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Intra‑arterial chemotherapy for 
retinoblastoma: Experience from 
the pediatric ophthalmology referral 
center in Malaysia with literature 
review
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Norhafizah Hamzah2, Jamalia Rahmat2

Abstract:
PURPOSE: We aimed to analyze our 4-year experience of intra-arterial chemotherapy (IAC) for 
retinoblastoma (RB) and to examine the tumor response, globe salvage, mortality, and safety profile 
of IAC in the Malaysian profile.
MATERIALS AND METHODS: This was a retrospective, interventional case series. A total of 22 
eyes of 20 patients with RB who underwent IAC using melphalan and topotecan from January 2018 
to December 2021 in Hospital Kuala Lumpur were retrospectively reviewed. Tumor response, globe 
salvage, mortality, and safety profile of IAC were compared based on the International Classification 
of Retinoblastoma.
RESULTS: The mean patient age at IAC was 21.3 months. An overall globe salvage rate of 63.6% 
was observed: more specifically, 100% for Group A, 75% for Groups B and C, 66.7% for Group D, and 
42.9% for Group E. Poor tumor response after IAC was significantly associated with a lesser chance 
of globe salvage (P = 0.045). The overall rate of good tumor response following IAC was 77.3%. 
Specifically, rates of good tumor response in each group were 100%, 75%, 75%, 83.3% and 71.4% in 
group A, B, C, D and E, respectively. The mortality rate was 5%. Complications (per-catheterization) 
included cerebral infarct (2.2%), oxygen desaturation (2.2%), vomiting (26.1%), periorbital 
edema (8.8%), ptosis (6.5%), fever, femoral hematoma, and hyperpigmentation over lid (4.4% each).
CONCLUSION: Four-year experience showed that IAC is a safe and effective method for RB 
management. Patients with a poor response after IAC may have a lower chance of globe salvage. 
Careful patient selection is of utmost importance to achieve the best outcome in a setting of limited 
health-care resources.
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Introduction

Retinoblastoma (RB) is the most common 
intraocular malignancy among children 

and is considered fatal if left untreated. 
Management aims to prevent mortality, then 
globe salvage, and finally to preserve vision 
as much as possible.

Multiple treatment options have been used 
in managing this fatal malignancy, including 
enucleation, intravenous chemotherapy, 
external beam radiation, cryotherapy, plaque 
brachytherapy, and laser photocoagulation. 
Intra‑arterial chemotherapy (IAC) was first 
introduced by Yamane et al. by infusing 
melphalan into the ipsilateral carotid artery 
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of the eye with RB.[1] Then, Abramson et al. began to 
selectively inject the chemotherapeutic agent into 
the ophthalmic artery (OA) in 2008.[2] This technique 
soon becomes a popular technique among developed 
countries due to its promising result and good safety 
profile.[3,4]

However, the IAC procedure requires an expert 
interventional radiologist. Hence, only limited literature 
reported IAC among developing nations.[5,6] We hereby 
report the 4‑year outcome of IAC at Hospital Kuala 
Lumpur, the national referral center for RB in Malaysia.

Materials and Methods

This  was  a  re t rospec t ive ,  nonrandomized , 
noncomparative, interventional case series; a total 
of 22 eyes of 20 RB patients who underwent the IAC 
procedure from January 1, 2018, till December 31, 2021, 
in Hospital Kuala Lumpur were included. This research 
adhered to the tenets of the Declaration of Helsinki, 
and ethical approval was obtained from the Medical 
Research and Ethics Committee of the Ministry of Health 
Malaysia (NMRR ID‑22‑01505‑0QQ) patient consent.

All patients were examined by pediatric ophthalmology 
consultants. Fundus photography was captured by Retcam® 
imaging (Massie Industries, Dublin, CA, USA), and clinical 
data were extracted from electronic medical records. 
All patients underwent detailed ocular examinations 
under general anesthesia. Eyes were classified using the 
International Classification of Retinoblastoma (ICRB). 
Bilateral RB that received IAC on both eyes was analyzed 
separately. Factors of interest include age, race, gender, 
diagnosis, laterality, ICRB stage, type of chemotherapeutic 
agents, number of IACs attempted and success, IAC routes, 
treatment given before IAC, indication of IAC, tumor 
response post‑IAC, procedure‑related complications, globe 
salvage, and mortality.

