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Background: Intravitreal chemotherapy (IVitC; intravitreal cytostatic injections) is 
the most promising field of multiagent chemotherapy for retinoblastoma, and, when 
combined with systemic multiagent chemotherapy, enables maximum effects on the 
tumor.
Purpose: To improve the method of primary combination multiagent chemotherapy by 
increasing the melphalan dose and shortening the interval between the first and last 
injections in IVitC for high-risk retinoblastoma.
Material and Methods: As per the improved methodology, melphalan was intravitreally 
injected at a dose of 20 or 30 µg in 0.1 ml, depending on the type of tumor and type of 
vitreous seeds, with the interval between intravitreal injections shortened to 10-11 days. 
The treatment method proposed was used in 8 eyes with a large high-risk tumor (7 eyes 
with a T3 tumor and one eye with a T2 tumor) in 7 patients aged 42 ± 4.1 months (range, 
2 to 60 months).
Conclusion: We have developed a method of treatment for high-risk T3 retinoblastomas 
with or without vitreous seeds which involves local chemotherapy at an increased 
dose of 20 µg or 30 µg every 10 to 14 days, in the presence of combination multiagent 
chemotherapy incorporating systemic multiagent chemotherapy, chemoreduction, every 
three weeks.  Our clinical studies demonstrated that the use of the method proposed 
resulted in tumor size reduction, tumor density increase and tumor calcification, with 
necrotic changes in vitreous seeds in eyes poorly responsive to the standard intravitreal 
dose of 10 µg melphalan in 0.1 ml diluent. The major indications for an increase in 
intravitreal melphalan dose to 20 µg are large T2 or T3 tumors located in the macular 
or juxtpapillary retina, with loss of tumor capsule integrity, dust vitreous seeds or 
cloud vitreous seeds. In addition, in the absence of parental consent for enucleation, an 
intravitreal melphalan dose can be increased to 30 µg as an alternative to enucleation 
for large T3 tumors with tumor capsule rupture, release of tumor fragments into the 
vitreous, spherical vitreous seeds, and blindness with no potential for vision restoration.
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Introduction 

Intravitreal chemotherapy (IVitC; intravitreal 
cytostatic injections) is the most promising field of 
multiagent chemotherapy for retinoblastoma, and, when 
combined with systemic multiagent chemotherapy, enables 
maximum effects on the tumor. The method of primary 
combination multiagent chemotherapy [1, 2] has been 
developed at the Department of Pediatric Eye Disorders, 
the Filatov institute. It involves the use of both intravitreal 
and systemic pathways and enables the highest level of 
chemotherapeutic agent after its direct injection into the 
ocular cavity, with a potential reduction in the total toxic 
load on the child’s body [3, 4].

Special attention should be given to the selection 
and optimal mode of administration and dosing of the 
cytostatic, aiming to damage cancer cells without causing 
too much harm to normal ocular tissues. Melphalan is a 

well-recognized cytostatic agent for IVitC, but the optimal 
time interval between injections and dose for injections 
have not been finally determined until now.

The purpose of the study was to improve the method 
of primary combination multiagent chemotherapy by 
increasing the melphalan dose and shortening the interval 
between injections in IVitC for high-risk retinoblastoma.

Material and Methods
A method for treating an advanced or recurrent 

retinoblastoma (AJCC T3 tumor) has been developed at 
the Department of Pediatric Eye Disorders, the Filatov 
institute. The method involves a combination multiagent 
therapy comprising systemic chemoreduction and 
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intravitreal Alkeran at an increased dose of 20 µg or 30 
µg in 0.1 ml, and with the interval between intravitreal 
injection time points shortened to 10-14 days depending 
on tumor stage, size, and proliferation and types of vitreous 
seeds [5].

