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SUMMARY

Retinoblastoma is the most common primary malignant intraocular tumor in children. Seeding, specifically the dispersion of the tumor into the
adjacent compartments, represents a major parameter determining the degree of retinoblastoma according to the International Classification
of Retinoblastoma. In this article we focused on vitreous seeding, one of the main limiting factors in the successful “eye preservation treatment”
of retinoblastoma. This article presents an overview of the history of vitreous seeding of retinoblastoma, established treatment procedures and
new-research modalities. The introduction of systemic chemotherapy in the treatment of retinoblastoma at the end of the 1990s represented
a significant breakthrough, which enabled the progressive abandonment of radiotherapy with its attendant side effects. However, the attained
concentrations of chemotherapeutics in the vitreous space during systemic chemotherapy are not sufficient for the treatment of vitreous seeding,
and the toxic effects of systemic chemotherapy are not negligible. A significant change came with the advent of chemotherapy in situ, with the
targeted administration of chemotherapeutic drugs, namely intra-arterial and intravitreal injections, contributing to the definitive eradication of
external radiotherapy and a reduction of systemic chemotherapy. Although vitreous seeding remains the most common reason for the failure of
intra-arterial chemotherapy, this technique has significantly influenced the original treatment regimen of children with retinoblastoma. However,
intravitreal chemotherapy has made the greatest contribution to increasing the probability of preservation of the eyeball and visual functions in
patients with advanced findings. Novel local drug delivery modalities, gene therapy, oncolytic viruses and immunotherapy from several ongoing
preclinical and clinical trials may represent promising approaches in the treatment of vitreous retinoblastoma seeding, though no clinical trials have
yet been completed for routine use.
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INTRODUCTION age. These patients have a mutated Rb1 gene only in the
tumor tissue [3]. The growth of Rb begins with a small, se-
mi-transparent lesion in the sensory part of the retina, after

which it progressively takes on a whitish coloring, and a

Retinoblastoma (Rb) is the most common malignant
intraocular tumor in childhood age, with an incidence of

1 in 13844 born children in European countries [1], while
in the Czech Repubilic it is diagnosed on average in 6 to 7
children annually [2]. According to heredity, the pathology
is divided into two forms. Hereditary Rb (approximately
40% of cases), characterized by embryonic mutation of the
retinoblastoma (Rb1) gene, is usually diagnosed in chil-
dren at around the age of one year, and the finding may
be either bilateral or multifocal, though in 10-15% of ca-
ses is only unilateral. The non-hereditary form of Rb most-
ly afflicts only one eyeball, forms one lesion, and appears
more frequently in older children between 1 and 3 years of
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dilated afferent and efferent vessel appears. Upon further
growth the tumor leaves the retina, and an exophytic or
endophytic image of growth may occur. A very rare form
of Rb is diffuse growth of Rb [4,5]. Localized intraocular Rb
is divided into groups A to E based on the advanced st-
age of the pathology according to the ICRB (International
Classification of Retinoblastoma), which helps determine
the probability of preserving the eyeball, as well as of pre-
serving visual functions [2,6], Table 1. Rb seeding consti-
tutes the dispersion of tumor particles into the adjacent
compartments, and is the main parameter for determining



the degree of Rb according to the ICRB (groups C, D and E).
Seeding of intraocular Rb may occur into 4 different anato-
mical localities (Table 2) [7].

In this article we have focused on vitreous seeding. On
the basis of morphology, vitreous seeding is divided into
3 groups: dust (Fig. 1), spheres (Fig. 2) and clouds (Fig. 3)
[7,8]. These three types differ not only in their morpho-
logy, but also in their response to treatment [8]. Vitreous
seeding is one of the main limiting factors in the success-
ful “eye-preservation treatment” of retinoblastoma.

