 Gy. There are also case reports citing dissemi-
nation of unsuspected retinoblastoma in patients 
following hyphema drainage (Murthy et al. 2007). 
One such case reported conjunctival presentation, 
cervical lymphadenopathy 7 months after surgery. 
The 6-year-old patient died of metastatic disease.
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One wonders if controlled surgery on the eye is 
an indication for adjuvant therapy including radia-
tion therapy. Twelve high-volume ocular oncology 
clinics were queried with regard to their patients 
diagnosed with retinoblastoma following controlled 
fine needle aspiration (Karcioglu 2002). Among 3,651 
patients, eight were biopsied and six were diagnosed 
with retinoblastoma following fine needle aspira-
tion biopsy with the clinical diagnosis of uveitis/
endophthalmitis using 25–27 g needles through the 
limbus and pars plana. Most were older than 4 years 
of age at the time of diagnosis. Five were treated with 
enucleation and one with cryotherapy and I-125 
brachytherapy. With follow-up of 10.8 years, there 
have been no cases of recurrent disease.

5.7 Recommendations

A number of measures may be taken to reduce the 
likelihood of second malignant neoplasms and treat-
ment effects if radiation therapy is required includ-
ing delaying radiation therapy until the patient 
is 12 months old, reducing the total dose, using 
episcleral plaque brachytherapy as a local therapy 
after chemotherapy, new external beam treatment  
methods and modalities, including conformal or 
intensity-modulated radiation therapy and proton 
beam radiation therapy.

Our recommendations for patients with newly 
diagnosed retinoblastoma include 36 Gy for Reese–
Ellsworth group I or II disease and standard-dose 
irradiation (45 Gy) for more advanced (Reese–Ells-
worth group III-V) disease. For patients whose dis-
ease progresses after chemotherapy, our preference 
is to irradiate with standard doses (outside a proto-
col) and to use episcleral plaque brachytherapy when 
possible. We recommend defining the clinical target 
volume as the optic globe and the treatment plan-
ning target volume as the optic globe with a 3–5 mm 
margin. Lens sparing can be accomplished on an 
individual basis when no evidence of retinal seed-
ing is apparent. Additional individualized techniques 
include using a conventional split beam to spare the 
lens and using electrons, conformal irradiation, 

intensity-modulated radiation therapy, and, soon to be 
more widely available, proton beam radiation therapy.
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Chapter 6

6.1 Introduction

Treatment of retinoblastoma aims to save life and 
preserve useful vision, and thus needs to be individ-
ualized. Factors that need to be considered include 
unilaterality or bilaterality of the disease, potential 
for vision, and intraocular and extraocular staging. 
A multidisciplinary approach is pivotal, and it is in 
this context that the role of chemotherapy must be 
discussed.

The first clinical experience with chemotherapy 
in the treatment of retinoblastoma using nitro-
gen mustard was reported in 1953 (Kupfer 1953). 
Institutional experiences in the management of 
extraocular retinoblastoma were reported subse-
quently, usually applying regimens modeled after 
the treatment regimens for metastatic neuroblas-
toma (Lonsdale et al. 1968; Pratt et al. 1985). Since 
then, the role of chemotherapy has been expand-
ing, and now it is a main component in the man-
agement of intraocular disease.

Retinoblastoma is a very chemosensitive disease; 
in general, chemotherapy is indicated in patients 
with extraocular disease, in the subgroup of patients 
with intraocular disease with high-risk histologic 
features, and in patients with bilateral disease in con-
junction with aggressive focal therapies. Agents with 
documented efficacy include microtubule inhibitors 
(vincristine and paclitaxel), platinum compounds 
(cisplatin and carboplatin), topoisomerase II inhibi-
tors (teniposide and etoposide), alkylating agents 
(cyclophosphamide and ifosfamide), anthracyclines 
(doxorubicin and idarubicin), and topoisomerase I 
inhibitors (topotecan) (Schouten-van Meeteren et al. 
2002; Rodriguez-Galindo et al. 2007).
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6.2 Ocular Pharmacokinetics

Application of new therapeutic possibilities for cancer 
treatment involves drug delivery in many forms, but 
ocular drug delivery is hampered by the barriers pro-
tecting the eye (Fig. 6.1). The eye is protected from 
the xenobiotics of the blood stream by blood-ocular 
barriers. The anterior blood-eye barrier (blood-aqueous 
barrier) is constituted by the endothelial cells in 

the uvea. This barrier limits the access of hydrophilic 
drugs from plasma into the aqueous humor; however, 
inflammation may disrupt the integrity of this barrier 
causing unlimited drug distribution to the anterior 
chamber. The posterior blood-eye barrier (blood-
retina barrier) is formed by the neural retina and 
the retinal pigment epithelium (RPE), and the tight 
walls of retinal capillaries. The inner border of the 
neural retina faces the vitreous, and the outer border 

Figure 6.1

Schematic representation of the eye with routes of periocular drug administration and ocular kinetics (modified from 
Urtti A.(Urtti 2006)) (1) Transcorneal permeation into the anterior chamber; (2) non-corneal drug permeation across the 
conjunctiva and sclera into the uvea; (3) Drug distribution from the blood into the anterior chamber through the blood-
aquesous barrier; (4) Clearance of drug from the anterior chamber through the trabecular meshwork and Schlemm’s 
canal; (5) Drug clearance from the aqueous humor into the systemic circularion across the blood-aqueous barrier; (6) 
drug distribution from the blood into the posterior eye across the blood-retinal barrier; (7) Drug elimination from the 
vitreous via posterior route across the blood-retinal barrier; and (8) Drug clearance from the vitreous via anterior route 
to the posterior chamber
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is next to the RPE. The neural retina is composed of 
nine layers, and the RPE is composed of a monolayer 
of polarized cells. The blood supply to the inner two-
thirds of the retina is from retinal vessels; the retinal 
endothelial cells have basal lamina, and they are sur-
rounded by pericytes, thus forming tight junctions. 
The blood supply to the outer third of the retina and 
the RPE comes from the choroidal circulation. Unlike 
the retinal capillaries, the vasculature of the choroid 
has extensive blood flow and leaky walls; drugs eas-
ily gain access to the choroid extravascular space, 
but thereafter, distribution into the retina is limited 
by the RPE and retinal endothelia (Mannermaa et al. 
2006; Urtti 2006). Lipophilicity, molecular weight, 
and protein binding (it is believed that only unbound 
drugs can pass through the blood-retina barrier) are 
the main factors for penetration through the barrier. 
Inflammation and trauma also have important roles 
in breaking the blood-retina barrier by disrupting 
tight junctions, increasing transendothelial vesicles, 
and increasing pinocytosis (Ghate and Edelhauser 
2006). It is possible that a similar phenomenon occurs 
in retinoblastoma.

6.2.1 Ocular Drug Transporters

The blood-retina barrier restricts the movement of 
substances after systemic and periocular administra-
tion to the retina. The tight junctions form the pen-
etration barrier to hydrophilic substances, thereby 
limiting the transfer of compounds both inward 
(blood to vitreous) and outward (vitreous to blood). 
The RPE has many important features essential for 
normal retinal function, such as transport of nutri-
ents and waste products, regulation of ion, and fluid 
balance. RPE thus expresses many transporters and 
channels related to these physiological functions. 
Among these, the RPE and the endothelial cells also 
express efflux transporters, such as P-glycoprotein, 
MRP1, 4, 5, and BCRP. This efflux protein activity 
restricts the movement of certain drugs to the retina. 
In most cases, this is an important protective sys-
tem for the retina, but it also limits drug delivery to 
the posterior eye segment (Mannermaa et al. 2006). 
Many antineoplastic agents are known substrates of 
efflux proteins.

6.3 Chemotherapy in the Treatment  
of Intraocular Retinoblastoma

6.3.1 Unilateral Retinoblastoma

In the absence of extraocular disease, enucleation 
alone is curative for 85–90% of children with uni-
lateral retinoblastoma (Khelfaoui et al. 1996; Zelter 
et al. 1991; Schvartzman et al. 1996; Chantada et al. 
2004a). However, in view of the success in treating 
bilateral intraocular disease with chemoreduction, 
early stage intraocular disease can also be treated 
using conservative methods (Shields and Shields 
1999). Adjuvant treatment is indicated in the cases 
with scleral invasion and in patients with positive 
tumor at the transection line of the optic nerve (see 
below, under treatment of extraocular retinoblas-
toma, and chapter 9). Adjuvant treatment for the 
remaining patients with intraocular disease is debat-
able. In the absence of randomized studies, available 
information would suggest that the use of adjuvant 
chemotherapy is beneficial for the selected group of 
patients with higher risk of extraocular dissemina-
tion (a subset of patients with retrolaminar optic 
nerve invasion, patients with massive choroidal 
or scleral involvement, and patients with involve-
ment of the anterior segment) (Khelfaoui et al. 1996; 
Chantada et al. 2004a; Uusitalo et al. 2001; Hona-
var et al. 2002; Chantada et al. 2007). The value of 
adjuvant chemotherapy in the setting of isolated 
retrolaminar involvement is controversial (Chan-
tada et al. 2007). Adjuvant chemotherapy does not 
seem to be indicated for patients with prelaminar 
involvement (Uusitalo et al. 2001; Chantada et al. 
1999a), or isolated focal choroidal involvement (Sch-
vartzman et al. 1996; Chantada et al. 2004a; Uusitalo 
et al. 2001; Chantada et al. 1999a). Different chemo-
therapy regimens have been proposed. A six-month 
treatment with VDC (vincristine, cyclophosphamide 
and doxorubicin), VCE (vincristine, carboplatin and 
etoposide), or a hybrid with alternating courses of 
both regimens, appears to be effective (Zelter et al. 
1991; Honavar et al. 2002) (Table 6.1). Idarubicin is 
also an effective agent in retinoblastoma, and can be 
substituted for doxorubicin (Chantada et al. 2004a; 
Chantada et al. 1999b).
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6.3.2 Bilateral Retinoblastoma

Patients with germline mutation of the RB1 gene 
develop multiple, bilateral retinoblastomas at an ear-
lier age, and they are at risk of developing new tumors 
until the completion of retinal differentiation (Moh-
ney et al. 1998). Treatment of patients with bilateral 
retinoblastoma incorporates up-front chemotherapy, 
which intends to achieve maximum chemoreduction 
of the intraocular tumor burden early in the treat-
ment, followed by aggressive focal therapies. Intraoc-
ular retinoblastoma is extremely chemosensitive, and 
disease progression during treatment is rarely seen. 
Noticeable responses are seen in more than 90% of 
the eyes; these responses are maximum after 2 cycles, 
and tumor regression after subsequent cycles is less 
pronounced (Figs. 6.2 and 6.3) (Rodriguez-Galindo 
et al. 2003a; Abramson et al. 2005; Dunkel et al. 
2007). However, chemotherapy alone can only save 

less than 10% of the eyes (Rodriguez-Galindo et al. 
2003a). Macular tumors are more sensitive to chemo-
therapy, probably because of the richer vascular sup-
ply that maximizes exposure to chemotherapy. Up 
to two-thirds of macular tumors can be controlled 
with chemotherapy alone (Shields et al. 2005), and 
with the addition of thermotherapy, this proportion 
may increase to greater than 80% (Shields et al. 2005; 
Schefler et al. 2007). Chemoreduction coupled with 
intensive use of sequential focal therapies (cryo-
therapy, laser photocoagulation, thermotherapy and 
brachytherapy) has resulted in an increase in the eye 
salvage rates and in the decrease (and delay) in the 
use of radiation therapy (see chapter 7). Different 
chemotherapy combinations are used although the 
best results are achieved with a combination of vin-
cristine, carboplatin, and etoposide (or teniposide) 
(Shields et al. 2002a; Nenadov Beck et al. 2000; Mur-
phree et al. 1996; Kingston et al. 1996; Chantada et al. 

Table 6.1. Adjuvant chemotherapy for retinoblastoma with high risk histology

Regimen Drugs Doses Comments

COG-ARET0332 protocol VCR
CBP
ETO

0.05 mg/kg day 1
18.6 mg/kg day 1
5 mg/kg days 1, 2

6 cycles

Chantada et al.  
(Chantada et al. 2004a)

VCR
CYC
IDA

0.05 mg/kg day 1
65 mg/kg day 1
10 mg/m2 day 1

Cycles 1, 3, 5, 7

CBP

ETO

18.7 mg/kg (<10 kg) days 1, 2
560 mg/m2 (³10 kg) days 1, 2
3.3 mg/kg (<10 kg) days 1, 2, 3
100 mg/m2 (³10 kg) days 1, 2, 3

Cycles 2, 4, 6, 8

SJCRH VCR

CYC

DOX

0.05 mg/kg (<12 months) day 1
1.5 mg/m2 (³12 months) day 1
40 mg/kg (<12 months) day 1
1,200 mg/m2 (³12 months) day 1
1.5 mg/kg (<12 months) day 1
45 mg/m2 (³12 months) day 1

Cycles 1, 3, 5

VCR

CBP
ETO

0.05 mg/kg (<12 months) day 1
1.5 mg/m2 (³12 months) day 1
AUC 6.5 mg/ml/min day 1
3.3 mg/kg (<12 months) days 1, 2, 3
100 mg/m2 (³12 months) days 1, 2, 3

Cycles 2, 4, 6

VCR vincristine, CBP carboplatin, ETO etoposide, CYC cyclphosphamide, IDA idarubicin, DOX doxorubicin, SJCRH St. Jude Children’s 
Research Hospital
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2005; Menon et al. 2007; Schiavetti et al. 2005; Antonelli 
et al. 2006). An alternative chemotherapy regimen 
includes the addition of cyclosporine to the three-drug 
regimen (Gallie et al. 1996). The rationale for the use 
of cyclosporine originates from the documentation  
of multiple ATP-binding cassette transporters in 

retinoblastoma tumors (Chan et al. 1997; Wilson et al. 
2006; Krishnakumar et al. 2004) and the possible 
correlation with treatment failure (Chan et al. 1997). 
The concurrent administration of cyclosporine 
could potentially abrogate the efflux of drugs from 
the cancer cell (Gallie et al. 1996; Chan et al. 1996). 

Figure 6.2 a,b

Response of a group B eye a to 2 cycles of vincristine and carboplatin b

Figure 6.3 a,b

Response of a group D eye a to 2 cycles of vincristine and topotecan in a patient with bilateral retinoblastoma b
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However, the expression of P-glycoprotein does not 
always seem to predict response (Krishnakumar et al. 
2004), and cyclosporine may add additional toxicity. 
For patients with early intraocular stages (R-E I-III, 
International group B), a less intensive regimen with 
vincristine and carboplatin alone appears to be effec-
tive (Rodriguez-Galindo et al. 2003a; Chantada et al. 
2005; Wilson et al. 2005) (Table 6.2).

Thus, the treatment of patients with advanced 
intraocular disease (R-E groups IV and V, Inter-
national Groups C and D) remains a major chal-
lenge. Although randomized studies have not been 
performed, when compared to radiation and focal 
treatments alone, chemoreduction does not seem 
to improve overall ocular salvage significantly for 
patients with very advanced intraocular disease 
(Scott et al. 1999; Hungerford et al. 1995; Toma et al. 
1995). Chemotherapy intensification appears to cor-
relate with outcome, and better results are obtained 
with protocols that include at least 6 courses of vin-
cristine, etoposide, and carboplatin (Shields et al. 
2002a; Gündüz et al. 1998; Shields et al. 1997). Central 
retinal tumors usually respond better to chemother-
apy than do tumors in the peripheral retina (Gombos 
et al. 2002), but large central tumors may be associ-
ated with subretinal seeds, which ultimately may 
cause treatment failure (Shields et al. 2002b). With 
the addition of aggressive sequential focal therapies, 
globe retention is no better than 50% for R-E group V 
eyes (Group D) and most patients eventually require 

radiation (Shields et al. 2002a; Nenadov Beck et al. 
2000; Wilson et al. 2005).

6.3.3 New Tumor Formation on Chemotherapy

In the natural history of patients with germline RB1 
mutation, new tumors continue to form after diagno-
sis. But it is not clear whether the use of chemotherapy 
might alter this process . Several authors have evaluated 
the impact of primary systemic chemotherapy on the 
rate of new tumor formation in patients with heredi-
tary retinoblastoma. For patients receiving treatment 
with the standard two- or three-drug regimens that 
include 6 to 8 cycles of chemotherapy, the cumulative 
incidence of new tumors following the start of che-
motherapy is 10 to 24% (Wilson et al. 2007; Shields 
et al. 2003), although higher incidences have also been 
reported (Schueler et al. 2006). However, most new 
tumors develop after stopping chemotherapy (Rodri-
guez-Galindo et al. 2003a; Shields et al. 2003). The inci-
dence of new tumors is higher if less chemotherapy 
or only focal treatments are given (Lee et al. 2003; 
Abramson et al. 1992; Abramson et al. 1994). Younger 
age at diagnosis, a family history of retinoblastoma, 
and lower Reese-Ellsworth grouping at diagnosis are 
factors that significantly increase the likelihood of new 
tumor formation (Wilson et al. 2007; Shields et al. 2003; 
Schueler et al. 2006). These risk factors are intrinsically 
tied together; patients with a family history are more 

Table 6.2. Recommended approach by the Children’s Oncology Group to the treatment of intraocular retinoblastoma

R-E group ABC group Treatment

Focal Tx Chemotherapy Radiation

I–II A + If PD If PD

I–III B + VCR 0.05 mg/kg d 1
CBP 18.6 mg/kg d 1
X 2–6 courses

If PD

IV–V C–D + 
+/− subtenon carboplatin × 3

VCR 0.05 mg/kg d 1
CBP 14 mg/kg d 1, 2
ETO 6 mg/kg d 1, 2  
× 6 courses
+ G-CSF

If PD
Consider early EBRT if massive 
vitreous seeding at completion 
of chemotherapy

V b E Enucleation

VCR vincristine, CBP carboplatin, ETO etoposide, PD progressive disease, EBRT external-beam radiation therapy
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likely to be screened early and diagnosed at a younger 
age, early in the natural history of the disease.

Importantly, the majority of the new tumors after 
the start of chemotherapy develop in the equatorial 
or peripheral retina, and less than 20% of the tumors 
form in the macula (Wilson et al. 2007). This tumor 
distribution is likely tied to retinal development rather 
than to the use of chemotherapy, but it is possible that 
small tumors in the richly vascularized central retina 
are effectively treated with chemotherapy before they 
become visible. New tumors may still retain sensitivity 
to the drugs used as they likely represent new somatic 
mutations occurring after the start of treatment.

The use of chemotherapy may alter the natural 
history of retinoblastoma. This could have some 
important implications. First, even in those cases of 
early diagnosis, in which the tumor(s) can be treated 
successfully with focal treatments, chemotherapy 
(probably with carboplatin alone or in combination 
with vincristine) may help prevent tumor devel-
opment in areas in which the tumors or the focal 
treatments required for their control may represent 
a threat to vision, such as in the macula or near the 
optic nerve. Second, this prophylactic effect may 
extend to the development of pineal tumors. The 
incidence of trilateral retinoblastoma has decreased 
dramatically since systemic chemotherapy protocols 
have been used routinely, although the decrease in 
the use of radiation therapy may also have influenced 
this change in outcomes (Shields et al. 2001).

6.3.4 Therapy-Related Leukemia

Although patients with germline mutation of the 
RB1 gene do not appear to have an increased risk of 
hematopoietic malignancies (Eng et al. 1993; Gom-
bos et al. 2007), the use of etoposide adds an addi-
tional risk to this patient population (Smith et al. 
1994). Epipodophyllotoxin-related leukemia shows a 
dose-response relation, with the highest risk associ-
ated with cumulative doses greater than 4,000 mg/
m2 (Smith et al. 1994; Pui et al. 1991). Also associated 
with dosage schedule, there is a higher leukemo-
genic potential when the medication is administered 
weekly than when administered every 3 or 4 weeks 
(Pui et al. 1991), as in the treatment of retinoblastoma. 

However, it should not be assumed that the risk of 
developing a treatment-related leukemia is only dose 
and schedule related. Modest exposures to these 
agents can induce this fatal complication (Blanco et al. 
2001), so routine use of etoposide should be evaluated 
very carefully. Therapy-related acute myeloid leuke-
mia after the treatment of retinoblastoma has been 
reported although its occurrence appears to be very 
low (Nishimura et al. 2001; Gombos et al. 2007).

6.4 Periocular Administration  
of Chemotherapy

6.4.1 Mechanisms for Transscleral  
Drug Delivery

Transscleral drug delivery is a potential solution to 
the need to achieve high intraocular concentrations 
of chemotherapeutic agents. Traditionally subcon-
junctival, subtenon and retrobulbar injections have 
been used to administer drugs such as steroids and 
local anesthetics. The high permeability of the sclera 
to macromolecules has revived the interest to this 
route of drug administration (Ranta and Urtti 2006). 
For transscleral drug delivery, the drug is placed into a 
periocular space (subconjunctival, subtenon, peribul-
bar, retrobulbar, or posterior juxtascleral), and it may 
permeate from the periocular space into the vitreous 
via the anterior chamber, a direct penetration pathway 
across the sclera, or through the systemic circulation. 
In the anterior chamber route, the drug reaches the 
aqueous humor either directly across the sclera and 
ciliary body or indirectly via the tear fluid and cornea, 
and subsequently diffuses to the posterior chamber 
and into the vitreous. In the direct penetration path-
way, the drug permeates into the vitreous through the 
underlying tissues (Fig. 6.1); in the anterior eye, the 
drug may diffuse through the ciliary body and then 
to posterior chamber and vitreous, while in the poste-
rior eye, the drug has to permeate across the choroid, 
retinal pigment epithelium, and neural retina in order 
to reach the vitreous. Finally, a small proportion of the 
drug enters the general circulation via conjunctival, 
episcleral of choroidal vessels and returns into eye with  
blood flow (Urtti 2006). The relative importance of each  
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route to vitreal drug delivery has been investigated 
in the animal models; the direct penetration pathway 
is the most important route in the vitreal delivery of 
most compounds with widely differing physicochem-
ical properties (Ranta and Urtti 2006).

The pharmacokinetics of transscleral drug delivery 
need to consider the direct penetration of drug into the 
vitreous, the elimination of the drug from the vitreous, 
and the drug lost from the periocular space (Table 6.3). 
Thus, the bioavailability may be improved by either 
increasing the direct penetration rate or reducing the 
rate of loss. The loss of drug from the periocular spaces 
affects the efficiency of transscleral drug delivery into 
the posterior eye. Periocular clearance uses elimina-
tion into conjunctival lymphatics and episcleral veins, 
and the conjunctival lymphatic and blood flow are 
important mechanisms for the loss of drug from the 
sub-tenon space. When the drug is given as a solution 
into the periocular space, no sustained drug delivery 
is expected, and most drugs are cleared within 1 h 
(Li et al. 2004). In the animal model, Robinson et al. 
reduced the clearance via conjunctival lymphatics and 
blood vessels by incising a small square through the 
conjunctiva thus hindering lymphatic and blood flow 
in the area (Robinson et al. 2006). Administration of 
a drug in a viscous or semisolid media is an alterna-

tive method to decrease orbital clearance. As discussed 
below, fibrin sealants result in sustained drug delivery 
into the choroid, retina, and vitreous.

The drug must permeate across several tissues, and 
some of the barriers are different in the anterior and 
posterior eye. The RPE is the rate-limiting permeation 
barrier in the retinal delivery of hydrophilic drugs and 
macromolecules through the transscleral route. Perme-
ability in RPE is determined both by physical–chemical 
factors (molecular weight, lipophilicity, charges) and 
affinity to active transporters. The transporters may 
decrease or increase the drug transfer across the RPE 
depending on the type of transporter (influx or efflux) 
and its location (vitreal or blood side). The permeat-
ing drug also faces active barriers such as the clear-
ance via choriocapillaris blood flow. The choroidal 
blood flow is higher than in any other tissue (relative 
to the tissue weight) and choriocapillaris walls contain 
large fenestrations. Large macromolecules are able to 
diffuse through the fenestrations in rabbit choriocap-
illaris. In a rabbit model for administration of triam-
cinolone acetonide, elimination of the blood flow with 
cryotherapy did not result in improved penetration of 
drug after subtenon administration (Robinson et al. 
2006). The orbital and conjunctival vasculature and 
lymphatics seem to have a larger role in drug clearance 
than does the choroid. The elimination of conjunctival 
lymphatic and blood flow by incising a small window 
in the conjunctiva was more effective in increasing 
the vitreous concentration than the elimination of 
the choroidal blood flow (Robinson et al. 2006). When 
considering the orbital clearance, the posterior sub-
tenon location appears to be the best periocular route 
as it is closer to the sclera and farther from the orbital 
vasculature (Ghate et al. 2007). Following periocular 
injection, the drug must penetrate across the sclera, 
which is more permeable than the cornea. However, 
for the drug to reach the retina, it must pass across the 
choroid and RPE (a tighter barrier than the sclera), at 
which point drugs may be cleared significantly to the 
blood stream (Urtti 2006).

