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Purpose The advances in the treatment of retinoblastoma have enabled salvaging the globe in advanced stages with intra-arterial
chemotherapy (IAC). We developed a strategy of alternate application of systemic intravenous chemotherapy (IVC) and IAC (referred
to as alternate systemic IVC and IAC; ASIAC) to reduce central nervous metastases during IAC and examined its efficacy and safety in
eye globe salvage in this study.

Materials and Methods Between January 2010 and February 2021, 43 eyes of 40 patients received ASIAC treatment for retinoblas-
toma at the Yonsei Cancer Center, Yonsei University Health System. Their medical records were reviewed retrospectively to evaluate
the eye salvage rate (ESR), defined from diagnosis to enucleation. High-risk retinoblastoma was defined as group D or E by the Inter-
national Classification of Retinoblastoma.

Results The study enrolled 38 and five cases of high-risk and low-risk retinoblastoma, respectively. In total, 178 IAC and 410 IVC
courses were administered, with a median of 4 (interquartile range [IQR], 3.0 to 5.0) IAC and 9 (IQR, 6.0 to 11) IVC courses per eye,
respectively. The 5-year ESR was 60.4%+8.7% for the whole cohort, 100% for low-risk retinoblastoma, and 53.6%+9.8% for high-risk
retinoblastoma. Among those diagnosed since 2015, the 5-year ESR for high-risk retinoblastoma was 63.5%+14.0%. Fifteen eyes
underwent enucleation; no viable tumor was found in three enucleated eyes. There were no deaths in this cohort.

Conclusion Primary IAC-IVC (i.e., ASIAC) for patients with retinoblastoma was tolerable and effective in salvaging the eye and main-
taining survival.
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with advanced retinoblastoma [3,4]. Since its introduction as
a promising approach for eye salvage, intra-arterial chemo-
therapy (IAC) has become a standard treatment strategy

Introduction

Retinoblastoma is a rare malignant tumor that occurs

during childhood. If the tumor is surgically removed at the
proper time point before the occurrence of metastasis, the
survival rate of patients with retinoblastoma approaches
99%. Therefore, in developed countries, the primary purpose
of treatment is the preservation of the eye globes without
compromising the survival rate [1]. External-beam radio-
therapy was considered an effective strategy for eye globe
salvage; however, it is no longer used due to long-term com-
plications such as secondary malignancies [1,2]. Intravenous
systemic chemotherapy (IVC) has been used for eye salvage
and achieving long-term survival; however, the eye salvage
rate (ESR) has not been satisfactory, especially in patients

[5-7]. The ESR for IAC ranges between 40%-60% [8,9].
High-risk pathologic features found in enucleated eyes
indicate the risk of metastases [10]. The high-risk pathologic
features include choroidal invasion, retrolaminar invasion
and involvement of the resected end of the optic nerve, iris
and ciliary body involvement, anterior chamber involve-
ment, and scleral and extrascleral involvement, although
the definition of the features is much debated [11,12]. Adju-
vant chemotherapy is required in patients with enucleated
eyes with high-risk pathologic features [12-14]. Since pati-
ents undergoing treatment aimed at eye preservation can
have high-risk pathologic features in clinically advanced
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retinoblastoma, there are concerns regarding the risk of cen-
tral nervous system metastases with the use of IAC alone
[8,15,16]. Therefore, we introduced an alternate approach
of using systemic IVC and IAC (ASIAC) to prevent and
eradicate micrometastases to the central nervous system and
simultaneously achieve satisfactory survival and eye salvage
[17,18]. We developed this strategy over a period of ten years
and recently published the treatment outcome of advanced
retinoblastoma (International Classification of Retinoblas-
toma [ICRB] group D or E retinoblastomas), focusing on the
efficacy of IAC compared with that of the historical treat-
ment group [19]. Herein, we report the results of our follow-
up with the ASIAC approach for the primary treatment for
retinoblastoma, including all ICRB groups, focusing on its
efficacy and safety.

Materials and Methods

1. Patients

We included 40 patients with retinoblastoma who under-
went the ASIAC approach as the primary treatment for
eye salvage at the Yonsei Cancer Center, Yonsei University
Health System, Seoul, Korea, between January 2010 and Feb-
ruary 2021. A total of 43 eyes were treated. The demographic
data of the patients, including sex, age and symptoms at dia-
gnosis, RBI gene mutation, staging according to the Reese-
Ellsworth (RE) classification, and the ICRB, were collected.

2. Treatment

All patients received both IAC and IVC. IVC, which con-
sists of vincristine (1.5 mg/m? day 1), carboplatin (200 mg/
m?, days 1-2), etoposide (150 mg/m? days 1-2), and cyclo-
sporine (12 mg/kg, days 1-2), was the first choice of treat-
ment and was repeated every 3 weeks.

IAC was administered alternatively with IVC (Fig. 1). A
typical set of IAC and IVC comprised one course of IVC and
IAC, 3 weeks apart, which was repeated for 6-8 cycles. The
number of sets was decided according to the tumor response
to the treatment (based on the clinical and magnetic reso-
nance imaging [MRI] findings) via a multidisciplinary dis-
cussion (MDD) among a pediatric oncologist, ophthalmolo-
gist, and an interventional radiologist. Tumor response was
observed clinically and documented photographically and /
or ultrasonographically. Progressive disease was defined as
the enlargement of tumor in tumor base or height, and/or
appearance of new lesions, and/or progression of vitreous
seeds based on increased number of seeds, conversion from
dust to spheres, or the presence of new preretinal tumors
[20].

