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The role of intravitreal chemotherapy for retinoblastoma

Fairooz P Manjandavida, Carol L Shields’

Targeted therapy in retinoblastoma (RB) is widely accepted as the current management tool with an aim
of increasing drug availability at the tumor location. Inevitably the effect is several times higher compared
to systemic delivery of chemotherapeutic drugs and carries less systemic toxicity. Despite tremendous
advancement in saving life, eye salvage in advanced RB especially with active vitreous seeds remains
a challenge. The hypoxic environment of the vitreous and reduced vitreous concentration of the drugs
delivered makes these tumor seeds resistant to chemotherapy. Direct delivery of chemotherapeutic drugs
into the vitreous cavity aids to overcome these challenges and is progressively being accepted worldwide.
However, intraocular procedure in RB was abandoned due to high risk of extraocular tumor dissemination.
Recently, the forbidden therapeutic technique was re-explored and modified for safe use. Although eye
salvage rate has tremendously improved after intravitreal chemotherapy (IVitC), retinal toxicity, and vision
salvage are yet to be validated. In our preliminary report of intravitreal melphalan in 11 eyes, we reported
100% eye salvage and 0% recurrence with an extended 15 months mean follow-up. In this review, we
analyzed published reports on IVitC in RB via PubMed, Medline, and conference proceedings citation index,
electronic database search, without language restriction that included case series and reports of humans and
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experimental animal eyes with RB receiving IVitC.
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Passing through the era of primary enucleation for
retinoblastoma (RB), we are now experiencing the benefits
of chemotherapy in its various forms."*! Targeted treatment
in RB management has gained immense popularity recently,
including intra-arterial chemotherapy (IAC) and intravitreal
chemotherapy (IVitC).** These modern techniques allow
introduction of chemotherapeutic agents directly at the tumor
site, thus attaining maximum concentration locally. There has
been a tremendous leap in the management from life salvage
to eye and vision salvage. For decades, systemic intravenous
chemotherapy has shown promising results.”! Despite the
availability of various protocols, vitreous seeding is the
most important limiting factor for globe salvage in advanced
intraocular RB.M"!

Treatment of vitreous seeds remains most challenging in
RB.I'"12] Vitreous seeds are often visualized in endophytic
proliferation of large undifferentiated tumors. Pathologically
most of the vitreous seeds have been found to be necrotic
tumor cells, but they can also exist as intact, viable tumor
cells at risk for further tumor growth.!"®! Apart from causing
tumor implantation on the retina, the seed can also migrate
to the anterior segment. Some cases of vitreous seeding are
amenable to conventional treatment with systemic intravenous
or IAC and radiotherapy, however, massive, diffuse infiltration
of the vitreous can be resistant to available measures with
unfavorable prognosis leading to enucleation.*% Various
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adjuvant therapeutic modalities have been used in the
past to address vitreous seeding in RB including, external
beam radiotherapy (EBRT), cryotherapy prior to systemic
chemotherapy and periocular delivery of chemotherapeutic
agents that increase the therapeutic concentration in vitreous
cavity.""52 Globe salvage ranged from as low as 3% with
systemic chemotherapy and EBRT, to 77% with high-dose
chemotherapy combined with periocular carboplatin and
EBRT."7] Reports from the developed countries on the
outcome of supra-selective IAC have been encouraging in
tumor control and subretinal and vitreous seeds as well.
Abramson et al. reported the 2-year probability of eye salvage
in advanced RB after IAC with vitreous seeds (64%), subretinal
seeds (83%), and both (80%).0" Shields et al. showed the
outcome of IAC in Group D (1 =17) and Group E (1 =14) eyes
with overall control of vitreous seeds in 86% (Group D =91%;
Group E = 80%).M Recent use of IVitC had shown promising
results with 87% to 100% globe salvage in RB with vitreous
seeds.®? In this review we describe the indications, technique,
complications, and outcome of IVitC for vitreous seeds in
RB. Published reports on IVitC for RB both in humans and
experimental animals (in vitro and in vivo) were identified
and analyzed. The data were collected via PubMed, Medline,
and conference proceedings citation Index electronic database
search, without language restriction.

