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Changing Trends 
in Retinoblastoma Management 
and What Is in Store for the Future

Jesse L. Berry

Key Points
•	 Retinoblastoma is the most common intraocu-

lar tumor in childhood
•	 The management of this tumor has changed 

significantly over the past several years includ-
ing advances in  local delivery of chemother-
apy with intravitreal injection now done via 
safety enhanced techniques

•	 Seeding regression is nearly 100% with intra-
vitreal chemotherapy however toxicity has 
been reported and the mechanisms and risk-
factors have not yet been elucidated

•	 Advances have also been made in the use of 
hand-held Optical Coherence Tomography for 
diagnosis and monitoring

•	 The high-resolution imaging provided by 
OCT enables enhanced detection of tumors, 
including those that are “invisible’ on 
fundoscopy.

•	 Optical coherence tomography has demon-
strated the potential to detect recurrences 
masked by retinal scars

•	 Imaging of small tumors may help us better 
understand the cell of origin for 
retinoblastoma

•	 Retinoblastoma is known to have a genetic 
underpinning secondary to a mutation in the 
RB1 tumor-suppressor gene; nonetheless the 
genetic, genomic and epigenetic changes at 
the level of the tumor have not been readily 
assessed or correlated with clinical features or 
prognosis due to the inability to biopsy this 
tumor. This is a broad area for future research.

3.1	 Retinoblastoma

Retinoblastoma (Rb) is the most common intra-
ocular cancer of childhood with an incidence of 
1  in 15,000 live births or about 12 per million 
children ages 0–4  years [1, 2]. Retinoblastoma 
accounts for 2% of all childhood cancers and 
approximately 8% percent of cancer in the first 
4 years of life [3]. Worldwide there are 9000 new 
cases annually with the greatest number of cases 
seen in Asia and Africa where the birth rate is 
higher [4]. However the rate per live birth remains 
the same and no significant gender or racial pre-
dilection for the development of Rb has been 
described [5]. Maternal nutrition [6], HPV infec-
tion [7, 8], and advanced paternal age [9] have 
been suggested as predisposing etiologies but 
have not been definitively confirmed. Worldwide, 
the survival of children with retinoblastoma has 
improved [10] however disparities in the treat-
ment and survival of children with this ocular 
cancer remain [11–16]. The treatment of retino-
blastoma continues to evolve with a focus on 
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more localized therapies to spare systemic toxic-
ity. Nonetheless, there remains a critical need for 
personalized therapies. Retinoblastoma was one 
of the first cancers with a known genetic under-
pinning due to a mutation in the RB1 retinoblas-
toma tumor suppressor gene (RB1) [17, 18], and 
has provided enormous insights into cancer biol-
ogy; however, because this tumor cannot be 
safely biopsied, we still know very little about the 
genetic, genomic and epigenetic changes in this 
tumor that may affect treatment and prognosis for 
eye salvage [19]. This chapter will discuss the 
diagnosis, staging, and current treatment para-
digms for retinoblastoma as well as discuss the 
future of this disease.

3.2	 �Diagnosis and Staging

The most common presenting sign of retinoblas-
toma is leukocoria, or loss of the red reflex, fol-
lowed by strabismus [20]. Because retinoblastoma 
is rare, and screening requires a dilated, or low-
light examination for loss of the normal red 
reflex, retinoblastoma remains undiagnosed until 
the cancer is quite advanced. Sometimes the 
tumor progresses to that point that it undergoes 
massive intratumoral necrosis and the child pres-
ents with significant ocular and periocular inflam-
mation mimicking endophthalmitis or preseptal/
orbital cellulitis [21].

Any child with leukocoria, strabismus or peri-
ocular inflammation should undergo a dilated fun-
dus examination by an ophthalmologist followed 
by an examination under anesthesia (EUA) for 
any concern for retinoblastoma. The differential 
diagnosis of retinoblastoma includes other causes 
of leukocoria, such as Coats, persistent fetal vas-
culature (PFV), retinal astrocytic hamartoma, ret-
inopathy of prematurity (ROP), familial exudative 
vitreoretinopathy (FEVR), retinal detachment, 
endophthalmitis, toxocariasis, toxoplasmosis, 
(old) vitreous hemorrhage and cataract [22].