The sclera has a large surface area (16.3 cm2) and 
scleral permeability shows no dependence on lipophi-
licity but dependence on molecular radius. The sclera 
is composed of collagen and proteoglycan fibers with 
few protein binding sites. Drugs permeate through the 

Table 6.3. Factors affecting transscleral drug delivery (Ranta 
and Urtti 2006)

Tissue Factor

Conjunctiva and 
Tenon’s capsule

Diffusion across tissues
Clearance via conjunctival blood 
and lymphatic flow

Sclera Diffusion across sclera
Clearance via episcleral veins

Ciliary body Diffusion across ciliary body
Clearance via circulation

Choroid, Bruch’s  
membrane and RPE

Passive diffusion
Active transport and efflux in RPE
Clearance via choroidal circulation
Binding to melanin

Neural retina Diffusion across neural retina

Vitreous Distribution and elimination  
in vitreous
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aqueous intercellular media of the sclera occupying 
the pores between the collagen fibers. Pore diameter 
and intercellular space are important determinants of 
transscleral drug delivery, particularly for drugs such 
as large hydrophilic peptides and oligonucleotides. 
The cornea is relatively impermeable to solutes with a 
molecular size of >1 kDa; however, dextran and albu-
min (69 kDa) readily penetrate the sclera. Scleral perme-
ability is affected by an increase in intraocular pressure 
(Ghate and Edelhauser 2006). There are several ways to 
enhance scleral permeability. Treatment of many ocu-
lar diseases incorporates the use of transscleral depots, 
either as scleral implants (used for anti-inflammatory 
agents) or collagen matrix and fibrin sealants, or the 
use of microspheres and other nanoparticles (Ghate 
and Edelhauser 2006; Bu et al. 2007). Scleral perme-
ability can also be increased through scleral thinning, 
increased hydration, increased temperature, or use 
of prostaglandins (which increase the expression of 
matrix metalloproteases) (Ghate and Edelhauser 2006). 
Additional methods for increasing scleral permeability 
include iontophoresis and ultrasound-induced mild 
hyperthermia. Iontophoresis is a noninvasive tech-
nique and employs the principle of charge repulsion 
for driving charged drug molecules through cellular 
layers (Majumdar and Mitra 2006).

6.4.2 Periocular Chemotherapy  
in Retinoblastoma

Control of the intraocular tumor burden requires 
achieving high levels of chemotherapeutic agents in all 
the intraocular compartments, including the vitreous, 
the subretinal space and the ocular coats. While effec-
tive, systemic administration of chemotherapy is limited 
by the blood-ocular barriers described earlier. In recent 
years, methods to increase the intraocular concentra-
tions of chemotherapeutic agents have been extensively 
investigated, and periocular administration of carbopl-
atin has been incorporated into most regimens for the 
treatment of advanced intraocular retinoblastoma.

In the transgenic murine retinoblastoma treated 
with intravitreous injections of carboplatin, inhibition 
of tumor growth occurs in a dose-dependent man-
ner (Harbour et al. 1996), thus suggesting that higher 

intraocular levels of chemotherapy would be desirable. 
However, direct injection into the vitreous carries the 
risk of extraocular dissemination from the injection 
tract, thus limiting this option. A valid alternative to 
intraocular injection is periocular administration. 
In the transgenic mice retinoblastoma model, sub-
conjunctival administration of carboplatin results in 
tumor control in a dose-dependent manner (Hayden 
et al. 2000), suggesting good intraocular penetration of 
this agent when given periocularly. Pharmacokinetic 
studies performed in the rabbit eye have validated 
this method. Hayden et al. compared the intraocu-
lar pharmacokinetics of carboplatin when given by 
subconjunctival injections (SC) (5 mg), by Coulomb-
controlled iontophoresis (CCI) (14 mg) or intrave-
nous (IV) administration (18.7 mg/kg) (Hayden et al. 
2004). The concentrations of carboplatin in retina, 
choroid, optic nerve, and vitreous were higher in the 
SC and CCI groups than in the IV group. Further-
more, systemic levels after local administration were 
very low. Subconjunctival administration resulted in 
better intraocular penetration than CCI. Compared 
with intravenous administration, the subconjunctival 
route resulted in higher levels of carboplatin in retina, 
choroid, optic nerve, and vitreous. In vitreous, peak 
levels of 4,560 mcg/mL were achieved when compared 
with 1,220 mcg/mL following IV administration. The 
concentration vs. time curves showed statistically sig-
nificant higher total levels of carboplatin in the retina, 
choroid, and vitreous over the 24 h period after focal 
delivery than with IV injection. Studies performed 
in the primate eye also support the use of periocular 
administration of carboplatin. Mendelsohn et al. com-
pared the intraocular concentrations of agents after 
local or systemic administration in primates (Mendel-
sohn et al. 1998). Intravenous carboplatin was given 
at the standard dose used in humans (18.7 mg/kg), 
and systemic and intraocular pharmacokinetics were 
compared with peribulbar and episcleral injections 
of 10 mg of carboplatin. The intravenous administra-
tion resulted in higher levels in the aqueous humor 
(6.2 mcg/ml) than peribulbar (2 mcg/ml) or epis-
cleral (1.74 mcg/ml). However, vitreous levels were 
significantly higher when carboplatin was adminis-
tered periocularly (0.3 mcg/ml IV vs 2.38 mcg/ml PB 
vs. 2.95 mcg/ml EPI). Importantly, systemic absorption 
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after periocular administration was minimal; plasma 
levels of carboplatin were 3% of those achieved after 
intravenous administration. In the same study, etopo-
side was administered systemically as a single dose of 
5 mg/kg and, importantly, no etoposide was detected in 
the aqueous or vitreous humors. Etoposide is a protein-
bound drug, and it likely stays in the plasma and thus 
has limited penetration. Studies in the mouse model 
have also shown little intravitreal penetration of etopo-
side when given intravenously. The vitreous/plasma 
ratios when measured as area under the curve concen-
trations were 0.59 for carboplatin and 0.07 for etopo-
side (Laurie et al. 2005). However, these models may not 
recapitulate the natural history of retinoblastoma as 
the blood-vitreous barrier is likely disrupted by tumor. 
In fact, intraocular carboplatin concentrations in the 
human retinoblastoma eye are higher after intravenous 
administration (18.7 mg/kg) than what the primate eye 
model shows; levels in the vitreous are 4.05 mcg/ml, 
much higher than what the animal studies would pre-
dict, and are similar to levels measured in unaffected 
animals when drug is given after cryotherapy (Abram-
son et al. 1999a). An important point of these studies, 
however, is the fact that pharmacokinetics in the rabbit 
eye are similar to the primate’s, thus establishing a good 
model for developmental therapeutics.

Given the promising preclinical data, periocular 
administration of carboplatin has been progressively 
incorporated into the clinical practice. Patients toler-
ate the administration of 2 ml of the 10 mg/ml solu-
tion although orbital toxicity is significant. In the only 
phase II study reported, responses were seen in three of 
the five eyes with vitreous disease and in two of the five 
eyes with retinal tumors (Abramson et al. 1999b). The 
role of this form of administration in the management 
of retinoblastoma is still being evaluated prospectively. 
Currently, patients with advanced intraocular disease 
(particularly those with massive vitreous or subretinal 
seeding) receive up to three doses of periocular car-
boplatin concomitantly with systemic chemotherapy. 
However, great caution should be exerted if periocular 
carboplatin is administered; acute (periorbital edema, 
inflammation) and long-term (orbital fat necrosis, soft 
tissue and muscle fibrosis, optic neuritis) toxicities are 
common (Schmack et al. 2006; Mulvihill et al. 2003).

Although effective in increasing the intraocular lev-
els, subconjunctival administration of carboplatin in 

aqueous media has many limitations. Most of the drug 
delivered is dispensed quickly throughout the subcon-
junctival space and surrounding orbit, thus exposing 
extraocular tissues to high transient concentrations 
of carboplatin and potential toxicities. Methods for 
improving periocular delivery of carboplatin while 
minimizing toxicity are being investigated. Using a col-
lagen matrix vehicle, Gilbert et al. were able to provide 
a more controlled release of cisplatin in the rabbit eye 
leading to higher drug levels in several ocular tissues 
(Gilbert et al. 2003). Fibrin sealants have the potential 
to minimize not only the risk for periorbital toxicity 
but also for retinal toxicity associated with SC carbo-
platin by providing controlled, sustained drug delivery.

Human-derived fibrin protein sealant is an FDA-
approved valid alternative for drug delivery. It is for-
mulated to contain human proteins, which minimizes 
immunogenicity and foreign body reactions and elimi-
nates the need for physical removal of the clot, which 
is naturally degraded by the body. Carboplatin appears 
to be a good drug candidate for this approach; stud-
ies have shown that this drug may enhance fibrin clot 
formation (Gorodetsky et al. 2005). One benefit of the 
sealant is that the anhydrous form of carboplatin can be 
overloaded beyond its solubility limit to provide higher 
levels of drug for extended periods. The scleral drug 
exposure is maximized, extending the duration of thera-
peutically significant intraocular drug penetration, and 
decreasing the need for repeated periocular injections. 
Simpson et al. compared the trans-scleral diffusion of 
carboplatin in the rabbit eye when administered using 
a fibrin sealant (FS) or a balanced salt solution (BSS) 
(Simpson et al. 2002). Intravitreous concentrations were 
higher when using an FS, and the FS was able to pro-
vide a transscleral release of carboplatin for >24 h (and 
carboplatin could be detected in the vitreous for up to 
2 weeks). As the intraocular levels increase, so does the 
risk of retinal toxicity. Retinal toxicity studies in mice 
suggest that retinal toxicity occurs with vitreous con-
centrations >10 mcg/mL (Harbour et al. 1996). In the 
rabbit model, the peak vitreous level using FS reached 
11.83 mcg/mL (Simpson et al. 2002). There was a tempo-
rary decline in retinal function as noted with transient 
decrease in electroretinographic amplitude at 2 days 
after treatment. However, at the doses used (12 mg/mL 
in BSS and 25 mg/mL in FS), there was no toxic effect on 
retinal function or structure (Pardue et al. 2004).
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One of the advantages of using fibrin sealants is 
the ability to increase drug concentrations, thus pro-
viding the possibility of higher doses of carboplatin 
being delivered to the ocular structures. Van Quill 
et al. investigated the intraocular pharmacokinetics 
and ocular toxicity of high carboplatin doses admin-
istered in fibrin sealant in transgenic murine retino-
blastoma (Van Quill et al. 2005). Carboplatin was 
delivered in concentrations of 37.5 mg/mL and 75 mg/
mL in the fibrin sealants. A single injection was suffi-
cient to induce a complete response or nearly complete 
response in 95% of the eyes; however, high-dose carbo-
platin did not prove to have superior anti-tumor effects 
than the lower dose, while orbital and retinal toxicity in 
the later group was significant. These results compare 
favorably to previous studies using multiple injections 
in the same rodent model (Hayden et al. 2004).

Given these encouraging preclinical data, many 
regimens now incorporate periocular carboplatin 
concomitantly with the intravenous administration 
of the standard drugs for patients with advanced 
intraocular disease. However, not more than three 
injections are currently recommended (Table 6.2).

6.5 Intravitreal and Intrarterial Chemotherapy 
for Intraocular Retinoblastoma

In order to achieve the maximum concentrations of 
chemotherapy close to the tumor and in the vitreous, 
investigators have attempted direct intravitreal deliv-
ery. This approach was pioneered by Swedish investiga-
tors in the 1960s (Ericson and Rosengren 1961; Ericson 
et al. 1964). Thiotepa was the agent selected in those ini-
tial studies, and repeated injections of 1 to 1.5 mg were 
administered, often in conjunction with external beam 
radiation therapy. Regressions were obtained, but long 
term control of the intraocular disease was generally 
not possible. This approach was recently rekindled by 
Seregard et al. in three cases of recurrent retinoblastoma 
in an only eye (Seregard et al. 1995). Patients received 
repeated intravitreal injections of 2 mg of thiotepa, fol-
lowed by vitrectomy and weekly injections for a total 
cumulative dose of 10–14 mg of thiotepa; no obvious 
clinical responses were observed. More recently, Japa-
nese investigators have pioneered the administration 

of intravitreal and intraarterial melphalan for patients 
with advanced or recurrent intraocular retinoblastoma 
(Kaneko and Suzuki 2003). Preclinical data suggests that 
retinoblastoma is very sensitive to melphalan, and that 
there is a synergistic effect with thermotherapy (Ino-
mata and Kaneko 1987). Clinical responses in patients 
with progressive retinoblastoma have been obtained 
using intravitreal melphalan followed by hyperthermia 
(Kaneko and Suzuki 2003).

Chemotherapy administration directly into the 
tumor vasculature is a common practice in oncology. 
A small, localized tumor as retinoblastoma would be 
an excellent candidate for such approach. However, 
cannulation of the retinal artery is required, thus lim-
iting the availability of this procedure. Kaneko et al. 
initially reported the feasibility of injecting melphalan 
into the ipsilateral carotid artery, with documented 
efficacy (Kaneko and Suzuki 2003). The technique 
was later perfected by Mohri using a balloon catheter 
that allowed for selective injection into the ophthalmic 
artery (Mohri 1993). More recently, Abramson et al. 
reported a variation of this technique that includes 
a direct cannulation of the ophthalmic artery using 
a microcatheter (Abramson et al. 2008). Using this 
approach, the authors reported high ocular salvage 
rates with minimal local and systemic toxicity after the 
administration of 3–5 mg of intraarterial melphalan.

6.6 Treatment of Extraocular Retinoblastoma

Four patterns of extraocular disease can be recog-
nized: (1) Locoregional dissemination, including 
orbital disease, tumor extending to the cut end of the 
optic nerve, and lymphatic spread to the preauricular 
lymph nodes; (2) Central nervous system dissemina-
tion; (3) Metastatic retinoblastoma and (4) Trilateral 
retinoblastoma. Treatment of extraocular retinoblas-
toma is described in detail in chapter 8.

6.6.1 Orbital and Locoregional  
Retinoblastoma

Orbital retinoblastoma occurs as a result of progres-
sion of the tumor through the emissary vessels and 
sclera. Orbital retinoblastoma is isolated in 60–70% 
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of the cases; lymphatic, hematogenous, and CNS 
metastases occur in the remaining patients (Doz et al. 
1994). Treatment should include systemic chemo-
therapy and radiation therapy; with this approach, 
60–85% of patients can be cured. Since most recur-
rences occur in the CNS, regimens using drugs with 
well documented CNS penetration are recommended. 
Different chemotherapy regimens have proven to be 
effective, including vincristine, cyclophosphamide 
and doxorubicin, platinum- and epipodophyllotoxin-
based regimens, or a combination of both (Zelter 
et al. 1991; Schvartzman et al. 1996; Doz et al. 1995; 
Mustafa et al. 1999; Kiratli et al. 1998; Antonelli et al. 
2003; Chantada et al. 2003; Gündüz et al. 2006). For 
patients with macroscopic orbital disease, it is rec-
ommended that surgery is delayed until response 
to chemotherapy has been obtained (usually 2 or 3 
courses of treatment). Enucleation should then be 
performed, and chemotherapy completed with an 
additional 4–6 courses. Local control should then 
be consolidated with orbital irradiation (40–45 Gy). 
Using this approach, orbital exenteration is not indi-
cated (Kiratli et al. 1998; Chantada et al. 2003).

6.6.2 Metastatic Retinoblastoma

Hematogenous metastases occur to the bones, bone 
marrow and, less frequently, to the liver (Antonelli et al. 
2003; Chantada et al. 2003; Gündüz et al. 2006; Dun-
kel et al. 2000; Marsubara et al. 2005). Although long 
term survivors have been reported with conventional  

chemotherapy (Gündüz et al. 2006), these cures should 
be considered anecdotal; metastatic retinoblastoma is 
not curable with conventional chemotherapy (Anto-
nelli et al. 2003; Chantada et al. 2003). In recent years, 
however, small series have shown that metastatic 
retinoblastoma can be cured using high-dose chemo-
therapy and autologous stem cell rescue (Table 6.4) 
(Dunkel et al. 2000; Marsubara et al. 2005; Namouni 
et al. 1997; Kremens et al. 2003; Rodriguez-Galindo 
et al. 2003b; Saarinen et al. 1991). The approach is 
similar to metastatic neuroblastoma; patients receive 
short and intensive induction regimens usually con-
taining alkylating agents, anthracyclines, etoposide 
and platinum compounds, and are then consolidated 
with autologous hematopoietic stem cell transplant. 
Using this approach, the outcome appears to be excel-
lent. As for any megatherapy consolidation, the agents 
selected may be important. In general, recurrences are 
intracranial, and for this reason, agents with proven 
efficacy in intracranial retinoblastoma should be used. 
In this regard, the combination of carboplatin and 
etoposide has been shown to be effective against CNS 
disease (Doz et al. 1995), and for this reason, it should 
be part of the regimen. In the largest published series, 
seven patients received consolidation with the CAR-
BOPEC combination (carboplatin 1,250–1,750 mg/m2, 
etoposide 1,750 mg/m2, and cyclophosphamide 6.4 g/
m2), 5 of them were cured, and two patients failed 
because of CNS relapse. Two other series have used 
a thiotepa-based consolidation (thiotepa 900 mg/m2,  
etoposide 750–1,200 mg/m2, and carboplatin 
1,500 mg/m2). There is strong rationale for using 

Table 6.4. Recommended chemotherapy regimen for metastatic retinoblastoma (Dunkel et al. (2000) and COG ARTE0321)

Phase Drugs Doses Days

< 36 months > 36 months

Induction (4 cycles) VCR
CDDP
CYC
ETO

0.05 mg/kg
3.5 mg/kg
65 mg/kg
4 mg/kg

1.5 mg/m2

105 mg/m2

1,950 mg/m2

120 mg/m2

1, 8, 15 
1
2, 3
2, 3

Consolidation CBP

TT
ETO

AUC 7
(max. 16.7 mg/kg)
10 mg/kg
8.3 mg/kg

AUC 7
(max. 500 mg/m2)
300 mg/m2

250 mg/m2

−8, −7, −6

−5, −4, −3
−5, −4, −3

VCR vincristine, CDDP cisplatin, CYC cyclphosphamide, ETO etoposide, CBP carboplatin, TT thiotepa, AUC area under the curve
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thiotepa: retinoblastoma is responsive to alkylating 
agents such as thiotepa, a group of agents for which 
dose escalation is shown to overcome resistance. Fur-
thermore, thiotepa has excellent CNS penetration 
(Dunkel et al. 2000; Heideman et al. 1989). An inter-
esting observation is that patients with distant (out-
side orbit and skull) bone metastases who show good 
response to induction chemotherapy may not require 
radiation therapy when treated with autologous stem 
cell rescue (Namouni et al. 1997; Kremens et al. 2003). 
A prospective study is currently being developed by 
the Children’s Oncology Group (ARET0321 protocol, 
Ira Dunkel MD, principal investigator), which includes 
induction with a cisplatin-based regimen and consoli-
dation with high-dose chemotherapy (carboplatin, 
thiothepa and etoposide) and autologous hemato-
poietic stem cell rescue).

Despite the advances in the treatment of metastatic 
retinoblastoma, the prognosis for patients with cen-
tral nervous system disease is still dismal (Chantada 
et al. 2004a; Kiratli et al. 1998; Antonelli et al. 2003; 
Chantada et al. 2003; Namouni et al. 1997; Pratt et al. 
1994; Jubran et al. 2004; Gündüz et al. 2006; Marsub-
ara et al. 2005). Treatment for these patients should 
include platinum-based intensive systemic chemo-
therapy and CNS directed therapy. Although intrath-
ecal methotrexate (with or without cytarabine) has 
been traditionally used, there is no preclinical or 
clinical evidence to support its use (Chan et al. 1989). 
Other intrathecal agents with documented effect 
against retinoblastoma include topotecan (Blaney 
et al. 2003; Chantada et al. 2004b) and thiotepa (Pratt 
et al. 1994; Fisher et al. 2002). However, there is no evi-
dence that their use can impact outcome. Although 
the use of irradiation in these patients is controver-
sial, responses have been observed with craniospinal 
irradiation, using 25–35 Gy to the CNS and the spinal 
axis, and a boost (10 Gy) to sites of measurable dis-
ease (Antonelli et al. 2003; Chantada et al. 2003; Dun-
kel et al. 2000; Namouni et al. 1997; Pratt et al. 1994). 
Therapy intensification with high-dose chemotherapy 
and autologous stem cell rescue has been explored 
(Namouni et al. 1997), but its role is not yet clear. 
Despite the intensity of the treatment and the docu-
mented responses of the intracranial disease (Doz 
et al. 1995), patients succumb to their disease, and 

survivors are anecdotal (Kiratli et al. 1998; Namouni 
et al. 1997). Treatment of patients with extraocular 
disease is discussed in detail in chapter 8.

6.7 Translational Research and Emergent  
Therapies in Retinoblastoma

There are currently three types of rodent models of 
retinoblastoma. These animal models are described 
in more detail in chapters 1 and 4. The retinoblastoma 
xenograft model relies on injecting >1 × 106 cul-
tured human retinoblastoma cells into the flank of 
adult immunocompromised mice. For obvious rea-
sons, this model fails to recapitulate the intraocu-
lar environment and developmental milieu that is 
present in children with retinoblastoma. A more 
accurate xenograft model can be generated with 
the injection of human retinoblastoma cells into the 
eyes of newborn rats (Laurie et al. 2005). The trans-
genic mouse models of retinoblastoma rely on the 
broad ectopic expression of the SV40 T oncogene to 
lead to massive hyperproliferation. The limitation 
of this transgenic mouse model is the lack of focal 
and clonal tumors; large regions of the retina are 
altered. Thus, one of the main limitations in under-
standing the pathogenesis of retinoblastoma has 
been the lack of a mouse model that recapitulates 
the developmental environment of this malignancy. 
Mice with hemizygous mutations of the retinoblas-
toma gene, generated to recapitulate the human 
condition, do not develop retinoblastoma (although 
some of them develop midbrain tumors) (Jacks et al. 
1992) and “knock-out” mice die at gestational day 
14 due to hematopoietic and neuronal defects (Lee 
et al. 1992). In the mouse retina, p107 is upregulated 
in a compensatory manner when Rb is inactivated,  
thus preventing ectopic cell division. p107 is an E2F-
regulated gene, and when Rb repression of E2F at 
the p107 promoter is relieved, p107 expression is 
activated (however, this p107 compensation does not 
occur in human retinal progenitor cells when Rb is 
inactivated) (Donovan et al. 2006). Both Rb and p107 
or Rb and p130 must be inactivated in proliferating 
retinal progenitor cells in order for mice to develop 
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retinoblastoma. Recently, the first knockout mouse 
models of retinoblastoma were generated by con-
ditionally deleting Rb in retinal progenitor cells of 
p107-deficient mice (Zhang et al. 2004). When p53 
is simultaneously inactivated in Rb; p107-deficient 
retinal progenitor cells, a more aggressive form of 
retinoblastoma, similar to the human disease, is 
observed (Zhang et al. 2004).

The development of these preclinical models of 
retinoblastoma is the first step toward the develop-
ment of new therapies (Dyer et al. 2005). Contrary to 
what occurs in adult cancer, where the high numbers 
facilitate developmental therapeutics, few children are 
eligible for clinical trials, thus limiting the efficiency of 
this process. Furthermore, development of new agents 
for retinoblastoma must take into consideration the 
uniqueness of the developmental nature of the disease 
and the physiology of the eye. In this regard, the infor-
mation generated in the animal models is extremely 
relevant, and new agents with better intraocular pen-
etration are being investigated.

Topotecan, a topoisomerase-I inhibitor with well 
documented efficacy against pediatric dysontogenic 
tumors, is a promising alternative (Rodriguez-Galindo 
et al. 2000). Preclinical and clinical studies have shown 
that topotecan penetrates the blood brain barrier, and 
it has good penetration into the cerebrospinal fluid 
(Baker et al. 1996). Since there are some structural 
and functional similarities between the blood brain 
barrier and the vitreoretinal barrier one could antici-
pate that topotecan could have good penetration into 
the vitreous. Pharmacokinetic studies performed in 
the rat and rabbit models show that topotecan con-
sistently penetrates the vitreous, and that the propor-
tion of drug that crosses the blood-vitreous barrier 
is similar or higher than the proportion of drug that 
crosses the blood-brain barrier (Laurie et al. 2005; 
Carcaboso et al. 2007). It must be considered, however, 
that because of the nature of the disease, the blood-
vitreous barrier is significantly disrupted in the eye 
with retinoblastoma, and therefore the penetration of 
topotecan into the vitreous may be much higher than 
what the preclinical studies show. There is little infor-
mation regarding the efficacy of topotecan in retino-
blastoma. Anecdotal responses have been observed 
in previous phase I and phase II studies. One patient 

with recurrent retinoblastoma treated on the phase I 
study of 21-day continuous infusion had a response 
(Frangoul et al. 1999), and the only patient with recur-
rent retinoblastoma treated on the phase II study that 
used 2 mg/m2/d for five consecutive days had a partial 
response that was maintained for 14 courses (Nitschke 
et al. 1998). Chantada et al. reported on a phase II study 
of topotecan in seven patients (five previously treated) 
with extraorbital disease. Three of these seven patients, 
including one patient with CNS disease, responded 
(Chantada et al. 2004b). Despite the paucity of infor-
mation, one could anticipate that retinoblastoma is 
sensitive to topotecan, given the similar pattern of 
sensitivities between retinoblastoma and neuroblas-
toma. In vitro and in vivo studies show that retino-
blastoma cell lines are very sensitive to topotecan. In 
these same studies, the combination of topotecan and 
carboplatin appears to be the most effective against 
retinoblastoma when compared with other carbopla-
tin combinations, including the standard regimen of 
vincristine, carboplatin and etoposide (Laurie et al. 
2005). Unfortunately, systemic administration of both 
agents in doses that would reach therapeutic levels in 
the eye results in significant systemic toxicity (Athale 
et al. 2001). However, we must consider that the goal 
is to obtain therapeutic concentrations of both agents 
in the eye at the same time in order to achieve the 
synergistic effect. The concomitant administration of 
periocular carboplatin with systemic topotecan may 
achieve this goal with limited systemic toxicity. This 
approach is currently under investigation at St. Jude 
Children’s Research Hospital. An alternative is the 
administration of topotecan periocularly. In the ani-
mal model, periocular administration of topotecan 
reached potentially active levels of its active lactone 
moiety without significant toxicity (Carcaboso et al. 
2007). However, systemic absorption was significant. 
A recently completed phase I study has documented 
the feasibility of administering 2 mg of topotecan 
periocularly (Chantada et al. 2009), and a phase II 
study is under development.