THERAPY FOR VITREOUS SEEDING

History

Historically the first recorded treatment of Rb was enuc-
leation of the eyeball. This therapy was proposed a life-pre-
serving procedure by James Wardrop in 1809 [9]. Almost
one hundred years later this was followed by external radio-
therapy, which represented the first possibility of eye-pre-
servation treatment, thanks to Hilgartner’s demonstration of
the radiosensitivity of Rb in 1903 [10]. However, in addition
to ocular complications (cataract, irradiation retinopathy, vi-
treous hemorrhage, glaucoma), external radiotherapy also
increases the later effects of the pathology, which are local
effects in connection with orbital growth defect, endocri-
nopathy, secondary brain tumors, post-radiation sarcomas,
and in the case of hereditary retinoblastoma the procedure
above all increases the risk of secondary malignancies [9].
In recent decades, conservative therapy of retinoblastoma
has experienced rapid development. The introduction of
systemic chemotherapy (the currently used protocol of six
cycles of VEC - Vincristine, Etoposide, Carboplatin) and focal
therapy (cryotherapy, transpupillary thermotherapy and
brachytherapy) at the end of the 1990s enabled the progre-
ssive abandonment of external radiotherapy. The risks of
systemic chemotherapy include the onset of secondary le-
ukemias and myelodysplastic syndrome potentiated by eto-

Figure 1. Classification of vitreous seeds: dust

Table 2. Four distinct anatomic sites of intra-ocular
retinoblastoma [7]

tumor dispersion into the vitreous gel following endo-

L5 phytic disruption of ILM and hyaloid at tumor apex

tumor suspension spreading into the retro-hyaloidal
space secondary to endophytic disruption of the ILM

2. . .
at tumor base alone, and partial or complete posteri-
or vitreous detachment

3 tumor suspension into the subretinal space created

by exophytic growth

tumor suspension into the aqueous fluid of the pos-
4. terior and anterior chambers secondary to disrupti-
on of the anterior hyaloid

ILM - internal limiting membrane

Table 1. International Classification of Retinoblastoma (ICRB) [6]

Group Quick reference Specific features

A Small tumor Rb <3 mm in size

Large tumor Rb > 3mm in size or
Macula

B Macular Rb location (< 3 mm to foveola) Juxtapapillary Rb location (< 1.5 mm to disc)

Juxtapapillary . . .
Subretinal fluid Clear subretinal fluid (< 3 mm from margin)

Subretinal seeds < 3 mm from Rb
Vitreous seeds < 3 mm from Rb
Both subretinal and vitreous seeds < 3 mm from Rb

C Focal seeds

Subretinal seeds > 3 mm from Rb
Vitreous seeds > 3 mm from Rb
Both subretinal and vitreous seeds > 3 mm from Rb

D Diffuse seeds

Extensive Rb occupying > 50% of globe or

Neovascular glaucoma

Opaque media from hemorrhage in anterior chamber, vitreous, or subretinal space
Invasion of postlaminar optic nerve, choroid (> 2 mm), sclera, orbit, anterior chamber

E Extensive Rb

Rb - Retinoblastoma
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Figure 2. Classification of vitreous seeds: spheres

poside [11,12], as well as loss of hearing caused by ototoxic
carboplatin [13]. However, the attained concentrations of
chemotherapeutics are not sufficient for the treatment of
vitreous seeding. A significant change occurred 10 years la-
ter, when the advent of chemotherapy in situ with targeted
administration of chemotherapeutics by means of intra-ar-
terial, intravitreal and most recently also intracameral injec-
tion, significantly increased the probability of preserving
the eyeball and visual functions, and thereby contributed
to the definitive eradication of external radiotherapy and a
reduction of systemic chemotherapy [10].