On clinical examination, classically, retino-
blastoma demonstrates single or multiple 
creamy white nodular retinal-based masses with 
prominent intralesional blood vessels. There are 
three primary clinical patterns of retinoblastoma 

growth: endophytic, exophytic and rarely dif-
fuse infiltrating wherein a distinct mass is not 
seen. Endophytic growth occurs when the tumor 
grows from the retina into the vitreous cavity 
and is frequently associated with vitreous seed-
ing, wherein small pieces of the tumor break off 
and proliferate in the vitreous compartment 
[23]. Exophytic growth occurs when the tumor 
expands in the subretinal space causing exuda-
tive retinal detachments and subretinal seeding. 
This growth pattern is more likely to demon-
strate invasion to the choroid, a known risk fac-
tor for orbital relapse and metastatic disease 
[23]. Advanced tumors generally demonstrate 
a  combination of these growth patterns. 
Pathognomonic features of retinoblastoma 
include intralesional calcium and tumor seed-
ing, in the vitreous and subretinal spaces. This 
can occur either at diagnosis or in association 
with a tumor recurrence. More information on 
diagnosis can be found in Chap. 1.

3.3	 �Imaging Modalities 
for Retinoblastoma

Imaging modalities can be critical in the diagno-
sis of retinoblastoma. The most commonly used 
modality is b-scan ultrasonography which fre-
quently demonstrates a dome-shaped retinal 
mass with diffuse intralesional calcium [24]. 
Calcium can often be most clearly seen on 
Computed Tomography (CT) scans, however it is 
not recommended that this modality be used if 
there is a suspicion for retinoblastoma given 
exposure to radiation in a child with a possible 
cancer predisposition syndrome [25, 26].

Magnetic resonance imaging (MRI) is the pre-
ferred imaging modality for most clinicians and 
recommended at initial staging. On T1 imaging, 
retinoblastoma is slightly hyperintense (bright) to 
the vitreous. The tumor demonstrates moderate 
to marked enhancement. On gadolinium-
enhanced T1 weighted images, finely dispersed 
areas of low signal intensity correspond to areas 
of calcification. On T2 weighted imaging, the 
tumor is classically dark compared with the vitre-
ous. The partially calcified areas may appear as 
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hypointense foci [27]. Aside from its diagnostic 
value, MRI is performed with three main goals: 
(1) determine whether there is optic nerve exten-
sion, which is often better seen on fat-suppressed 
imaging [28] (2) extraocular/orbital extension, 
and (3) trilateral or tetralateral retinoblastoma. 
Trilateral retinoblastoma refers to a concomitant 
primitive midline neuroectodermal tumor 
(PNET) in the pineal region or the suprasellar 
cistern. Trilateral disease is found in 1.2–6.7% of 
patients with retinoblastoma and can be found at 
diagnosis or during/after treatment of the ocular 
disease [29]. Tetralateral (or quadrilateral) retino-
blastoma is defined as the present of intraocular 
retinoblastoma and tumor in both suprasellar and 
pineal regions. MRI is often used as continued 
screening for these CNS tumors up to the age of 
3 years (5 years in some centers). Post-enucleation 
enhancement in the orbit and the cut end of the 
optic nerve has been described on MRI and can 
be seen in these screening evaluations. Without a 
mass or clinical signs of orbital recurrence, this 
should be considered a benign finding [30]. 
Fluorescein angiography (FA) can also be critical 
in the diagnosis of retinoblastoma, particularly 
when Coat’s disease is also being considered on 
the differential. Classically, FA demonstrates 
changes in the caliber of both small and large 
caliber vessels, with intratumoral retinal leakage 
and neo-vascularization of the iris [31]. General 
information on the imaging modalities available 
for choroidal tumors can be found in Chap. 4.

Finally, in the last several years, the advent of 
hand-held Optical Coherence Tomography 
(OCT), which allows for acquisition of images 
from an anesthetized, supine patient, has brought 
OCT into the realm of pediatric ocular oncology. 
The application of OCT has become critical for 
the management of retinoblastoma including 
detecting normal retinal anatomy underneath 
tumors, monitoring treatment response, identifi-
cation of very small ‘invisible’ tumors, as well as 
early retinoblastoma recurrences [32–41]. As 
shown in Fig.  3.1, small retinoblastoma tumors 
appear as a smooth round, grey homogenous 
lesion involving the outer retina; there is ‘tenting’ 
of the overlying inner retinal layers. Larger tumors 
demonstrate posterior shadowing artifacts as well 