Suicide gene therapy using an adenoviral vector to 
locally deliver (by intraocular injection) the herpes 
simplex thyrosine kinase gene, followed by systemic 
administration of ganciclovir has been shown to be 
safe and to induce responses of the vitreous lesions 
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in a recently reported phase I study (Chevez-Barrios 
et al. 2005). This is a promising treatment for patients 
with vitreous disease, and a phase II study is in 
progress.

Finally, the recent description of MDMX amplifi-
cation as the mechanism of inactivation of the p53 
pathway in retinoblastoma has opened the door for 
the use of specific targeted molecular therapies. Nut-
lin-3 is a small-molecule inhibitor of the MDM2-p53 
interaction. MDMX and MDM2 bind p53 with similar 
affinities, and studies have shown that nutlin-3 pre-
vents the MDMX-p53 interaction in retinoblastoma 
cells, inducing p53-mediated apoptosis in vitro and 
in vivo (Laurie et al. 2006; Elison et al. 2006). Impor-
tantly, subconjunctival injection of nutlin-3 to mice 
with intraocular retinoblastoma resulted in signifi-
cant tumor responses, and the combination of nut-
lin-3 with a DNA damaging agent such as topotecan 
resulted in a synergistic effect (Laurie et al. 2006). The 
possibility of molecular targeted therapy using small-
molecules by periocular administration may repre-
sent the most remarkable advance in the treatment of 
children with retinoblastoma.

6.8 Specific Agents

6.8.1 Vincristine

Standard dosage: See Tables 6.1, 6.2, and 6.4.

Source and Pharmacology: Vincristine is an alkaloid 
obtained from the periwinkle (Vinca rosea) plant. It 
reversibly binds to microtubule and spindle proteins 
causing metaphase arrest. Vincristine has poor pen-
etration into the CSF. It is approximately 75% pro-
tein bound. Extensive metabolism occurs in the liver. 
Excretion is primarily in the bile. A dosage decrease is 
recommended in patients with a bilirubin >3 mg/dl.

Formulation and Stability: Vincristine is supplied in 
multiple-dose 1 mg/ml vials containing 1 ml, 2 ml, 
and 5 ml. The intact vials should be stored under 
refrigeration and protected from light.

Contraindications: Hypersensitivity to vincristine or 
any component; patients with demyelinating form of 
Charcot-Marie-Tooth syndrome.

Main Drug Interactions: Cytochrome P450 isoenzyme 
CYP3A3/4 and CYP3A5-7 substrate; isoenzyme 
CYP2D6 inhibitor. Concurrent administration with 
itraconazole may result in an increased severity 
of neuromuscular side effects; voriconazole may 
increase plasma levels of vincristine.

Toxicity: Dose limiting toxicity is neurotoxicity. This 
can be characterized by constipation and/or para-
lytic ileus, ptosis, vocal chord paralysis, weakness, 
jaw pain, abdominal pain, peripheral neuropathies, 
loss of deep tendon reflexes and “foot drop”. Periph-
eral neuropathy is often the first sign of neurotoxicity 
and is initially reversible. Other toxicities reported 
include alopecia, mild nausea and vomiting, SIADH, 
myelosuppression, orthostatic hypotension, optic 
atrophy, transient cortical blindness, and auditory 
damage. Acute shortness of breath and severe bron-
chospasm have been reported following the admin-
istration of vinca alkaloids. Myelosuppression is rare 
at usual doses. Vincristine is a vesicant and may cause 
severe tissue damage if extravasation occurs.

6.8.2 Carboplatin

Standard Dosage: See Tables 6.1, 6.2, and 6.4.

Source and Pharmacology: Carboplatin is an inorganic 
heavy metal coordination complex that has biochemi-
cal properties similar to those of a bifunctional alky-
lating agent. Carboplatin must undergo activation, by 
aquation, to form positively charged platinum com-
plexes that react with nucleophilic sites on DNA, pro-
ducing predominantly intrastrand DNA cross-links. 
Carboplatin is widely distributed in body tissues and 
fluids with highest concentrations in the kidney, liver, 
skin and tumor tissue. Carboplatin does not bind sig-
nificantly to plasma proteins, but the activated form 
does bind to tissue and plasma proteins. In adults 
with normal renal function, the plasma elimination 
half-life is »2–3 h. The elimination of carboplatin and 
its platinum-containing products is primarily depen-
dent on glomerular filtration rate; therefore, dosages 
may be adjusted for renal function.

Formulation and Stability: Carboplatin is supplied 
in 20-ml amber vials containing 50, 150 or 450 mg 
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of carboplatin as a white lyophilized powder. Vials 
should be reconstituted with sterile water for injec-
tion, D5W or 0.9% NaCl to give a concentration of 
10 mg/ml and further diluted with D5W or 0.9% 
NaCl to concentration of 0.5 mg to 1.0 mg per ml. It is 
recommended that the reconstituted solution be dis-
carded 8 hours after preparation.

Contraindications: Hypersensitivity to carboplatin, 
cisplatin, any component, other platinum-containing 
compounds, or mannitol; severe bone marrow sup-
pression or excessive bleeding.

Main Drug Interactions: Aminoglycosides (increased 
ototoxicity and nephrotoxicity); nephrotoxic drugs 
(increased renal toxicity); decreases phenytoin 
serum levels.

Main Side Effects: Dose limiting toxicity is bone 
marrow suppression with thrombocytopenia being 
prominent. Nausea and vomiting of moderate severity 
are common. Hepatic dysfunction (after high doses), 
alopecia, ototoxicity, peripheral neuropathies, revers-
ible renal toxicity, visual disturbances, and allergic 
reactions have all been reported less commonly. Pul-
monary fibrosis is rare, but occurs most commonly in 
patients treated with cumulative doses >1,400 mg/m2 
or receiving bone marrow transplant dosages. Elec-
trolyte abnormalities including hyponatremia, hypo-
magnesemia, hypocalcemia and hypokalemia can 
occur. Secondary cancers have been reported rarely. 
When given by subtenon administration, carboplatin 
may cause periorbital swelling. Direct injection close 
to the optic nerve may cause optic neuropathy.

6.8.3 Etoposide (VP-16)

Standard Dosage: See Tables 6.1, 6.2 and 6.4.

Source and Pharmacology: Etoposide is an epipodo-
phyllotoxin derived from Podophyllum pelatatum. It is 
thought to act mainly by inhibiting topoisomerase II, 
causing double and single strand DNA breaks. Etopo-
side is cell cycle, phase-specific, with activity in the 
G2 and S phases. Absorption of etoposide is approxi-
mately 30–40% and is highly variable and somewhat 
dose-dependent. It is extensively bound to serum pro-
teins and is metabolized in the liver, including cyto-
chrome P450 3A metabolism to several moieties that 

include a reactive oxidized species. Etoposide and its 
metabolites are excreted mainly in the urine with a 
smaller amount excreted in the feces. Dosage adjust-
ments should be considered in patients with liver dys-
function, kidney dysfunction or hypoalbuminemia.

Formulation and Stability: Etoposide is available in 
multi-dose vials containing 100 mg, 150 mg, 500 mg 
and 1,000 mg of etoposide as a 20 mg/ml solution 
and 30% alcohol. Etoposide is also available as a 
50 mg capsule. The intact vials of etoposide solution 
should be stored at room temperature. The capsules 
should be stored under refrigeration. Etoposide solu-
tion should be diluted in D5W or 0.9% NaCl prior to 
administration. Solutions with a final concentration 
of 0.2 and 0.4 mg/ml are stable at room temperature 
for 96 h and 24 h respectively.

Contraindications: Hypersensitivity to etoposide or 
any component; pregnancy.

Main Drug Interactions: Cytochrome P450 isoenzyme 
CYP3A3/4 substrate. Cyclosporine may increase the 
plasma levels of etoposide.

Main Side Effects: Dose limiting toxicity is myelo-
suppression. Nausea and vomiting (usually of low to 
moderate severity), diarrhea, mucositis (particularly 
with high doses), alopecia and anorexia are fairly com-
mon. Hypotension can occur with rapid infusions. 
Etoposide injection contains benzyl alcohol which 
may cause allergic reactions in susceptible individu-
als; large amounts of benzyl alcohol (³99 mg/kg/day) 
have been associated with a potentially fatal toxicity 
(“gasping syndrome”) in neonates. Other side effects 
reported less commonly include hepatitis, fever and 
chills, anaphylaxis and peripheral neuropathy. Sec-
ondary leukemia has been reported.

6.8.4 Doxorubicin

Standard Dosage: Patients <12 months of age: 
1.5 mg/kg i.v.; patients ³12 months of age: 45 mg/m2 
i.v (see Table 6.1).

Source and Pharmacology: Doxorubicin is an 
anthracycline antibiotic produced by Streptomyces 
peucetius. Doxorubicin exerts its anti-tumor effects 
in several different ways. Doxorubicin intercalates 
between base pairs of DNA causing steric obstruction,  
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disruption of DNA function and inhibition of RNA 
synthesis. In addition, doxorubicin inhibits topoi-
somerase II, an enzyme responsible for allowing 
strands of DNA to pass through one another as they 
unwind. Lastly, doxorubicin undergoes enzymatic 
electron reduction to generate highly reactive species, 
including the hydroxyl free radical, which is thought 
to be responsible for the drug’s cardiac toxicity, but 
may play a role in its anti-tumor activity as well. Dox-
orubicin is cell-cycle, phase nonspecific. Doxorubicin 
is widely distributed in the tissues and plasma, but 
does not cross the blood brain barrier to an apprecia-
ble extent. It is metabolized to doxorubicinol, which is 
thought to be the major active metabolite, and agly-
cones. Doxorubicin and its metabolites are excreted 
mainly in the bile and feces (»80%). The remainder 
is excreted in the urine. Dosage should be reduced in 
patients with liver dysfunction (bilirubin > 1.2 mg/dl) 
or renal dysfunction (creatinine >3 mg/dl).

Formulation and Stability: Doxorubicin is avail-
able in vials containing 10, 20, 50, and 200 mg as a 
2 mg/ml red–orange solution. It is also available in 
vials containing 10, 20, 50, 100, and 150 mg of doxo-
rubicin as a red–orange lyophilized powder. Intact 
vials of doxorubicin solution should be stored under 
refrigeration while the lyophilized product should be 
stored at room temperature. Both products should be 
protected from light. Lyophilized doxorubicin can be 
reconstituted by adding 5, 10, 25, 50 or 75 ml of 0.9% 
NaCl respectively to the 10, 20, 50, 100, and 150 mg 
vials to produce a final concentration of 2 mg/ml. 
Bacteriostatic diluents are not recommended. After 
reconstitution, the resultant solution should be pro-
tected from light and is stable for 7 days at room tem-
perature and 15 days if refrigerated.

Contraindications: Hypersensitivity to doxorubicin 
or any component; severe CHF, cardiomyopathy, 
pre-existing myelosuppression; patients who have 
received a total dose of 550 mg/m2 of doxorubicin 
or 400 mg/m2 in patients with previous or con-
comitant treatment with daunorubicin, idarubicin, 
mitoxantrone, cyclophosphamide, or irradiation  
of the cardiac region; patients who have received 
previous treatment with complete cumulative doses 
of daunorubicin, idarubicin, or other anthracycline 
derivatives; pregnancy.

Main Drug Interactions: Cytochrome P450 isoenzyme 
CYP3A3/4 substrate; isoenzyme CYP2D6 inhibitor. 
May potentiate the toxicity of cyclophosphamide. 
Ritonavir and cyclosporine decrease doxorubicin 
metabolism; doxorubicin decreases carbamazepine, 
digoxin, and phenytoin levels; paclitaxel decreases 
doxorubicin clearance resulting in increased toxicity 
if administered prior to doxorubicin; phenobarbital 
increases elimination of doxorubicin.

Main Side Effects: Dose-limiting toxicities include 
myelosuppression and cardiotoxicity. Two forms of 
cardiac toxicity can occur. Acute toxicity may take 
the form of arrhythmias, heart block or pericarditis 
and may be fatal. The chronic form of cardiotoxicity 
is related to total cumulative dose and is character-
ized by heart failure. Mediastinal radiotherapy and/
or other cardiotoxic drugs may increase the risk of 
cardiotoxicity. In general, total lifetime dosages of 
450–550 mg/m2 should not be exceeded. Other tox-
icities include nausea and vomiting, mucositis, alo-
pecia, diarrhea and red discoloration of the urine 
and other body fluids. Severe tissue damage and 
necrosis can occur upon extravasation. Radiation 
recall reactions can occur and can be severe. Rarely, 
allergic reactions may occur.

6.8.5 Cyclophosphamide

Standard Dosage: See Tables 6.1 and 6.4.

Source and Pharmacology: Cyclophosphamide is a 
nitrogen mustard derivative. It acts as an alkylating 
agent that causes cross-linking of DNA strands by 
binding with nucleic acids and other intracellular 
structures, thus interfering with the normal func-
tion of DNA. Cyclophosphamide is cell-cycle, phase 
nonspecific. Cyclophosphamide is well absorbed 
from the GI tract with a bioavailability of >75%. 
Cyclophosphamide is a prodrug that requires acti-
vation. It is metabolized by mixed-function oxidases 
in the liver to 4-hydroxycyclophosphamide, which is 
in equilibrium with aldofosfamide. Aldofosfamide 
spontaneously splits into cyclophosphamide mus-
tard, which is considered to be the major active 
metabolite, and acrolein. In addition, 4-hydroxycy-
clophosphamide may be enzymatically metabolized 
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to 4-ketocyclophosphamide and aldofosfamide may 
be enzymatically metabolized to carboxyphosph-
amide which are generally considered to be inactive. 
Cyclophosphamide and its metabolites are excreted 
mainly in the urine. Dosage adjustments should 
be made in patients with a creatinine clearance of 
<50 ml/min.

Formulation and Stability: Cyclophosphamide is 
available in 25 and 50 mg tablets. Cyclophosphamide 
is also available in vials containing 100, 200, 500, 1,000, 
and 2,000 mg of lyophilized drug and 75 mg mannitol 
per 100 mg of cyclophosphamide. Both forms of the 
drug can be stored at room temperature. The vials are 
reconstituted with 5, 10, 25, 50 or 100 ml of sterile water 
for injection respectively to yield a final concentration 
of 20 mg/ml. Reconstituted solutions may be further 
diluted in either 5% dextrose or 0.9% NaCl containing 
solutions. Diluted solutions are physically stable for 
24 h at room temperature and 6 days if refrigerated, 
but contain no preservative, so it is recommended 
that they be used within 24 h of preparation.

Contraindications: Hypersensitivity to cyclophosph-
amide or any component.

Main Drug Interactions: Cytochrome P450 isoen-
zyme CYP2B6, CYP2D6, and CYP3A3/4 substrate. 
Allopurinol (increases myelotoxicity of cyclophosph-
amide); phenobarbital, phenytoin, and chloral hydrate 
may increase conversion of cyclophosphamide to 
active metabolites; chloramphenicol, phenothiazines, 
imipramine may inhibit the metabolism of cyclo-
phosphamide (increased bone marrow suppression); 
cyclophosphamide may prolong the neuromuscular 
blocking activity of succinylcholine.

Main Side Effects: Dose limiting toxicities of cyclo-
phosphamide are bone marrow suppression and 
cardiac toxicity. Cardiac toxicity is typically mani-
fested as congestive heart failure, cardiac necrosis 
or hemorrhagic myocarditis and can be fatal. Hem-
orrhagic cystitis may occur and necessitates with-
holding therapy. Other toxicities reported commonly 
include nausea and vomiting (may be mild to severe 
depending on dosage), diarrhea, anorexia, alopecia, 
immunosuppression and sterility. Pulmonary fibro-
sis, SIADH, anaphylaxis and secondary neoplasms 
have been reported rarely.

6.8.6 Cisplatin

Standard Dosage: See Table 6.4.

Source and Pharmacology: Cisplatin is an inorganic 
heavy metal coordination complex that has biochem-
ical properties similar to those of a bifunctional alky-
lating agent. It must undergo activation, by aquation, 
to form positively charged platinum complexes that 
react with nucleophilic sites on DNA. Cisplatin is cell-
cycle, phase nonspecific. Cisplatin rapidly distributes 
into tissues with the highest concentrations being 
present in the prostate, liver, and kidney and is highly 
protein bound (>90%). Cisplatin has an elimination 
half-life of 30-90 min. Platinum is bound to plasma 
constituents. Cisplatin is excreted predominantly via 
glomerular filtration, and dosage adjustments are 
necessary for patients with renal dysfunction.

Formulation and Stability: Cisplatin is available in an 
amber multi-dose vial containing 100 mg of cispla-
tin at a concentration of 1 mg/ml. The unopened vial 
should be stored at room temperature and protected 
from light. The undiluted solution should not be 
refrigerated as a precipitate will form. Once opened, 
the vial should be discarded after 28 days if protected 
from light, or 7 days if not protected from light. Cis-
platin should be further diluted in NS or 1/2 NS prior 
to administration.

Contraindications: Hypersensitivity to cisplatin, 
platinum-containing agents, or any component; pre-
existing renal impairment, hearing impairment, and 
myelosuppression; pregnancy.

Main Drug Interactions: Aminoglycosides, amphot-
ericin B, and other nephrotoxic drugs (increase risk 
of nephrotoxicity); loop diuretics, aminoglycosides 
(potentiate ototoxicity); synergistic antineoplastic 
activity with cytarabine, 5-fluorouracil, etoposide; 
reduces renal elimination of methotrexate.

Main Side Effects: Nephrotoxicity is one of the major 
dose-limiting side effects of cisplatin. This toxicity may 
be irreversible and can be minimized by providing 
adequate hydration before, during, and after cisplatin 
therapy. Other dose limiting toxicities include myelo-
suppression, neuropathies, and ototoxicity. Nausea 
and vomiting are common and can be severe. Delayed  
nausea and vomiting (occurring ³24 h after drug 
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administration) can occur. Diarrhea, anorexia, electrolyte 
disturbances (especially hypomagnesemia), cardiac 
abnormalities, allergic reactions, and transient eleva-
tions in liver enzymes can occur. Secondary cancers 
have been reported. 

6.8.7 Topotecan

Standard Dosage: Under investigation in retinoblastoma. 
2–3 mg/m2/d for 5 days when given as single agent.

Source and Pharmacology: Topotecan is a semi-synthetic 
derivative of camptothecin that inhibits topoisomerase 
I activity. Topoisomerase I relieves torsional strain in 
the DNA helix during replication by inducing revers-
ible single strand DNA breaks. Topotecan binds to the 
topoisomerase I-DNA complex and prevents relegation 
of single strand breaks. This results in double-strand 
DNA breaks during DNA synthesis when replication 
enzymes interact with the ternary complex formed by 
topotecan, topoisomerase I and DNA. Topotecan under-
goes a rapid, pH-dependent opening of the lactone ring 
to yield a relatively inactive, hydroxy acid in plasma. At 
physiologic pH, topotecan exists mainly as the hydroxy 
acid. Metabolism occurs via a pH dependent hydrolysis 
of the lactone moiety. Metabolism to an N-demethylated 
metabolite represents a minor metabolic pathway. Mean 
elimination half-life is three hours. Approximately 30% 
of a dose is excreted in the urine. Dosage adjustment 
is recommended for patients with moderate to severe 
renal dysfunction).

Formulation and Stability: Topotecan is available in 
single-dose vials containing 4 mg of topotecan as 
a lyophilized light yellow to greenish powder and 
48 mg of mannitol. The intact vials should be stored 
at room temperature and protected from light. Each 
vial may be reconstituted with 4 ml of sterile water 
for injection to yield a final concentration of 1 mg/
ml. Because the reconstituted solution does not con-
tain a preservative, it is recommended that it be used 
immediately after reconstitution. The reconstituted 
solution can be further diluted with 5% dextrose 
or 0.9% NaCl containing solutions. Once diluted for 
administration, the drug is stable for at least 24 h at 
room temperature and ambient lighting.

Contraindications: Hypersensitivity to topotecan.

Main Drug Interactions: Concurrent cisplatin or car-
boplatin with topotecan therapy results in greater 
myelosuppression.

Main Side Effects: The dose-limiting toxicity is myelo-
suppression. Other toxicities reported commonly 
include nausea and vomiting, diarrhea, mucositis, 
abdominal pain, fever, rash, alopecia, anorexia, head-
ache, and flu-like symptoms. Toxicities reported less 
commonly include elevated liver function tests and 
paresthesia.

6.8.8 Thiotepa

Standard Dosage: See Table 6.4.

Source and Pharmacology: Thiotepa is a cell-cycle 
nonspecific polyfunctional alkylating agent. It reacts 
with DNA phosphate groups to produce cross-linking 
of DNA strands leading to inhibition of DNA, RNA 
and protein synthesis. Thiotepa is extensively metab-
olized in the liver to metabolites that retain activity, 
primarily triethylenephosphoramide (TEPA). The 
main route of elimination is via the urine, mainly as 
metabolites; the elimination half-life of the thiotepa 
is 2.5 h, and that of TEPA is 17.6 h.

Formulation and Stability: Thiotepa is supplied in 
single-use vials containing 15 mg of lyophilized 
thiotepa, 80 mg NaCl and 50 mg NaHCO

3
. The intact 

vials should be stored under refrigeration and pro-
tected from light. Each vial should be reconstituted 
with 1.5 ml of sterile water for injection to yield a 
concentration of 10 mg/ml. Further dilution with 
sterile water for injection to a concentration of 1 mg/
mL yields an isotonic solution; if larger volumes are 
desired for intracavitary, IV infusion, or perfusion 
therapy, this solution may then be diluted with 5% 
dextrose or 0.9% NaCl containing solutions. The 
10 mg/ml reconstituted solution is chemically stable 
when stored in the refrigerator for up to 5 days, how-
ever, it is recommended that solutions be prepared 
just prior to administration since they do not con-
tain a preservative. Reconstituted solutions should be 
clear to slightly opaque: the solutions may be filtered 
through a 0.22 micron filter to eliminate haze.
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Contraindications: Hypersensitivity to thiotepa or 
any component.

Main Drug Interactions: Cytochrome P450 isoenzyme 
CYP2B6 inhibitor. Succinylcholine (thiotepa inhibits 
pseudocholinesterase activity; prolongs muscular 
paralysis); other alkylating agents such as nitrogen 
mustard or cyclophosphamide (intensifies toxicity).

Main Side Effects: Dose limiting toxicity is myelosup-
pression. The leukocyte nadir may occur at any time 
from 10 to >30 days. Other toxicities include pain 
at the injection site, nausea and vomiting, anorexia, 
mucositis, dizziness, headache, amenorrhea, interfer-
ence with spermatogenesis, and depigmentation with 
topical use. Allergic reactions, including skin rash and 
hives, have been reported rarely. Rare cases of apnea, 
hemorrhagic cystitis, and renal failure have occurred. 
Thiotepa is mutagenic, carcinogenic, and teratogenic 
in animals. Pregnancy category D.
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7.1 Introduction

The extent of intraocular involvement, visual potential 
of the eye, tumor size, and status of the fellow eye are 
the principal considerations in devising a treatment 
strategy for patients with intraocular retinoblastoma. 
Preservation of life, the eye, and vision are what we 
hope to achieve. The potential risk of any treatment 
must be weighed against the possible benefit. The 
more advanced the disease, the greater the risk to the 
patient if there is to be any preservation of vision.

7.2 Primary Treatments

The decision making process for treatment becomes 
increasingly complex when we consider patients 
with unilateral and bilateral disease (Figs. 7.1 and 
7.2). For patients with massive unilateral disease, 
enucleation remains the standard of care. In the 
hands of a trained ophthalmic surgeon, enucleation 
affords resection of the gross tumor as well as excel-
lent cosmetic outcome. Only those ophthalmolo-
gists who are experienced in the management of the 
disease should perform enucleations in retinoblas-
toma patients.

Care must be taken to minimize the risk of inadver-
tent globe perforation and to ensure a maximal length 
of optic nerve. Traction sutures should not be placed 
on the eye. Rather, the medial rectus muscle should be 
removed, leaving 3–5 mm of tendon attached at the 
insertion. Using a hemostat, the medial rectus tendon 
can then be grasped to provide ample traction during 
the removal of the eye (Fig. 7.3a). The globe should 
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be rotated into abduction once all the muscles have 
been removed from the eye. Curved enucleation scis-
sors should be avoided. Long Metzenbaum scissors 
should be passed posteriorly between the medial rec-
tus muscle and the globe along the medial orbital wall 
until the optic nerve is identified (Fig. 7.3b). Only then 
should the blades of the scissors be slightly opened 
so as to encompass the optic nerve before transecting 
it. This technique affords a maximum length of optic 
nerve, usually in excess of 10 mm (Fig. 7.3c).

Some retinoblastoma surgeons prefer to use a 
snare to minimize inadvertent perforation of the 
globe. Technical difficulties with a snare, such as a 
broken wire, can necessitate the use of scissors. It is 
important, therefore, that the surgeon be adept at the 
aforementioned technique.

Once the eye is removed, it must be sent to a 
pathologist skilled in the handling of ophthalmic 
specimens as well as in the histopathology of retino-
blastoma (see chapter 3). The identification of high- 

risk pathologic features should be followed by appro-
priate treatment (see chapter 8) (Chantada et al. 2007; 
Chong et al. 2006; Shields et al. 1993, 1994).

Patients with either bilateral disease or early uni-
lateral disease should be considered for conservative 
therapy. Until the 1990s, external beam radiotherapy 
was the gold standard for the treatment of patients 
with bilateral retinoblastoma (Ellsworth 1969; Reese 
1963). External beam radiotherapy was effective in 
controlling intraocular disease. However, it posed 
significant risk to young patients who possessed the 
RB1 mutation. The risk of second cancers in patients 
with the RB1 mutation appears to be significantly 
increased when treatment is delivered before their 
first birthday (Abramson and Frank 1998).