Indication of IAC was classified into primary 
(treatment‑naïve tumor) and secondary (progressive, 
persistent, and recurrent tumor). Progressive tumor 
was defined as worsening of tumor despite the 
commencement of intravenous chemotherapy with or 
without other treatment modalities such as cryotherapy, 
laser photocoagulation, periocular chemotherapy, or 
intravitreal chemotherapy. Persistent tumors include 
nonregressing main tumor mass and the presence of 
subretinal seed or vitreous seed despite maximum 
treatment. Recurrent tumors were defined as the 
re‑appearance of seed or increased tumor size after initial 
signs of tumor regression.

IAC was performed by interventional radiologists under 
general anesthesia. The technique was similar to other 

reported studies.[5,6] The femoral artery was punctured 
and a 4‑Fr pediatric arterial catheter was inserted under 
ultrasonographic guidance. A 4‑Fr headway catheter 
with guidewire was then guided to the ipsilateral internal 
carotid artery (ICA). There were 2 possible routes of 
cannulation, first path was ICA to OA; second route was 
external carotid artery to middle meningeal artery and 
eventually enter into OA. The route differs according 
to anatomical variation. After the accomplishment of 
road mapping, a microcatheter was used to catheterize 
the OA [Figure 1]. After vascularization to the globe 
and flow were verified, the chemotherapeutic agent was 
delivered directly into the OA. The dosage of melphalan 
was adjusted to age: 2.5 mg (3–6 months old), 3 mg (6–
12 months old), 4 mg (1–3 years old), and 5 mg (>3 years 
old). The topotecan dosage was also adjusted to age: 
0.4 mg (3–6 months old), 0.5 mg (6–12 months old), 
0.75 mg (1–3 years old), and 1 mg (>3 years old).

Outcomes of interest included procedure‑related 
complications, tumor response, and mortality. Tumor 
response was observed on the following examination 
under anesthesia 3 weeks after IAC. It was divided 
into complete response (no degree of residual viable 
tumor), partial response (some degree of residual viable 
tumor), and progression (tumor advancement in size 
and seedings).

Statistical analysis
All the data were analyzed by using the Statistical 
Package for Social Sciences version 25.0 (SPSS, Inc., 
Chicago, IL, USA). Descriptive data were done to 
describe the demographic of the population. Categorical 
data were expressed in frequency and percentage, and 
numerical data were expressed in terms of mean and 
standard deviation (if normally distributed) or median 
with interquartile range (if abnormally distributed). For 
inferential analysis, all the categorical data were analyzed 
with Chi‑square test while numerical data were analyzed 
with independent t‑test. Fisher’s exact test was used if 
the criteria for Chi‑square test were not met. P < 0.05 was 
considered statistically significant.

Figure 1: (a) Angiogram was performed with the catheter at the internal carotid 
artery, demonstrating its branches including the ophthalmic artery. (b) Superselective 
ophthalmic artery angiogram. These images were done with digital subtraction 
angiography, in which all the other structures were extracted and only the contrast 
within the blood vessel was shown
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Results

In total, 22 eyes of 20 patients with RB were treated with 
IAC in 4 years at our center. Patient demographics are 
displayed in Table 1. The mean patient age at IAC was 
21.3 months (median, 19 months; range 7 to 63 months).

Among 22 eyes, 1 eye (4.5%) received melphalan only, 
and the other 21 eyes (95.5%) received both melphalan 
and topotecan as their chemotherapeutic agents. IAC 

was administered as the second line of therapy in 17 
eyes (77.3%) and as primary therapy in 5 eyes (22.7%). 
All 5 patients who received IAC as primary therapy were 
unilateral RB; all of them are Group C or above.

There were total 51 cannulations performed on the 
22 eyes (2.32 attempts each eye on average). Total 46 
successful cannulations out of the 51 cannulations gave 
us 90.2% of success rate. Three eyes contributed to the 
5 failed cannulations and all of them are Group D or 
Group E. All the eyes that received IAC therapy are 
listed in Table 2 and were classified according to the 
ICRB as Group A (n = 1, 4.5%), Group B (n = 4, 18.2%), 
Group C (n = 4, 18.2%), Group D (n = 6, 27.3%), and 
Group E (n = 7, 31.8%).

The outcome of IAC showed that 18.2% of eyes had 
complete regression of the tumor. Thirteen eyes (59.1%) 
had partial response toward IAC [Figure 2]. The remaining 
5 eyes (22.7%) manifest tumor progression despite IAC. 
We classified complete response and partial response 
into good response and plotted a bar graph to assess the 
overall IAC response in each group. Overall, 77.3% of the 
eyes have a good response after IAC therapy [Figure 3].

