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Abstract
Purpose To evaluate clinical outcomes and enucleation rates after intravitreal melphalan (IVM) alone and after IVM com-
bined with intravitreal topotecan (IVT) for the treatment of vitreous disease, and to a lesser extent subretinal and retrohyaloid 
seeds, in patients with retinoblastoma.
Study design A retrospective analysis of 77 eyes of 72 consecutive patients.
Methods Demographic data, classification of tumors, seed type (dust, sphere or cloud) before injection and at the end of 
follow-up, injection type (IVM or IVM+IVT), doses of IVM and IVT, number of injections, follow-up time, enucleation 
status and side effects were recorded. Cox regression analysis and log-rank test for Kaplan-Meier curves were performed.
Results Of 77 eyes, 40 received IVM alone (group 1) and 37 received IVM+IVT (group 2). Enucleation rates were 62.5% 
(n=25) in group 1 and 10.8% (n=4) in group 2 (p=0.001). Median eye survival was 23.6 months in group 1 and 25.6 months 
in group 2. Mantel-Cox test revealed statistically significant differences between Kaplan-Meier curves of group 1 and 2 
(p=0.022). Multiple Cox regression analysis showed a significantly elevated enucleation rate associated with: IVM only 
treatment group (p=0.019) and pre-injection cloud type of seeding (p=0.014).
Conclusion The combined use of intravitreal melphalan and topotecan provides significantly better results in terms of avoid-
ing enucleation and vitreal and subretinal seed control.
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Introduction

The earliest documented descriptions of clinical and histo-
pathological features of vitreous seeding in retinoblastoma 
can be traced in the seminal work of Hugo Wintersteiner 
published in 1897. In his book, Wintersteiner alluded in 
great details to cases reported by Da Gama Pinto, Iwanoff, 
Treitel, Grolmann, Bock, Agnew and Eno, and Wolff but 

cited Franz Rompe as the first to have ever reported “reti-
nal gliomas metastasizing to the vitreous body” [1]. Rompe 
described a 1-year-old girl whose left eye had a large number 
of white, small glioma clumps in the vitreous. The eye was 
enucleated and 2/3 of the vitreous was found to be filled with 
friable retinal tumor [2]. The girl was followed for 2.5 years 
without any recurrence [2]. In the modern era, the interest 
in vitreous seeds was rekindled by Amemiya et al. [3] who 
demonstrated that most of the vitreous seeds were composed 
of necrotic cells around a blood vessels which had fibrocytes 
but no pericytes, and that seeding was most frequently asso-
ciated with undifferentiated endophytic-type retinoblasto-
mas. They concluded that since most of the seeds were made 
up of “neuroephithelial” type retinoblastoma cells, not all 
seeds were malignant [3].

Attempts to save eyes with vitreous disease have always 
been challenging and often frustrating. Cassady et al. [4] 
observed local tumor control in 15% of group Vb eyes 
following supervoltage radiotherapy. A later study used 
improved radiotherapy techniques and reports an ocular 
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survival rate of 53.4% at 10 years for Vb eyes [5]. Plaque 
brachytherapy was found effective only for localized seeds 
but not for extensive seeding involving multiple quadrants 
[6].While standard systemic chemotherapy had negligible 
effects on vitreous seeds, intra-arterial chemotherapy was 
able to salvage 65% of eyes with Group C and 45% of Group 
D disease, which encompass subretinal and/or vitreous ret-
inoblastoma seeding by definition [7]. Intravitreal chemo-
therapy ushered a new era in the management of vitreous 
diseases and several studies report remarkably high salvage 
rates for eyes that would have otherwise been enucleated 
[8–12]. The current knowledge on intravitreal injections 
mostly come from studies with melphalan, though there are 
few reports on the combination of melphalan and topotecan 
[9, 12].

The aim of this study was to determine whether the com-
bination of intravitreal melphalan and topotecan yielded 
better results in the management of vitreous and subretinal 
seeds associated with retinoblastoma in terms of ocular sur-
vival and seeding control compared to intravitreal melphalan 
alone.

Materials and methods

This was a non-randomized retrospective study of 77 eyes 
of 72 patients who received intravitreal injections in the 
form of either intravitreal melphalan (IVM) alone or IVM 
combined with intravitreal topotecan (IVT) for vitreous dis-
ease associated with retinoblastoma, between March 2012 
and May 2018. An institutional board review approval was 
obtained for intravitreal injection of melphalan (Alkeran, 
GlaxoSmithKline) and topotecan (Hycamtin, GlaxoSmith-
Kline).In addition, legal permission was also obtained from 
the Turkish Ministry of Health for each patient and for each 
procedure. The study adhered to the tenets of the Declara-
tion of Helsinki.