As a result of these findings, primary systemic chemo-
therapy has moved to the forefront in the conservative 
treatment of patients with intraocular retinoblastoma. 
The aim of chemotherapy is to reduce the intraocular 
tumor burden so that targeted focal therapies can be 

Figure 7.1

Schematic representation of consideration in treating unilateral retinoblastoma. Decisions are based on the international 
classification of retinoblastoma and the use of primary systemic chemotherapy
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used to consolidate the tumor. The chemotherapeutic 
agents used and the number of cycles of chemotherapy 
needed have been the subject of much debate, and a 
consensus opinion regarding the drugs and number of 
cycles needed has not yet been reached (see chapter 6). 
Ideally, therapy should be structured to achieve maximal 
response with minimal toxicity. The aggressiveness  
of the chemotherapeutic protocol chosen should be 
tailored toward the severity of the intraocular disease, 
with particular attention directed toward the more 
severely affected eye. These principles should be taken 
into serious consideration when electing to treat uni-
lateral disease (Beck et al. 2000; Brichard et al. 2002; 
Friedman et al. 2000; Gallie et al. 1996; Gombos et al. 
2002; Greenwald and Strauss 1996; Kingston et al. 1996; 
Murphree et al. 1996; Rodriguez-Galindo et al. 2003, 
2007; Shields et al. 1996, 1997, 2002a).

For Reese–Ellsworth Groups I–III and International 
Classification Groups A and B, it has been shown that a 
2-agent regimen consisting of 6–8 cycles of carboplatin 
and vincristine provides equal efficacy to 6 cycles of 
triple-agent therapy with carboplatin, vincristine, and 
etoposide when coupled with aggressive focal consoli-
dation. In cases of advanced intraocular disease, i.e., 
Reese–Ellsworth Groups IV and V and International 
Classification C–E, triple agent chemotherapy may 
have greater efficacy. Eyes with significant subretinal 
or vitreous seeding still frequently require external 
beam radiotherapy regardless of the chemotherapy 
regimen used. In these cases, chemotherapy can be 
used to delay radiation, hopefully allowing the child 
to eclipse his or her first birthday before radiation is 
needed (Rodriguez-Galindo et al. 2007, 2003; Wilson 
et al. 2001).

Figure 7.2

Schematic representation of consideration in treating gemline/multifocal retinoblastoma. Decisions are based on the 
international classification of retinoblastoma and the use of primary systemic chemotherapy
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7.3 Focal Therapies

Tumors will completely or partially calcify in 
response to chemotherapy. Reese and Ellsworth 
described tumor responses on the basis of their col-
lective experience with external beam radiation. A 
Type I response implied complete calcification of 
the tumor, whereas a Type II response indicated a 
residual fish-flesh tumor. A Type III response indi-
cated a combination of the two. In the era of primary 
systemic chemotherapy, the aforementioned pat-
terns of tumor regression are no longer applicable, 
especially with regards to persistent fish-flesh tumor. 
Upon commencing chemotherapy, targeted focal 
therapies should be directed toward those tumors or 
parts of tumors that fail to calcify. We typically defer 
focal therapies until the completion of two cycles of 

chemotherapy to allow maximal reduction in tumor 
size, thereby minimizing damage to the surrounding 
retina, especially when visually sensitive structures, 
such as the fovea and optic nerve, are in close prox-
imity to the tumor (Hamel et al. 2000).

Focal therapies can also be used in an attempt to 
treat a limited number of vitreous implantations in an 
effort to avoid external beam radiotherapy. These 
implants are typically seen in the inferior mid-periphery  
or peripheral retina in the setting of an optically 
clear vitreous cavity. These lesions are “assumed” to 
be seeds based on their multiplicity, clustering, and  
location. In the setting of overt vitreous seeds unre-
sponsive to chemotherapy, focal measures alone are 
not adequate to control the disease. The entire vitre-
ous cavity must be sterilized.

The current focal therapies available to treat 
retinoblastoma include the argon green laser, the 

Figure 7.3 a c

a The medial rectus insertion has been left long to allow 
placement of hemostat with subsequent abduction of the 
globe. b Long Metzenbaum scissors are passed posteriorly 
between the globe and medial rectus muscle. The optic 
nerve is identified with close tips prior to opening for trans-
action. c The eye is removed with maximal length of optic 
nerve attached; usually in excess of 10 mm
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diode laser, cryotherapy, brachytherapy, and periocular  
chemotherapy. Focal therapies are selected based 
on tumor location and size. Lasers are more com-
monly used to treat posterior tumors, while more 
anterior tumors are easily accessed with cryotherapy. 
Brachytherapy is reserved for those tumors that can-
not be consolidated with laser or cryotherapy and 
are not in need of external beam radiotherapy, while 
periocular chemotherapy can be used to treat mini-
mal vitreous seeds in an attempt to avoid external 
beam radiotherapy.

Two principal wavelengths of light are currently 
used to treat retinoblastoma. The argon green laser 
with a wavelength of 532 nm photocoagulates tissue 
by inducing a temperature in excess of 65°C. Tradi-
tionally, the argon laser has been used to treat the ret-
ina edge surrounding a tumor in an effort to deprive 
the tumor of its blood supply and in turn cause tumor 
regression. Using an indirect ophthalmoscope, a dou-
ble row of subtle white burns is used to encircle the 
tumor; powers of 250–350 mW and burn durations of 
0.3–0.5 s are used (Ellsworth 1969; Shields et al. 1990; 
Journée-de Korver and Keunen 2002).

Debate exists as to whether the tumor surface 
should be directly treated for fear of liberating tumor 
cells into the vitreous cavity as photocoagulation 
occurs. Newer generations of the 532 nm laser permit 
continuous delivery similar to that of the diode laser. 
Such modalities have led some to advocate its use in 
the treatment of retinoblastoma. If the tumor surface 
is treated, the desired endpoint remains a subtle whit-
ening of the tumor surfaces. Laser energy should be 
kept at the lowest possible level necessary to achieve 
the desired endpoint. Powers in excess of 500 mW will 
result in tumor disruption and should be avoided. As 
with all focal therapies, treatment should be continued 
until the residual fish- flesh tumor regresses into a flat 
chorioretinal scar. Typically, lasers are administered 
every 3–4 weeks.

The optimal indication for direct treatment with 
the argon green laser is a residual fish-flesh mass 
overlying a largely calcified tumor (Fig. 7.4). In such 
situations, the uptake of the diode laser is unpredict-
able. Using the argon green laser, a whitening of the 
tumor can be seen, assuring an adequate treatment.

The argon laser has both direct and indirect cyto-
toxic effects. Photocoagulation directly kills tumor 
cells, and the thermal spread from the laser may have 
secondary hyperthermic effects that act synergisti-
cally with ongoing chemotherapy. Argon laser pho-
tocoagulation should not be performed if there is a 
retinal detachment overlying the tumor.

The diode laser (810 nm) was adapted for the 
treatment of retinoblastoma based on its success in 
the treatment of choroidal malignant melanoma. The 
laser energy is readily absorbed by melanin pigment 
and proved successful in the treatment of small mel-
anocytic tumors. Low power settings, coupled with 
a large spot size (2–3 mm) and prolonged delivery, 
achieved hyperthermia (45–65°C) at sub-photoco-
agulation temperatures. The end result was a sus-
tained penetrant burn with direct cytotoxic effects. 
The term transpupillary thermotherapy, or TTT, was 
coined to describe this technique (Journee-de Kor-
ver et al. 1992a, b; Oosterhuis et al. 1995; Shields et al. 
2002b; Robertson et al. 1999).

The methods of TTT were subsequently adapted 
to treat retinoblastoma. Initially, the diode laser was 

Figure 7.4

Residual fish flesh tumor overlying calcified mass. This 
represent an ideal scenario for newer 532 nm lasers 
with continuous delivery options
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used synergistically with platinum-based chemo-
therapy. The laser provided a direct cytotoxic effect 
in addition to enhancing the DNA-damaging effects 
of carboplatin. The infrared laser is focused directly 
on the tumor surface using either an ophthalmic 
microscope adapter or a large spot size indirect oph-
thalmoscope adapter. When using the indirect oph-
thalmoscope for TTT, it is important to ensure that the 
correct adapter is being used, as adapters designed for 
diode photocoagulation will not provide a continu-
ous wavelength delivery necessary for hyperthermia 
(Lumbroso et al. 2003; Schueler et al. 2003).

For small tumors, the underlying retinal pigment 
epithelium aids in absorption and transfer of the heat 
to the tumor. The desired endpoint is a subtle whitening 
of the tumor free of hemorrhage. Powers are titrated 
based on the tumor size and pigmentation of the 
underlying retinal pigment epithelium. Powers should 
not exceed 600 mW when there is visible uptake by the 
surrounding/underlying retinal pigment epithelium.

Tumors with significant elevation or those residual 
elements that rest on adjacent calcified tumor do not 
readily whiten with TTT. Prolonged treatment ses-
sions of 5–10 min using powers of 600–800 mW may 
be needed to achieve a therapeutic effect. Even with 

such prolonged treatment, a visible change in the 
tumor may not be seen until follow-up examination 
3–4 weeks later. If available, the argon green laser may 
provide a more effective treatment. One of the major 
shortcomings in the modern treatment of retinoblas-
toma is our failure as a community to communicate 
clearly our methods of consolidation with lasers, 
i.e., type, duration, and power.

Tumors with significant elevation or those residual 
elements that rest on adjacent calcified tumor do not 
readily whiten with TTT. Prolonged treatment ses-
sions of 5–10 min using powers of 600–800 mW may 
be needed to achieve a therapeutic effect. Even with 
such prolonged treatment, a visible change in the 
tumor may not be seen until follow-up examination 
3–4 weeks later (Fig. 7.5).

Cryotherapy is ideally suited for the treatment of 
small anterior tumors (Ellsworth 1969; Shields et al. 
1989; Tolentino and Tablante 1972). Cryotherapy is 
directly cytotoxic, causing cell lysis by disruption of 
the cell membrane that occurs after the formation 
of cytoplasmic ice crystals. Nitrous oxide gas is used 
to deliver a transcleral freeze via a cryoprobe under 
direct visualization. The lesion to be treated is visual-
ized with an indirect ophthalmoscope and the scleral 

Figure 7.5 a,b

a Right eye of a patient with bilateral retinoblastoma, Group A OD and Group C OS. b Appearance of tumors after 1  
treatment with diode laser. Viable tumor persists along the superior edge of the temporal most lesion
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underlying the tumor indented with a cryoprobe. 
A succession of 3 freezes with three intervening thaws 
is applied to the tumor. An “ice ball” should be seen to 
encompass the tumor and adjacent vitreous with each 
freeze (Fig. 7.6). Treatment should be limited to the area 
of the tumor to minimize damage to adjacent normal 
retina. Multiple tumors may be treated at one exami-
nation, but extensive treatments should be avoided. 
Aggressive cryotherapy may cause serious retinal 
detachments and iatrogenic retinal breaks. Although 
each cryotherapy unit may vary, we target a freezing 
temperature of −70ºC during treatment. Treatments 
should be repeated at 3- to 4-week intervals until the 
lesion regresses to a flat chorioretinal scar.

Posterior tumors can also be treated with cryotherapy. 
The conjunctiva is opened in the quadrant of the tumor 
to be treated. The curved cryoprobe is passed along the 
curvature of the eye and the tumor indented. Once 
the tumor has been identified, the triple freeze-thaw is 
applied. We generally reserve “cut-down” cryotherapy 
for recurrent posterior tumors not amenable to laser 
treatment. Generally, these are tumors smaller than 
those for which we would consider brachytherapy.

Brachytherapy involves the implantation of a radio-
active source close to the tumor. For the treatment of 

retinoblastoma, a carrier or “plaque” is loaded with a 
radioactive isotope and surgically placed on the scleral 
surface underlying the tumor to be treated. Traditional 
isotopes have included radon-222 and cobalt-60. Today, 
iodine-125 is the most commonly used isotope in the 
United States. Ruthenium-106 is more commonly used 
in Europe. Other, less commonly used isotopes include 
iridium-192, gold-198, and palladium-103. We use gold 
shields loaded with iodine-125. The gold shields the 
surrounding orbit from the emitted ionizing radiation. 
Brachytherapy may be used as primary therapy alone, 
as consolidation for tumors too large to treat with laser 
or cryotherapy, or as treatment for tumors that have 
recurred after chemotherapy and other focal thera-
pies. The radiation damages the cellular DNA, trigger-
ing the p53 pathway and subsequent apoptosis. Target 
doses are 40–45 Gy to the tumor apex (see chapter 5) 
(Merchant et al. 2004; Shields et al. 2006).

A trained ophthalmic surgeon should perform the 
placement of episcleral radioactive plaques in collab-
oration with a designated radiation oncologist and 
medical physicists. The conjunctiva is opened in the 
quadrant in which the tumor to be treated is located. 
Using the technique of indirect ophthalmoscopy 
and scleral depression, the borders of the tumor are 

Figure 7.6 a,b

a Inferior peripheral visualized using scleral indentation with cryoprobe. b A transcleral triple-thaw freeze is administered 
with the “ice ball” incorporating the entire tumor as well as the adjacent retina and vitreous
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demarcated and marked with methylene blue. The 
plaque is then sewn to the scleral surface using spatu-
lated needles similar to those used in strabismus and 
scleral buckling procedures (Fig. 7.7). Extreme cau-
tion should be taken to avoid inadvertent perforation 
of the globe. If needed, a rectus or an oblique muscle 
may be transposed to allow the plaque to lie flush on 
the scleral surface. Treatment effects should be seen 
within 4 weeks. Tumors typically regress to a calcified 
mass with associated chorioretinal scarring.

In contrast to lasers, cryotherapy, and brachyther-
apy, the exact role and efficacy of periocular 
chemotherapy are less well defined (see chapter 6). 
The penetration of systemic chemotherapy into the 
vitreous cavity is highly variable. This is most likely 
due to the status of the blood-retina barrier at the 
time of treatment. Large tumors with incompetent 
vessels are more apt to spill chemotherapeutics into 
the vitreous cavity. However, as the tumor regresses 
and the blood-retinal barrier is restored, delivery of 
the chemotherapy into vitreous becomes increas-
ingly difficult. Some investigators have advocated 
cryotherapy to the peripheral retina in an attempt 
to breakdown the blood-retinal barrier and increase 
diffusion of the chemotherapy into the vitreous 

(Murphree et al. 1996). The true efficacy of such 
treatment remains in doubt.

Periocular injections, specifically of carbopla-
tin, have been used to deliver high doses of chemo-
therapy to the vitreous cavity in attempts to treat 
seeds (Abramson et al. 1999a, b; Dunkel et al. 2007). 
The sclera represents a porous membrane, and thus 
a subtenon’s injection of carboplatin creates a diffu-
sion gradient by which the carboplatin travels into 
the vitreous cavity. The vitreous concentrations of 
carboplatin exceed those that can be achieved with 
systemic therapy. Using a 3-cc syringe and 27” gauge 
needle, 20 mg of carboplatin in 2 cc of normal saline 
are injected into the subtenon’s space. Multiple injec-
tions can be given at 3- to 4-week intervals.

A marked response to a single injection can be 
seen within weeks of treatment. However, sustained 
remissions have been difficult to achieve with perio-
cular injections alone. Most case series report long-
term treatment failures when periocular injections 
are used as salvage therapy. The reason for this is 
still uncertain. Some investigators feel it is due to 
a failure to treat adequately the source of the seed-
ing; thus, there is a continued liberation of seeds into 
the vitreous cavity. Others postulate that the relative 
dormancy of the seeds makes them less susceptible 
to the DNA-damaging effects of carboplatin. Finally, 
it has been argued that when perioucular injections 
are used as a rescue treatment, the cells so selected 
are the most resistant and least likely to respond. 
New protocols of the Children’s Oncology Group are 
investigating earlier incorporation of carboplatin in 
the treatment of International Group C and D eyes in 
an attempt to avoid external beam radiotherapy.

The diffusion of carboplatin into the orbit tissue 
can induce a profound myositis requiring temporary 
treatment with oral corticosteroids (Mulvihill et al. 
2003). Other noted complications have been ischemic 
optic neuropathy and severe fibroblastic proliferation, 
which in turn increase the difficulty of any subsequent 
enucleation (Abramson et al. 1999a, b).

Newer agents and methods of transcleral delivery 
are being investigated. These include the use of fibro-
sealant glue to serve a carrier of carboplatin (Van Quill 
et al. 2005). Injection of the glue into the subtenon’s 
space permits a slower diffusion of the carboplatin. 

Figure 7.7

An episcleral plaque loaded with I-125 radioactive 
seeds is secured to the sclera overlying the tumor to 
be treated
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Higher sustained vitreous concentrations with dimin-
ished orbital toxicity are achieved. Other chemothera-
peutics such topotecan have been shown to have 
good transcleral delivery in preclinical models and are 
currently being studied at some centers (Carcaboso 
et al. 2007).

For patients with bilateral retinoblastoma who 
have advanced or recalcitrant vitreous disease, exter-
nal beam radiotherapy remains an essential part 
of treatment (Shields et al. 2002c, d). External beam 
radiotherapy is also an important tool in the manage-
ment of juxtapapillary and juxtafoveal tumors. Laser 
to tumors adjoining these visually sensitive areas can 
result in damage to adjacent healthy retina and cause 
visual loss. External beam radiotherapy is more likely 
to spare the optic nerve and retina, and preserve max-
imal vision. A consultation with the radiation oncolo-
gists should be made early in treatment if radiotherapy 
is deemed likely. Discussions should pertain to tim-
ing, the dose needed to control the intraocular dis-
ease, and potential side effects. Decisions to proceed 
with external beam radiotherapy should be based on 
the potential vision of the affected eye as well as the 
vision of the other eye.

Newer methods of radiation such as conformal 
radiotherapy and intensity-modulated radiotherapy 
have tightened the field of radiation thereby dimin-
ishing exposure to surrounding orbital structures. 
More encouraging is the potential use of proton beam 
radiotherapy. The tightly collimated proton beam 
reduces spread to adjacent tissue and its depth of 
penetration more strictly controlled. The long-term 
results and complications of these newer radiation 
methods have yet to be fully studied in retinoblas-
toma patients. A more detailed discussion of external 
beam radiotherapy can be found in chapter 5.

7.4 Emerging Treatments

New frontiers in the treatment of retinoblastoma 
include the use of both gene therapies for the treat-
ment of vitreous seeds. Adenoviral-mediated trans-
fection of tumor cells with thymidine kinase renders 
the tumor susceptible to systemically administered 

ganciclovir (Chevez-Barrios et al. 2005). Phase 1 clini-
cal trials have been completed, documenting both 
safety and efficacy. Although currently reserved as 
salvage therapy for remaining eyes failing conven-
tional modalities of treatment, there is hope that this 
new targeted therapy may become a mainstream 
treatment.

Perhaps more exciting are recent studies show-
ing the success of targeted therapies. Laurie et al. 
(2006) have shown inactivation of the p53 pathway 
in retinoblastoma is secondary to an upregulation 
of MDMX. Using small molecular inhibitors such as 
nutlin, MDMX can be inactivated permitting apoto-
sis to ensue. Molecules such as nutlin provide hope 
in that they can be delivered across the sclera and in 
turn diminish systemic toxicities.

7.5 Conclusion

The treatment of intraocular retinoblastoma requires 
a multidisciplinary team approach. The ophthalmolo-
gist must communicate the intraocular findings to 
the pediatric oncologist and radiation oncologist. The 
pro and cons of each treatment modality are weighed 
against the severity of disease and the potential for 
vision (Wilson et al. 2006). The team then constructs a 
treatment plan, which is individualized to fit the needs 
of the patients. Once treatment begins, the ophthal-
mologist monitors the response to therapy and the 
team modifies the treatment plan as needed. Only by 
working as a cohesive team of specialists can the best 
outcome of the retinoblastoma be obtained.
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8.1 Introduction

Retinoblastoma can extend outward through different 
structures of the eye. It may disseminate through the 
optic nerve into the CNS and through the sclera to the 
orbit. Retinoblastoma can also give rise to systemic 
metastasis after gaining access to the choroidal circu-
lation or after locoregional dissemination to the orbit 
and lymph nodes. Usual metastatic sites of retino-
blastoma include the CNS, bone and the bone marrow 
(MacKay et al. 1984). Less frequently, retinoblastoma 
can metastasize to other organs, such as the liver or 
distant lymph nodes.

The presenting signs and symptoms of metastatic 
retinoblastoma are quite variable and depend on the 
site or sites of involvement. In patients who have pre-
viously undergone enucleation, orbital recurrences 
often present with the parental observation that the 
prosthesis is no longer fitting well. More extensive 
orbital disease may present as a visible mass. Cen-
tral nervous system disease can occur as optic nerve 
disease tracking posteriorly into the brain, or as dif-
fuse leptomeningeal involvement. Again, signs and 
symptoms are variable, depending on the locations 
involved and the degree of involvement, but may 
include headache, irritability, emesis and/or focal 
neurological signs. Bone disease may present with 
pain, and bone marrow disease may present with 
abnormally low blood counts, but often, disease at 
those sites and liver disease may be asymptomatic 
and discovered only during evaluation of the extent 
of the disease(Table 8.1).
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Chapter 8 Extraocular and Metastatic Retinoblastoma

The treatment of high risk intraocular and 
extraocular retinoblastoma can be divided into four 
different scenarios that will be discussed below:

Patients with high risk intraocular disease •
Patients with microscopic extraocular residue  •
after enucleation
Patients with orbital and locoregional dissemination •
Patients with metastatic disease. •

8.2 Patients with High Risk Intraocular Disease

The International Retinoblastoma Staging System 
(IRSS) considers patients with completely resected 
retinoblastoma after enucleation of the affected eye 
to have Stage 1 disease (Table 8.2) Histopathological 
risk factors for extraocular relapse include invasion 
into the choroid, inside the sclera, the optic nerve and 
possibly, the anterior segment (National registry of 
retinoblastoma in Japan 1975). However, their impact 
as independent risk factors may not be homogeneous. 
The quality of the published evidence is hampered by 
the lack of prospective randomized studies, the rar-
ity of the disease, and the diverse pathological criteria 
for defining the invasion of the ocular coats used by 
different groups. A thorough postenucleation histo-
pathological staging is essential to define groups with 
different risks of relapse. This is a major limitation 
in developing countries where the enucleated eyes of 
patients with advanced disease are done in centers with 
no specialized pathological examination. Sometimes, 
pathological examination is never performed, and the 

risk of relapse cannot be estimated (Bowman et al. 
2006). There are wide variations in the definitions of 
the degree of invasion to the ocular coats among many 
centers, which further complicates the interpretation of 
results from different groups. The International Retino-
blastoma Staging Working Group found a great dis-
parity in the processing of eyes, definition of pathology  
criteria, and treatment, in a survey that included large 
centers in developing and developed countries (Chantada 
et al. 2008). Therefore, a guideline for eye processing 
intended to be disseminated in developing countries, 
and providing consensus definitions for the different 
degrees of invasion to the ocular coats has been agreed 
upon and published (see chapter 3).

Additionally, there is controversy about which 
patients with high risk pathology risk factors need 
adjuvant therapy. The treating physician has to decide 
whether to prescribe adjuvant chemotherapy to all 
patients with putative risk factors, or to avoid it in 
controversial cases and aggressively treat those who 
relapse. In situations where the pathological exami-
nation of enucleated eyes is not entirely reliable, the 
first option is reasonable, whereas in specialized cen-
ters, especially those under prospective studies, a more 
precise identification of patients at risk can be done. 
The availability of treatment for extraocular relapse 

Table 8.1. Extent of disease evaluation for suspected metastatic 
disease

•	 Brain	and	orbit	MRI	with	and	without	contrast

•	 Lumbar	puncture	for	CSF	cytology

•	 Spine	MRI	with	and	without	contrast	(if	CNS	disease	
is present or appropriate focal neurological signs are 
present)

•	 Abdominal	CT	with	IV	contrast

•	 Bone	scan

•	 Bone	marrow	aspirate	and	biopsy

Table 8.2. International staging schema for patients with 
retinoblastoma	(Chantada	et	al.	2006a)

Stage	0.	Patients	treated	conservatively

Stage	I.	Eye	enucleated,	completely	resected	histologically

Stage	II.	Eye	enucleated,	microscopic	residual	tumor

Stage III. Regional extension
(a)	Overt	orbital	disease
(b)	Preauricular	or	cervical	lymph	node	extension

Stage	IV.	Metastatic	disease
(a)		Hematogenous	metastasis	(without	CNS	 

involvement)
 1. Single lesion
 2. Multiple lesions
(b)		CNS	extension	(with	or	without	any	other	site	of	

regional or metastatic disease)
 1. Prechiasmatic lesion
 2. CNS mass
 3. Leptomeningeal and CSF disease
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with high dose chemotherapy and stem cell rescue 
needs to be considered in this decision, since patients 
who relapse with distant metastatic disease can be res-
cued only by this treatment (Chantada et al. 2004a). 
On the other hand, adjuvant chemotherapy does not 
eliminate the possibility of extraocular relapse, and in 
groups with low relapse rates, its benefit is not proven.