as more extensive involvement of the inner retinal 
layers [37]. It is difficult to distinguish retinoblas-
toma from benign retinocytomas on OCT, how-
ever, longitudinal perspective showing stability of 
the lesion can aid the clinician in making appro-
priate management decisions [42]. Use of OCT 
helps define other associated features such as sub-
retinal fluid, intraretinal fluid, or intra-tumoral 
calcifications which may be difficult to assess 
when significant structural distortions from the 
tumor obscure the normal adjacent retina. For 
example, the ability to identify a fovea that has 
not been damaged by direct tumor involvement 
and/or associated fluid suggests that the future 
vision in the eye may be intact and thus the eye 
may merit salvaging therapy. Imaging of the vitre-
ous with OCT imaging can also be valuable in 
clinical decision making. Even in the era of intra-
vitreal injections of chemotherapy, vitreous seed-
ing is the main cause of tumor relapse and requires 
more aggressive management. Clinically, vitreous 
seeds may be difficult to detect if they present as 
very fine dust type-seeds scattered just anterior to 
the retina. While difficult to detect on fundoscopy, 
these are well visualized with OCT [43]. As 
shown in Fig. 3.2, OCT can be used to image vit-
reous seeding of various morphologies including 
large spherical, hollow seeds, with posterior shad-
owing on the retina [44].

As smaller and smaller tumors are imaged, 
OCT may also help us understand the cell of ori-
gin for retinoblastoma, which remains unclear. 
An early description of small tumors on OCT 
described lesions “centered in the inner nuclear 
layer (INL)” that appeared to “consume” the 
middle layer while “sparing of the outer retinal 
layer” [36]. This led the authors of that paper to 
conclude that the cell responsible for retinoblas-
toma originated from the INL.  However, the 
smallest lesions imaged to date appear to involve 
mostly the outer nuclear layer (ONL) and outer 
plexiform layer (OPL) with some extension into 
the INL. This supports the hypothesis that retino-
blastoma shares a cellular lineage with the photo-
receptors [40]. This is further supported by the 
characteristic finding of the normal outer plexi-
form and inner retinal layers “draping” over the 
outer retinal tumor [45]. Involvement of inner 
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retinal structures may be from migration of 
malignant cells towards the inner retina and 
blood supply or general tumor expansion from 
the ONL.  Imaging of small retinoblastoma 
tumors that primarily involve the outer nuclear 
layer is consistent with in  vivo studies that 
suggest that the retinoblastoma cells of origin are 
the cone precursor cells. These cells are exqui-
sitely sensitive to loss of a functional retinoblas-
toma protein [46, 47].

3.4	 Grouping & Staging

Since the advent of the chemotherapy era in the 
late 1990s intraocular retinoblastoma has been 
classified according to the International 
Intraocular Retinoblastoma Classification (IIRC) 
described by Murphree [48]. The classification 
scheme separates intraocular retinoblastoma into 
five groups (A–E) based on size, location and 
presence of fluid, seeding and other clinical 

Fig. 3.1  OCT features of small retinoblastoma. (1A) 
Color fundus photograph of the left eye demonstrates 3 
retinoblastoma tumors. (1B) Color fundus photograph of 
the left eye demonstrates 3 retinoblastoma tumors, marked 
by the arrows. The smallest tumor, barely visible on fun-
doscopy, lies just superior to the optic nerve. Rb1-3: 
Spectral-domain OCT of the three tumors shows homog-
enous dome shaped masses with overlying inner retinal 
draping. Tumor #3 is located in the outer retina involving 
the outer nuclear and possibly the outer plexiform layer. 
The inner nuclear (INL) and inner plexiform layer (IPL) 
drape over the tumor. There is also an outer retinal abnor-
mality in all tumors affecting the external limiting mem-

brane (ELM), inner segment-outer segment junction 
(ISOS), ellipsoid zone (EZ), and interdigitation zone (IZ). 
There is shadowing on OCT from the retinal vessels over-
lying the tumor which are also seen clinically. (2A–F) 
Optical Coherence Tomography (OCT) montage of 
images through the smallest lesion moving from the supe-
rior aspect towards the optic nerve. (2A) The lateral aspect 
of the larger tumor is seen peripherally. (2B) Most supe-
rior aspect of lesion. The inner nuclear layer (INL), outer 
nuclear layer (ONL) and outer plexiform layer (OPL) are 
shown in (2B, 2E) with the OPL and INL seen draping 
over the edges of the small tumor (Adapted from Berry 
et al. [40]. Reproduced with permission)
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features. IIRC Group A eyes can generally be 
treated with local therapy only (laser therapy), 
with each classification progressively advancing 
until Group E, which is an eye functionally 
destroyed by tumor and according to the classifi-
cation should be considered for salvage therapy 
only in very rare situations such as bilateral 
Group E eyes. Group A is associated with the 
greatest likelihood and Group E the least likeli-
hood of ocular salvage based on chemoreduction 
protocols [49–52]. Recently however this has 
been supplanted with the AJCC 8th edition clas-
sification for retinoblastoma which includes a 4th 
factor to the TNM staging, H, for heredity and is 
the first cancer in the AJCC to have such a stag-
ing. This new staging classification is discussed 
in more detail in Chap. 1.