History and Background

The principle of IVitC is to achieve maximum drug concentration
as close to the tumor for maximum therapeutic effect with the
lowest systemic concentration. Introduction of intravitreal
chemotherapeutic drugs dates back to early 1960 where
Ericson and Rosengren treated six eyes with intravitreal
injection of 0.3-0.4 mm? thiotepa, injected with 0.3 mm fine
canula through the posterior part of the ciliary body. It did not
draw any definitive conclusion.”"! Further to this case series,
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Ericson ef al. took the experiments to the lab and studied the
toxic effects of nitrogen mustard, thiotepa, cyclophosphamide
and methotrexate in experimental animals and concluded that
except nitrogen mustard, others are devoid of toxicity in rabbit
eyes.[? Later in 1995, Seregard et al. revived the technique
and injected 2 mg/0.5 ml of thiotepa in three eyes twice in
2 weeks followed by vitrectomy and continued supplemental
thiotepa every week up to a total dose of 10-14 mg. Authors
noted that there was absence of clinical response with the
injections alone, requiring vitrectomy. Of the three eyes, one
eye underwent enucleation, and all were devoid of orbital
recurrence and systemic metastasis at a mean follow-up of
54 months. However, one enucleated eye showed proliferating
viable tumor cells.”! Even after these initial reports, there was
hesitation to perform intraocular procedures in eyes with RB for
many years as it entails risk of extraocular tumor dissemination
and high risk of systemic metastasis and death. Karcioglu
stressed the risk of needle track tumor dissemination after
fine needle aspiration cytology with 25 and 27 gauge needles,
instilling awareness and caution in injecting eyes with active
RB.™=!

Intravitreal melphalan hydrochloride in retinoblastoma

The use of intravitreal melphalan hydrochloride has recently
gained popularity worldwide and various authors consider
it as an effective technique to destroy the floating vitreous
seeds in RB. This medication is a cytotoxic nitrogen mustard
derivative alkylating agent that inhibits both DNA and RNA
synthesis, which was originally used for multiple myeloma,
malignant melanoma and ovarian cancer. Inomata and Kaneko
studied the effect of 12 anti-cancer drugs for eye preservation
treatment and found that melphalan was most sensitive.?
This was not only considered for the popular IAC for RB, but
also were subsequently administered intravitreally by Ueda
et al. Initial study on albino rabbits showed that a minimum
dosage of 10 ug showed no toxic effects to the retina, moderate
changes in electroretinogram (ERG) after 20 ug injection
and 90 pg had deterioration in retinal function. It was also
found that 10 ug injection was equivalent to an intravitreal
concentration of 5.9 ug/ml and 4 pg/ml was the concentration
required to completely suppress RB cell colony formation
in-vivo in albino rabbits.® This led to the introduction of
intravitreal melphalan as an eye preserving treatment for RB
with vitreous seeds. Initially introduced by Suzuki and Kaneko,
they have performed 896 melphalan injections in 237 eyes and
dosage ranged from 8 pg to 24 ug. They reported extraocular
extension in 0.4% (n =1) following injection with dense vitreous
seeds and anterior chamber involvement; yet another one with
metastasis where intravitreal melphalan could not be excluded
as the cause.® Henceforth, well-defined indications, specific
contraindications, safe techniques, and dosage were evaluated
by various authors.

In 2006, our team in Philadelphia at Wills Eye Hospital
treated three patients with intravitreal melphalan using low
dose of 8 ug. In each case, we witnessed vitreous seed regression
but later recurrence at about 4-6 months point dissuaded us
from further pursuing this route. In retrospect, the low dose of
8 ug was insufficient for therapy and in 2010, we adjusted our
dose to a higher concentration of 20-30 ug with much-improved
results. Currently, intravitreal melphalan is used on a weekly
basis for RB in our practice.

Munier et al. recommended guidelines for treating
vitreous seeds with intravitreal injection.”®! The indications
elaborated werel®! “(i) absence of anterior segment invasion
and posterior chamber invasion; (ii) absence of hyaloid
detachment; (iii) absence of retinal detachment, tumor, and
vitreous seeds at the entry site.” All the eyes underwent
ultrasound biomicroscopy examination prior to the injection.
They treated 23 eyes with vitreous seeds with 122 intravitreal
melphalan injections weekly and documented vitreous seed
regression after median of four injections of dose ranging from
20 pg to 30 ug.®

Ghassemi and Shields reported an evaluation of proper
dose range for IVitC for RB. They explored low dose of 8 ug
versus higher dose of 20-30 ug versus highest dose of 50 ug.
They found poor control with the lowest dose (8 ug) and local
toxicity with the highest dose (50 pg) that included cataract,
vitreous and subretinal hemorrhage, and phthisis bulbi.® They
concluded that a dose of 20-30 ug was ideal.