The treatment method proposed was used in eight eyes 
with a large high-risk tumor (7 eyes with a T3 tumor and 
one eye with a T2 tumor) in seven patients aged 42 ± 4.1 
months (range, 2 to 60 months). Of these seven children, 
three had a bilateral retinoblastoma (3 eyes with a T3 
tumor and one eye with a T2 tumor), and four (4 eyes) 
had a unilateral retinoblastoma (a T3 tumor). A multifocal 
retinoblastoma was found in 3 patients (3 eyes), and 
sphere-type and/or cloud-type seeds were found in the 
vitreous in 4 patients (4 eyes), including 3 patients (3 eyes) 
with injury-related seeds.

All the children (8 eyes) received IVitC in one to 
six courses, as a portion of combination multiagent 
chemotherapy. A 20-µg melphalan dose was employed in 
six eyes. In two of these six eyes, this dose was used after 
a 10-µg melphalan dose was found to be of inadequate 
efficacy (Fig. 1a). A 30-µg melphalan dose was employed 
in two eyes. In one of these two eyes, this dose was used 
after a 20-µg melphalan dose was found to be of inadequate 
efficacy. The mean interval between intravitreal injections 
was 10.7 ± 1.2 days (range, 10 to 14 days). The mean 
number of intravitreal injections per eye was 5.1 ± 1.6 
(range, 3 to 10 days) for a 20-µg melphalan dose, and 8 ± 
3 (range, 4 to 12 days) for a 30-µg melphalan dose.

Results
After treatment, tumor base area decreased by a mean 

value of 5.9 ± 1.7 mm to 5.7 ± 1.35 mm, and tumor 
prominence decreased to 1.57 ± 1.07 mm (Fig. 1b). No 
complications were observed during or early after surgery.

Consolidation therapy included additional laser 
photocoagulation of tumor foci in 6 children (8 eyes), 
intra-arterial chemotherapy with alkeran plus topotecan in 
one child, and brachytherapy in two children. The follow-
up period ranged from 4 months to 5 years.

Late complications included retinal degenerative 
changes of various severities. Visual acuity in the preserved 
eye ranged from light perception to 0.13.

The treatment resulted in preservation of all the study 
eyes and tumor control with tumor size reduction, tumor 
consolidation and resolution of tumor seeds. Eight children 
(9 eyes) achieved complete tumor regression. In addition, 
apparent regression of the tumor and vitreous seeds is 
observed in one eye, and the child is still under treatment.

Example case
A four-year-old girl presented to us after being referred 

due to a complaint of a white pupil in her eye.
An eye examination under general anesthesia revealed 

a large tumor focus in the lower outer quadrant of the 
fundus. The focus spread over the posterior pole and was 
completely covered by an amorphous portion of the tumor 
which was swaying above the focus due to rupture of the 

tumor capsule and massive spread of the tumor into the 
vitreous cavity (Fig. 2). Ultrasound scan of the right eye 
showed a mural mass at the optic disc, with a prominence 
of 7 mm and a base as large as 17 mm, and with 4.5-mm 
x 9.5-mm encapsulated low-echogenic a suspended mass 
above the former mass. The patient was diagnosed with a 
stage T3b retinoblastoma in the right eye on the basis of 
clinical and imaging data.

Taking into account examination findings, еnucleation 
of the affected eye was recommended, but parental consent 
for the еnucleation was not given. As a last resort to save 
the eye, intravitreal melphalan at a dose of 30 µg was used 
in the right eye. This resulted in a significant reduction in 
tumor size, with a prominence of 3.5 mm and tumor base 
of 5.0 х 5.5 mm, as assessed by ultrasound imaging (Fig. 
3).

In ten days, the patient received the second intravitreal 
melphalan injection at the same dose as previously, with 
adjunctive intravenous CEV therapy. Totally, the eye was 
treated with 19 intravitreal melphalan injections at a dose 
of 30 µg during 10 days and four courses of CEV, with a 
significant tumor regression (Fig. 4). Ultrasound imaging 
showed a reduction in prominence to 0.82 mm and tumor 
basal diameter to 2.88 mm, complete calcification, seed 
resolution and a reduction in seeding class (from sphere to 
cloud or dust).

At the 12-month follow-up, there was Type 1 tumor 
regression with complete calcification and vitreous seed 
regression, and with vitreous opacities in the form of 
strands undergoing gradual resolution and reduction in 
size.