At most centers, staging consists of clinical 
examination and MRI (see imaging) however 
bone marrow aspiration or lumbar puncture may 
also be performed in patients if there is concern 
regarding the extent of disease such as extraocu-
lar extension, cerebrospinal fluid (CSF) or bone 

marrow metastases. This is not done routinely if 
the disease is confined to the globe.

3.5	 �Treatment

In the early 1900s the only successful treatment 
for retinoblastoma was enucleation. This treat-
ment is still used today for advanced disease or 
recurrent tumors poorly responsive to other ther-
apies, particularly in the setting of poor visual 
prognosis. However, given that 40% of new reti-
noblastoma cases involve both eyes this treat-
ment modality was devastating for many children 
and thus attempts at globe salvage were 
undertaken.

3.6	 �EBRT

Historically external beam radiotherapy (EBRT) 
was a mainstay of treatment for many years 
however it is now rarely used except in certain 

Fig. 3.2  Imaging of a spherical Seed in retinoblastoma. 
The clinical applications of handheld Optical Coherence 
Tomography (OCT) imaging (Bioptigen, USA) for retino-
blastoma continue to evolve and include characterization 
of small tumors, tumor recurrences, evaluation of seeding 
and retinal anatomy. OCT done at staging examination of 
the left eye in a 13-month old child diagnosed with bilat-

eral retinoblastoma (Group C right eye, Group D left eye) 
demonstrated normal foveal architecture, preretinal dust-
ing of small hyper-reflective seeds and a hollow reflective 
cystic structure floating above the retina, with shadowing 
posteriorly, which correlated clinically with a large trans-
lucent spherical seed in the vitreous cavity (asterisk) 
(Adapted Berry et al. [44]. Reproduced with permission)
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salvage situations. Increased risk of orbital bony 
hypoplasia, which was very difficult to remedy 
cosmetically, and worse, second primary tumors, 
particularly in patients younger than 12 months 
of age, led clinicians to seek alternative therapies 
[53]. Even without EBRT, patients with heritable 
retinoblastoma are at an increased risk of many 
other types of second primary cancers throughout 
life including bony and soft tissue sarcomas and 
melanoma [10, 53–72].

Retinoblastoma survivors with a familial 
germline mutation are at slightly higher risk of a 
second primary tumor compared with those with 
a de novo germline mutation, in particular mela-
noma [69]. For germline patients, the risk of 
developing a second primary malignancy outside 
of the eye is approximately 30% at 40 years after 
the initial diagnosis [65, 67]. Unfortunately, 
patients at risk for a second non-ocular tumor are 
at risk of third and fourth tumors with increasing 
mortality regardless of EBRT exposure [73, 74].

EBRT has remained in the treatment arsenal 
for vitreous seeding, a common cause of relapse 
after systemic or intra-arterial chemotherapy 
[75]. However, a new treatment modality that 
involves intravitreal injection of chemotherapy 
has largely made this obsolete (see below). 
Recalcitrant retinal recurrences (particularly in 
an only remaining eye) may also still be treated 
with EBRT.

3.7	 �Systemic Chemoreduction

As an alternative to EBRT, Gallie, Murphree and 
several other ocular oncologists pioneered the 
use of chemotherapy in the 1990s [76, 77]. It has 
since become the backbone of treatment for 
retinoblastoma.

Systemic chemotherapy given for retinoblas-
toma is generally described as chemoreduction as 
the goal of chemotherapy administration is to 
shrink the tumor so that focal consolidative ther-
apy (e.g. laser and/or cryotherapy) may be effec-
tive [78]. Focal consolidative therapy is directly 
destructive to tumor cells; it may also be used to 
augment penetration of chemotherapy into the 
eye [79]. Since the early 1990s, systemic 3-drug 

chemotherapy, along with local consolidation 
therapy, is a common and well documented ther-
apy for globe salvage for patients with retinoblas-
toma [80].