Most recently, Shields et al. published their study on 11eyes
with recurrent vitreous seeds after chemotherapy. They found
that after intravitreal injection of 20-30 ug melphalan, there
was 100% seed control, 100% eye salvage and no recurrence
at 9 months mean follow-up.”!

Apart from melphalan, other chemotherapeutic agents
used were, methotrexate, carboplatin, and topotecan. Kivela
et al. performed intravitreal methotrexate injection (400 ug) in
5 eyes out which two had vitreous seeds. It consisted of frequent
injections of 20-27 times for 12 months with induction and
maintenance phase with complete response.”” The problem
with methotrexate is the need for numerous injections up
to 22 or more per protocol for a 1-year period compared to
melphalan with 4-6 injections over 2-3 months.

Smith et al. reported sub-conjunctival carboplatin injection
preceded by intravitreal injection of carboplatin (3-6 pg) in two
eyes. Vitreous seed failed to respond after a single injection and
prompted enucleation, which was histopathologically found
to be devoid of any ocular structural toxicity."

Another effective chemotherapy agent for RB is topotecan.
Topotecan hydrochloride, a topoisomerase-1 inhibitor is
being evaluated as a potential agent for treating vitreous
seeds and is still in the experimental phase. Role of periocular
topotecan in intraocular RB and intravenous administration
for overt extraocular RB has been reported earlier and has
limited toxicity."®**? Buitrago et al. studied the toxicity profile
of intravitreal topotecan in rabbit eyes.™ In their recent
case series, Ghassemi et al. explored the effect of intravitreal
topotecan combined with melphalanin 9 eyes and found that the
combination of both agents was remarkably effective.* Similarly,
our practice at Wills Eye Hospital has found outstanding
vitreous seed control with both agents combined.

In our practice, we follow certain guidelines in evaluation
and decision-making. Intravitreal melphalan is indicated in
eyes with persistent and or recurrent vitreous seeds and used
as adjuvant after maximum chemoreduction of RB either
with systemic intravenous chemotherapy or IAC. All eyes
undergoing melphalan is examined for contraindications
including tumor extension to the ciliary body and/or anterior
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segment, tumor filling the eye, retinal detachment, and vitreous
hemorrhage. Major risk is tumor dissemination breaching the
ocular coats and to the anterior segment as well. The injection
site is chosen 2 O clock hours away from the vitreous seed
location in a quadrant free of seeds. The preferred site of
injection is pars plana, 3-3.5 mm away from the limbus and the
needle pointing towards the center of the vitreous cavity. It is
essential to confirm the absence of the tumor in the site selected.
Paracentesis prior to injection is preferred by few authors to
attain globe hypotony and avoid reflux of vitreous with possible
microscopic seed exteriorization. The dosage varied from 20 pg
to 30 ug depending upon the distribution and extent of seeds for
amaximum of 6 injections. Escalated doses are preferred in the
presence of dense vitreous seeds, suboptimal response to prior
injection and, recurrence. We observed complete regression of
vitreous seeds after a median of four injections (range, 2-6).

Preparation of chemotherapeutic drugs

Melphalan hydrochloride is available as 50 mg lyophilized
powder that is reconstituted with preservative-free 0.9%
sodium chloride solution in a sterile chamber. Initially 10 ml
of 0.9% preservative-free normal saline is added to achieve a
concentration of 5 mg/1 ml and vigorously shaken until a clear
solution is obtained. Further, 1 ml of melphalan is injected
into an evacuated sterile vial to which 24 ml 0.9% sodium
chloride is added to yield a solution of 0.2 mg/ml (200 pug/ml).
The reconstituted drug (0.3 ml) is then transferred to a 1 ml
luer lock syringe through a 5 u filter. Dosage is adjusted
accordingly (20 pg/0.1 ml; 25 ug/0.125 ml; 30 ug/0.15 ml). The
major limitation in using melphalan is its short half-life and
should be administered within 1 h of reconstitution. Similarly,
topotecan hydrochloride is reconstituted to 20 ug/0.1 ml with
0.9% normal saline, but with a longer half-life.