8.2.1 Choroidal Invasion

Choroidal invasion has been determined to be a 
pathological risk factor for extraocular relapse in 
many series (Chantada et al. 2004a; Shields et al. 1993; 
Khelfaoui et al. 1996; Finger et al. 2002). It has been 
suggested that once the tumor reaches the choroid, it 
may gain access to the systemic circulation giving rise 
to hematogenous metastasis. Some studies suggest 
that choroidal invasion may only be relevant when it 
is combined with postlaminar optic nerve invasion 
(Chantada et al. 2004a; Shields et al. 1993). In both 
retrospective and prospective studies, the relapse rate 
for patients with isolated choroidal invasion (with-
out postlaminar optic nerve invasion) treated with 
enucleation alone and no adjuvant therapy has been 
lower than 5% (Chantada et al. 2004a, b; Schvartzman 
et al. 1996) and, therefore, the role of chemotherapy in 
isolated choroidal invasion is controversial.

Most centers discriminate between different degrees 
of invasion to the choroid (denominated major and 
minor, full and partial, massive and focal by different 
groups) and some recommend adjuvant chemotherapy 
for the cases with more advanced disease. However, com-
parison among published series has been complicated 
by the lack of a standardized definition for discrimi-
nating between the various degrees of choroidal inva-
sion, and so, the International Retinoblastoma Staging 
Working Group recently reached a consensus about this 
issue (Table 8.3). In addition, since only a few sections 

of the enucleated eye are routinely examined, choroidal 
invasion may be missed. The current treatment proto-
col from the Children’s Oncology Group (COG ARET 
0332) prescribes adjuvant chemotherapy with carbopl-
atin, etoposide and vincristine for patients with either 
isolated massive choroidal invasion or any degree of 
choroidal invasion in an eye that also has any degree 
of optic nerve extension (including pre-laminar). Other 
groups (such as most Latin American centers) do not 
routinely use adjuvant therapy for isolated choroidal 
invasion or when it is combined with less than post-
laminar optic nerve involvement.

8.2.2 Optic Nerve Invasion

The lamina cribrosa constitutes the anatomical land-
mark for the limits of the eye. Patients with prelami-
nar or intralaminar invasion of the optic nerve are not 
clearly at higher risk for extraocular disease (Chantada 
et al. 1999a; Shields et al. 1994; Magramm et al. 1989). 
However, when the tumor extends beyond the lamina 
cribrosa (microscopically outside the eye), most authors 
agree that the risk of extraocular relapse increases, even 
when the resection margin is free of tumor (Magramm 
et al. 1989). To our knowledge, the largest reported 
series included 66 patients in New York from 1922 to 
1986, and only 42% survived (Magramm et al. 1989). 
Other smaller series identified postlaminar optic nerve 
invasion as a risk factor and adjuvant treatment was 
recommended (Khelfaoui et al. 1996; Shields et al. 1994; 
Honavar et al. 2002; Stannard et al. 1979).

Recently, there has been considerable debate about 
whether patients with postlaminar optic nerve inva-
sion need adjuvant therapy to prevent extraocular 
relapse. Honavar et al found that patients with post-
laminar optic nerve invasion who received adjuvant 
chemotherapy had a better outcome than those who 
only were observed after enucleation in their retro-
spective series of 29 patients treated over 25 years 
(Honavar et al. 2002). Other series failed to show any 
benefit of chemotherapy to prevent extraocular relapse 
(Stannard et al. 1979; Uusitalo et al. 2001). The Garra-
han group performed a recent analysis of 61 patients 
with postlaminar optic nerve disease treated on three 
consecutive treatment protocols and reported a 94% 

Table 8.3. Consensus definition for grading choroidal invasion. 
International Retinoblastoma Working Group

Massive choroidal invasion: The full thickness of the 
choroid	 should	 be	 invaded	 (at	 least	 one	 cell	 adherent	
to the sclera) or largest dimension greater than 3 mm or 
tumor	noted	grossly.
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overall survival rate with tailored therapy (Chantada 
et al. 2007a). Patients who had postlaminar optic nerve 
involvement together with full choroidal invasion 
and/or scleral invasion and those with greater than 
1 mm of invasion through the optic nerve or greater 
than 30% of extension through the optic nerve were 
at higher risk of relapse and adjuvant chemotherapy 
was recommended. Better results were found by using 
a more intensive regimen at higher doses providing a 
better CNS coverage. Patients without other high risk 
features (30% of the whole population) were man-
aged without adjuvant therapy. However, it should be 
stressed that the subgroups were small and the results 
should be confirmed in a larger cohort, possibly in an 
international study.

The length of the optic nerve stump and the extent 
of invasion through the lamina may also be impor-
tant. A retrospective study reported that patients 
with an optic nerve stump shorter than 5 mm were 
at higher risk of relapse, independent of the presence 
of optic nerve invasion (Rubin et al. 1985). The esti-
mation of this parameter may be misleading since it 
may vary depending on when it is measured. Abram-
son et al. (2003a) showed that the optic nerve shrinks 
up to a 30% of its overall length after fixation, so 
this parameter should be standardized for adequate 
analysis. Uusitalo et al. (2001) also prescribed adju-
vant chemotherapy for their 7/11 cases with disease 
extending at least 1 mm beyond the posterior extent 
to the lamina cribrosa and no further treatment for 
the remaining four cases with less than that. In that 
series, no patient had concomitant scleral invasion 
and none relapsed.

8.3 Patients with Microscopic Residual  
Disease after Enucleation

In most instances, these children present with 
advanced intraocular disease, often with glaucoma 
and, on occasions, buphthalmia, but no evidence of 
overt disease and the treating group recommends enu-
cleation as primary treatment. Pathological examina-
tion of the enucleated eye then shows microscopical 
residual disease, designated as IRSS stage 2 (National 
registry of retinoblastoma in Japan 1975). This can 

be manifested in two ways: tumor invasion through 
the optic nerve extending beyond the resection mar-
gin and/or extension through the choroid, across the 
sclera into the orbit. In both instances, adjuvant treat-
ment is mandatory since the microscopically seeded 
tumor cells will inevitably lead to disease relapse if not 
treated. In order to accurately assign a proper stage, a 
comprehensive pathological examination of the enu-
cleated eye is essential. A short optic nerve stump may 
result in tumor invasion through the resection mar-
gin that could be avoided if a longer stump had been 
obtained. Consequently, enucleation should be done 
by an experienced ophthalmologist to obtain a long 
optic nerve stump (of at least 10 mm), thereby avoid-
ing leaving a tumor residue (Abramson and Ellsworth 
1980); however, massive buphthalmia may lead to 
a difficult procurement of an adequate optic nerve 
stump. Patients with a short optic nerve stump with 
tumor beyond the resection margin should be treated 
in the same way as those with an appropriate stump. 
The value of a second look operation to access to the 
remaining optic nerve stump and achieve a deeper 
resection is not known. The enucleated eye should be 
examined by an experienced ocular pathologist, and 
it is essential to obtain a transverse section of the dis-
tal end of the optic nerve prior to opening the globe 
in all patients. The pathologist should also measure 
the optic nerve length and report if the optic nerve 
appeared grossly enlarged. Cases where the optic 
nerve appears massively enlarged and seen at imag-
ing studies done before enucleation are considered 
IRSS stage 3 and they should usually be treated with 
neoadjuvant chemotherapy and delayed enucleation 
(Fig. 8.1) (Chantada et al. 2006a). Microscopic optic 
nerve invasion usually goes undetected by imaging 
studies, even when MRI is used (de Graaf et al. 2006). 
The pathologist should also assess the occurrence of 
microscopic invasion of the subarachnoid space. This 
is an uncommon feature of retinoblastoma and these 
patients should receive the same treatment than those 
with tumor at the resection margin of the optic nerve. 
The pathologist should also assess the tumor exten-
sion to the sclera. Artifactual scleral invasion may be 
seen when tumor “floating” cells are seen on the sclera 
due to inadequate handling of the specimen. Scleral 
invasion occurs inevitably with concomitant invasion 
to the full width of the choroid.
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The optimal treatment of patients with a micro-
scopic residual disease is under investigation. It 
should include multimodal therapy including enucle-
ation, radiotherapy and chemotherapy. However, the 
best regimen has yet to be determined. Data regard-
ing treatment of patients with tumor invasion to the 
cut end are very limited and no randomized trial 
has ever been reported. The traditional approach 
for the postenucleation treatment of these patients 
included adjuvant systemic and intrathecal chemo-
therapy along with radiotherapy (Chantada et al. 
2004b; Magramm et al. 1989; Howarth et al. 1980; 
Zelter et al. 1991; Grabowski and Abramson 1987). 
The survival rate for these patients ranged from 40% 
to 70%. Intrathecal chemotherapy usually included 
methotrexate, cytarabine, and dexamethasone, which 
may not be active in retinoblastoma and is poten-
tially neurotoxic. Therefore, current regimens omit 
intrathecal chemotherapy and use more intensive 
intravenous therapy including agents at higher doses 
and with better penetration to the CNS, such as car-
boplatin (Chantada et al. 2004b). Current chemother-
apy regimens include moderately intensive systemic 

chemotherapy including: carboplatin, etoposide, and 
vincristine, as per the Central America AHOPCA 
(Asociacion de Hemato-oncologia Pediatrica de Cen-
tro America) protocol or more intensive regimens 
including these drugs (or cisplatin) in combination 
with cyclophosphamide, and anthracyclines, such as 
idarubicin or doxorubicin, in the COG, SFCE (French 
Society of Pediatric Oncology), and Hospital Garrahan 
studies. There has not been a comparative analysis 
between the two approaches and both could be con-
sidered standard.

Early reports supported the used of prophylactic 
cranial radiotherapy (Zelter et al. 1988). However, 
more recent series included orbital radiotherapy 
(including the chiasm in the radiation field) at a dose 
of 45 Gy (Schvartzman et al. 1996; Chantada et al. 
2004b). However, even though this treatment is less 
toxic than cranial radiotherapy, severe orbital hyp-
oplasia and endocrinological dysfunction, leading to 
growth hormone deficiency or hypopituitarism may 
occur. Therefore, South African investigators devel-
oped a localized radiotherapy technique using Iodine 
seeds with initial encouraging preliminary results 
(Stannard et al. 2002). Other groups investigated the 
role of intensive chemotherapy followed by autolo-
gous stem cell rescue to avoid radiotherapy in these 
patients; however, the long term toxicity of this treat-
ment is also substantial (Gallie B, unpublished). The 
role of orbital radiotherapy has not been prospec-
tively evaluated and only a cooperative multicentric 
study could provide an answer to that question. Cur-
rent series report a 70–80% survival in this cohort and 
leptomeningeal relapse is the most common adverse 
event, but all reported results include few patients 
(Chantada et al. 2004b; Antoneli et al. 2003).

8.3.1 Trans-Scleral Invasion

The treatment of patients with microscopic extension 
through the sclera is even more controversial. To our 
knowledge, there are no series specifically reporting 
their outcome and no consensus treatment guidelines 
are available. The current COG and AHOPCA proto-
cols for these patients give adjuvant chemotherapy 
with carboplatin, etoposide and vincristine. However, 
the current protocol at the Hospital Garrahan uses 

Figure 8.1

Computed	tomography	scan	showing	massively	enlarged	
optic nerve in a patient with retinoblastoma
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more intensive chemotherapy, since previous results 
with lower dose regimens were relatively discouraging 
(Chantada et al. 2004b). The use of orbital radiotherapy 
is controversial and most current protocols avoid it. 
According to our preliminary results, most extraocular 
relapses included the CNS, so they would not likely be 
avoided if orbital radiotherapy were given. Therefore, 
the current treatment of patients with microscopical 
transscleral disease (if the resection margin of the optic 
nerve is free of tumor) is adjuvant chemotherapy, and 
the use of orbital radiotherapy is under investigation.

8.3.2 Future Directions

Since up to one third of the patients with microscopic 
residual disease or high risk features relapse and even-
tually die, and many of those who survive suffer from 
cosmetic and functional sequelae, newer treatments 
should be developed. One approach would be to try to 
identify them preoperatively to give neoadjuvant che-
motherapy in order to downstage the disease, thereby 
avoiding orbital irradiation (Bellaton et al. 2003). In 
a series of 184 initially enucleated patients with uni-
lateral retinoblastoma at the Hospital Garrahan, glau-
coma and buphthalmia were significantly associated 
by multivariate analysis with the occurrence of micro-
scopically disseminated disease. Therefore, patients 
with these features may be considered for preopera-
tive chemotherapy in the context of a controlled study. 
An adequate standardization of the histopathology 
features is essential, as described above. The investi-
gation of minimally disseminated disease at diagnosis 
by PCR techniques could potentially be a way of iden-
tifying those cases requiring postoperative treatment 
(Yamane et al. 1999).

8.4 Orbital and Locoregional Disease

Disease that has massively spread outside the eye into 
the orbit and is evident by imaging studies is consid-
ered to be IRSS stage 3 because of regional dissemi-
nation (Chantada et al. 2006a). Dissemination to the 
preauricular or cervical lymph nodes may be encoun-
tered, but the eye lacks lymphatic drainage except for 

the conjunctiva, so dissemination through this route 
is seldom seen. Patients with malignant preauricular 
adenopathy are also categorized as Stage 3 in the IRSS 
(Fig. 8.2) (Chantada et al. 2006a). Since, occasionally, 
preauricular lymph node enlargement may be caused 
by inflammatory phenomena, confirmatory biopsy 
should be considered in unclear cases.

Patients who present with overt orbital retinoblas-
toma should be extensively screened for distant metas-
tasis since 30–40% of them may harbor at least one 
metastatic site (Chantada et al. 2003). Patients with overt 
extraocular dissemination are seen more frequently 
in developing countries, probably because of delayed 
diagnosis (Antoneli et al. 2003; Chantada et al. 1999b). 
In series from developed countries, less than 10% of 
the patients present with extraocular tumor extension. 
However, in contemporary series from mid-income 
countries, such as Mexico, Turkey, Argentina, and Brazil, 
the occurrence of extraocular extension ranged from 
10% to 40% (Chantada et al. 2004b; Antoneli et al. 2003; 
Leal-Leal et al. 2004; Ozkan et al. 2006). In lower income 
countries, such as Tanzania, survival rates are lower 
than 30% (Bowman et al. 2006).

Figure 8.2

Preauricular	adenopathy	(arrow) in a patient with retino-
blastoma
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A careful extent of disease evaluation is mandatory 
in cases with overt orbital extension, since the tumor 
may already have been disseminated to distant sites 
(Table 8.1), and detecting occult metastatic disease 
is critical, since IRSS stage 4 patients need to receive 
more intensive therapy to provide them the best 
chance of cure. A bone marrow examination (aspi-
ration and biopsy of multiple sites) should be per-
formed, and immunocytology, for example, with the 
ganglioside GD2, may increase the sensitivity of this 
examination in this patient cohort (Chantada et al. 
2006b). Examination of the CSF by lumbar puncture 
followed by cell count and microscopical examination 
of the  cytocentrifugate should be done in all patients. 
Retinoblastoma cells tend to adhere to the glass walls 
of the tubes used for the CSF collection leading to false 
negative results (Stannard et al. 1975). Fixing the cells 
in a 50% alcohol solution, immunophenotyping and a 
careful microscopical examination of the centrifugate 
(even when the cell count is 0) may help reducing the 
false negative rate of this procedure (Stannard et al. 
1975). The whole neuraxis should be examined, pref-
erentially with MRI in all patients with tumor extend-
ing to the resection margin of the optic nerve to detect 
occult dissemination. Even though tumor extension 
through the optic nerve into the CNS, including the 
chiasm, may be considered as a loco-regional exten-
sion, the current IRSS considers any form of CNS inva-
sion to be stage 4b since the prognosis of these patients 
has been very poor (Chantada et al. 2006a).

Treatment of patients with overt extraocular dis-
semination should be multidisciplinary, including 
the pediatric oncologist, ophthalmologist and radio-
therapist. In the past, initial orbital exenteration 
was considered in these patients in order to achieve 
a complete resection of the tumor. However, nowa-
days this mutilating surgical procedure is seldom 
necessary, since retinoblastoma is highly responsive 
to modern chemotherapy and the tumor usually 
responds dramatically to chemotherapy, allowing for 
a more conservative surgical approach. Therefore, 
the standard therapy for retinoblastoma with overt 
orbital or regional extension is preoperative chemo-
therapy followed by resection of any residual orbital 
mass and adjuvant chemotherapy and radiotherapy 
(Fig. 8.3). With this approach, 60–85% of patients can 

be cured (Antoneli et al. 2003; Chantada et al. 2003; 
Doz et al. 1994). The chemotherapy regimen should 
include drugs with good CNS penetration like the 
ones used for treating microscopically disseminated 
disease. Current protocols usually give two or three 
cycles preoperatively and 4–6 postoperatively. Local 
control should then be consolidated with orbital irra-
diation (40–45 Gy). In many cases, massive necrosis 
is seen after preoperative chemotherapy and it is not 
possible to assess the extension to the optic nerve. 
In these cases, including the chiasm in the radiation 
field is advisable. When the preauricular and/or cer-
vical lymph nodes are involved, most authors include 
them in the radiation field, but there is no evidence 
that this has a prognostic impact, especially in those 
cases who achieve a complete response to neoadju-
vant chemotherapy.

8.4.1 Orbital Relapse

Orbital relapse may occur after enucleation 
(Hungerford et al. 1987). This event can be detected 
at follow up examinations by palpating the orbital 
socket during routine ophthalmological examina-
tions or by the presence of an overt orbital mass 
(Fig. 8.4). Orbital relapses should be documented 
by biopsy, especially in heritable cases where sec-
ondary malignancies are possible. Occasionally, an 
orbital relapse occurs in a patient enucleated after 
an attempt for ocular preservation (Chantada et al. 
2007b). Treatment of these patients depends on the 
treatment received before this event. As in cases 
with massive orbital disease detected at diagnosis, a 
comprehensive extent of disease evaluation is man-
datory to rule out distant metastatic disease. When 
isolated orbital relapse occurs in patients who had 
been treated only with enucleation, the treatment 
is the same as that for patients with orbital disease 
at diagnosis, and the results are comparable (Chan-
tada et al. 2003). When this event occurs in patients 
with a previous history of chemotherapy, given for 
chemoreduction or as adjuvant therapy in cases 
with pathology risk factors, especially in those who 
had already received orbital radiotherapy, treatment 
should be individualized using previously unused 
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agents. Some of these patients can be salvaged with 
current treatments (Chantada et al. 2007b). Consoli-
dation with high dose chemotherapy with autolo-
gous stem cell rescue may be indicated in patients 
with chemosensitive disease and a history of previous 
orbital radiotherapy (Chantada et al. 2007b).

8.4.2 Special Situations

In very uncommon situations, orbital retinoblastoma 
can develop after an invasive surgical procedure 
involving, for example, vitrectomy or vitreous puncture, 
or any other intraocular surgery (Shields et al. 2000). 

Figure 8.3

Shrinkage	of	orbital	disease	in	a	patient	with	overt	orbital	retinoblastoma	at	diagnosis	and	after	two	cycles	of	chemo-
therapy,	including	carboplatin,	etoposide,	cyclophosphamide,	idarubicin	and	vincristine
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Most these cases have been reported where the surgeon 
was not aware of the presence of retinoblastoma. 
All children with unsuspected retinoblastoma who 
undergo intraocular surgery should be treated with 
adjuvant chemotherapy and radiotherapy to attempt 
to prevent an orbital relapse.

8.5 Metastatic Disease

8.5.1 Stage 4a: Metastatic Disease Without  
CNS Involvement

The IRSS designates patients with distant metastatic 
disease, but without CNS involvement to be stage 4a. 
These patients have had a poor prognosis when 
treated with conventional therapy, but may be cured 
when therapy is intensified to include high-dose che-
motherapy with autologous stem cell rescue (ASCR).

A number of older publications described the results 
of treatment with conventional dose chemotherapy 
(usually vincristine, doxorubicin, cyclophosphamide, 

cisplatin, and etoposide) and radiation therapy. 
Despite occasional reports of long-term event-free 
survival (Abramson and Andracchi 1997), the bulk of 
the evidence suggested that the prognosis remained 
grim with such an approach (Abramson 2005). More 
recent publications using aggressive conventional che-
motherapy confirmed the dismal prognosis. Argentine 
investigators noted that all 26 patients with distant 
metastases died (The Committee for the National Reg-
istry of Retinoblastoma 1992), and Brazilian investiga-
tors noted that only 1 of 14 patients (7%) with distant 
metastases survived (Abramson et al. 2003b).

Case reports had suggested that the use of high-
dose chemotherapy with ASCR might be beneficial 
for patients with metastatic retinoblastoma (Abram-
son et al. 2003b; Abiose 1979), and subsequently, 
Institute Curie investigators reported the results of 
25 patients with high-risk retinoblastoma treated 
with high-dose carboplatin, etoposide, and cyclo-
phosphamide, followed by ASCR (Abramson 2005). 
Five of eight patients with metastases not involving 
the CNS were event-free survivors 11–70 months 
after high-dose chemotherapy. Three had central 
nervous system relapses and died of disease 10–20 
months after high-dose chemotherapy. Three other 
patients had disease that progressed during induc-
tion with conventional induction chemotherapy and 
never received high-dose chemotherapy. In total, 
then, 5 of 11 patients (45%) with metastatic disease, 
not initially involving the central nervous system, 
were event-free survivors.

Memorial Sloan-Kettering Cancer Center investi-
gators initially reported the results of 4 patients with 
stage 4a disease treated with intensive chemotherapy 
and high-dose chemotherapy with ASCR, and sub-
sequently reported an expanded series in abstract 
form (Leal-Leal et al. 2006; Gunduz et al. 2006). All had 
bone marrow and/or bone metastases, and some also 
had liver and orbit disease. Induction chemotherapy 
consisted of vincristine, a platinum agent, cyclophos-
phamide, and etoposide (+/− doxorubicin), and the 
high-dose regimen was carboplatin and thiotepa-
based. Seven of 10 patients were event-free survivors 
at a median of 84 months (Abiose 1979). Two relapsed 
in the CNS at 7 and 10 months after the diagnosis of 
metastatic disease (prior to high-dose chemotherapy). 

Figure 8.4

Orbital relapse in a patient enucleated for unilateral 
retinoblastoma.	The	 family	detected	 the	orbital	mass	
because the prosthesis was not fitting well
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These two failures were associated with treatment 
delays due to fungal infection (n = 1) and insurance 
denial (n = 1), and the patients later died of progres-
sive tumor. One patient relapsed in the CNS 16 months 
after the diagnosis of metastatic disease and later died 
of progressive tumor. The remaining 7 patients were 
failure-free and alive at 16–130 months after the diag-
nosis of metastatic disease.

Other groups have also published small series and 
the overall results appear promising. German investi-
gators treated 5 patients, 3 of whom had stage 4a dis-
ease, with a regimen very similar to that used in New 
York (Abramson et al. 2004). None of those 3 patients 
received radiation therapy and they were event-free 
survivors at 24, 69, and 124 months from diagnosis of 
metastatic disease. St. Jude investigators reported 
4 patients treated with intensive therapy, including 
high-dose chemotherapy with stem cell rescue, 
but their regimens (carboplatin-etoposide, busulfan- 
cyclophosphamide-melphalan, cyclophosphamide-
etoposide, cyclophosphamide-topotecan) did not 
include thiotepa (Rodriguez-Galindo et al. 2004). Radi-
ation therapy was used for bone metastases. Two of the 4 
patients were long-term survivors. CHLA investigators 
included 2 patients with stage 4a disease in their report 
(The Committee for the National Registry of Retino-
blastoma 1992). One patient with orbit, bone and bone 
marrow disease received high-dose cyclophosphamide, 
thiotepa, and etoposide, with stem cell rescue, but died  
of disease at 10 months. Another patient had an isolated 
bone metastasis and received high-dose carboplatin, 
etoposide, and melphalan, with stem cell rescue, but 
died at 23 months due to a secondary Ewing sarcoma. 
Most recently, a Japanese report included 3 patients 
with stage 4a disease treated with intensive therapy, 
including high-dose melphalan-based chemotherapy  
with ASCR (Abramson et al. 2004). One of the 3 
patients received radiation therapy. All 3 patients were 
event-free survivors at 38, 107, and 113 months.

The overall experiences suggest that addition 
of high-dose chemotherapy with ASCR is associ-
ated with improved survival for patients with stage 
4a retinoblastoma. The inclusion of thiotepa in the 
regimen may be associated with a lower risk of CNS 
recurrence (the most likely site of failure) due to the 
excellent CNS penetration of that agent.

8.5.2 Stage 4b: Distant Metastatic Disease  
with CNS Involvement

The results of treatment of these patients with con-
ventional therapy are very poor, and affected patients 
seldom survive (Schvartzman et al. 1996; Chantada 
et al. 2004b; Ozkan et al. 2006; Leal-Leal et al. 2006; 
Gunduz et al. 2006). Only limited data are available 
regarding the prognosis of patients with metastatic 
retinoblastoma involving the central nervous system 
disease (IRSS stage 4b) treated with high-dose 
chemotherapy and ASCR. The French Society of Pae-
diatric Oncology (SFOP) experience included 4 stage  
4b patients who received high-dose carboplatin, 
etoposide and cyclophosphamide with stem cell res-
cue. Three died of CNS disease, and one was free of 
disease at 63 months (Abramson 2005). The CHLA 
report included 4 patients with stage 4b disease, none 
of whom survived (The Committee for the National 
Registry of Retinoblastoma 1992). None received 
high-dose chemotherapy, but is unclear whether any 
had been treated with the intention to include high-
dose chemotherapy in the regimen, even though 
none ultimately received such therapy. The Japanese 
report included 2 patients with stage 4b disease and 
both died of disease (Abramson et al. 2004).