Table 1: Patient demographics (n=20 patients)
Characteristic n (%)
Sex

Male 12 (60)
Female 8 (40)

Laterality
Unilateral 7 (35)
Bilateral 13 (65)

Ethnicity
Malay 15 (75)
Chinese 5 (25)

Mean age of diagnosis (months)* 11.2 (5.5; 1-63)
Mean age of IAC (months)* 21.3 (19; 7-63)
Mean duration of follow-up (months)* 30.7 (25; 10-89)
*Data are expressed as mean (median; range). IAC=Intra-arterial chemotherapy

Table 2: Summary of clinical details, treatment outcomes, and safety profile of intra‑arterial chemotherapy 
according to the International Classification of Retinoblastoma

A, n (%) B, n (%) C, n (%) D, n (%) E, n (%) Total, n (%)
Number of eyes 1 4 4 6 7 22
Number of successful cannulations 2 9 6 17 12 46
Mean IAC per eye 2 2.25 1.5 2.83 1.71 2.09
Number of failed cannulations 0 0 0 4 (23.5) 1 (8.3) 5 (10.9)
Indication

Primary treatment 0 0 1 (25) 2 (33.3) 2 (28.6) 5 (22.7)
Progression 0 1 (25) 2 (50) 3 (50) 0 6 (27.3)
Recurrent 1 (100) 2 (50) 0 0 0 3 (13.6)
Persistent 0 1 (25) 1 (25) 1 (16.7) 5 (71.4) 8 (36.4)

Outcomes
Complete response 1 (100) 1 (25) 0 1 (16.7) 1 (14.3) 4 (18.2)
Partial response 0 2 (50) 3 (75) 4 (66.7) 4 (57.1) 13 (59.1)
Progression 0 1 (25) 1 (25) 1 (16.7) 2 (28.6) 5 (22.7)

Intra- and post-IAC complications
Cerebral infarct 0 0 0 0 1 (8.3) 1 (2.2)
Oxygen desaturation 0 0 0 1 (5.8) 0 1 (2.2)
Vomiting 1 (50) 2 (22.2) 1 (16.7) 5 (29.4) 3 (25) 12 (26.1)
Fever 0 0 0 2 (11.8) 0 2 (4.4)
Periorbital edema 1 (50) 1 (11.1) 0 1 (5.8) 1 (8.3) 4 (8.8)
Right femoral hematoma 0 1 (11.1) 0 1 (5.8) 0 2 (4.4)
Hyperpigmented patch over lid 0 0 1 (16.7) 1 (5.8) 0 2 (4.4)
Ptosis 0 0 0 2 (11.8) 1 (8.3) 3 (6.5)

Globe salvage
Yes 1 (100) 3 (75) 3 (75) 4 (66.7) 3 (42.9) 14 (63.6)
No 0 1 (25) 1 (25) 2 (33.3) 4 (57.1) 8 (36.4)

Mortality
Yes 0 0 0 1 (16.7) 0 1 (5)
No 0 4 (100) 3 (100) 5 (83.3) 7 (100) 19 (95)

IAC=Intra-arterial chemotherapy
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The complications related to the IAC procedure are 
listed in Table 2. The main complications included 
vomiting (26.1%), periorbital edema (8.8%), and 
ptosis (6.5%). One patient developed oxygen desaturation 
during the IAC procedure and resolved uneventfully. The 
most devastating complication in this study was cerebral 
infarct; one patient (2.2%) encountered a left‑sided focal 
seizure post‑IAC. Computer tomography (CT) of the 
brain revealed an acute right middle cerebral artery 
territory infarct. This patient eventually recovered with 
no residual weakness.

Globe salvage is one of the important outcomes to be 
observed among RB patients. Of 22 eyes, globe salvage 
was maintained in 14 eyes (63.6%), with 100%, 75%, 
75%, 66.6%, and 42.9% in ICRB Groups A, B, C, D, 
and E, respectively (P = 0.788). Indications for IAC 
therapy showed no significant difference in terms of 
globe salvage rate. The group that showed disease 
progression post‑IAC therapy was associated with a 
lower globe salvage rate compared to eyes that have a 
complete or partial response (P = 0.045). There was one 
patient demised in this study due to pelvis metastasis. 
However, enucleations have no significant relationship 
with mortality in this study (P = 0.121) [Table 3].

Discussion

IAC for RB has been extensively studied in developed 
countries with numerous published articles. It requires 
high technical skills and specialized facilities, which 
limits its availability in developing nations. Hence, 

there is a paucity of data in terms of outcomes of IAC 
in developing nations. Our study aims to supply more 
information on IAC outcomes from the developing 
region; currently, our center is the only facility in 
Malaysia that provides IAC for intraocular RB.