Discussion
Foreign studies have investigated the effects of 

different melphalan doses on the outcome of treatment for 
retinoblastoma. Kaneko and Suzuki [6] evaluated 8 μg/0.1 
mL and later 20 to 30 μg/0.1 mL of intravitreal melphalan, 
acknowledging improved control using the latter dose. 
Sixty-eight percent of the eyes achieved complete vitreous 
seed remission, but recurrence occurred in 19 % of these 
eyes after 10.0 ± 4.9 months. In addition, 47 and 27 % of 
the eyes without primary macular tumors retained visual 
acuity of >0.5 and >1.0, respectively. Distant metastasis or 
intracranial invasion occurred in 11 patients, all of whom 
had high-risk pathological factors for metastasis such 
as optic nerve invasion, but refused to receive adjuvant 
chemotherapy [7].

In a study by Munier and colleagues [8], 23 heavily 
pretreated patients presenting vitreous seeding were 
treated with an intravitreal injection of melphalan (20-
30 µg in 0.1 ml) once a week. The authors reported that 
retinal toxicity as well as the rate of ocular complications 
was low. Globe retention was achieved in 87% of cases, 
and there were no cases of retinoblastoma recurrence 
over a mean 22 months’ follow-up [8]. Ghassemi and 
Shields [9] reported on the outcomes of 12 patients with 
retinoblastoma and refractory or recurrent vitreous tumor 
seeding managed with intravitreal melphalan. Of those 8 



ISSN 0030-0675 (Print); ISSN 2412-8740 (English ed. Online); Journal of Ophthalmology (Ukraine) - 2022 - Number 4 (507) 

  25

eyes that received 8- to 10-μg doses of melphalan, vitreous 
seed control was found in 43% of cases at long-term 
follow-up, and there were minor ocular toxicities. For the 
4 eyes that received a 50-μg dose, control was achieved 
in 100% cases at both short-term and long-term follow-
up, but serious adverse effects of hypotony/phthisis bulbi 
were noted. A more recent study by Shields and colleagues 
[10] included 11 consecutive eyes of 11 patients with 
viable persistent or recurrent vitreous seeds following 
treatment of retinoblastoma. All eyes received intravitreal 
melphalan injection (20-30 µg) once a month. There were 
a total of 55 injections, with a mean number per patient of 
5. Globe salvage was attained in all cases (100%) after 2 to 
6 (median, 4) intravitreal chemotherapy injections.

Ghassemi and Khodabande [11] conduct IViC for 
patients with the following indications: recurrent or 
residual vitreous seedings after systemic or IAC and 
monocular patients with any type of vitreous seedings after 
completion or during the systemic chemotherapy or IAC. 
They inject the IViC drugs on a biweekly schedule until 
the vitreous seeds disappear or crystallize. If any viable 
seeds are visible in any part of the vitreous cavity, despite 
some crystallization, the injections are continued.

Previously, we have conducted an experimental study 
[12, 13] to assess the impact of different (5-µg to 40- µg) 
doses of melphalan given in different modes of intravitreal 
injection on the rabbit retina. The study demonstrated 
that the severity of changes post intravitreal melphalan 
injection in the rabbit retina depended on injection dose 
and schedule. Electron microscopy showed destructive 
changes in the retinal pigment epithelial (RPE) cells, 
photoreceptor cells and Müller cells (MC). Morphological 
changes in RPE and photoreceptor cells were noted after 
5-µg intravitreal melphalan injection. The severity and 
depth of lesions in the retina increased with an increase 
in injection dose and frequency: compared to re-injection 
of 5-µg intravitreal melphalan, re-injection of 10-µg 
intravitreal melphalan caused more substantial changes 
in RPE and photoreceptor cells, with maintenance of 
hypertrophic Müller cell processes. One or two 20-µg 
intravitreal melphalan injections caused severe changes 
in the structure of the retina, leading to retinal gliosis and 
necrosis. 30-µg or 40-µg intravitreal melphalan injections 
caused damage to not only all retinal structures, but also to 
the choriocapillary layer, with a replacement of destroyed 
retinal cells by hypertrophic Müller cell processes.