Super-selective intra-arterial chemotherapy
(Ophthalmic artery chemosurgery)

Intra-arterial chemotherapy may also be effective in the
treatment of vitreous seeding. However, this therapy is not
available in all centers, since it represents a complicated
method, requiring an experienced, specialized radiologi-
cal team [14,15]. Although vitreous seeding remains the
most common reason for failure of OAC (ophthalmic artery
chemosurgery), this technique has had a marked influence
on the original therapeutic schema of children with reti-
noblastoma. A two-year study conducted by Abramson et
al. determined an 83% probability of preservation for eyes
with seeding treated by OAC for eyes without any previous
treatment, and a 76% probability of preservation for eyes in
which treatment by a conventional method had failed [16].
The first attempts to administer an intra-arterial injection in
the therapy of Rb were described by Reese et al.in 1958, and
subsequently by Kiribuchi, with administration of a triethy-
lenmelamine infusion into the arteria (a) carotis and 5-fluo-
rouracil into the a. frontalis and a. supraorbitalis [17]. Selecti-
ve intra-arterial therapy has been used in Japan since 1988,
and despite several years of experience with a number of
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Figure 3. Classification of vitreous seeds: clouds

patients exceeding 400, was not expanded to other centers
[18,19]. The modern era of OAC began after the introdu-
ction of the new technique in 2006 at the Memorial Sloan-
-Kettering Cancer Center by Abramson and Gobin [20], who
described a modified method of super-selective intra-arte-
rial application directly into the arteria ophthalmica (OA), in
contrast with the selective intra-arterial application of their
Japanese colleagues, in which the infusion of the cytostatic
was applied into the a. carotis interna with temporary ballo-
on occlusion of the a. carotis interna (ICA) distally from the
OA. The modification according to the American authors
is used in retinoblastoma centers to this day. The limit for
performance of the procedure is a minimum weight of the
child of 6 kg, and a minimum age of 3 months [16]. The
procedure is performed under general anesthesia. Cannu-
lation of the a. femoralis is performed, and anticoagulation
therapy is administered with Heparin 751U/kg [21]. A special
microcatheter with a diameter of 450 um is fed through the
femoral artery into the ipsilateral ICA and OA, the cytostatic
is then applied directly into the OA by infusion for a period
of 30 minutes. If a number of chemotherapeutics are admi-
nistered, a Melphalan infusion is always applied first of all. A
limitation of this method may be represented by vascular
anomaly, anomaly of spacing of the OA, upon which it is
not possible to complete OAC successfully. In rare cases it is
not possible to cannulate the OA via the ICA, which may be
caused by previous injury to the ostia of the OA, or by small
size or anatomical abnormalities; for these cases authors
have published the method of cannulation of the a. carotis
externa [16].

The chemotherapeutics (CHT) used are melphalan, to-
potecan and carboplatin, used either in monotherapy or
in combination [22]. The most commonly applied is the
alkylating cytostatic melphalan, the use of which in pedia-



tric oncology is limited by its severe toxic effects, primarily
bone marrow suppression [23]. Munier et al. state a do-
sage of melphalan of 0.35 mg/kg, not exceeding a dose of
7.5 mg, on average 3 injections at 3-weekly intervals [17].
Another cytostatic, which is administered rather in com-
bination with melphalan, is topotecan, which is ranked
among topoisomerase | inhibitors. A clinical trial on intra-
-arterial therapy in patients with Rb using combined tre-
atment of melphalan 0.5 mg/kg and topotecan 0.5-1 mg
demonstrated a good synergic effect without an increase
of hematological toxicity in comparison with monothera-
py by melphalan [24]. Carboplatin is classed among platin
derivates, and its use in the form of OAC has been connec-
ted with an observation of thinning of the retinal vessels,
since pharmaceuticals on a platin base have a sclerotizing
effect [21]. Abramson et al. stipulated the following initial
doses of cytostatic agents for their patients: melphalan 0.4
mg/kg, topotecan 0.2-4 mg and 50 mg of carboplatin [25].