At our institute, we started IAC for intraocular RB 
in 2014. Initially, our center only commenced IAC as 
secondary therapy and the cannulation success rate was 
around 71.8%.[5] We started IAC as primary treatment for 
unilateral RB in 2019 supported by promising outcomes 
reported from developed nations.[3,4,7,8] Twenty‑two point 
seven percent of our patients were treated with IAC as 
primary therapy with a globe salvage rate of 40%. Eighty 
percent of the eyes that received IAC as primary therapy 
were Group D or E. One of the reasons was most of our 
patients presented to us at advanced stages. On top of 
that, all these patients suffered from unilateral advanced 
RB, and without primary IAC these eyes would have 
been enucleated. Although the globe salvage rate among 
the primary IAC group is slightly lower compared to 
developed nations (43%–100%)[4,9‑12], most of the eyes 
enucleated in our primary IAC therapy group were 
Group E. Besides the cannulation success rate increased 
from 71.8% in 2018 to 89.1% due to the improvement 
of skills and more practices along the learning curve.[5]

The globe salvage rate among the secondary IAC 
therapy group was 70.6%; this result was comparable 
with other published data (50%–100%).[3,4,6,9,10,12,13] Most 
papers showed a higher globe salvage for eyes that 
received IAC as primary treatment compared to eyes that 

Table 3: Globe salvage rate
Globe salvage P

Yes No
Group

A 1 (100) 0 0.788
B 3 (75) 1 (25)
C 3 (75) 1 (25)
D 4 (66.6) 2 (33.4)
E 3 (42.9) 4 (57.1)

Indication
Primary treatment 2 (40) 3 (60) 0.612
Progression 5 (71.4) 2 (29.6)
Recurrent 1 (50) 1 (50)
Persistent 6 (75) 2 (25)

Treatment
IVT/periocular chemo + IAC 8 (57.1) 6 (42.9) 0.649
IAC only 6 (75) 2 (25)

Outcomes
Complete response 4 (100) 0 0.045
Partial response 9 (69.2) 4 (30.8)
Progression 1 (20) 4 (80)

Mortality
Yes 0 1 (100) 0.121

IVT=Intravitreal, IAC=Intra-arterial chemotherapy

Figure 2: (a) Unilateral Group D intraocular retinoblastoma appearance during the 
first EUA, large calcified mass with vitreous seeding. (b) After 1 cycle of IAC, the 
calcified mass reduced in size with vitreous seeding. (c) After 3 cycles of IAC, the 
tumor shrank further with optic disc exposed and less vitreous seeding. (d) After 
5 cycles of IAC, mass reduced to 4‑disc diameter in size with vitreous veil anteriorly. 
EUA: Examination under anesthesia. IAC: Intra‑arterial chemotherapy
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received secondary IAC therapy. However, our results 
revealed a lower globe salvage rate among the primary 
IAC therapy group (40%) compared to the secondary 
IAC therapy group (70.6%). This discrepancy might be 
explained by inclusion bias, in which the majority of the 
eyes in the primary IAC therapy group were Group D or 
E (80%), while only 46.2% of the eyes in the secondary 
IAC therapy group were Group D or E.

In Malaysia, our RB patients presented to healthcare 
provider at a rather advanced stage. Menon et al 
reported that 59.1% of Malaysian RB patients presented 
as Group D or Group E.[14] Our globe salvage rate 
based on ICRB classification echoed data from other 
studies. The globe salvage rate for Groups A to C was 
75%–100%, which supports the efficacy of IAC among 
our populations. Group D had a slightly lower globe 
salvage rate of 66.6% compared to 86% reported by 
Shields et al.[4] The reason could be the complexity of 
management for Group D RB which includes intravitreal 
and periocular chemotherapy. All these variables were 
not taken into consideration while we analyzed the 
dataset, as the number is too small compared to other 
major centers in the US. In an attempt to analyze whether 
intravitreal or periocular chemotherapy had any impact 
on the globe salvage rate in our center, the result was 
not significant (P = 0.649). Our globe salvage rate in 
Group E eyes was 42.9%, which is comparable with 
other studies (30%–90%) and slightly higher than our 
Thailand peers.[3,4,6,15‑17]

Initial tumor responses post‑IAC were important data 
and likely to serve as a predictor for potential treatment 
failure and eventually enucleation. Progression of RB 
after IAC was associated with enucleation (P = 0.045). 
Eyes which encountered progression after IAC might 
not be a good candidate to continue the IAC treatment 
modality, and other alternatives should be sought earlier 
for this group of patients. Further study is required to 
figure out the exact duration and cycles of IAC to patients 

that responded poorly to IAC, before we pronounced 
them as treatment failure. The risk of distant metastasis 
always haunts us when we were balancing the risk 
and benefit of globe salvage in patients with poor 
responses to IAC. Eyes that showed partial response 
will receive further IAC treatment until the tumor 
regressed completely. In cases that tumor could not be 
eliminated completely, other treatment modalities will be 
started depending on the stages of RB, such as systemic 
chemotherapy or enucleation in advance disease.