Various regimens are used for systemic ther-
apy, most typically carboplatin, vincristine, and 
etoposide with 3–6 cycles being given based on 
the extent of disease. Success rates for advanced 
Group D eyes are reported at approximately 50% 
with chemoreduction and local consolidation 
[51, 52]. At Children’s Hospital Los Angeles, the 
chemoreduction protocol consists of intravenous 
carboplatin 390  mg/m2 (13  mg/kg for children 
<36  months) × 2  days, etoposide 150  mg/m2 
(5 mg/kg for <36 months) × 2 days, and vincris-
tine 1.5 mg/m2 (0.05 mg/kg for <36 months) × 
1  day, for 6 cycles every 28  days (i.e. CEV). 
Infants less than 6  months of age at diagnosis 
receive a modified dosing regimen with a 50% 
decrease in all agents for the first cycle [81]. 
Children with Group B eyes (less advanced) are 
treated with three initial cycles [82]. The therapy 
is augmented with local consolidation therapy, 
which includes diode or argon laser therapy 
(532  nm or 810  nm laser), and/or cryotherapy 
often used for larger lesions anterior to the 
equator.

While generally safe and well tolerated, sys-
temic toxicity is known to occur. This leads to 
dangerous cytopenias, peripheral neuropathies 
[83], hearing loss [84] and rarely secondary leu-
kemias [85–88]. Because of this, localized meth-
ods of chemotherapeutic delivery were touted to 
increase chemotherapeutic efficacy and minimize 
systemic toxicity. The main focus of this has been 
intra-arterial delivery of chemotherapy directly to 
the eye via the ophthalmic artery.

3.8	 �Intra-arterial Chemotherapy

Local methods of intra-arterial delivery of chemo-
therapeutic agents were pioneered by Suzuki and 
Kaneko in Japan [89] and Abramson and Gobin in 
the United States [79, 90–94]. Abramson and col-
leagues modified the Japanese protocol wherein, 
under general anesthesia, a cannula is introduced 
through the femoral artery and advanced to but 
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not through the os of the ophthalmic artery. 
Fluoroscopy is used to confirm the position of the 
catheter before the chemotherapy is infused into 
the artery, approximately over 30  min [79]. 
Typically the initial agent of choice is melphalan 
although carboplatin, and/or topotecan can also 
be used. Initial doses are melphalan 0.4  mg/kg 
(with a maximum starting dose of 5 mg), carbo-
platin 50 mg and topotecan 0.2–4 mg [95].

This technique has been termed super selec-
tive ophthalmic artery chemotherapy or ophthal-
mic artery chemosurgery. Using Melphalan, 
Abramson and colleagues reported eye salvage 
rates superior to systemic chemoreduction, espe-
cially when used as primary versus second-line 
therapy for recurrent disease [95]. Group D eyes 
treated with intra-arterial chemotherapy have 
been reported with salvage rates ranging from 
36% to 100% [96], with several large series of 
showing a rate between 78% and 100% [97–104]. 
Prospectively evaluated success rates for 
advanced Group D eyes have been reported as 
100% when this is used as primary therapy [104]; 
however this has not been repeatable at all cen-
ters. A randomized clinical trial has been recom-
mended to determine the efficacy and safety of 
this approach, as well as to determine the opti-
mum chemotherapeutic agent. The Children’s 
Oncology Group recently closed a trial of intra-
arterial chemotherapy for patients with unilateral 
Group D disease, however results have not yet 
been reported.

Side effects, mostly vascular in nature, have 
also been described including ciliary flush, sec-
toral occlusive choroidopathy, and concerns exist 
about potential for stroke with this method of 
delivery [105–107]. There is also a learning curve 
with this technique with higher rates of vascular 
complications reported early on [108]. The total 
dose of whole body radiation given with multiple 
fluoroscopies also remains undefined. A more 
concerning trend, however, is that with greater 
success in salvage more advanced eyes are being 
treated with local chemotherapy only, this there 
may be an increased risk of both metastatic dis-
ease and orbital recurrences. A meta-analysis by 
Yousef et  al. of intra-arterial chemotherapy for 
retinoblastoma found multiple reports of meta-

static disease, while others have found equal, but 
relatively higher rates of metastatic disease and 
orbital relapse regardless of whether salvage 
therapy is attempted [109–114]. In general, as 
long as enucleation is reserved for the most 
advanced eyes, attempts at salvage therapy with 
enucleation for persistent or recurrent disease 
appear to be safe [115]. No therapy, including 
primary enucleation with adjuvant systemic che-
motherapy, has been shown to completely elimi-
nate the risk for metastatic disease. Thankfully, 
this remains a relatively rare event following a 
diagnosis of retinoblastoma confined to the intra-
ocular space, regardless of treatment modality.