8.5.3 Future Research

The Children’s Oncology Group has proposed a study 
of multimodality therapy for extraocular retinoblas-
toma (COG ARET 0321) and hopes that other coop-
erative groups or major centers around the world will 
participate. In this study, patients with stage 2 & 3 
extraocular retinoblastoma (orbital disease, regional 
nodal disease, and/or optic nerve margin positivity) 
will receive aggressive conventional chemotherapy 
and involved-field external beam radiation therapy. 
Those with stage 4a and 4b metastatic disease (as well 
as those with trilateral retinoblastoma) will receive 
aggressive conventional induction chemotherapy, 
have autologous stem cells harvested, receive high-
dose carboplatin, thiotepa and etoposide with ASCR, 
and then (depending on response) will be considered 
for external beam radiation therapy.
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9.1 Introduction

Retinoblastoma is a cancer in the very young, and 
patients are very susceptible to the long term effects 
that the disease and the treatments administered 
may have in organ development and function. More 
importantly, patients with bilateral retinoblastoma 
are born with a germ-line mutation of the RB1 gene, 
probably the most potent tumor suppressor gene, 
and are at risk of developing cancers throughout 
their lives; in this regard, retinoblastoma may be just 
the beginning.

9.2 Second Malignancies

The cumulative incidence of second cancers in patients 
with germ-line mutations of the RB1 gene increases 
steadily with age, up to 30–60% at 40–50 years of age, 
although a more recent study estimates a consider-
ably lower risk (Mohney et al. 1998; Kleinerman et al. 
2005; Wong et al. 1997; Eng et al. 1993). Patients with 
nonhereditary retinoblastoma are not at an increased 
risk (Kleinerman et al. 2005; Wong et al. 1997; Eng 
et al. 1993). Most information on second malignan-
cies in retinoblastoma survivors has derived from 
the prospective follow-up of a cohort of 1,601 survi-
vors of retinoblastoma who were diagnosed between 
1914 and 1984 at institutions in Boston and New York. 
The sequential updated analyses of this cohort have 
provided (and continue to provide) the most reliable 
description of cancer risk in this population (Kleiner-
man et al. 2005, 2000, 2007; Wong et al. 1997; Eng et al. 
1993; Yu et al. 2009).

Second Malignancies  
and Other Long Term Effects 
in Retinoblastoma Survivors

C. Rodriguez-Galindo

Contents

9.1 Introduction  . . . . . . . . . . . . . . . . . . . . . . 115
9.2 Second Malignancies. . . . . . . . . . . . . . . . . 115
 9.2.1 Osteosarcoma  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 117
 9.2.2 Soft Tissue Sarcomas .  .  .  .  .  .  .  .  .  .  .  .  . 119
 9.2.3 Skin Cancers  . . . . . . . . . . . . . . . . . . 120
 9.2.4 Lung Cancer and Other Common  

Cancers of Adulthood  . . . . . . . . . . . . 120
 9.2.5 Hematologic Malignancies  .  .  .  .  .  .  .  .  . 121
 9.2.6 Trilateral Retinoblastoma  .  .  .  .  .  .  .  .  .  . 121
9.3 Other Long Term effects . . . . . . . . . . . . . . . 123
 9.3.1 Orbital Growth and Facial  

Asymmetry .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 123
 9.3.2 Visual Outcome  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 123
 9.3.3 Cognitive and Functional  

Development of Patients  
with Retinoblastoma .  .  .  .  .  .  .  .  .  .  .  .  . 123

 9.3.4 Other Late Effects .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 124
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

115



Chapter 9 Malignancies and Effects Retinoblastoma Survivors

In the most recent analysis, the median follow-up 
for patients with hereditary and non-hereditary retino-
blastoma was 25.2 years and 29.5 years,  respectively 
(Kleinerman et al. 2005). The standardized incidence 
ratio (SIR) in these studies was calculated as the ratio 
of the observed number of cancers to the expected 
number from the Connecticut Tumor Registry. The 
incidence of second cancers was significantly elevated 
in survivors of hereditary retinoblastoma (SIR 19 vs. 1.2 
in nonhereditary retinoblastoma patients), and almost 
any neoplasm has been described in this population 
(Wong et al. 1997) (Kleinerman et al. 2005). For heredi-
tary retinoblastoma, the greatest risk (SIR > 100) was for 
neoplasms of bone, connective and soft tissue, eye and 
orbit, and nasal cavities. An increased risk (SIR > 10) 
was also noted for pineoblastoma, melanoma, CNS 
malignancies, and neoplasms of the buccal cavity and 
corpus utery. The lowest risk (SIR < 10) was seen for 
neoplasms of the lung, breast, and colon (Kleinerman 
et al. 2005) (Table 9.1).

The cumulative incidence of a second neoplasm 
after 30 years from diagnosis of retinoblastoma is 
greater than 30% (Mohney et al. 1998; Kleinerman 
et al. 2005; Wong et al. 1997; Fletcher et al. 2004). 
Reports differ on the risk, and cumulative incidences 
in excess of 50% have been reported (Wong et al. 
1997; Fletcher et al. 2004). The more accurate data 
probably derives from the Boston-New York cohort, 
which illustrates the changes in cancer risk estimates 
with longer follow-up. The cumulative incidence of 
second cancers at 50 years in survivors of hereditary 
retinoblastoma was estimated to be 51% in the analy-
sis reported by Wong et al. in 1997 (Wong et al. 1997). 
This figure decreased to 36% in the analysis of the 
same cohort reported by Kleinerman et al. in 2005, 
(Kleinerman et al. 2005) probably reflecting the lower 
doses of scatter radiation received by patients treated 
in the more recent eras. Although patients have a life-
time risk of developing additional malignancies, the 
second malignancy usually occurs in the first decade 
after the diagnosis of retinoblastoma. Median age at 
diagnosis of a second neoplasm is 15–17 years (Wong 
et al. 1997; Abramson and Frank 1998). However, 
there continues to be an increased risk of develop-
ing second malignancy-associated death throughout 
the retinoblastoma survivor’s life (Yu et al. 2009). 

Furthermore, survivors of a second neoplasm appear 
to have an increased risk of developing a third and a 
fourth malignancy, which occur at shorter intervals. 
The cumulative incidence of a third neoplasm is 22% 
at 10 years from the second cancer, and it occurs at a 
median of 5.8 years (Abramson et al. 2001).

Radiation therapy plays a major role in the risk of 
second neoplasms in patients with hereditary retino-
blastoma. The second tumorigenic event (second hit) 
is usually chromosomal in nature, often as a result of 
mitotic recombination errors (Zhu et al. 1992; Har-
bour 2001). This second hit is very sensitive to envi-
ronmental factors, such as ionizing radiation, thus 
explaining the increased risk of radiation-induced 
malignancies in survivors of retinoblastoma 
(Weinberg 1991). Radiation results in a significant 

Table 9.1. Risk and type of new cancers in 963 survivors of 
hereditary retinoblastoma (adapted from Kleinerman et al. 
2005)

Cancer site Observed SIR (95% CI)

All sites 260 (100%) 19 (16–21)

Bone 75 (28.8%) 360 (283–451)

Soft tissue 34 (13%) 122 (84–170)

Nasal cavities 32 (12.3%) 1,111 (760–1,569)

Melanoma 29 (11.1% 28 (18–40)

Eye and orbit 17 (6.5%) 266 (155–426)

Brain 10 (3.8%) 13.6 (6.5–25)

Breast 10 (3.8%) 3.96 (1.9–7.3)

Corpus uteri 7 (2.7%) 20 (8.0–41)

Buccal cavity 7 (2.7%) 20 (8.2–42)

Lung 5 (1.9%) 5.94 (1.9–14)

Pineoblastoma 5 (1.9%) 90.8 (29–212)

Colon 3 (1.1%) 6.28 (1.3–18)

Hodgkin lymphoma 3 (1.1%) 3.4 (0.7–10)

Bladder 2 (0.7%) 6.15 (0.7–22)

Thyroid 2 (0.7%) 3.34 (0.4–12)

Leukemia 2 (0.7%) 2.25 (0.3–8.1)

SIR Standardized incidence ratio
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increase in the incidence of second cancers in patients 
with hereditary disease; the cumulative probability of 
developing a second malignancy is 38% in irradiated 
vs. 21% in non-irradiated patients (Kleinerman et al. 
2005). The greatest risk (SIR > 100) is for neoplasms 
of bone, soft tissues, nasal cavities and orbits, and for 
pineoblastoma. The risk of developing a second can-
cer appears to correlate with the timing of radiation 
as well ; children receiving radiation therapy during 
their first year may have a higher risk of developing 
a second cancer (Yu et al. 2009; Abramson and Frank 
1998). However, the need for earlier radiation may 
also be an indication of a biologically and clinically 
more aggressive disease. Changes in radiation tech-
niques over the years are having an impact on cancer 
risk. As shown in the cohort reported by Kleinerman 
et al., the use of orthovoltage prior to 1960 was asso-
ciated with a higher risk of second malignancies than 
radiation techniques used in subsequent decades; the 
cumulative incidence of second cancers at 40 years 
was 32.9% and 26.3%, respectively (Kleinerman et al. 
2005). With the evolving treatment approaches for 
intraocular retinoblastoma, which may decrease the 
overall need for external beam radiation, and the 
development of newer radiation techniques, such as 
conformal, intensity-modulated and proton-beam 
radiation, it is likely that further decrease in cancer 
risk will be observed. In a cohort of British retino-
blastoma survivors born before 1950, prior to the rou-
tine use of radiation therapy, less than 15% of second 
tumors were sarcomas, highlighting the important 
role of radiation therapy in the development of those 
malignancies (Fletcher et al. 2004).

Traditionally, an excess risk has been attributed 
solely to the use of radiation therapy. In survivors of 
childhood cancer, there is a documented increased 
risk of developing second malignancies, particularly 
osteosarcoma, associated with the combined use of 
chemotherapy and radiation therapy (Tucker et al. 
1987). A similar phenomenon may occur in retinoblas-
toma survivors, and the most recent analyses suggest 
a synergistic effect in carcinogenic risk with the use of 
chemotherapy. The overall risk of developing cancer 
in hereditary retinoblastoma patients who received 
radiation and chemotherapy was 25, compared with 
19 for those who received only radiation. Most of this 

 difference was accounted for by the higher risk noted 
for osteosarcomas; the SIR was 539 for combined 
treatment and 302 for radiation only (Kleinerman 
et al. 2005).

Sarcomas of bone and soft tissues account for 
more than 40% of all second neoplasms, followed 
by neoplasms of the nasal cavities and melanoma 
(Kleinerman et al. 2005; Wong et al. 1997) (Table 9.1). 
Sarcomas in general and osteosarcoma in particular, 
are cancers of the young retinoblastoma survivor; 
76% of all cancers in the irradiated patients occur-
ring <25 years are sarcomas vs. 33% in non-irradi-
ated patients. Conversely, 76% of cancers diagnosed 
at <25 years of age are sarcomas, whereas sarcomas 
represent less than 50% of cancers in older patients; 
in non-irradiated patients, the proportion was 33% 
in <25 years and 8% in >25 years (Kleinerman et al. 
2005; Fletcher et al. 2004).

9.2.1 Osteosarcoma

Osteosarcoma, as a second malignancy, is often asso-
ciated with retinoblastoma (Fig. 9.1). In the general 
population, only 7% of osteosarcomas follow other 
malignancies, and almost half of these cases occur 
in retinoblastoma survivors (Hauben et al. 2003). 
Likewise, although multifocal OS accounts for only 4% 
of all osteosarcomas, 25% of those occur in retinoblas-
toma survivors (Jaffe et al. 2003). Osteosarcoma is the 
most common malignancy in survivors of retinoblas-
toma, both in the irradiated and the non-irradiated 
areas, and account for 25–40% of all second malignan-
cies (Kleinerman et al. 2005; Yu et al. 2009; Abramson 
and Frank 1998; Aerts et al. 2004; Acquaviva et al. 2006; 
Moll et al. 2001). Half to two-thirds of osteosarcomas 
occur in the irradiated fields of the skull and face 
(Kleinerman et al. 2005; Abramson and Frank 1998; 
Aerts et al. 2004; Acquaviva et al. 2006; Moll et al. 2001); 
one-third of tumors develop in the extremities, and 
less than 10% in the trunk (Kleinerman et al. 2005). 
The SIR is 360; it is higher in irradiated fields (SIR 406), 
but it is still significantly increased in non-irradiated 
fields (SIR 69). Osteosarcoma occurring in the irradi-
ated retinoblastoma patient accounts for 30% of all 
osteosarcomas of the head and neck (Daw et al. 2000).
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Clinical presentation is similar to conventional 
osteosarcoma, and clinical behavior does not seem to 
be different; less than 20% of the cases are metastatic 
(Abramson et al. 2005). Osteosarcomas occur in the 

young ages, both in irradiated and non-irradiated 
fields, usually peaking during the adolescent years 
(Abramson and Frank 1998; Aerts et al. 2004; Chauveinc 
et al. 2001). However, osteosarcomas occurring during 

Figure 9.1 a c

Funduscopic images of the right a and 
left b eyes of a 2 month-old infant with 
bilateral retinoblastoma, successfully 
treated with chemoreduction and focal 
treatments, without external beam 
radiation therapy. At 6 years of age, the 
patient presented with left leg pain, 
and MRI showed a destructive lesion in 
the L distal femur c pathology showed 
osteosarcoma
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the first decade of life are usually in the irradiated 
fields (Chauveinc et al. 2001). With appropriate mul-
tidisciplinary treatment, secondary osteosarcoma 
occurring in retinoblastoma survivors is curable 
(Stine et al. 2003; Dunkel et al. 1998); however, a major 
limitation is the common occurrence in the head and 
neck, sites where local control is challenging (Acqua-
viva et al. 2006; Moll et al. 2001; Daw et al. 2000).

Ewing sarcoma, although rare, has also been 
described in retinoblastoma survivors. It accounts for 
15–25% of all bone tumors, almost always occur-
ring outside the radiation field (Mohney et al. 1998; 
Moll et al. 2001). Ewing sarcoma in retinoblastoma 
survivors accounts for approximately 16% of cases 
of Ewing sarcoma occurring as a second malignancy 
(Spunt et al. 2006).

9.2.2 Soft Tissue Sarcomas

Soft tissue sarcomas are the second most common 
malignancy in retinoblastoma survivors, with a SIR 
of 122, and account for approximately 10–15% of 
all second malignancies (Kleinerman et al. 2005; Yu 
et al. 2009; Bisogno et al. 2004). Soft tissue sarco-
mas are closely associated with the use of radiation; 

SIR is much higher in irradiated fields (140) than 
in non-irradiated fields (23). In the Boston–New 
York cohort, the cumulative risk for soft tissue sar-
comas at 50 years after radiation therapy was 13.1% 
(Kleinerman et al. 2005, 2007). Approximately, 10% 
of all secondary sarcomas in children surviving 
cancer occur in retinoblastoma survivors (Bisogno 
et al. 2004).

As it occurs for osteosarcoma, most soft tissue 
sarcomas occur in the irradiated fields; sarcomas of 
the head and face account for 70% of the cases, with 
the remaining being in the trunk (20%) and limbs 
(<5%) (Kleinerman et al. 2005, 2007; Abramson and 
Frank 1998; Aerts et al. 2004; Acquaviva et al. 2006; 
Moll et al. 2001). A very characteristic spectrum of 
histologies has been described (Table 9.2). Leiomy-
osarcoma is the most common subtype, accounting 
for approximately one-third of the cases, followed by 
fibrosarcoma, malignant fibrous histiocytoma, rhab-
domyosarcoma, non-specified sarcomas, and liposa-
rcoma. When compared with the normal population, 
SIR is significantly elevated for leiomyosarcoma 
(390), fibrosarcoma (398), and rhabdomyosarcoma 
(279), but also higher for malignant fibrous his-
tiocytoma (100) and liposarcoma (99) (Kleinerman 
et al. 2007). There is a correlation between radiation  

Table 9.2. Risk and type of soft tissue sarcomas in 963 survivors of hereditary retinoblastoma (adapted from Kleinerman 
et al. 2007)

Histology

Treatment
All treatments Radiation No radiation

Observed SIR (95% CI) Observed SIR Observed SIR

Total 69 (100%) 184 (143–233) 66 212 (164–270) 3 47 (9.4–137)

Soft tissue sarcoma NOS 10 (14.5%) 96 (46–177) 10 115 (55–211) 0 0.0 (0.0–218)

Fibrosarcoma 13 (18.8%) 398 (211–681) 13 475 (253–813) 0 0.0 (0.0–691)

Malignant fibrous  
histiocytoma

12 (17.4%) 100 (52–175) 11 110 (55–197) 1 51 (0.66–284)

Liposarcoma 3 (4.3%) 99 (20–286) 3 120 (24–351) 0 0.0 (0.0–329)

Leiomyosarcoma 23 (33.3%) 390 (247–585) 22 476 (298–720) 1 78 (1.0–436)

Rhabdomyosarcoma 8 (11.6%) 279 (120–551) 7 281 (112–578) 1 271 (3.5–1,510)

SIR standard incidence ratio, NOS no otherwise specified

119



Chapter 9 Malignancies and Effects Retinoblastoma Survivors

exposure and histologic subtype; fibrosarcoma, 
rhabdomyosarcoma, malignant fibrous histiocytoma, 
and non-specified subtypes almost always occur in 
the irradiated fields. Conversely, leiomyosarcoma 
and liposarcoma commonly arise in the non-irradiated 
fields (Kleinerman et al. 2007). Although secondary 
sarcomas in childhood cancer survivors are associated 
with increasing doses of anthracyclines or alkylators, 
(Henderson et al. 2007) the use of chemotherapy does 
not appear to increase the risk of developing soft tis-
sue sarcomas in retinoblastoma survivors; however, 
the combined use of radiation and chemotherapy 
appears to increase the risk of developing leiomyosa-
rcoma when compared with radiation alone (Klein-
erman et al. 2007).

Soft tissue sarcomas are malignancies of the 
young survivor, and more than half the tumors are 
diagnosed in the first 30 years from retinoblastoma 
(Kleinerman et al. 2007; Abramson and Frank 1998; 
Aerts et al. 2004). Fibrosarcoma,  rhabdomyosarcoma, 
and malignant fibrous histiocytoma predominantly 
occur 10–20 years from retinoblastoma diagnosis, 
whereas non-specified sarcomas occur across all 
time intervals. An exception to the rule is leiomyo-
sarcoma, which more commonly (78%) occurs after 
30 years from retinoblastoma diagnosis, and typically 
outside the irradiated fields; SIR for this subtype after 
30 years is 435 (Kleinerman et al. 2007). Very com-
mon locations for leiomyosarcoma are the uterus 
and bladder (Mohney et al. 1998; Kleinerman et al. 
2005; Kleinerman et al. 2007; Yu et al. 2009; Venkatra-
man et al. 2003), and may also occur as a radiation 
induced malignancy in the paranasal sinuses (Dunkel 
et al. 1998).

The liposarcoma risk also increases with increasing 
age (Kleinerman et al. 2007). Alteration of RB1 gene 
has been demonstrated in both lipomas and lipos-
arcomas. An interesting observation is the increased 
incidence of lipomas in survivors of hereditary retin-
oblastoma. Lipomas were present in 3.6% of patients 
with hereditary retinoblastoma, compared with only 
0.6% in patients with sporadic disease (Li et al. 1997). 
The incidence of a second neoplasm appears to be 
higher in those patients with lipomas; 30% of patients 
with lipoma developed a second malignant neoplasm, 
compared with 12% of patients without lipoma. These 

data suggest that the presence of lipomas could be a 
clinical marker of susceptibility to second neoplasms 
(Li et al. 1997).

Sarcoma risk and location do not seem to differ 
by sex, except for leiomyosarcomas. In males, 64% of 
primaries were in the face, whereas for females, 58% 
of tumors were in the pelvic area, highlighting the rel-
evance of uterine primaries (Kleinerman et al. 2007).

9.2.3 Skin Cancers

Skin cancers account for 16–19% of all second cancers 
in survivors of hereditary retinoblastoma, and occur 
both inside and outside the irradiated fields, usually 
within the first three decades of life (Mohney et al. 
1998; Kleinerman et al. 2005; Yu et al. 2009; Abramson 
and Frank 1998). The highest risk is for melanoma, 
but basal cell and squamous cell carcinomas are also 
common. The SIR for melanoma is 28 in the radiation 
field and 15 outside the irradiated areas. Skin cancer 
also accounts for approximately one-third of all third 
tumors (Abramson and Frank 1998).

9.2.4 Lung Cancer and Other Common  
Cancers of Adulthood

In recent years, with improvements in treatment that 
have resulted in longer survival rates, it has become 
apparent that patients with hereditary retinoblas-
toma are also at risk of developing epithelial cancers 
late in adulthood (Yu et al. 2009; Fletcher et al. 2004). 
The SIR is elevated for lung, breast, colon, buccal 
cavity, bladder, and corpus uteri neoplasms (Klein-
erman et al. 2005) (Table 9.1). Lung cancer appears 
to be one of the most common (Kleinerman et al. 
2000; Fletcher et al. 2004). This is not surprising since 
somatic mutations of the RB1 gene are known to con-
tribute to the development of lung cancer (Kleiner-
man et al. 2000; Harbour et al. 1988). Compared with 
the general population, hereditary retinoblastoma 
survivors have a higher mortality from lung cancer 
and all other epithelial cancers combined (standard 
mortality ratio 7.01 and 3.29, respectively) (Fletcher 
et al. 2004). Rather than epithelial, most bladder and 
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uterine cancers (and a large proportion of colon 
neoplasms) are probably leiomyosarcomas (Klein-
erman et al. 2005, 2007). There is an increased inci-
dence of breast cancer in irradiated patients, but this 
increased risk is similar for patients with hereditary 
and nonhereditary retinoblastoma; the breast dose 
from scatter radiation is approximately 0.4 Gy (Klein-
erman et al. 2005). New reported excess risks include 
carcinomas of the salivary glands and tongue; low 
doses of radiation (<5 Gy) have been associated with 
secondary salivary cancers (Kleinerman et al. 2005).  
It is possible that most of the excess cancer risks 
might be preventable by limiting exposure to DNA 
damaging agents, such as tobacco and UV light.

9.2.5 Hematologic Malignancies

Patients with hereditary retinoblastoma have a slightly 
increased risk of developing hematologic malignan-
cies with a SIR of 2.25 (SIR 1.27 in non-hereditary 
cases) (Kleinerman et al. 2005). The use of etoposide 
may add an additional risk to this patient population 
(Smith et al. 1994). Etoposide-related leukemia shows 
a dose-response relation with the highest risk associ-
ated with cumulative doses greater than 4,000 mg/
m2 (Smith et al. 1994; Pui et al. 1991). Also associated 
with dosage schedule, there is a higher leukemogenic 
potential when the medication is administered weekly 
than when administered every 3 or 4 weeks (Pui et al. 
1991). The cumulative doses of etoposide and other 
topoisomerase-II inhibitors, such as anthracyclines 
used in patients with retinoblastoma, are significantly  
lower, and it is therefore assumed that the risk of 
treatment-related leukemia is minimal. Therapy-related 
acute myeloid leukemia after the treatment of retino-
blastoma has been reported, although its occurrence 
appears to be very low (Nishimura et al. 2001; Gombos 
et al. 2007).

9.2.6 Trilateral Retinoblastoma

Trilateral retinoblastoma refers to the association 
of bilateral retinoblastoma with an asynchronous 

intracranial tumor (Fig. 9.2) (Kivelä 1999; Amoaku 
et al. 1996; Blach et al. 1994). The SIR for trilateral 
retinoblastoma is 90.8, and it seems to be associated 
with the use of radiation therapy (SIR is 0 in non-
irradiated patients) (Kleinerman et al. 2005). Tumors 
comprising trilateral retinoblastoma are primitive 
neuroectodermal tumors exhibiting varying degrees 
of neuronal or photoreceptor differentiation, sug-
gesting an origin from the germinal layer of primi-
tive cells (Marcus et al. 1998). This association can 
occur in 3–9% of patients with the genetic form, and 
appears to be more common in familial cases. The 
prognosis is almost uniformly fatal. Trilateral retino-
blastoma was the principal cause of death from retin-
oblastoma during the first decade of life in the United 
States (Blach et al. 1994). The majority of these tumors 
are pineoblastomas, but in 20–25% of the cases, the 
tumors are suprasellar or parasellar. The association 
of bilateral retinoblastoma with a tumor in the pineal 
gland and a fourth primary of suprasellar location is 
called quadrilateral retinoblastoma.

In most cases, trilateral retinoblastoma resembles 
undifferentiated retinoblastomas with the more fre-
quent formation of Homer–Wright rosettes. The 
median age at diagnosis of trilateral retinoblastoma 
is 23–48 months, (Kivelä 1999; Amoaku et al. 1996; 
Blach et al. 1994; Holladay et al. 1991) and the interval 

Figure 9.2

MRI showing a 2  ×  2  ×  2 cm pineal gland mass in a 
3-year-old survivor of bilateral retinoblastoma. Resec-
tion of the mass was performed, and pathology showed 
pineoblastoma
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between the diagnosis of bilateral retinoblastoma and 
the diagnosis of the brain tumor is usually more than 
20 months (Kivelä 1999; Paulino 1999). Suprasellar 
tumors are usually diagnosed earlier, (Paulino 1999) 
and in 15–20% of the cases, the intracranial tumor 
antecedes the diagnosis of retinoblastoma, (Amoaku 
et al. 1996) In recent years, with the more widespread 
use of chemoreduction treatments for patients with 
bilateral retinoblastoma and decrease in the use of 
radiation, the incidence of trilateral retinoblastoma 

has decreased dramatically, almost to the point that 
patients with the genetic form of retinoblastoma are 
now considered to be almost protected against this 
fatal complication (Shields et al. 2001). However, 
approximately 5% of patients with bilateral disease 
develop pineal cysts; which appear to be a forme fus-
tre of trilateral retinoblastoma (Fig. 9.3) (Rodriguez-
Galindo et al. 2003; Beck-Popovic et al. 2006).