After the procedure we may observe transient eyelid ede-
ma [26], hyperemia and chemosis of the conjunctivae [20],
or forehead hyperemia, and madarosis [25,26]. Temporary
changesin the region of the orbit and ocular adnexa, such as
eyelids edema, ptosis, congested orbit with temporary dys-
function of the extraocular muscles, have been described by
Shields et al. These complications subsided within the range
of 2 to 6 months, in which the longest persisting condition
was blepharoptosis, for 4 to 6 months [21]. Several cases
of stenosis of the OA, occlusion of the central retinal arte-
ry or occlusion of a branch of the retinal artery have been
published; however, this depends on the experience of the
attending team [17,21,25]. Several authors have described
atrophy of the choroid, diffuse or sectoral [17,21]. Abramson
et al. also recorded the following in their patients: vitreous
hemorrhage, optic nerve swelling, suprachoroidal hemorr-
hage and in a number of cases also phthisis of the eyeball
[25]. Hypotension, bradycardia and bronchospasm were re-
corded during the procedure in certain cases [25,27], in very
rare cases central strokes have been published [28]. In some
patients transient cytopenia (neutropenia/thrombocyto-
penia) has developed, in the majority of cases without the
necessity of hospitalization or the administration of transfu-
sion preparations [20,21,25,26].

Intravitreal chemotherapy

Intravitreal chemotherapy (IViC) represents a fundamen-
tal breakthrough in the treatment of eyes with vitreous see-
ding. The first mentions of the use of intravitreal therapy for
Rb appeared in 1960, when Ericson and Rosengren used the
alkylating cytostatic thiotepa. However, the pioneer of the
concept not only of intravitreal but also intra-arterial chemo-
therapy with the use of melphalan was the Japanese ophthal-
mologist Akihiro Kaneko [29]. In 2012 a study on the intravit-
real application of melphalan was published by Munier et al.,
supporting the IViC method as a promising therapeutic tech-
nique in which preservation of the eyeball was attained in
87% of eyes with active recurrent or persistent seeding, and
in 81% of eyes with active vitreous seeding primarily planned
for enucleation in order to control the tumor [30]. Munier et

al. defined the method of safe application of an intravitreal
injection for Rb, in which procedures are used for preventing
the extraocular spreading of tumor cells along the channel
of injection [31]. This method was subsequently established
also in further specialized retinoblastoma centers. It is impor-
tant to ensure strict adherence to the indication criteria, in-
cluding examination of the pars plana region by ultrasound
biomicroscopy: 1. transparent optic media, 2. absence of in-
vasion of the tumor into the anterior or posterior chamber,
3. absence of a tumor in the place of injection, 4. absence of
vitreous seeding in the place of injection, 5. absence of retinal
detachment in the place of application. The procedure is al-
ways performed under general anesthesia, in mydriasis and
under a surgical microscope. In order to prevent reflux, transi-
ent hypotonia of the eyeball is performed by paracentesis of
the anterior chamber with a 25G incision on the corneal lim-
bus, without perforation of the Descemet’s membrane. A 32G
needle on a tuberculin syringe is subsequently guided tan-
gentially to the periphery of the anterior chamber in parallel
with the iris,and a sample of intraocular fluid with a volume of
0.1-0.15 ml is aspirated (depending on the planned quantity
of applied chemotherapeutic), which we then send for cyto-
pathological examination. We subsequently apply an intravi-
treal injection in the place of planned application 2.5-3.5 mm
from the limbus, depending on the age of the patient using
a 32G needle on a tuberculin syringe, perpendicular through
the conjunctiva and sclera until with reach the vitreous cavi-
ty. We inject the contents of the syringe as a bolus within 5's,
with visualization of the end of the needle by microscope. In
order to prevent the spread of tumor cells along the injection
channel we use the method of triple freezing without inden-
tation (6 sec. each cycle) during the course of extraction of the
needle. Following the application, we delicately take hold of
the eyeball with conjunctival forceps approximately 1 mm
from the limbus, and carefully move it around in all directions,
thereby ensuring an even distribution of the pharmaceutical
within the vitreous cavity [31].