3.9	 �Intravitreal Chemotherapy

Seeding is one of the main indications for sec-
ondary enucleation in eyes that undergo attempted 
salvage therapy. Prior to 2012 recurrent seeding 
after chemotherapy was treated with EBRT, or if 
visual potential was poor, it may prompt enucle-
ation in order to spare the child from radiation. 
This paradigm shifted dramatically in 2012 when 
Francis Munier introduced his safety-enhanced 
technique for intravitreal injection of chemother-
apy which included a paracentesis with extrac-
tion of aqueous humor to lower the intraocular 
pressure prior to injection [116, 117]. This was 
not the first time that attempts had been made at 
injection of medication, chemotherapy or vectors 
had been made into the vitreous in retinoblas-
toma eyes [118, 119]. In fact, it was first described 
in 1962 by Ericson and Rosengren but reports of 
extraocular spread limited its use [120]. With the 
addition of the safety measures proposed by 
Munier, which were intended to lower the intra-
ocular pressure and thus prevent reflux of intra-
ocular fluid, intravitreal injection of melphalan 
has since been found to be safe when considering 
the risk of extraocular spread, and highly effec-
tive in eradicating vitreous seeding [89, 116, 117, 
121–136]. As with any new therapy, the ideal 
dose of melphalan is not yet known and ranges 
widely from 8 to 50 μg with an equal range of 
number and interval of injection, although the 
average range is 20–30  μg given weekly until 
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there is clearance of seeds [123, 124, 132]. 
Success rates are near 100% in eradicating vitre-
ous seeds, and globe salvage even in advanced 
eyes is on par with previous studies using EBRT 
to control seeding [135, 137], however both ante-
rior and posterior toxicity, loss of ERG function 
in doses over 30 μg and acute hemorrhagic reti-
nopathy with devastating consequences have 
been reported (Fig. 3.3) [127, 134, 138, 139]. The 
mechanism of toxicity for the hemorrhagic reti-
nopathy has been hypothesized to involve induc-
tion of a posterior vitreous detachment followed 
by retrohyaloidal injection of the medication 
causing toxicity secondary to concentration 
against the retina [134]. This however will require 
further research to better elucidate the mecha-
nism for this acute toxicity. Nonetheless, the 
overall efficacy and relative safety of intraocular 
injection of chemotherapy have led to recent 
reports of use intracamerally for anterior segment 
seeding but the long term safety and outcomes of 
this are not yet known [140].

Given the new treatment paradigm for seeding, 
a new classification has been proposed, describ-
ing three patterns of vitreous seeding, based on 
their clinical morphology, which have prognostic 
significance [141]. These patterns include “dust,” 
(type 1) which are small fine granules or vitreous 
haze, “spheres,” (type 2) which are spherical vit-
reous opacities, which may have a translucent or 
opaque center, and “clouds,” (type 3) which are 
dense, sheet-like collections of vitreous opacities. 
Seeds can occur in any of four vitreous compart-
ments: retrohyaloidal, vitreous, subretinal, or 
anterior chamber. The seed classification has been 
shown to predict the number and overall dose of 
intravitreal melphalan injections required for 
local control [137, 142]. A retrospective study 
with a cohort of 28 patients found that at a mean 
dose of 25–30 μg, eyes with dust required three 
injections, eyes with spheres required four injec-
tions and eyes with clouds required the most num-
ber of injections (median 6) although some eyes 
responded to only one injection in all classifica-
tion. Cloud type seeds also required the highest 
cumulative dose of melphalan [137]. These find-
ings were similar to a larger study by Francis et al. 
that demonstrated dust type seeding required 

fewer injections and a lower overall dose than 
spheres and both lower than clouds for complete 
regression [142]. (Fig.  3.4) These studies found 
that the spherical seed class was the most likely to 
demonstrate recurrence and thus took the longest 
for complete clinical clearance (Fig.  3.5). This 
finding is supported by recent histopathologic 
correlation which found that spherical seeds can 
be composed of either non-necrotic viable retino-
blastoma cells or an outer rim of active cells with 
a necrotic center however both types actively dis-
perse viable cells which make them most likely to 
recur. This research also found that the cloud-type 
seed may take the longest to clear clinically but is 
mostly composed of macrophages and non-viable 
necrotic seeds and thus may not actually require 
more injections than the other seed classes [143].