Collected data included age at injection, gender, laterality 
of the tumor and injections, grouping of the tumors accord-
ing to Los Angeles version of the international classifica-
tion of retinoblastoma (IIRC) [13], presence of history for 
additional systemic or intraarterial chemotherapy, type of 
injection (IVM or IVM+IVT), mean doses of melphalan and 
topotecan, type and location of seeding before injection and 
at the end of follow-up, clinical response of seeds at the end 
of follow-up, follow-up time, number of injections, enuclea-
tion status and time to enucleation from first injection. The 
vitreous seeds were morphologically grouped as dust, sphere 
and cloud, based on the classification devised by Munier 
[14]. If more than one type of seeding were present, the 
predominant type with highest category was recorded. The 
location of the seeds was noted as: retrohyaloid, intravitreal, 
subretinal or intracameral. The follow-up time for each eye 

was defined as the time from the first injection to last visit; 
or to enucleation, if the eye had to be enucleated. Clinical 
response to treatment of seeds was recorded in compliance 
with the patterns previously described by Munier [14] (type 
0: complete disappearance of the seeds, type I: conversion 
into refringent and/or calcified residues, type II: conversion 
into amorphous, non-spherical inactive residues, and type 
III: a combination of types I and II), stable seeds, or pro-
gression of the seeds. Eyes which received anterior chamber 
injections were excluded from analysis.

All injections were performed under general anesthe-
sia and under operating microscope. In order to improve 
outcomes with fewer injections, between 2012 and 2015 
we only used IVM, from 2016 on we routinely switched 
to IVM+IVT. Between 2012-2015, we performed 1-2 min-
utes of digital ocular massage before IVM in order to attain 
ocular hypotony and to avoid possible post-injection reflux. 
From 2016 with the start of combined IVM and IVT, we 
performed anterior chamber paracentesis uniformly to all 
eyes with a 30G needle. Melphalan was prepared at a con-
centration of 10-20 µg/0.1 ml, and topotecan at 20 µg/0.1ml. 
Absence of retinal detachment and a viable tumor at the 
needle entry site were ensured with indirect ophthalmoscopy 
prior to any injection. A visible optic nerve head was a pre-
requisite in all cases. All injections were carried out through 
the parsplana using a 30-gauge needle. First, melphalan 
was given, only the syringe was removed and then topote-
can in the second syringe was administered through the 
same needle. Transconjunctival cryotherapy over the entry 
site was initiated while the needle was retrieved from the 
eye. The eye was then gently shaken with cotton-tip appli-
cator to achieve a wider drug distribution. Seed response 
was assessed qualitatively and reinjection was considered 
if viable seeds were present after follow-up examinations 
every two weeks. Side effects, if any, were noted and retinal 
toxicity was graded according to the system proposed by 
Munier [14]. Indications to cease intravitreal treatment were 
similar to those of Suzuki et al. [15] and can be summarized 
as: observation of one of the regression patterns defined by 
Munier (Types 0, 1, 2, 3) [14] and progression of seeding. 
Seed progression despite injections was either managed by 
intravenous/intraarterial chemotherapy or enucleation.

Descriptive statistics for quantitative and qualitative 
variables are shown as median  (25th and  75th percentiles) 
and numbers and percentages, respectively. Shapiro-Wilk 
normality tests were assessed for quantitative variables in 
each IVM and IVM+IVT groups. To compare quantitative 
variables for IVM and IVM+IVT groups, the Mann-Whitney 
U test statistic was chosen since it was observed that there 
are no significant results showing the normality assumption. 
Chi-Square test and Fisher’s exact test were performed to 
determine the association between groups and quantitative 
variables.
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Survival probabilities were estimated via Kaplan-Meier 
method for IVM and IVM+IVT groups and compared via 
log-rank test statistic. Univariate Cox proportional hazards 
models were constructed whenever p-value was less than 
0.25 the variable is chosen as candidate variable. With can-
didate variables, multiple Cox proportional hazard models 
with backward elimination were conducted. Besides, haz-
ard ratios with 95% confidence intervals were presented. A 
receiver operating characteristics (ROC) analysis to deter-
mine the dose of melphalan to be used to avoid enucleation 
was observed.