The prognosis for patients with trilateral retinoblas-
toma is dismal; patients die of disseminated neuroaxis 
disease in less than 9 months (Kivelä 1999; Holladay 
et al. 1991; Paulino 1999). The rare survivors are usually 
those diagnosed with screening imaging, and treated 
with intensive chemotherapy with or without cranio-
spinal radiation (Kivelä 1999). Pineoblastoma occur-
ring in non-retinoblastoma patients is also associated 
with a poor prognosis. However, with an appropriate 
aggressive multimodal approach, these patients can be 
cured. Pineoblastoma is a chemosensitive neoplasm, 
and it appears to have a steep dose-response curve for 
alkylating agents. Studies in older patients with primary 
pineoblastoma have recently shown that a treatment 
with complete resection and intensive alkylator- and 
cisplatin-based therapy, followed by craniospinal irra-
diation (36 Gy with boost to pineal gland to 59 Gy), and 
consolidation with high-dose chemotherapy and autol-
ogous stem cell rescue, may produce survival rates in 
more than two thirds of the patients (Gururangan et al. 
2003). It is therefore possible that similar treatment 
guidelines could be used for trilateral retinoblastoma. 
One must, however, consider the serious long term 
toxicities of such doses of radiation in the very young 
child. Therefore, current strategies are directed towards 
avoiding irradiation using intensive chemotherapy fol-
lowed by consolidation with autologous stem cell res-
cue, an approach similar to those being used in the 
treatment of brain tumors in infants.

Because of the poor prognosis of trilateral retin-
oblastoma, screening neuroimaging is a common 
practice. One fourth of the cases in the literature 
correspond to cases found during screening (Kivelä 
1999). Given the short interval between the diagno-
sis of retinoblastoma and the occurrence of trilat-
eral retinoblastoma, routine screening might detect 
the majority of cases within two years (Kivelä 1999). 
While it is not clear whether early diagnosis can impact 

Figure 9.3 a,b

a MRI performed at diagnosis of retinoblastoma in 
a 6-month-old infant, showing a solid pineal gland 
(arrow) measuring 3  ×  4 mm. b MRI performed in the 
same patient, 7 months later, showing a solid and 
cystic pineal gland (arrows) measuring 8  ×  6 mm
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survival, (Moll et al. 2000) it is usually recommended 
to perform neuroimaging every 6 months until 5 years 
of age (Kivelä 1999; Paulino 1999; Singh et al. 1999).

9.3 Other Long Term effects

9.3.1 Orbital Growth and Facial Asymmetry

Because their orbital growth is still in progress, chil-
dren treated for retinoblastoma are at risk of devel-
oping functionally and cosmetically significant bony 
orbital abnormalities. These sequelae become evident 
by early adolescence, when orbital growth is largely 
complete, and the result is the “hourglass facial defor-
mity” (Yue and Benson 1996). Enucleation and evis-
ceration, which cause orbital contraction, as well as 
radiotherapy, which induces arrest of bone growth, 
adversely affect orbital growth. In children treated for 
bilateral retinoblastoma, the impact of enucleation in 
orbital development is not different from that of irra-
diation. Final orbital volumes after enucleation cor-
relate with the size of the prosthetic implant, but there 
are no differences in final orbital volumes based on 
the type of implant (Kaste et al. 1997; Lyle et al. 2007).

Delay of radiation therapy should therefore be a 
goal when designing treatment for children with bilat-
eral retinoblastoma. Studies show that the therapeu-
tic strategy of chemoreduction and aggressive focal 
treatments can successfully delay the use of radia-
tion therapy for at least 6 to 7 months, (median age 
21 months) (Rodriguez-Galindo et al. 2003; Shields 
et al. 2002). In addition to theoretically decreasing 
the risk of second cancers, delaying radiation ther-
apy may also allow more complete facial and orbital 
growth, thus reducing the degree of midfacial defor-
mities (Yue and Benson 1996; Kaste et al. 1997). How-
ever, with the use of a multidisciplinary approach, the 
dose of radiation needed for disease control may also 
be reduced (Merchant et al. 2002).

9.3.2 Visual Outcome

Visual outcome is frequently good in children 
treated for retinoblastoma, (Ek et al. 2002) however, 

maculopathy (Rougier et al. 1997) and deficits in 
acuity, (Ek et al. 2002) visual fields and dark adap-
tation, (Ek et al. 2002) and in visuomotor integra-
tion (Ross et al. 2001) have been reported for many 
patients. Visual outcome correlates with the intraoc-
ular stage and, more importantly, tumor location. 
Visual acuity 20/40 or better can be achieved in 
90% of eyes with extramacular tumors, and in 24% 
of eyes with macular tumors. Overall, half the eyes 
may achieve a final visual acuity of 20/40 or better, 
and two-thirds have visual acuity of 20/200 or bet-
ter (Demirci et al. 2005). However, visual outcome is 
not always easily predicted on the basis of the ini-
tial presentation (Hall et al. 1999). These findings 
suggest that visual function in survivors of retino-
blastoma is influenced by more distal elements of 
the visual system, including the primary visual cor-
tex. Because retinoblastoma affects the visual sys-
tem at an age in which the central nervous system 
is still developing, (Huttenlocher et al. 1982) dif-
ferences in visual outcome among retinoblastoma 
patients may be due, at least in part, to disease- or 
treatment-induced differences in visual field devel-
opment in the primary visual cortex. New imaging 
technology, such as functional MRI and diffusion 
tensor imaging, may be used to evaluate changes in 
the visual pathways and the primary visual cortex 
(Morita et al. 2000). Visual rehabilitation and follow-up 
is discussed in chapter 10.

9.3.3 Cognitive and Functional Development  
of Patients with Retinoblastoma

Patients with retinoblastoma suffer a potential 
restriction in their development due to their visual 
limitations. However, few studies have addressed 
the development of these young children. Interest-
ingly, the earliest papers describing cognitive devel-
opment in this population suggested that children 
with retinoblastoma might have above average or 
superior intelligence (Thurrell and Josephson 1966; 
Williams 1968; Levitt et al. 1972; Eldridge et al. 
1972). These findings were based on a small num-
ber of patients and were never confirmed or uncon-
firmed, but the idea of superior intelligence became 
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part of the “lore” among clinicians working with the 
retinoblastoma population. In the report of Ek et al, 
a population-based study from Sweden, 22 children 
with retinoblastoma were assessed at 4 and 6 years 
of age (Ek et al. 2002). Both bilateral and unilat-
eral patients showed above average developmental 
quotients, with the bilateral group showing higher 
scores in the superior range. Only two children in 
the cohort demonstrated below average develop-
ment, and both of them were bilateral patients who 
received radiation therapy in the first month of life. 
The authors concluded that bilateral retinoblastoma 
is associated with superior cognitive capacities. The 
other recent series involved 54 patients who were 
assessed prior to the age of 42 months with the 
Bayley Scales of Infant Development (Ross et al. 
2001). There was no indication of superior intelli-
gence in this cohort, but neither was there an indi-
cation of increased difficulties. The average mental 
and motor development scores were in the normal 
range and did not differ from population norms. 
Thus, although children with retinoblastoma do 
not appear to be at-risk developmentally, questions 
regarding the developmental trajectory for this  
population remain.

9.3.4 Other Late Effects

Platinum compounds are commonly used to treat 
retinoblastoma. While the effects on hearing of 
cisplatin are well documented, there is conflicting 
evidence concerning the potential ototoxic effects 
of carboplatin. While it is usually assumed that car-
boplatin ototoxicity is extremely rare, there are very 
few studies investigating cumulative incidence of 
and prognostic factor for ototoxicity secondary to 
this platinum agent. In the two studies reported, no 
cases of carboplatin-induced hearing loss were doc-
umented (Smits 2006; Lambert et al. 2008). However, 
very careful age-appropriate evaluations of hearing 
function, including tympanometry, otoacoustic 
emission measurement, and visual reinforced audi-
ometry, must be performed (Smits 2006).
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10.1 Introduction

Visual rehabilitation for children with retinoblas-
toma can be challenging. These children have unique 
problems that are uncommon in most pediatric oph-
thalmology patients. It is important to remember 
that these patients are either undergoing active treat-
ment, which can be arduous for both the child and the 
family or they are cancer survivors, having already 
dealt with a long period of treatment-related issues. 
When proposing therapeutic options, one must con-
sider the child as a whole. For example, is the child 
so sick from chemotherapy that nausea and vomiting 
make patching unrealistic? Is the retinal pathology, 
from both the tumor and the treatment, so extensive 
that the visual potential is questionable, and there-
fore patching may or may not be of any benefit? Is the 
child complaining that the glasses prescribed make 
everything smaller, and therefore does not want to 
wear them? These and other questions should be con-
sidered and discussed with the family. Care should be 
individualized, and every attempt should be made to 
maximize the patient’s vision, as well as to facilitate 
his or her access to low vision aids and services.

10.2 Spectacles

Spectacles are something that the ophthalmologist 
prescribes every day. Yet, the patient with retino-
blastoma can make this seemingly simple task very 
challenging. This is especially true when trying to 
convince the parent and the child that spectacles 
are necessary in the setting of a monocular patient. 

Visual Rehabilitation

M.E. Hoehn

Contents

10.1 Introduction  . . . . . . . . . . . . . . . . . . . . . . 127
10.2 Spectacles . . . . . . . . . . . . . . . . . . . . . . . . 127
10.3 Patching or Pharmacologic  

Penalization. . . . . . . . . . . . . . . . . . . . . . . 129
10.4 Cataract Surgery. . . . . . . . . . . . . . . . . . . . 129
10.5 Strabismus Surgery . . . . . . . . . . . . . . . . . . 131
10.6 Low Vision . . . . . . . . . . . . . . . . . . . . . . . . 131
10.7 Conclusion  . . . . . . . . . . . . . . . . . . . . . . . 132
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132

127



Chapter 10 Visual Rehabilitation

It is absolutely essential that monocular patients 
wear polycarbonate lenses at all times in order to 
protect the good eye (Drack et al. 1993). They also 
need appropriate sports goggles for any significant 
sporting endeavor. A list of these can be found on the 
web site of the American Academy of Ophthalmol-
ogy (http://www.aao.org/eyesmart/injuries/eyewear.
cfm). The task of convincing patients to wear pro-
tective eyewear is even more challenging when the 
patient has good vision in the remaining eye. In such 
cases, it is sometimes possible to perform a manifest 
refraction and find a small degree of refractive error 
(even a quarter of a diopter). The child may find this 
small correction subjectively better, and therefore be 
more inclined to wear the spectacles. If no refractive 
error is found, then, proper counseling and coaxing 
must be used to convince the child to use spectacles 
in order to protect the good eye.

It is important to keep in mind that the goal of pre-
scribing glasses for the patient with retinoblastoma –  
or any patient with visual impairment – is to help 
the patient, not to be insistent that the patient must 
wear the “correct” refraction. Even with the use of the 
trial frame, prescribing glasses for patients with low 
vision often involves trial and error. This should be 
discussed with the patient and family, so that they are 
prepared for the possibility of multiple changes in 
glasses over a short period of time.

Just because the cycloplegic refraction is pre-
scribed does not mean that it is the best pair of 
spectacles for the patient. Some patients with low 
vision may be myopic, but may not like to wear the 
correction because of minification. Such patients 
will complain that the glasses make everything look 
smaller. Using the trial frames, it may be possible 
to determine if a lower amount of myopic correc-
tion makes an improvement. Actually, some myopic 
patients prefer no correction for distance vision and 
a reading add for near vision due to the magnify-
ing properties of the reading aid. Hence, the read-
ing aid provides an easy and inexpensive magnifier. 
As before, a non-cycloplegic refraction in a pair of 
trial frames can assist in determining if a reading 
aid should be used and how much power should be 
put into the reading aid.

Another major problem with patients with retin-
oblastoma is retinoscopy. Often, one retinoscopes 
the elevated tumor mass giving an artificially high 
hyperopic correction. In such cases, it is important to 
consider where the child is in his or her treatment. If 
the child is undergoing active chemotherapy, the 
tumor mass may shrink and it may be best to defer 
glasses until the tumor is smaller, allowing a more 
accurate refraction. If the child has been out of ther-
apy for some time, and the tumor has been stable, 
then a trial of the glasses is prudent.

If a child is not wearing his or her spectacles, and 
complaining, “I don’t like them,” ask why. Does the 
child not see well with them? Do they not make a dif-
ference in the child’s vision? Do they hurt his or her 
face/ears/nose? Do they not like the way they look? 
Is the child teased about them? Once you have the 
answer, try to solve the problem. If the child does not 
see well with the spectacles or if they do not really 
help, try a dry, subjective refraction. Letting the child 
walk around in a pair of trial frames to see how he 
or she likes them may also be helpful. If the child 
complains of discomfort, inspect the glasses. Do they 
need adjustment? Are they broken or too small for 
the child’s face? If they are repairable, suggest an 
adjustment at an optical store. Many parents do not 
realize that this must be done frequently with chil-
dren’s glasses because of wear and tear. They also 
do not realize that it is a free service at most optical 
stores. If the glasses are broken or too small, recheck 
the prescription, and arrange for a new pair. If the 
child does not like the way the spectacles look, ask if 
another frame might help. If the child is being teased, 
review with him or her the importance of the glasses. 
Be encouraging and positive about the spectacles, 
and how they improve the child’s vision and life.

An additional consideration when prescribing 
spectacles is the facial features of the child. Due to 
radiation or early enucleation, the child may have one 
or both eyes that are significantly enophthalmic in 
appearance. If this is the case, consider prescribing a 
+6.00 or +7.00 sphere for an already poorly seeing eye 
or an anophthalmic socket with a prosthesis. This will 
give the optical illusion of a larger and therefore more 
symmetric appearing eye.
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10.3 Patching or Pharmacologic Penalization

When proposing patching or atropine penalization to 
the patient with retinoblastoma, once again consider 
the overall clinical picture. Is the diagnosis so new that 
the family is overwhelmed, and the thought of doing 
anything else is impossible? Is the child undergoing 
chemotherapy and experiencing so much nausea and 
vomiting that patching the good eye is not a practi-
cal option? Is the retina of the “bad” eye so distorted 
from residual tumor and treatment scars that vision 
may not improve? Has the parent been diligently 
trying to patch, but the child consistently runs into 
things or shuts down altogether while wearing the 
patch? Remember that these are not “normal” ambly-
opic eyes. They often have extensive pathology that 
precludes improvement in vision even with the most 
rigorous patching regimen. However, visual improve-
ment can occur, even in eyes with extensive macu-
lar pathology. Some of these eyes develop an ectopic 
fovea and good vision. Even if an ectopic fovea does 
not develop, visual improvement can be seen.

Often, there is no way to tell which eye will improve 
with occlusion therapy. Therefore, when deciding to 
prescribe penalization therapy, one must again con-
sider the child as a whole.

Sometimes, especially in eyes that have received 
external beam radiation in very young children, sensi-
tivity to the patch adhesive can occur. Consider an eye 
pad with Hypafix (registered trademark) as an adhe-
sive, either as a sheet that completely covers the eye pad 
or in strips as if patching an eye after surgery. Atropine 
can also be helpful in this situation, although the use of 
atropine in very dense amblyopia is somewhat contro-
versial and poorly studied (Pediatric Eye Disease Inves-
tigator Group 2003; Pediatric Eye Disease Investigator 
Group 2005). Another option is the use of an over-the-
spectacle “soft” patch. This can be effective if properly 
positioned, so that the nasal aspect is securely tucked 
under the nosepiece of the glasses and the temporal 
side is completely smoothed out under the temple ear-
piece of the glasses. As with all other amblyopia treat-
ments, the “soft” patch can be effective if it is actually 
used on a regular and sufficient basis. Atropine and soft 
patches over the glasses are not the best first choice, 
but can be helpful if adhesive patches fail.

Whatever method is chosen, a discussion with 
the family regarding realistic outcomes is necessary. 
As stated previously, the retinal pathology may be so 
extensive that there may not be an improvement in 
the vision. The possibility that the child will not be 
able to function while patched should be discussed 
with the family. In such cases, the patching will need 
to be stopped. This risk must be weighed against the 
fact that a significant number of eyes do improve, 
and the family should be encouraged to try amblyo-
pia treatment. However, if the parents have tried and 
failed with amblyopia treatment, they need permis-
sion to stop. The parents need the reassurance that 
their child’s poor vision is due to the disease and not 
due to their lack of diligence.

10.4 Cataract Surgery

Once an eye that has retinoblastoma develops a cata-
ract, the physician and family are faced with a difficult 
situation. Pediatric cataract surgery is not like adult 
cataract surgery. Pediatric cataract surgery presents 
a greater technical challenge. That plus the inherent 
risk of cataract surgery, namely infection and hem-
orrhage (both suprachoroidal (Ling et al. 2004) and 
intraocular), make eyes with both retinoblastoma 
and a cataract a unique challenge. Furthermore, there 
is the added worry of tumor dissemination and reac-
tivation (Honavar et al. 2001).

While rare, reactivation has been well-docu-
mented in the literature and should be included in 
a proper informed consent. Because of this concern, 
the minimum time of tumor quiescence before pro-
ceeding with cataract extraction should be 12 months 
(Moshfeghi et al. 2005).

Once a cataract develops, a decision whether or 
not to proceed with cataract surgery must be made 
on the basis of both declining visual function and 
inability to monitor tumor progression (Honavar et al. 
2001). Early, small cataracts that do not interfere with 
visual function or tumor visualization (classically less 
than 3 mm in size) (Wright and Spiegel 2003) can be 
watched. The visual impact of larger cataracts can be 
difficult to assess due to patient age, inability to ade-
quately test vision, and impact of retinal pathology. 
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Even in the verbal child, exactly when to proceed with 
cataract surgery can be a difficult decision. In general, 
a preschool child with 20/70 or 20/80 vision (Wright 
and Spiegel 2003), and an older child with 20/60 vision 
will need cataract  surgery. However, the baseline acuity 
of the eye should be remembered. If the eye had poor 
vision prior to cataract development then a signifi-
cant decline from baseline is more important than the 
actual acuity. For example, an eye may have an initial 
best-corrected acuity of 20/60 based on retinal pathol-
ogy. When the vision declines significantly enough to 
affect the visual function of the child, then cataract sur-
gery is indicated. When a “significant enough” decline 
in acuity occurs, it is patient dependent. A discussion 
with the family of when the benefits outweigh the risks 
is best. However, if at any time the ocular oncologist 
is having difficulty in visualizing the tumor, proceed-
ing with cataract surgery is prudent. Otherwise, the 
eye will require enucleation, in order to prevent occult 
tumor activity (Honavar et al. 2001).

Before proceeding with cataract surgery, it is 
always wise to discuss the surgery with the child’s 
ocular oncologist, so that coordination of care can 
be arranged. The oncologist can assure the cataract 
surgeon of tumor quiescence and be involved in the 
post-operative care as needed.

Because of the risk of retinoblastoma reactivation, 
we advocate the following surgical approach. After an 
appropriate incision or incisions have been created 
and a viscoelastic substance has been used to reform 
the anterior chamber, a continuous curvilinear cap-
sulorrhexis is created. Irrigation and aspiration of 
the lens material is then performed. An appropriate 
intraocular lens (IOL) is placed in the capsular bag. 
The viscoelastic substance is removed, acetylcholine 
chloride (Miochol) or carbachol (Miostat) is used to 
constrict the pupil, and the eye is closed. The posterior 
capsule is left intact if at all possible, and a YAG capsu-
lotomy is performed in 6–8 weeks or as needed. This 
can be done under general anesthesia in co-ordination 
with the ocular oncologist during an evaluation under 
anesthesia (EUA). This method is preferred so as to 
maintain the capsular barrier between the vitreous 
cavity and the anterior chamber, in order to decrease 
the risk of spread of the retinoblastoma from the back 
to the front of the eye.

The calculation of the IOL for a child is a subject 
of much debate. Since the growth of the eye can-
not be predicted, at best, an “educated guess” must 
be made as to what lens power the eye will require 
for the majority of the patient’s life. The age of the 
child and the status of the fellow eye must be taken 
into account. In general, the younger the child, the 
shorter the eye, and the higher the IOL required. 
However, this will not be the case for the duration 
of the child’s life, and so a  lower-power IOL should 
be implanted (Wright and Spiegel 2003). As stated 
previously, how much the eye will grow and how 
much the refraction will change is unknown, so a 
“best guess” must be made as to how much lower the 
power of the IOL should be. Different surgeons use 
different formulas, and these are available in vari-
ous books on the topic. Whatever formula is used, 
my colleagues and I prefer a monofocal IOL with 
post-operative bifocal spectacles or reading glasses, 
depending on the final refraction.

For post-operative care, antibiotic and steroid 
drops or ointment should be used. A similar follow-
up schedule should be employed with the exception of 
possible coordination of an examination under anes-
thesia with the child’s ocular oncologist with the YAG 
capsulotomy.

As mentioned previously, the YAG capsulotomy 
can be performed under general anesthesia. A YAG 
mounted on a rolling table is utilized. After the child 
has been induced and the airway secured (either with 
laryngeal mask airway or with endotracheal tube, 
depending on the anesthetist’s preference), the child 
is rolled onto the shoulder opposite the eye to receive 
the laser. The child’s head is then positioned into 
the laser. Placement of a pillow or “donut” under the 
child’s cheek opposite the eye to be lasered is help-
ful (Kerr 2000). A lid speculum is also helpful with an 
assistant using balanced salt solution to keep the eye 
lubricated. The capsulotomy is then performed keep-
ing in mind that a child’s posterior capsular opacifica-
tion is usually much thicker than that of an adult’s, 
and therefore, more energy must be used. Because 
children have a more solidified vitreous than adults, 
the capsular opacity should be completely obliterated 
after it has been removed from the posterior aspect of 
the IOL; otherwise, the opacity will adhere once again 
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to the posterior aspect of the IOL. This is unlike adults, 
in whom the capsular opacity tends to fall posteriorly 
into the vitreous cavity.

10.5 Strabismus Surgery

Many times, eyes that have been treated for retino-
blastoma develop strabismus. As with all other cases 
of an ocular deviation, the first principles of strabis-
mus management must be followed. Maximize the 
vision with spectacles if needed, treat any amblyo-
pia, and then proceed with surgery (Elkington and 
Khay 1988). Sometimes, a non-sensory strabismus 
can coexist with retinoblastoma. For example, if it is 
an accommodative esotropia, obtain a good refrac-
tion and employ a trial of spectacles. As previously 
noted, retinoscopy in these patients can be challeng-
ing. However, one’s best attempt should be made, and 
the prescription given. Occasionally, the spectacles, 
especially in the cases of hyperopia with esotropia, 
will reduce or eliminate the strabismus. Even in a sen-
sory deviation, consider spectacles if they have never 
been tried before, since they may reduce the deviation 
and improve the vision (Rosenbaum and Santiago 
1999). However, most strabismus seen in patients 
with retinoblastoma is sensory and not amenable to 
spectacle correction. Therefore, strabismus surgery 
will be needed. In the case of a sensory deviation, the 
choice to have a surgery must remain with the patient 
and/or the patient’s family. Sometimes, the patient 
or family feel that the eye turn is the “least of their 
problems” and do not wish to undergo further sur-
gery. Other times, the patient or family is anxious to 
have the deviation corrected for psychosocial reasons. 
In general, my colleagues and I recommend waiting 
until the child is 3–5 years old before correcting the 
strabismus with surgery. Doing so allows the tumor 
to become quiescent (as most cases of retinoblastoma 
have been treated and have remained stable for one or 
more years at this point). It also allows the patient and 
family to recover from the diagnosis of “cancer,” which 
is an extremely stressful event; this will also give time 
for stabilization of the deviation as well as growth of 
the child, which decreases anesthesia risks.

My colleagues and I recommend that the strabismus 
surgeon consults the ocular oncologist before operat-
ing to make sure that there are no contraindications 
to surgery. Also, a discussion with the ocular oncolo-
gist about what treatments were given previously can 
help with surgical planning. Radioactive plaques and 
cryotherapy can cause significant scarring leading to 
a more challenging strabismus operation.

The informed consent is the same as for other 
strabismus procedures. As with all sensory devia-
tions, a proper informed consent should include the 
possibility of a return of the deviation, as eyes with 
poor vision tend to drift. The same surgical technique 
as with all other strabismus operations should be 
employed. Consideration should be given to overcor-
recting the deviation, since eyes with poor vision do 
tend to deviate again over time. If this route is chosen, 
discussion with the patient should include this topic, 
as patients can sometimes be unhappy when one type 
of strabismus turns into another, unless they know 
beforehand that such an outcome is intended.

10.6 Low Vision

As alluded to earlier, many patients treated for retin-
oblastoma have poor vision and require low vision 
aids and services. It is imperative that these patients 
receive assistance in obtaining these. Questioning the 
family about the services they are receiving is recom-
mended. Many children in these circumstances can-
not function in school without assistance with visual 
tasks. A range of aids is available, and the choice of 
aids must be age and patient appropriate. Prescribing 
low vision aids is often a process of trial and error: 
What works for one person does not necessarily 
work for another. Encourage parents and patients to 
keep trying, until they find the low vision aids that 
work best for them. Also, there is great variability 
in the availability of low vision services depending 
on location. Some states and schools offer a great 
deal of help; others do not. It is helpful to know the 
resources available in one’s area of practice so as to 
guide patients for services. Encourage the patient and 
family to keep trying to find the best low vision aids 
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and resources to increase the patient’s function as 
much as possible. Remember that the low vision aids 
needed, will change as the child grows and matures. 
Sometimes, young children can use the same reading 
material as their peers, but cannot continue to do so 
as they advance in school because the print becomes 
smaller. Also, as the child grows, he or she will be able 
to utilize more sophisticated aids and devices. There-
fore, periodic re-assessment is needed.