The most commonly used chemotherapeutics for IViC are
melphalan and topotecan, frequently in combination [32-
35]. From a practical perspective it is important not to over-
look spontaneous hydrolysis of the cytostatic, since in the
case of melphalan a progressive decrease of activity takes
place one hour after the dilution of the pharmaceutical [36].
All the remainder of the diluted solution must be liquidated.
In order to alleviate the financial costs pharmacists therefore
recommend the storage of an already pre-filled syringe at a
temperature of -20 °C; the stability of a cytostatic thus stored
is as long as 6 months [37]. Intravitreally administered mel-
phalan manifests retinal toxicity, and may commonly lead
to a deterioration or loss of function of the retina [30,32,35].
Melphalan binds well to melanin, and as a result in dark
eyes there is a greater disposition to retinal toxicity and
therefore also a worse ERG (electroretinography) recording,
as well as the finding on the ocular fundus [32,35,38]. In a
study conducted by the authors Francis et al., each injecti-
on of melphalan was associated with a significant decrease
of ERG response, by approximately 5.3-5.8 pV, increased
toxicity was recorded in more pigmented eyes, and upon
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administration of intra-arterial chemotherapy at an inter-
val shorter than 1 week from IViC. Retinal toxicity following
IViC with melphalan appears fairly promptly, approximately
within 1 week, after which it is generally stable and there is
no further decrease of ERG amplitude, which also explains
the fact that the interval between individual IViCs does not
play such arole in increasing the toxicity of the retina [35]. A
common side effect is salt and pepper localized retinopathy
in the place of injection (sometimes referred to as melpha-
lan pigment epitheliopathy) [35,39,40]. Here there was also
an assumption that the repeated application of injections
in the same place could lead to an increase of retinal toxici-
ty [35], but this was not confirmed in a study conducted in
2017 [32]. Francis et al. described the toxic effects of intra-
vitreally administered melphalan on the anterior segment
in the form of recess of the iris, cataract, depigmentation
or thinning of the iris and scleromalacia [41]. Reflux of the
vitreous, retinopathy, hemorrhage into the vitreous, endo-
phthalmitis and retinal detachment have also been descri-
bed in connection with the treatment of retinoblastoma by
intravitreal injection [10,42]. Determining the optimal do-
sage of melphalan has been the subject of several publica-
tions. Ghassemi and Shields initially used a melphalan dose
of 8 ug/0.1 ml, in which they documented a rapid regression
of vitreous seeding with minimal side effects; however, re-
currence of seeding occurred. 50 pg of melphalan demon-
strated a fast and long-term effect, but in such a high dose
pronounced complications were recorded, such as cataract,
vitreous hemorrhage, subretinal hemorrhage, severe hypo-
tonia and phthisis of the eyeball leading to enucleation. A
dose of 20-30 pug/0.1 ml had a good therapeutic response,
without serious side effects [43]. Shields et al. stipulated as
standard a dose of 20-30 pug/0.1 ml with an average number
of 6 injections [44], which in a further publication they revi-
sed to an average of 4 injections of melphalan and 3 injecti-
ons of topotecan [34]. Munier et al. also inclined towards a
dose of melphalan of 20-30 pg. [30].

In contrast with melphalan, topotecan (TPT) has a longer
intraocular half-life. In vivo experiments on a rabbit model
excluded retinal toxicity following the use of topotecan
[45], even upon the use of higher doses (as high as 50 g
per week) [46]. Retinal toxicity of TPT was also not confir-
med by the authors of the retrospective study by Nadel-
mann et al., who used a dose of 20-30 pg for patients with
retinoblastoma [47]. Ghassemi et al. examined the effect
of a combination of topotecan and melphalan, and deter-
mined very good effectiveness of this combination upon a
dosage of TPT 20 ug/0.1 ml and 40 pg of melphalan [33].
The German authors Schluter et al. used a dose of 25 ug of
melphalan in combination with 20 pg of TPT, in this case
eye treatment was combined with brachytherapy [40].
Limited data are available about the effect and toxicity of
intravitreally administered carboplatin [48].

The authors of the article recorded a different response
to IViC treatment according to the morphological type of
seeding. A different regression time of the tumor was ob-
served, as well as the number of applied injections, and
the cumulative and average dose of melphalan necessary
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for controlling seeding. The dust type manifested a more
rapid regression upon a smaller number of injections and
lower dose of melphalan, while the opposite applied in
the case of the clouds type [8,40]. Classification of see-
ding may therefore help predict the time, number of in-
jections and dose of melphalan leading to total regressi-
on of seeding [11]. Yousef et al. classified the therapeutic
response within 3 types: type 0 (complete suppression),
type | (calcific seeds) and type Il (amorphous seeds) [49].