Surgical technique and safety measures

Although the technique of intravitreal injection appears
simple, it carries a risk of extraocular tumor dissemination
in tumor-filled eyes. However, modified injection techniques
can avoid major complications. Prior to the injection, quadrant
and site of injection decided according to the distribution
of vitreous seeds. Clinical evaluation of 360° pars plana is
essential to detect remote tumor foci for safety. Ultrasound
biomicroscopy may be used for confirmation. Under aseptic
precautions, eye is confirmed, and drug delivered intravitreally
via pars plana approach. The needle track size should be kept
as small as possible; ideally 32-gauge needle is preferred.
Following injection, triple freeze-thaw cryotherapy should be
performed at the injection site simultaneously, on withdrawal
of the needle [Figs. 1a and b]. The eyeball is gently jiggled with
a forceps for the even distribution of the drug injected and
reducing local toxicity. Fundus is examined postinjection for
acute complications such as retinal detachment, vitreous and/
or retinal hemorrhage. Topical balanced salt solution is used
to rinse extraocular chemotherapy from the globe surface to
minimize toxicity. Topical steroid/antibiotic is applied, and
there is no patch or further eye drops prescribed. Family is
instructed to not touch the eye for 1-week.

Outcome and Complications

Since Kaneko et al. reported the efficacy of intravitreal
melphalan in RB, it has been popularized as an approach with
promising outcome.”??! Various authors have subsequently

Figure 1: (a and b) Shows the safe technique of intravitreal
chemotherapy delivery. Site of injection selected is pars-plana.
Cryotherapy is applied simultaneously at the injection site on withdrawal
of 32-gauge needle (c and d) fundus photograph of right eye regressed
retinoblastoma with persistent vitreous seeds inferotemporally after
primary treatment. The vitreous seeds appear completely regressed
after 6 cycles of intravitreal melphalan with no recurrence at 9 months
follow-up

reported encouraging results for eye preservation in RB with
vitreous seeds®*? %! [Table 1]. Munier et al. treated 23 eyes
with recurrent and refractory vitreous seeds and achieved
vitreous seed control in 91% eyes and the globe salvage in
87%. The Kaplan-Meier 2-year survival analysis estimated 84%
ocular survival rate.®! Shields et al. in their preliminary report
of 11 eyes with vitreous seeds, showed 100% globe salvage
with melphalan hydrochloride® [Figs. 1c and d]. Ghassemi
et al. observed 66% eye salvage and rapid control (mean, 1.9;
median, 2; range, 1-3 injections) of vitreous seeds with limited
toxicity using a combination of melphalan and topotecan at
15 months mean follow-up.

Ocular side effects of IVitC have been studied in
detail [Table 1]. Most commonly encountered side effect
includes retinal pigment mottling at the site of maximum
concentration of the drug and was reported to be 18-43%.5°!
Brodie et al. reported that photopic ERG was unchanged in an
eye following melphalan injection, indicating preservation of
retinal function after a dosage of 20-30 ug.** Conversely, Francis
et al. in their clinical study on 16 patient eyes who received
30 ug, weekly intravitreal melphalan injections (n = 107),
showed reduced ERG amplitude in all indicating abrupt
permanent retinal toxicity and was found to be nonprogressive
on completion of treatment. In the preclinical evaluation of
rabbit eyes, which received equivalent dosage, revealed severe
retinal damage histopathologically.’”! Smith et al. reviewed
the ocular complications of IVitC in RB.¥! Complications
reported by Kiveld et al., with methotrexate included transient
conjunctivitis, transient keratitis, focal lenticular opacity, and
mild vitreous hemorrhage in the series of 6 cases after 131
injections.”! Associated minor complications of intravitreal
melphalan injection include transient injection site erythema,
sub-conjunctival hemorrhage and mild vitreous hemorrhage.®!
Ghassemi and Shields reported phthisis bulbi and hypotony
with 50 pg leading to enucleation.”” The author evaluated
the enucleated eyes that received one injection of 50 pg and
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Table 1: Intravitreal chemotherapy outcome and complications - review