The level of statistical significance was set at p<0.05. 
All reported p-values are 2-sided. Data were analyzed using 
IBM SPSS Statistics for Windows v.23.0 (IBM Corp.). 
Kaplan-Meier curves were drawn by using the survminer 
package in RStudio (2018) version 1.0.136.

Results

Of 72 enrolled patients, 41 (56.9%) were men and 31 
(43.1%) were women. The median age at injection was 35 
months (23.5, 35.0 and 47.0 months for 25th, 50th and 75th 
percentile, respectively). Bilateral disease was found in 33 
(45.8%) patients. The classification of tumors at the time of 
retinoblastoma diagnosis in the injected eyes was group B 
in 6 eyes (7.8%), group C in 35 eyes (45.5%), and group D 
in 36 eyes (46.8%). Among these patients, 49 eyes (63.6%) 
had undergone systemic chemotherapy, 67 eyes (87.0%) 
had received intraarterial chemotherapy at some time dur-
ing follow-up for the injected eye, and 41 eyes (53.2%) had 
received both. There was no time preference with respect to 
last chemotherapy and the injections were performed when-
ever seeding was detected and continued until complete dis-
appearance or complete calcification and inactivation was 
achieved. The median number of injections was 1 (range:1-
7). A single injection was performed in 42 (54.5%) eyes, 2 
injections in 17 (22.1%) eyes, and 3 injections in 9 (11.7%) 
eyes. The median dose of melphalan per injection was 30 
µg (range: 10-50 µg) and for topotecan it was 13 µg (range: 
5-20 µg). Only one eye, in the IVM group, had received 50 
µg IVM injection as an extreme salvage measure because the 
other eye had been enucleated due to advanced disease, and 
the injected eye was preserved during the 5-month follow 
up period. In the rest of the eyes the upper limit of injected 
melphalan range was 40 µg. The type and location of seeds 
at the time of injection and at the last follow-up are shown in 
Figure 1. Pre-injection location of the seeds was mainly vit-
reous (88.3%, n=68), 2 eyes had mainly retrohyaloid seeds 
upon fundoscopy and 6 had predominantly subretinal seeds. 
The only eye which had anterior chamber seeding at the time 
of injection was in the IVM+IVT group, and the injection of 
chemotherapy in that eye was carried out intravitreally for 

vitreal disease, followed by additional melphalan injection to 
anterior chamber. Enucleation was performed in this eye one 
month later due to disease progression. Eyes with post-injec-
tion anterior chamber seeding were managed with enuclea-
tion. Complete regression, calcification, amorphous inactive 
residue or a combination of the last two were observed in 
44 (57.1%) eyes, progression in 21 (27.3%) eyes, and no 
change in 12 (15.6%) eyes at the last follow-up. Aforemen-
tioned variables of the IVM and the IVM+IVT groups are 
listed in Table 1. The median follow-up time was 9 months 
(range: 6-54 months). Eventually 29 of 77 eyes (37.6%) had 
to be enucleated, and median time from the first injection to 
enucleation was 8 months (range: 2-54 months). Twenty-five 
of the enucleated eyes were in the IVM group and 4 in the 
IVM+T group. The reasons for enucleation were extensive 
progression of the vitreous disease in 10 eyes, progression 
of retinal tumors in 10 eyes, massive anterior chamber inva-
sion in 6 eyes, and dense vitreous hemorrhage that did not 
clear after 2 months in 3 eyes. At initial diagnosis, 17 of 
these eyes had group D, 10 had group C, and 2 had group 
B tumors. Before the start of intravitreal injections, 14 eyes 
had sphere type, 9 had cloud type, and 6 had dust types of 
seeding. The median number of injections in the enucleated 
eyes was 2 (range: 1-6).

The IVM and IVM+T groups had no statistically signifi-
cant differences in terms of median age at injection, later-
ality, frequency of systemic chemotherapy or intraarterial 
chemotherapy, median number of injections, pre- and post- 
injection seed type, and clinical response patterns. However, 
the two groups differed significantly in gender (p=0.032), 
median melphalan dose (<0.001), median follow-up time 
(0.028), and enucleation rate (0.001).