Periocular therapy

Several authors have assessed the effects of periocular
application of CHT on an animal model, with the aim of
attaining higher intravitreal concentrations with negligible
systemic absorption and zero systemic side effects [50]. In
contrast with systemic administration of carboplatin, 10 ti-
mes higher concentrations were attained in patients with
Rb through periocular application, with negligible levels of
the cytostatic in the blood [50,51]. A number of scientific
groups have attempted local periocular application of CHT
(carboplatin, topotecan) in various forms, specifically admi-
nistration of CHT in depot gel [52], solid polymer [53-55], a
system of iontophoresis [56], or a miniature catheter placed
on the sclera [51]. However, complete regression of seeding
was attained only rarely, and despite the fact that minimal
systemic toxicity was attained local adverse effects were
frequently recorded, including orbital pseudocellulitis in as
many as 50% of cases, optic atrophy and scarring in the pe-
riorbital region [57]. In our in vivo experiments with topote-
can delivered by episcleral bi-layered hydrogel implant in a
rabbit eye model, these local side effects were not recorded
[54,55]. At the moment of writing, the first phase of a clinical
trial of a new episcleral carrier with topotecan entitled “Che-
moplaque” is under way in Canada [58].

Gene therapy and oncolytic virus therapy

Intravitreal application of a suicide gene — the gene her-
pes thymidine kinase — on an adenovirus carrier, followed
by intravenous ganciclovir therapy, was observed in the
first phase of a clinical trial on patients with bilateral reti-
noblastoma and vitreous seeding not responding to stan-
dard treatment; control of the tumor was achieved in one
out of eight patients [59]. Within the framework of precli-
nical trials, a conditionally replicating oncolytic adenovirus
has been examined by other scientific groups. One of the-
se oncolytic adenoviruses, VCN-01, replicates itself selecti-
vely in tumor cells with a high incidence of free E2F-1 (E2F
Transcription Factor 1), as a consequence of a dysfunctio-
nal Rb1 pathway [60]. The authors assumed that VCN-01
may provide targeted therapeutic activity also in the case
of chemo-resistant Rb. Retinoblastoma cells have been su-
ccessfully destroyed in in vitro experiments. In xenograft
retinoblastoma models in mice, necrosis of the tumor and
a higher number of preserved eyeballs were achieved fo-
llowing intravitreal administration of VCN-01 in comparis-
on with standard chemotherapy, as well as prevention of
metastases into the CNS. On a rabbit immunocompetent
model, VCN-01 was not replicated in the retina, and mini-



mal local side effects were recorded, with a minimal short-
-term transition of the virus into the blood circulation. The
initial first phase of the clinical trial demonstrated the feasi-
bility of intravitreal application, the appearance of markers
of viral replication in tumor cells, and led to a suppression
of vitreous seeding without systemic complications with a
local inflammatory reaction in the vitreous body [60].

Immunotherapy

Retinoblastoma cells exprimate the ganglioside GD2
[61,62], monoclonal antibodies anti-GD2 are approved in
the treatment of neuroblastoma [63], though as yet there
is not sufficient clinical experience for their use in the tre-
atment of Rb. GD2 together with the adhesive neural cell
glycoprotein CD171, which is also highly exprimated on
the surface of Rb cells, are the target for modern therapy
using CART (chimeric antigen receptor T) cells. The appli-
cation of these two types of cells had a cytotoxic effect on
the cellular lines of retinoblastoma [64]. Further scientific
groups subsequently developed local immunotherapy
founded upon GD2 CART cells. In order to increase sta-
bility, the cells were applied intravitreally in hydrogel. In
orthoptic xenograft animal models a complete regressi-
on of the tumor was recorded, without signs of recurren-
ce or toxicity for the eye [65].
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