3.10	 �Adjuvant Systemic 
Chemotherapy for High-Risk 
Histopathologic Features

There is no clear consensus on whether or not 
patients with high-risk pathologic features (such 
as massive choroidal invasive, post-laminar optic 
nerve invasion, and scleral invasion) should 
receive post enucleation adjuvant chemotherapy. 
A meta-analysis by Kim suggests that the risk 
with isolated post laminar involvement is 16% 
and with concomitant massive choroidal invasion 
the risk increases to nearly 33% and thus adju-
vant chemotherapy is recommended and given at 
most centers [144]. Despite the lack of consensus 
on these features, there is general acceptance that 
optic-nerve invasion with involvement of the 
resection margin or bulky extra-scleral spread are 
highly predictive for extraocular relapse; in these 
scenarios, post-enucleation adjuvant systemic 
chemotherapy is indicated [145–147].

3.11	 �Orbital Relapse 
and Metastatic Disease

Orbital relapse occurs in about 4% of patients 
after primary enucleation, most within 12 months 
[148]. These patients are at increased risk for 
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metastatic disease. Treatment for orbital 
recurrence (confined to the orbit) is systemic 
high-dose multi-agent chemotherapy as well as 

orbital radiotherapy. Patients with disseminated 
metastatic disease such as bone-marrow involve-
ment receive high-dose 3–4 agent chemotherapy, 
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Fig. 3.3  Intravitreal melphalan toxicity. (1A, 2A) Fundus 
photographs of the left eye from patient 1 and right eye 
from patient 2 revealing partially treated retinoblastoma 
with associated vitreous seeding located in the macula and 
nasal to the optic disc respectively. (1B, 2B) Fundus pho-
tographs from patient 1 and patient 2, respectively, reveal-
ing diffuse retinal edema with associated intra and 
preretinal hemorrhages. (1C, 2C) Mid-phase fluorescein 
angiography of the left eye from patient 1 and the right 
eye from patient 2, respectively, revealing areas of block-
age corresponding to the areas of retinal hemorrhage and 
intraocular tumor, with vascular sheathing. (1D, 2D) 
Fundus photographs at follow-up of the patient 1 and 
patient 2, respectively revealing diffuse chorioretinal atro-

phy in the posterior pole with a demarcation between the 
normal and atrophic retina. (a) Schematic rendition of an 
eye with retinoblastoma and associated vitreous seeding. 
The blue line represents the hyaloid face; the red line rep-
resents the retina and the yellow mass represents the 
tumor. (b–d) shows injection of melphalan (green) into 
the vitreous cavity via the pars plana. (e) represents a 
localized posterior hyaloid detachment over the tumor. (f, 
g) Injection of melphalan into the subhyaloid space due to 
the presence of a partial detachment. (h) Treated retino-
blastoma (orange) with retinal atrophy (brown line) and 
resolution of vitreous seeding. (Adapted from Aziz et al. 
[134]. Reproduced with permission)
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bone marrow transplantation, and may also 
receive intrathecal radiotherapy [148].

Metastatic disease, while rare in the developed 
world, had remained largely fatal until recent tri-
als of intensive multimodal therapy (including 
high-dose multi-agent chemotherapy and radio-
therapy to bulky sites) with autologous hemato-
poietic stem cell rescue have shown success with 
reported 5-year event-free survival >60% 
[149–155].

3.12	 �Genetic Disease 
and Personalized Medicine 
for Retinoblastoma

Retinoblastoma is a known genetic disease. 
Tumorigenesis is initiated by a mutation in the 
RB1 gene on chromosome 13q, which was the 
first tumor suppressor gene to be discovered [18, 
156–161]. The inheritance pattern of retinoblas-
toma was instrumental in the discovery of the RB 
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tumor suppressor gene [162]. Based on clinical 
genetics, there are three forms of Retinoblastoma: 
familial (10%), sporadic heritable (30%) in 
which a new mutation in the suppressor gene is 
present in all/many cells of the body, and non-
heritable (60%) wherein both mutations in the 
RB1 gene occur as somatic events in the tumor. 
Due to familial cases of retinoblastoma, it was 
known that retinoblastoma harbored a genetic 
underpinning. However, the genetic locus for this 
tumor was only elucidated in the past few 
decades. In 1971, Knudson first described the 
“two-hit hypothesis” suggesting that the RB gene 
requires mutations in both active gene copies in 
order for a child to manifest retinoblastoma 
[162]. The hypothesis suggested that in heritable 
cases a germline mutation was present in all (or 
most) cells of the body, and that a second somatic 
mutation was needed for tumor formation. 
Germline cases represent approximately 40% of 
retinoblastoma cases [163]. These patients tend 
to have bilateral and multifocal tumors and have 
a significantly increased risk for secondary 
tumors including pinealoblastoma (PNET). Their 
future offspring have a 45% chance of develop-
ing retinoblastoma (due to penetrance, it Is not 
50%) [164].