Kaplan-Meier analysis (Fig. 2) showed that the median 
ocular survival was 28.0 months (standard error: 6.4, 95% 
CI:15.5-40.5), 23.6 months in the IVM group (stand-
ard error: 3.6, 95% CI:16.6-30.6) and 25.6 months in the 
IVM+IVT group (standard error: 2.2, 95% CI:21.4-29.9). 
Mantel-Cox test revealed statistically significant differences 
between ocular survival curves of these two groups, favoring 
the IVM+IVT group (p=0.022).

To determine which variables among the ones listed in 
Table 2 affected the enucleation rates, backward elimina-
tion Cox regression was performed in order to define the 
parameters to be included in the multiple Cox regression 
analysis. Based on the regression analysis, enucleation rates 
were found to be significantly related to the treatment group 
(IVM or IVM+IVT) (p=0.019) and pre-injection type of 
seeding (p=0.014). More explicitly, the IVM group had 
a 3.633 fold risk for enucleation compared to IVM+IVT 
(p=0.019, 95% CI: 1.241-10.639) and pre-injection cloud 
type of seeding represented 3.864 times increase in the risk 
of enucleation compared to dust type (p=0.014, 95% CI: 
1.310-11.399) (Table 2).
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The study had not been primarily designed to obtain a 
cut-off value, rather the data was reviewed retrospectively 
and the results of ROC analyses including all 77 eyes 
were used to determine a cut-off value for melphalan dose 
related to enucleation; a threshold value of 29 µg melpha-
lan was found to predict enucleation with 0.467 sensitivity 
and 0.894 specificity (area under the curve=0.727, stand-
ard error=0.061).

Treatment complications were encountered in 20 eyes 
(10 in the IVM and 10 in the IVM+T groups) and included 
vitreous hemorrhage in 8 eyes, peripheral retinal pigment 
epithelial mottling in 3 eyes (grade 3), retinal pigment 
epithelial atrophy in the macular area in 4 eyes (grade 4), 
wide chorioretinal atrophy in 2 eyes (grade 5), posterior 
synechiae in 2 eyes, and sectoral iris depigmentation in 1 
eye. All complications occurred in eyes receiving more 
melphalan than 33.5 µg. There was no case of extraocular 

extension, metastasis, or death at a median follow-up of 
9 months.

Discussion

Topotecan, a camptothecin analogue, is a selective topoi-
somerase I inhibitor ultimately causing cellular apoptosis 
through irreversible DNA damage, and is also an inhibitor of 
hypoxia inducible factor [16, 17]. A study on a three-dimen-
sional organoid model derived from human retinoblastoma 
cell lines demonstrates higher efficacy of combined melpha-
lan (20 µg) and topotecan (30 µg) compared with melphalan 
alone on vitreous seeds [18]. A study of 9 human eyes 3 of 
which had group E tumors, reports complete response of 
vitreal seeds in all cases following a combination of 8-20 
µg topotecan and 30 µg melphalan administration with a 

Fig. 1  Seed frequency distribu-
tion. Frequency distribution of 
a type of seed frequency b fre-
quency of dominant seed loca-
tion at the time of first injection 
(pre-injection) and at the end 
of follow-up (post-injection) in 
67 eyes. a Frequency of cloud, 
sphere and dust types in the 
pre-injection column are: 27.3% 
(n=21), 48.1% (n=37), 24.7% 
(n=19); that of post-injection 
column are: 14.3% (n=11), 
23.4% (n=18), 62.3 (n=48), 
respectively. b Frequency of 
retrohyaloid, vitreal, sub-retinal, 
and intracameral seeds in the 
pre-injection column are: 2.6% 
(n=2), 88.3% (n=68), 7.8% 
(n=6), 1.3% (n=1); that of 
post-injection column are: 2.6% 
(n=2), 83.1% (n=64), 5.2% 
(n=4), 9.1% (n=7), respectively
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median number of 2 intravitreal injections [12]. Shields 
et al. [9] note a 100% control rate 3 years after administer-
ing combined IVM+IVT in 11 eyes. They achieved these 

results in 98% of eyes using melphalan< 30 µg, and in 90% 
of eyes using topotecan< 20 µg [9]. In a report on 17 eyes 
with refractory and recurrent seeds, Rao et al. [17] suggest 

Table 1  Clinical properties in 
IVM and IVM+IVT groups

IVM: intravitreal melphalan, IVT: intravitreal topotecan, NA: not applicable, F: female, M: male. Data rep-
resented are median  (25th and  75th percentiles) or frequency (%)