Studies [14-16] reported good clinical treatment 
outcomes of eye-salvage treatment with 10-µg intravitreal 
melphalan injections for retinoblastoma. The efficacy 
of primary multiagent chemotherapy with 10-µg 
intravitreal melphalan injections was 100% for stage 
T1 retinoblastoma, 95.2% for stage T2 retinoblastoma, 
and only 60-71.4% for stage T3 retinoblastoma [3]. An 
increase in the efficacy of eye-salvage treatment for large 
T3 tumors and vitreous seeds can be achieved only by an 
increase in the dose of intravitreal cytostatic, because a 

dose of systemic multiagent chemotherapy should not be 
increased due to its toxic impact on the child’s body.

Therefore, a high melphalan doses of 20 µg or greater 
causes cytotoxic retinal injury [12] and appear to be 
deleterious for visual prognosis; however, despite a 
negative impact of the cytostatic on the retina, a high-dose 
IViC can be performed for a large posterior-pole tumor 
that covers the optic disc, affects the macula and thus 
causes poor primary vision, in an attempt to achieve tumor 
destruction and eye salvage.

The requirement for high melphalan doses in 
intravitreal chemotherapy is grounded by the cases when 
eye-salvage therapy is performed as a last resort as an 
alternative to enucleation for large T3 retinoblastomas. 
High-risk retinoblastomas with tumor capsule rupture and 
vitreous and/or subretinal seeds require a more aggressive 
effect that can be achieved only with an increased dose of 
intravitreal cytostatic.

Conclusion
Therefore, we have developed a method of treatment 

for high-risk T3 retinoblastomas with or without vitreous 
seeds which involves local chemotherapy at an increased 
dose of 20 µg or 30 µg every 10 to 14 days, in the presence 
of combination multiagent chemotherapy incorporating 
systemic multiagent chemotherapy, chemoreduction, 
every three weeks.  Our clinical studies demonstrated 
that the use of the method proposed resulted in regressive 
changes in the tumor, with an increase in tumor density, 
calcification, and necrotic changes in vitreous seeds in 
eyes poorly responsive to the standard intravitreal dose of 
10 µg melphalan in 0.1 ml diluent. The major indications 
for an increase in intravitreal melphalan dose to 20 
µg are large T2 or T3 tumors located in the macular or 
juxtpapillary retina, with loss of tumor capsule integrity, 
dust vitreous seeds or cloud vitreous seeds. In addition, 
in the absence of parental consent for enucleation, an 
intravitreal melphalan dose can be increased to 30 µg 
as an alternative to enucleation for large T3 tumors with 
tumor capsule rupture, release of tumor fragments into the 
vitreous, spherical vitreous seeds, and blindness with no 
potential for vision restoration.
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Fig. 1. Fundus photographs of patient G showing (a) insignificant effect of 10-µg intravitreal therapy on a large solid 
retinoblastoma focus and (b) type III regression after six 20-µg intravitreal melphalan injections and three courses of 
3-drug CEV chemoreduction 

Fig. 2. Fundus photograph of patient D showing a 
massive tumor, damaged tumor capsule and release 
of tumor fragments into the vitreous. Tumor focus is 
surrounded by subretinal seeds.

Fig. 3. Fundus photograph of patient D showing a large 
tumor focus in the lower outer quadrant of the fundus 
which reduced in size, increased in density, and shifted 
away from the optic nerve after a course of primary 
multiagent chemotherapy. Note the peripheral margin of 
the tumor. The seed that moved away from the tumor 
appears thinned and shows fiber separation. Flat foci of 
irregular shape are seen throughout the retina 

Fig. 4. Fundus photograph of patient D showing a pale optic 
disc with clear margins and very narrow vessels. There is 
a 5.5-disc diameter heterogeneously dense tumor with 
reduced prominence showing calcification and grey tissue 
remnants in the outer quadrant. Note incompletely resolved 
retinal hemorrhages above and beneath the tumor. Salt 
and pepper retinal changes are seen in the upper and inner 
quadrants