Author Year Number Chemotherapeutic Dosage Route of Eye Follow-up Complications
of eyes agent (humber of (H9) injection salvage (mean)
injection) (%)

Ericson and 1962 6 Thiotepa (38) 1-1.5mg Posterior 50 8 Cataract, retinal detachment,

Rosengren ciliary body vitreous hemorrhage, atrophic bulbi

Seregard 1995 3(3) Thiotepa (17) 2mg Pars plana 66 54 Cataract

Suzuki and 2011 237 (NA) Melphalan (896) 8-24 Pars plana 51 91 Iris atrophy, vitreous hemorrhage,

Kaneko choroidal atrophy, retinal
detachment, extraocular extension

Kivela et al. 2011 5(4) Methotrexate (131) 400 Pars plana 80 12 Cataract, keratitis, transient
conjunctivitis, injection site
conjunctival hemorrhage, uveitis,
vitreous hemorrhage

Smith et al. 2012 2(2) Carboplatin (2) 3 Pars plana 0 42 Eyelid erythema

Munier et al. 2012 23 (23) Melphalan (122) 20-30 Pars plana 87 22 Salt and pepper retinopathy

Ghassemiand 2012 12 (12) Melphalan (33) 8-50 Pars plana 33 32 Cataract, preretinal/retinal

Shields hemorrhage, retinal vasculitis, RPE
alteration, vitreous hemorrhage,
hypotonia, phthisis bulbi

Brodie et al. 2012 1(1) Melphalan (4) 20-30 Pars plana 100 6 Normal ERG

Shields et al. 2013 11 (11) Melphalan 20-30 Pars plana 100 9 RPE mottling, peripheral
nonprogressive lens opacity

Sun et al. 2013 1 Melphalan (6) 20 Pars plana 100 12 NA

Ghassemi etal. 2014 9 (9) Melphalan (40) Melphalan=40 Pars plana 66 15 Temporary hypotony, corneal

Topotecan (17) Topotecan=8-20 epithelial defect, vitreous

hemorrhage

Francis et al. 2014 16 Melphalan (107) 30 Pars plana 94 5.2 Intraretinal/vitreous hemorrhage,

(median) phthisis bulbi, salt and pepper

retinopathy, retinal toxicity

RPE: Retinal pigment epithelium, ERG: Electroretinogram, NA: Not available

found severe gliosis, vascular occlusion, retinal necrosis,
and neovascularization of retina and choroid. These eyes
were devoid of viable RB cells. Out of the 7 eyes enucleated,
eyes (n = 2) that received low dose (8-10 ug) of melphalan,
contained viable tumor cells.’”! Recently, in an interesting
meta-analysis by Smith ef al., the risk of extraocular spread
following intravitreal injection in RB was evaluated. Of the
315 eyes of 304 patients who underwent 1300 injections. The
proportion of patients with extraocular spread was found to
be 0.003 (1/304; 95% CI: 0.00008-0.0182).1% From these data, the
risk of extraocular dissemination is less and can be prevented
with appropriate selection of cases and safety-enhanced
techniques.

Conclusion

Current focus in the management of RB is eye salvage and
vision salvage after decades-long efforts to save the life.[*]
As the role of targeted chemotherapy is substantially gaining
popularity, intravitreal injection of chemotherapeutic drugs
in a controlled and safe manner is promising and can avoid
enucleation and EBRT in advanced RB with vitreous seeds.
Nevertheless, there should not be any hesitation in enucleating
clinically indicated eyes to prevent systemic metastasis.
The emphasis will remain on proper selection of cases, safe
technique, and dosage.

Text box 1: Intravitreal chemotherapy in Retinoblastoma
Indications:

Persistent vitreous seeds after systemic intravenous
chemotherapy and/or intra-arterial chemotherapy
Recurrent vitreous seeds after completion of treatment
Chemoresistant new vitreous seeds

Contraindications:
Seeds dispersed diffusely in the entire vitreous cavity
Anterior segment and/or ciliary body invasion
Secondary glaucoma
High bullous retinal detachment
Vitreous hemorrhage obscuring the fundus view
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