Variables IVM (n=40) IVM+IVT (n=37) p-value

Median age at injection, months 31.50 (19.75-45.25) 36.00 (24.00-48.00) 0.286
Gender
F 11 (29.70) 20 (57.10) 0.032
M 26 (70.30) 15 (42.90)
Group
B 3 (7.50) 3 (8.10) NA
C 14 (35.00) 21 (56.80)
D 23 (57.50) 13 (35.10)
Frequency of bilateral disease 22 (55.00) 16 (43.20) 0.585
Primary treatment
Intraarterial chemotherapy 17 (42.50) 22 (59.46) 0.137
Intravenous chemotherapy 23 (57.50) 15 (40.54)
Intravenous chemotherapy frequency 29 (72.50) 20 (54.10) 0.149
Intraarterial chemotherapy frequency 33 (82.50) 34 (91.90) 0.314
Median number of injections 1.00 (1.00-2.00) 1.00 (1.00-2.50) 0.526
Median dose of topotecan (µg) NA 13.00 (8.00-20.00) NA
Median dose of melphalan (µg) 30.00 (25.00-30.00) 36.00 (33.00-40.00) <0.001
Median follow up time (months) 10.00 (5.00-28.00) 7.00 (3.00-19.00) 0.028
Median time to enucleation (months) 8.00 (5.00-16.00) 8.00 (2.50-15.00) NA
Pre-injection seed type
cloud 8 (20.00) 13 (35.14) 0.09
sphere 24 (60.00) 13 (35.14)
dust 8 (20.00) 11 (29.73)
Post-injection seed type
cloud 9 (22.50) 2 (5.40) 0.096
sphere 9 (22.50) 4 (24.30)
dust 22 (55.00) 26 (70.30)
Pre-injection seed location
retrohyaloid 2 (5.00) 0 (0) NA
vitreous 36 (90.00) 32 (86.50)
subretinal 2 (5.00) 4 (10.80)
intracameral 0 (0) 1 (2.70)
Post-injection seed location
retrohyaloid 2 (5.00) 0 (0) NA
vitreous 31 (77.50) 33 (89.20)
subretinal 2 (5.00) 2 (5.40)
intracameral 5 (12.50) 2 (5.40)
Enucleation rate 25 (62.5) 4 (10.8) 0.001
Clinical response
any pre-defined pattern (type 0,1,2 or 3) [14] 20 (50.00) 24 (64.90) 0.108
stable seeding 5 (12.50) 7 (18.90)
progression 15 (37.50) 6 (16.20)
Median cumulative dose of melphalan (µg) 37.50 (30.00-60.00) 40.00 (37.50-85.00) 0.005
Median cumulative dose of topotecan (µg) NA 20.00 (10-32.00) NA
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that intravitreal topotecan alone at the dose of 30 µg can 
cause total seed regression in all eyes following a median 
number of 3 injections. Our study showed that compared to 
intravitreal melphalan alone, the combined use of intravitreal 
melphalan and topotecan significantly improved intravitreal 
and subretinal seed control and significantly decreased the 
enucleation rate (62.5% in the IVM group vs. 10.8% in the 
IVM+IVT group). The unexpectedly high failure rate in the 
IVM group in the present study deserves further comment 
since we previously reported an enucleation rate of 44% in a 
different cohort of patients receiving IVM alone for vitreous 
disease [11]. In that study, we performed more injections 
(median: 2 injections) and more than 51% of eyes received 

between 30-40 µg of melphalan, marginally higher than the 
IVM alone group in the current study [11]. Furthermore, 
routine anterior chamber paracentesis in the combined treat-
ment group allowed delivering significantly higher doses 
of melphalan compared to the mono agent group (median 
dose of melphalan: 36 µg, and 30 µg in IVM+IVT and IVM 
groups respectively, p< 0.001). Therefore, the concomi-
tant use of topotecan and a higher dose of melphalan may 
account for the significantly increased globe salvage rate in 
the combined treatment group of our study.