The risk of metastatic deaths in RB in countries 
with advanced IAC facilities was reported as <1% 
over 10 years (3 out of 1139 patients).[18] From our 
literature review [Table 4], the mortality rate reported 
ranges around 1%–8%.[6,17,19‑21] Most of the patients 
succumbed due to trilateral RB or metastatic disease. 
IAC therapy in our center is relatively infant compared to 
other international RB centers. Throughout these 4 years, 
there was 1 death among 20 patients with a mortality rate 
of 5%. The patient had bilateral RB. Her right eye was 
Group E which has been enucleated, and her left eye was 
Group D. This child was initially treated with systemic 
chemotherapy because of progressive disease over the left 
eye, and enucleation was offered to the parents. However, 
the parents were adamant about not enucleating the only 
eye. IAC was commenced with intravitreal chemotherapy 
as adjunctive therapy. Eventually, this patient succumbed 
due to pelvis metastasis. Refusal of enucleation is more 
commonly seen in less‑developed countries.[40] Parents 
were likely to refuse treatment and further management 
at the point when they were counseled for enucleation 
in Malaysia.[41,42] Hence, IAC provided an alternative 
exit route for these patients. Nevertheless, enucleation is 
inevitable in some eyes and refusal for enucleation could 
be the contributing factor for metastatic death among 
these patients.

In terms of intra‑arterial chemotherapeutic agents, 
we initially started with only melphalan infusion 

Figure 3: Bar chart showing good response (combination of complete response and partial response) and globe salvage rate after IAC therapy according to the ICRB group. 
IAC: Intra‑arterial chemotherapy, ICRB: International Classification of Retinoblastoma
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back in 2014.[5] After studying more published articles 
recommending additional topotecan on top of melphalan, 
we started to infuse melphalan plus topotecan for our 
IAC patients in 2018.[3] Liu et al from Malaysia published 
his work stating that their globe salvage rate was only 
38% in 2018 by using Melphalan alone. Hence, I cited 
his paper and compared to our current paper. It showed 
improvement from 38% to 63.6%.[5] Such significant 
improvement might be contributed by additional 
topotecan in the IAC regime for RB treatment.

There has been ample discussion of complications of 
IAC, especially in center with lesser experience like us. 
In our first few years’ experience, IAC is considered a 
safe procedure with vomiting as the most common side 
effect (26.1%). Nausea and vomiting could be attributed 
by general anesthetic medications. Out of 46 successful 
cannulations, there was 1 incident of stroke (2.2%) 
involving the right middle cerebral artery. The patient 
developed left‑sided focal seizure, and CT revealed 
an acute right middle cerebral artery territory infarct. 
Perhaps due to neural plasticity in pediatric patients, 
that child recovered with no residual weakness.[43] Stroke 
is a rare but serious complication that can occur during 
IAC procedure, with only four reported cases of stroke 
related to IAC by far including this study.[4] The risk of 
stroke in IAC ranges between 1% and 7% based on our 
literature reviews in Table 4.[2‑6,8‑12,15,17,24]

Other than that, we encountered 1 transient oxygen 
desaturation (2.2%) during IAC procedure, 4 
periorbital edema (8.8%), 3 ptosis (6.5%), and 2 
hyperpigmented patch over lid (4.4%). Our patients 
resolved from these complications spontaneously. 
Overall, the complication rate was comparable to 
other international RB centers.[3,4,9] Hopefully, the 
complication rate will be reduced further with time 
and experience.

The limitation of this study is the small sample size 
which was constrained by the limited resources in our 
developing nation. Future studies with larger sample 
size from a developing country would be very useful.

Conclusion

Our results indicate that IAC is a safe and effective 
treatment modality for patients with intraocular RB in 
our populations and health setting. IAC has provided 
hopes for advanced RB patients to salvage the globe with 
preservation of some vision. Furthermore, unilateral 
RB patients can receive primary IAC therapy without 
exposing themselves to systemic chemotherapeutic 
agents and the devastating systemic side effects. Finally, 
careful patient selection and teamwork collaboration 
between pediatric ophthalmology, pediatric oncology, 

and interventional radiology are utmost important to 
provide the best IAC outcome for our young RB patients.
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