10.7 Conclusion

Visual rehabilitation for the patient with retinoblastoma 
must be approached differently than for other children. 
However, with consideration of the underlying pathol-
ogy and the child’s overall needs, the endeavor can 
make a huge difference in the lives of these children.
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Chapter 11

11.1 Introduction

The term developing countries refers to nations with 
relatively low per capita income, usually poorly indus-
trialized societies lacking basic services for health and 
sanitation with widespread poverty and low literacy 
rates. Access to health care is limited in these societ-
ies. This term has been criticized and alternatives like, 
“less developed country,” have been proposed, but 
developing country is the most widely used term and 
will be used throughout this article. There is some 
variability in opinion as to which countries are devel-
oping countries based only on the gross domestic per 
capita product. Therefore, the Human Development 
Index (HDI) was developed as a reliable indicator. 
This index is a comparative measure of life expec-
tancy, education, literacy, and general standard of liv-
ing. Most countries can be included into one of three 
groups (low, intermediate, and high). They can also be 
classified as developed, developing, and under-devel-
oped countries. Some countries with an acceptable 
HDI may have wide inequities in the care they provide 
to different segments of their societies and this will 
have an impact on the results of treatment of children 
with cancer (Scopinaro and Casak 2002).

Childhood cancer often receives little attention in 
the less developed societies because other problems, 
such as infection, poor hygiene, and malnutrition are 
given higher priority. As these problems are gradually 
controlled, pediatric cancer becomes an important 
cause of mortality, and many less developed countries 
have started programs to address this problem (How-
ard et al. 2007). Pediatric cancer in developing coun-
tries has unique problems that influence the care of 
children with the disease. Late diagnosis and refusal 
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of treatment, abandonment of therapy are the most 
common problems faced in this setting and need to 
be addressed appropriately (Spinetta et al. 2002).

Retinoblastoma is unique among pediatric malig-
nancies in that survival rates in industrialized coun-
tries have improved over the last decades to reach the 
current figure of over 95% without the introduction of 
any form of therapy other than enucleation. The most 
likely explanation for these excellent results is that good 
access to health care and adequate education of parents 
promote early consultation of a specialist, who makes 
the diagnosis and provides appropriate treatment. In 
this setting, current efforts are directed toward increas-
ing the eye preservation rate while decreasing the risk 
of secondary malignancies. In less affluent societies, 
retinoblastoma is still a life threatening disease and sur-
vival rates as low as 30% have been reported from East 
African countries (Bowman et al. 2006). Up to one third 
of patients with retinoblastoma died of metastatic dis-
ease, according to a report from Uzbekistan (Mouratova 
2003). However, there is limited published information 
about the situation of retinoblastoma in developing 
countries. In less developed countries, patients present 
with advanced disease, often extending outside the eye 
giving rise to distant metastasis (Kaimbo et al. 2002). 
Leukocoria and strabismus, the most common pre-
senting signs of retinoblastoma in affluent societies are 
relatively less frequent in developing countries and the 
patients present often with buphthalmia, proptosis, or 
neurologic signs (Kaimbo et al. 2002; Chang et al. 2006). 
There is little chance of cure for these children who are 
diagnosed with a curable disease that delay has made 
incurable. The situation in countries with mid-level 
HDI is gradually improving with current survival fig-
ures higher than 80% in countries like Argentina, Brazil, 
Mexico, and Turkey (Leal-Leal et al. 2004; Ozkan et al. 
2006; Ribeiro Kde and Antoneli 2007; Chantada et al. 
2004). However, in this setting, patients often present 
with locally advanced disease that is curable, but only 
in the context of a highly specialized medical facility. 
There is also inequity in the care that children with can-
cer receive in these countries, and so only a few patients 
receive adequate therapy (Scopinaro and Casak 2002).

It has been hypothesized that the incidence of 
retinoblastoma may be higher in some developing 
areas as discussed in chapter 2 and some maternal diet 
habits, such as low vegetable and fruit intake have 

been implicated (Orjuela et al. 2005). It is estimated 
that over 80% of children under 15 years worldwide 
live in less developed countries and so, it can be 
assumed that worldwide, more children are dying of 
retinoblastoma than surviving it.

11.2 Delayed Diagnosis

Delayed diagnosis of retinoblastoma is a major 
problem in developing countries. Patients present 
with advanced intraocular disease, often followed by 
extraocular dissemination. Although there is contro-
versy as to whether delayed diagnosis is associated 
with advanced disease in other pediatric malignancies, 
the natural history of retinoblastoma in documented 
familial cases states that the disease advances from 
an intraocular limited stage to a metastatic stage in a 
time period measured by months (Pollock et al. 1991; 
Abramson et al. 1998). There is no controversy that 
children with advanced disease do worse than those 
with localized disease. Although multiple factors are 
implicated in late diagnosis of retinoblastoma in devel-
oping countries, specific events have been involved. 
The time from first symptom to diagnosis of retino-
blastoma (lag time),  measured in weeks or months, has 
been linked to a higher risk of advanced disease and 
loss of vision (Erwenne and Franco 1989; Chantada 
et al. 1999a). Delay in referral to an ophthalmologist 
correlates with advanced disease and inability to save 
vision (Erwenne and Franco 1989; Butros et al. 2002). 
Many groups found that delays greater than 6 months 
from initial symptoms to contact with a physician 
correlate with locoregional disease and greater than 
12 months with metastatic disease (central nervous 
system and distant) (Leal-Leal et al. 2004; Chantada  
et al. 1999a; Ozdemir et al. 2007; Rodrigues et al. 2004). 
Industrialized countries also report advanced intraoc-
ular disease leading to decreased eye-survival. Older 
patients (>5 years of age) are usually not thought to 
be at risk for retinoblastoma by most physicians and 
might be diagnosed late (Aguirre Neto et al. 2007). 
Although leukocoria is the most common symptom 
at diagnosis, other signs such as strabismus, squinting, 
or decrease in visual acuity are ignored by parents and 
primary care  providers, delaying diagnosis.
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11.2.1 Causes of Delayed Diagnosis

Causes of delay in diagnosis in developing countries 
can be divided into:

1. Poor health services
2. Lack of awareness in health care providers
3. General societal problems.

(1) Poor health services: Developing countries may 
lack primary care facilities and enough sec-
ondary and tertiary referral centers for prompt 
therapy. Moreover, rural areas and long distances 
from major hospitals make it difficult for fami-
lies to travel and access care. In countries with-
out insurance services, the lack of insurance and 
worry over cost of care delays parents from con-
sulting a physician.

(2) Lack of awareness in health care providers: 
Cancer continues to be taboo in developing 
counties. Health care providers and ophthal-
mologists do not think of retinoblastoma as 
a curable disease. Ignorance about the early 
symptoms (leukocoria, strabismus, pain, irrita-
bility in the young) and curability is frequent. 
Occasionally, early symptoms are misdiagnosed 
as toxoplasmosis, Coat’s disease, amblyopia, 
or even conjunctivitis. Developing countries 
use Public Heath Assistants for Primary Care 
Providers, who have limited education about 
childhood cancer. These providers were found 
to refer patients later in the course of disease. 
Education has been shown to increase aware-
ness as well as early referrals  (see below).

(3) General societal problems: In developing coun-
tries, parents and family members are usually the 
first to notice an abnormality in the eye. How-
ever, only a fraction seek medical attention and 
often not until late in the course of the disease, 
when vision is impaired or the eye is completely 
destroyed. Parental level of education correlates 
with late diagnosis (Chantada et al. 1999a). Par-
ents having only elementary school education 
seek care later than parents with high school or 
higher education (Chantada et al. 1999a). The lack 
of trust in the medical establishment  hampers 

early enucleation allowing for progression of  
disease. Distance to the specialized ophthal-
mologist prolongs referral time. Although level 
of poverty has not been studied, lack of health 
insurance and fear of costs are always a concern 
among parents, even in developed countries. 
Infectious disease and malnutrition continue to 
be the most common causes of death in children 
of the developing world. The most common 
causes of blindness in these children are vitamin 
A deficiency and trachoma. Childhood cancer 
has not yet impacted them as it has in industri-
alized countries. So, governmental agencies do 
not include retinoblastoma as a priority.

11.2.2 Preventing Late Diagnosis

Programs in early detection must include education 
about symptoms (leucocoria, strabismus, squinting, 
poor vision, heterochromia, irritability, pain, glau-
coma, and proptosis), immediate referral (to oph-
thalmologists and oncologists), patient education 
regarding the different treatment modalities and their 
appropriate allocation (chemotherapy, local control, 
and enucleation) and genetic counseling. However, 
early detection programs or general population/
physician education are rare. A pioneering program 
was developed in Brazil with country-wide programs 
through the media, hospitals, and health care centers. 
Antoneli et al. reported a reduction in lag time from 
8 to 5.8 months from first symptom. They were able 
to measure significant decrease in referral to tertiary 
care centers within 3 years (C. Antoneli, personal com-
munication). Honduras implemented a retinoblastoma 
awareness program in conjunction with nation-wide 
vaccination programs. A decrease from 73% to 35% 
incidence of extra ocular disease was documented 
only 2 years after the national campaign (Leander et al. 
2006). Their patients sought care earlier and aban-
doned therapy less frequently. Similar public aware-
ness campaigns have been implemented in Mexico 
and other countries with limited resources, under the 
sponsorship of the International Network for Cancer 
Treatment and Research (material available at www.
inctr.org) (Fig. 11.1).
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Figure 11.1

Public Awareness Campaign Sponsored by INCTR
Can You See the Bandit in This Picture?
Campaign for Retinoblastoma Early Diagnosis
A photo of your child can tell many things. Including when he has retinoblastoma. Retinoblastoma is a malignant eye 
tumor in children, derived from retinal cells. The most common early sign observed is a white pupil reflex (cat’s eye). 
It is usually visible in some artificial light or in photographs where a flash has been used. Early diagnosis is crucial, as 
if it is detected early, retinoblastoma is curable and the eyes may be saved. Look into your child’s eyes. They might 
need your help
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Campaigns for promoting early diagnosis are the 
first step in improving public awareness of retino-
blastoma. However, there is no question that it will 
take general societal changes, eliminating poverty, 
giving education to health care professionals and the 
general population, and prioritizing children’s health 
care through governmental agencies to improve the 
overall care and outcomes of retinoblastoma and all 
childhood cancers.

Treatment abandonment is also frequent (Arora 
et al. 2007). It has a major impact in the care of 
retinoblastoma since timely enucleation could save a 
child’s life when conservative treatments have failed. 
Patients may become lost to follow up, usually 
because of migration or other socioeconomic prob-
lems (Menon et al. 2007). Patients with intraocular 
retinoblastoma treated conservatively need prolonged 
follow up, usually lasting for years, so every effort to 
prevent follow up drop outs should be undertaken. 
Units treating retinoblastoma should develop a spe-
cialized social work network to detect and prevent 
treatment abandonment.

11.3 Special Problems in the Treatment  
of Retinoblastoma in Less Developed Countries

Publications describing treatment in mid-income coun-
tries are abundant in retinoblastoma. They use modern 
chemoreduction, associated with local control (transpu-
pillary thermotherapy, photocoagulation, and cryother-
apy) for early disease and radiation therapy in case of 
failure or advanced disease (Chantada et al. 2005; Antoneli 
et al. 2006; Gunduz et al. 2004). Therapies and outcomes 
in less developed countries are under-reported. Little 
is known from some parts of Africa, vast areas of Asia 
including China and some Latin American countries 
(Bowman et al. 2006; Li et al. 2004). Results come from 
highly specialized centers in large cities in countries 
such as Brazil, Mexico, Turkey, India, or Argentina, and 
the situation in smaller centers may be different. Never-
theless, in these countries, organized treatment groups 
have used prospective protocols and published signifi-
cant information for the treatment of retinoblastoma.

In recent years, there has been a trend towards 
moving to chemotherapy to increase the eye salvage 

rate in intraocular retinoblastoma in developed coun-
tries. This treatment, called chemoreduction, proved 
to be  valuable for reducing the number of enucleated 
eyes, but its major value was to reduce the use of exter-
nal beam radiotherapy that is associated with a higher 
risk for second malignancies. There have been some 
reports of this treatment modality in mid income 
countries that have highlighted specific regional par-
ticularities (Menon et al. 2007; Chantada et al. 2005; 
Antoneli et al. 2006; Sohajda et al. 2006). Chemore-
duction poses significant challenges to treating phy-
sicians in this setting, as it can only be considered 
in the setting of a multidisciplinary approach that 
is often unavailable. In under-developed countries, 
enucleation will cure almost 100% of the patients 
with intraocular disease that could be candidates 
for chemoreduction. In this setting, chemoreduction 
should seldom be offered to patients with unilateral 
retinoblastoma or patients in whom close follow-up is 
not possible. Treating physicians should also consider 
that relapses may occur up to 4–5 years later, needing 
further local treatment and even enucleation, so close 
and extended follow-up is mandatory (Shields et al. 
2004). Chemoreduction and focal therapy are avail-
able only in large specialized tertiary centers in most 
developing countries and patients must travel long 
distances for treatment and follow-up. Establishing 
the remission status of a tumor and providing local 
therapy requires experience and the availability of 
technology, so it is recommended that patients that 
have been treated conservatively should be followed 
up at the same institution. Moreover, abandonment 
of therapy is very common in many developing coun-
tries and prolonged therapies might hasten aban-
donment and poor outcomes (Howard et al. 2006). 
Patients in developing countries usually present with 
advanced disease, usually with vitreous seeding and 
it is difficult to avoid external beam radiotherapy in 
these situations (Chantada et al. 2005). Trying to pre-
serve eyes with advanced disease may put the patient 
at risk for extraocular relapse if close follow - up and 
judicious criteria for timely enucleation are not avail-
able. A study from Brazil and Argentina showed that 
chemoreduction is not associated with an increased 
risk for extraocular relapse (Chantada et al. 2006). 
Establishing a chemoreduction program in devel-
oping countries is expensive and time consuming. 
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Human and technological resources are intensively 
required for these programs (Wilson et al. 2006). 
Patients should be monitored with ocular examina-
tions under anesthesia on a monthly basis for the 
first year and less frequently thereafter. Expensive 
lasers and brachytherapy plaques should be avail-
able for local treatment. After considering all these 
constraints, however, we believe that chemoreduc-
tion is justified in mid income countries where poor 
services for rehabilitation of handicapped children 
are available. According to published evidence from 
mid-income countries, chemoreduction was able to 
reduce significantly the number of bilaterally enucle-
ated patients as well as to decrease the overall num-
ber of enucleated eyes (Chantada et al. 2005). The 
choice of the chemotherapy regimen is also impor-
tant. Myelosuppressive regimens should be avoided 
in situations where the patient is unlikely to receive 
proper supportive therapy. There is no solid evidence 
of the superiority of more intensive regimens for 
chemoreduction. Regimens with carboplatin alone 
or in combination with vincristine are well toler-
ated and permit affected children to return home 
between chemotherapy cycles (Rodriguez-Galindo 
et al. 2003; Dunkel et al. 2007). A chemotherapy pro-
tocol tailored to disease extension, trying to avoid 
etoposide and limiting the number of chemotherapy 
cycles in patients with less advanced disease is advis-
able (Chantada et al. 2005). The lack of availability of 
some sophisticated local treatments may be respon-
sible for some treatment failures, and the early use 
of radiation therapy is often required. The equip-
ment for radiotherapy is obsolete in many develop-
ing countries and few centers can deliver adequate 
radiotherapy for these children. Vitreous extension is 
one consequence of advanced disease and therefore 
of poorer preservation rates in retinoblastoma. Since 
this event is more common in developing countries, 
innovative, less toxic treatments are justified for this 
population. Periocular administration of chemother-
apy may be a way of delivering higher levels of che-
motherapy to the vitreous while reducing systemic 
toxicity (Abramson 2005). This modality may be 
cost-effective in less economically developed coun-
tries. However, few drugs other than carboplatin have 
been studied.

11.4 Resources to Address this Global  
Problem

Experience gained in the development of pediatric 
ophthalmology and oncology programs through-
out the world should be applied to create programs 
to effectively diagnose and treat retinoblastoma. 
 Retinoblastoma is rare but treatable and curable. 
The relatively small numbers of patients worldwide 
means that neither ophthalmologists nor oncologists 
in developing countries are likely to have the exper-
tise to treat without expert advice. The fact that it is 
curable, often with enucleation alone, makes efforts 
for early diagnosis and treatment worthwhile and 
cost effective. The small numbers of experts in retin-
oblastoma centers have shown themselves willing to 
provide support to retinoblastoma centers in coun-
tries with limited resources. Fortunately, technology 
is available to facilitate provision of such advice and 
support. This section will cover the concept of twin-
ning, use of technology including telemedicine and 
internet, development of protocols in developing 
countries, certain organizations which provide help 
and support, and cooperative endeavors.

Twinning, an organized cooperation or partner-
ship between programs and people in resource rich 
and resource poor countries, has been remarkably 
successful in improving survival of children with 
cancer throughout the developing world (Howard 
et al. 2006; Veerman and Sutaryo 2005; Howard et 
al. 2004). These programs generally provide some 
degree of financial support and significant amounts 
of training, education, and organizational help pro-
vided by means of a great deal of personal involve-
ment and cooperation. Successful twinning programs 
in retinoblastoma have been developed through 
twinning between ophthalmologists and oncologists 
at St. Jude Children’s Research Hospital and those 
in Central America and Jordan. These efforts have 
included donation of equipment including RetCams, 
ultrasound, laser and cryotherapy units, training in 
the use of this equipment, visits to countries to pro-
mote the programs and problem solve and frequent 
consults and patient discussions. Meetings via inter-
net or telemedicine have occurred at least monthly. 
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Concepts such as multidisciplinary teamwork and 
data collection and analysis have been emphasized.

Technology in the form of communication via 
telemedicine and the internet is central to the success 
of these programs. Real time conferences scheduled 
to discuss cases serve as an educational tool and 
problem “brain storming.” The RetCam has facili-
tated educational efforts, international conferences, 
and meetings to discuss protocol development and 
individual patients and consults. A telemedicine pro-
gram for retinoblastoma similar to an existing neuro-
oncology program has been developed in Jordan and 
has improved treatment and survival of children 
with retinoblastoma in that country (Qaddoumi et al. 
2007). The educational internet site, www.Cure4kids.
org has several lectures and seminars about retin-
oblastoma. It also has the presentations from the 
2007 international conference, Retinoblastoma: One 
world, one vision, which were also presented live via 
internet and teleconferencing. The ORBIS cybersite 
e-consultation site is a remarkable resource, which 
allows ophthalmologists anywhere in the world who 
have access to a computer and the internet to post 
case histories, drawings, photographs, and questions 
about specific patients and get rapid, free, expert 
consultation. The RetCam allows ophthalmologists 
to photograph retinal images and document pres-
ence of disease and response to therapy. This also 
facilitates expert consultation, particularly in com-
plicated patients. RetCams are expensive and gener-
ally not available in countries with limited resources 
but might be provided in selected regional Centers of 
Excellence developed to provide more sophisticated 
care, particularly for patients with bilateral disease to 
avoid blindness. The partnership between the Fund 
for Ophthalmic Knowledge (New York, USA) and the 
Hospital Garrahan (Buenos Aires, Argentina) started 
in 1995 and became one pioneering twinning effort 
in retinoblastoma. It provided training, technology 
supply, expert advise and more recently support of 
research programs (Carcaboso et al. 2007). Since 
retinoblastoma presents specific challenges in devel-
oping countries, research studies should be done in 
that setting to cover their specific needs. An impor-
tant function of twinning programs is to teach clini-
cians in resource-poor areas how to develop and use 

the tools for clinical investigation while providing 
the best possible care. So, evidence-based diagnosis, 
treatment, and outcome improvement is strength-
ened by twinning programs.

Improvements in patient care and survival are 
dependent upon the development of disease specific 
protocols and supportive care guidelines. These need 
not be complicated but should be designed to clearly 
outline treatment and address specific important local 
problems through carefully outlined questions and 
treatment, data collection, and analysis. Treatment pro-
tocols must be developed or modified by taking into 
account local conditions and available resources (How-
ard et al. 2006). However, they should also be based on 
specific information from the medical literature. For 
example, a treatment protocol in sub-Saharan Africa 
might concentrate on earlier diagnosis and enucleation 
while in Guatemala, with an organized retinoblastoma 
program, development of a protocol for radioactive 
implants might be a consideration. Much of the current 
published evidence for the treatment of extraocular 
retinoblastoma comes from developing countries such 
as Brazil, Argentina, Mexico, and Turkey (Leal-Leal et al. 
2004; Ozkan et al. 2006; Chantada et al. 2004; Chantada 
et al. 1999b; Leal-Leal et al. 2006; Antoneli et al. 2003;  
Gunduz et al. 2006).

There are many organizations throughout the 
world that provide help to patients with retinoblas-
toma and the programs that treat these patients. This 
section is not intended to be comprehensive and will 
mention only some of the many dedicated groups. 
Already mentioned have been ORBIS international, 
a nonprofit humanitarian organization dedicated to 
blindness prevention (www.orbis.org) and the retin-
oblastoma program and educational web site (www.
Cure4kids.org) at St. Jude Children’s Research Hos-
pital. The Childhood Eye Cancer Trust (www.chect.
org.uk) is a United Kingdom charity for families and 
individuals affected by retinoblastoma which offers 
support and information, funds, research, and raises 
public awareness. Daisy’s Eye Cancer Fund (www.
daisyseyecancerfund.org), also in the United King-
dom, has a global approach, focusing on develop-
ing countries, particularly in Africa. Retinoblastoma 
Solutions (www.retinoblastomasolutions.org) in 
Canada, provides information on genetics and  testing. 
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 Retinoblastoma International (www.retinoblastoma.
net) supports research, education, clinical care, early 
diagnosis, and awareness programs and has an 
outreach program with Mexico. The International 
Network for Cancer Treatment and Research (www.
inctr.org) has developed educational programs and 
organized international treatment programs.

There are many organized programs and coop-
erative endeavors which have made an impact on the 
treatment of retinoblastoma in countries with lim-
ited resources and serve as examples of successful 
approaches. Once again, space allows only a few pro-
grams to be mentioned. In collaboration with INCTR, 
the Mexican Retinoblastoma Group was created in 
January 2003 and has developed a national registry, 
early diagnosis and education programs and a treat-
ment protocol. The group has annual meetings and is 
working to improve the treatment of retinoblastoma 
nationally (Leal-Leal et al. 2004). The Association of 
Central American Pediatric Hematologists/Oncolo-
gists (AHOPCA) has developed a common proto-
col for Central America and has monthly meetings 
with the members of the retinoblastoma programs at  
St. Jude Children’s Research Hospital and the Hospi-
tal Garrahan Program in Argentina. The Children’s 
Oncology Group has been working with physicians 
in India to strengthen programs there. Since retino-
blastoma is a rare disease and patients are not cared 
for in a vacuum, it is important to also consider col-
laborations with organizations with a broader scope. 
Two such organizations are ORBIS, which has done a 
tremendous amount to improve treatment of retino-
blastoma through support of programs, donation of 
equipment, education and the cybersite consultation 
site, and the International Agency for the Prevention 
of Blindness (www.iapb.org) which has more exten-
sive programs dealing with eye diseases.

In summary, retinoblastoma is a rare but treatable 
and curable disease which can and should be addressed 
at some level in most areas throughout the world. Delay 
in diagnosis and abandonment of therapy are common 
in developing countries. Programs to educate medical 
personnel and the general population, and essentially 
human development might lead to early diagnosis and 
better outcome. There are many existing programs and 
organizations which provide examples of successful 

approaches and support. Even very simple approaches, 
such as early diagnosis with enucleation will save lives 
and can progress to improved therapy as conditions 
improve. Sophisticated therapy with chemoreduction 
and local therapy should be attempted only in special-
ized institutions with adequate patient follow-up.
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Appendix

Figures 1a and 1b

Group A retinoblastoma – Tumor ≤ 3 mm in greatest dimension confined to the retina and located > 3 mm from the 
foveola and > 1.5 mm from the optic disc
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Appendix 144

Figures 2a, 2b, and 2c

Group B retinoblastoma – Tumors confined to the retina not in group A and with subretinal fluid ≤ 3mm from the base 
of the tumor
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Appendix 145

Figure 3

Group C Retinoblastoma – Tumor with vitreous or sub-
retinal seeding ≤ 3mm from the tumor
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Appendix 146

Figures 4a, 4b, and 4c

Group D retinoblastoma – Presence of subretinal fluid alone > 6 mm from the tumor, or vitreous or subretinal seeding > 
3 mm from tumor
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Appendix 147

Figure 5

Group E retinoblastoma – Advanced intraocular retino-
blastoma, with more than 2/3 of the globe filled with 
tumor

Figure 6a and 6b

Retinal astrocytomas in a 5 yo girl with neurofibromatosis type 1 (a) and in a 10 mo infant with tuberous sclerosis (b)
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Appendix 148

Figure 7

Choroidal osteoma – Low line calcific choroidal lesion 
within the macula
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Appendix 149

Figures 8a, 8b, and 8c

Coats disease a: Exudative retinal detachment with mustard colored subretinal fluid. b,c: Fluorescein angiograms 
highlight the telangiectatic vessels characteristic of Coats disease
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Appendix 150

Figures 9a and 9b

Medulloepithelioma –Variably pigmented cilliary body 
mass. MRI highlights characteristic intralesional cysts 
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Appendix 151

Figure 10

Toxocara chorioretinitis – multiple subretinal  foci of 
choroidal inflammation with associated exudates
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Appendix 152

Figures 11a, 11b, 11c

Persistent Fetal Vasculature (previously known as Persistent Hyperplastic Primary Vitreous) Examination shows small eye 
with hypoplastic iris and retrolental membrane. Fluorescein angiogram and MRI highlight the fibrovascular stalk extend-
ing to the optic nerve
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