In our series, eyes with sphere type of seeds had the high-
est number of enucleations, however, we found that the risk 
of enucleation increased 4-fold when the vitreous disease 
was predominantly cloud type before intravitreal treatment, 
and almost 8- fold if cloud type seeding persisted following 
intravitreal injections. It is demonstrated that class 3 clouds 
that develop at a relatively older age and in unilateral cases, 
are more common between ora and equator, and show dif-
fuse distribution [19]. Francis et al.[20] show that com-
pared to dust and spheres, clouds responded significantly 
later taking 30 to 32 weeks to regress, required significantly 
more injections (median: 8), and the highest cumulative 
melphalan dose. Similarly, Berry et al. [21] report that a 
median number of 6 injections, and a cumulative dose of 
195 µg were needed for total regression of clouds. A recent 
histopathological study reveals that clouds were composed 
mainly of necrotic material and that viable cells were only 
found at the outer rim [22]. The authors relate the limited 
response of clouds to treatment to the relative lack of viable 
cells [22]. They then conclude that “clouds may not neces-
sitate treatment with the same vigor of spheres or dust given 
their low burden and peripheral location of viable tumor 
cells” [22]. This important observation challenges the com-
monly accepted fear of clouds, and we believe that in a small 
subset of our patients with persistent clouds, enucleations 

Fig. 2  Kaplan Meier curves for IVM and IVM+IVT groups. IVM: 
intravitreal melphalan, IVT: intravitreal topotecan

Table 2  Results of univariate 
and multiple Cox regression 
analyses (The HR reported in 
multiple Cox regression analysis 
are adjusted for mean dose of 
melphalan)

*: given any time during follow-up, rather than only primary treatment

Variables Univariate HR (95% CI) p-value Multiple HR
(95% CI)

p-value

Treatment (IVM/IVM+IVT) 2.921 (1.101–7.749) 0.031 3.633 (1.241–10.639) 0.019
Gender (Female/Male) 0.636 (0.28–1.443) 0.279 - -
Group
C/B 1.423 (0.309–6.547) 0.651 - -
D/B 3.319 (0.756–14.568) 0.112 - -
Systemic Chemotherapy 1.545 (0.649–3.677) 0.326 - -
Intraarterial Chemotherapy 1.519 (0.522–4.422) 0.443 - -
Mean dose of melphalan 0.962 (0.911–1.015) 0.16 - -
Age 1.009 (0.995–1.022) 0.199 - -
Pre-injection type
Sphere/dust 0.844 (0.313–2.27) 0.736 0.697 (0.253–1.922) 0.486
Cloud/dust 3.326 (1.162–9.521) 0.025 3.864 (1.310–11.399) 0.014
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were prematurely performed. Therefore, the statistically sig-
nificant increase of enucleation risks associated with clouds 
in our study must be interpreted with caution. Although 
clouds received considerable attention in recent literature, 
it is worth to note that recurrences, and enucleations are 
most commonly associated with spheres [11, 19–21, 23]. 
Our current results are in line with these observations.

We observed a clinical trend of gradual morphological 
disintegration of seeds from cloud and sphere to dust after 
each consecutive injection, as a general response pattern, 
suggesting a mechanical breakdown of seeds. This finding 
may invalidate our policy of managing with the least pos-
sible number of injections, and particularly with a single 
injection. A single injection must be considered unsafe and 
unreliable in most instances, given 100% success rates after 
a median number of 3 injections for dust, 5 injections for 
spheres, and 8 injections for cloud types of seeds [20]. This 
is confirmed by several other studies [8–10, 18, 19, 21]. As 
shown in Figure 1B, the location of the seeds, their debris 
following treatment, and recurrences, i.e. vitreal, subretinal 
or retrohyaloid, did not change throughout the follow-up in 
the majority of our patients. Similar to the results of Abram-
son et al. [24], we found IVM or IVM+T highly effective 
against subretinal, if not vitreal seeds.

The weaknesses of this study are its retrospective nature 
and lack of randomization. The ocular salvage rate of 37.5% 
in the IVM group and 89.2% in the IVM+T group of our 
study may appear modest compared to other recently pub-
lished studies. This may perhaps be explained by the lesser 
number of injections performed at our center. More studies 
are needed for the optimization of melphalan and topotecan 
doses and injection intervals. As a future direction, globe 
volumes, which can be calculated from MRI studies, can be 
used to individualize intravitreal drug doses. A limitation in 
terms of statistical analysis was that repeat injections were 
not taken as time varying covariates because more than half 
of the eyes (54.5%) had received a single injection.

In conclusion, our study demonstrates significant 
improvements in terms of ocular survival, vitreous disease, 
and subretinal seed control with the use of combined intra-
vitreal melphalan and topotecan injections compared to mel-
phalan alone. Also, a melphalan dose of less than 29 µg per 
single injection was associated with higher enucleation rates, 
and a dose exceeding 33.5 µg per single injection caused 
more frequent retinal toxicity.
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