In the non-heritable cases, both mutations in 
the RB1 gene occur as somatic events, thereby 
explaining why somatic disease was always uni-
lateral, unifocal and often seen in older children. 
Additionally, it did not predispose to second pri-
mary cancers. Approximately 15% of unilateral 
cases are found to have germline mutations [163, 
165]. Some children may present with unilateral 
disease but subsequently progress asynchronously 
to bilateral involvement. Thus, serum genetic test-
ing to determine whether the initial mutation is 
germline is critical to the management of these 
patients and families. It is recommended that chil-
dren have genetic testing, particularly in the set-
ting of unilateral disease regardless of age at 
presentation [166]. Further information on the 
genetics of retinoblastoma and testing for these 
mutations can be found in Chap. 2

Investigating the tumor suppressor pathway 
regulated by RB1 has provided unprecedented 
insights into the genetic mechanisms of tumori-

genesis, not only for retinoblastoma but also for 
virtually all human cancers. Despite this, we have 
not been able to leverage the growing field of can-
cer genomics for retinoblastoma patients which 
has dramatically impacted the care of breast, lung 
and prostate cancer patients [167–175]. This is pri-
marily because we cannot safely biopsy this tumor 
and thus cannot correlate the genetic and epigene-
tic changes at the level of the tumor with clinical 
outcomes. Thus, since the 1990s the only real 
change in the management of retinoblastoma has 
been a focus on more localized delivery of chemo-
therapy to the eye with no role for tumor-derived 
genetic factors in the initial management of this 
disease. Preliminary research has, however, sug-
gested that there are factors that predispose to 
increased tumor anaplasia, which correlates with a 
poor prognosis [176, 177]. Further studies have 
shown tumor-derived cell-free-DNA (cfDNA) is 
present in the aqueous humor of advanced retino-
blastoma eyes. This cfDNA can be reliably col-
lected, amplified and even evaluated for 
chromosomal alterations (e.g. small regions of 
gains and losses) [19]. It is also known from stud-
ies on tumor tissue, that chromosomal copy num-
ber alteration (gains and losses of partial sections 
of chromosomes) is a common secondary genomic 
change that allows for tumor progression [178, 
179]. Interestingly, the tumor-derived cfDNA in 
the aqueous mimics the changes at the level of the 
tumor suggesting that the aqueous can be used as a 
liquid biopsy, or ‘surrogate biopsy’ for retinoblas-
toma (Fig. 3.6). This allows for the unique oppor-
tunity to evaluate these chromosomal changes in 
the tumor DNA found in the aqueous (e.g. before 
an eye has been enucleated) so that they can be 
associated with clinical tumor features, response 
to therapy and prognosis. Given that a paracentesis 
is now routinely performed before each injection 
of intravitreal melphalan (see intravitreal chemo-
therapy) and no cases of extraocular spread have 
been reported [180], it appears that a paracentesis 
is safe to perform in eyes with retinoblastoma even 
during active therapy. This method of isolating 
cfDNA from the aqueous has been termed the 
‘surrogate liquid tumor biopsy’ and is the first time 
that retinoblastoma tumor-derived DNA has been 
isolated without enucleation from eyes undergoing 
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salvage therapy [19]. While this research is early, it 
may finally allow for identification of the RB1 
mutation in (nearly) all patients without enucle-
ation and finally allow for genotypic-phenotypic 
correlation and important prognostic information. 
Evaluation of the aqueous humor during treatment 
for eyes with retinoblastoma has allowed for iden-
tification of a possible biomarker that portends a 

poor prognosis for globe salvage with therapy. In 
this study the authors found that identification of 
an increased copy number on a segment of chro-
mosome 6p (termed gain of 6p) was associated 
with a 10× increased risk of the eye requiring enu-
cleation after failed attempts at eye salvage [181]. 
Genes on 6p (DEK, E2F) are known to play a role 
in retinoblastoma tumorigenesis but the exact 
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mechanism of 6p gain, or even the single gene 
player, is not yet known [182]. It will be important 
to obtain aqueous humor at diagnosis from eyes 
undergoing salvage and to evaluate the outcomes 
of these children prospectively before fully eluci-
dating the prognostic impact of this potential bio-
marker. While there have been great strides in the 
diagnosis, imaging, staging and the local delivery 
of chemotherapy to augment globe salvage for 
these patients, there has been a complete lack of 
targeted therapies. The ‘surrogate liquid tumor 
biopsy’ may finally allow for the development of 
personalized medical therapy for retinoblastoma 
patients. Thus, we are entering into an exciting 
landscape for the management of this disease.
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