If the treatment response was considered sufficiently com-

plete by the ophthalmologist, IAC was not continued fur-
ther; only IVC courses were continued until the completion
of the 6-8 cycles. After the completion of the ASIAC approach
for each patient, they were followed up every 2 to 3 months
using ophthalmologic examinations and MRI scans for 2
years. The interval increased based on the examination find-
ings thereafter. Patients younger than 6 months were admin-
istered several courses of IVC while awaiting intra-arterial
vascular route maturation, followed by the administration of
IAC-IVC sets (i.e., bridge ASIAC).

If this primary treatment failed due to refractoriness
(defined as an unsatisfactory response by MDD or recur-
rence after primary treatment completion), the regimen was
changed to a salvage regimen composed of vincristine (1.5
mg/m? day 1), doxorubicin (45 mg/m?, day 1), and cyclo-
phosphamide (500 mg/m?, days 1-3) and/or further TAC
courses for eye salvage. We did not perform external-beam
radiotherapy to preserve the eye.

Our IAC technique has been described in a previous report
[5]. Briefly, the femoral artery was punctured. Subsequent-
ly, 4-French angiocatheters were passed through the aorta
and carotid artery, and a Marathon flow microcatheter was
positioned into the ophthalmic artery with 20-30 minutes of
melphalan and/or topotecan infusion. All procedures were
performed by a qualified and experienced interventional
radiologist at our institution. The doses of melphalan and
topotecan were determined according to the patient’s age
(melphalan: <1 year, 3 mg; 1-2 years, 4 mg; > 3 years, 5 mg;
topotecan: < 1 year, 0.5 mg; > 1 year, 1.0 mg). We initially
used melphalan alone for IAC (through 2014). Melphalan/
topotecan was adopted in 2015 after receiving approval from

2-3 weeks apart

Maximum
- == 6-8times
for a patient

Fig. 1. One cycle of Alternate Systemic and Intraarterial Chemo-
therapy (ASIAC). One course of ASIAC comprises combination
systemic intravenous chemotherapy and intra-arterial chemo-
therapy (IAC). Each course is delivered to the patient 2-3 weeks
apart. A maximum of 6-8 courses are planned for the primary
aim of salvaging the eye with the newly developed retinoblas-
toma.
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Table 1. Patient characteristics and detailed treatment information

Characteristic

Value

No. of patients
No. of eyes
Age at diagnosis (mo)
Systemic chemotherapy
Total No. of IVCs
No. of cycles per patient
Total No. of IVCs before progression
No. of cycles per patient before progression
IAC procedure
Age at start of JAC
Total No. of IACs
No. of IAC before progression
Age at start of IAC
No. of procedures per patient
No. of procedures per patient before progression
FU duration (yr)

40 (male 22, female 18)
43 eyes
19.1 (IQR 11.1-30.4, min-max 0.22-18.1)

410 cycles

9 cycles (IQR 7.0-12.0, min-max 3-23)
312 cycles

7 cycles (IQR 6.0-8.0, min-max 3-12)

1.79 (IQR 1.19-2.56, min-max 0.51-18.2)
178 IA procedures

153 IA procedures

1.79 (IQR 1.19-2.56, min-max 0.51-18.2)
4 cycles (IQR 3.0-5.0, min-max 1-9)

3 cycles (IQR 3.0-5.0, min-max 1-7)

5.3 (IQR 3.3-6.9, min-max 0.6-10.7)

FU, follow-up; IAC, intra-arterial chemotherapy; IQR, interquartile range; IVC, systemic intravenous chemotherapy.

the regulatory government agency of the health insurance
(Health Insurance Review and Assessment Service, Repub-
lic of Korea) for the use of this regimen for the treatment of
retinoblastoma.

IAC-related complications were closely monitored for 1-2
days in the hospital. All treatment-related adverse events
were assessed by the Common Terminology Criteria for
Adverse Events, ver. 4.0. After enucleation, pathologists
examined the enucleated eye and reported the presence of
high-risk pathologic features [10,14].

Focal therapies (e.g., thermotherapy, laser photocoagula-
tion, and cryotherapy) were also performed, as needed. The
ophthalmologist meticulously examined the eye after every
1-2 ASIAC sets under general anesthesia and determined
the need for focal therapy. Additionally, intravitreal chemo-
therapy (melphalan, topotecan, or methotrexate) injection
was started in 2015. Under general anesthesia, intravitreal
injection was performed through the pars plana at 2-3 mm
from the limbus, depending on the age of the patients. Intra-
vitreous melphalan (25-30 pg in 0.04-0.08 mL), topotecan
(10-20 pg in 0.04 mL), or methotrexate (400 pg in 0.05 mL)
was prepared in the operating room under sterile conditions.
Intravitreal injection was administered through the pars pla-
na route with a 30-G needle [19].

3. Statistical analysis

Data are presented as the median with interquartile range
(IQR), number with percentage, or meantstandard deviation.
The salvage duration was calculated from the day of diagno-
sis to the day of enucleation. Relapse events were defined as
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follows: recurrence after the completion of treatment for the
primary aim or an IVC regimen change after the determina-
tion of residual tumor as refractory to the primary treatment
by MDD, whichever occurred first. The progression events
were defined as relapse events or enucleation, whichever
occurred first. The 5-year ESR and progression-free salvage
rate (PFSR) were analyzed using the Kaplan-Meier method
and log-rank test. Since we adopted melphalan and topote-
can as the regimen for IAC and intravitreal chemotherapy in
2015, the 5-year ESR was separately analyzed for the cohort
of patients diagnosed after 2015.

All statistical analyses were performed using SPSS ver.
23.0 (IBM Corp., Armonk, NY) and R Statistical Software ver.
3.6.3 (Foundation for Statistical Computing, Vienna, Aus-
tria). p-values < 0.05 were considered statistically significant.

Results

1. Patient demographics and clinical features

The patients comprised 22 men and 18 women (median
age at diagnosis, 1.57 years [IQR, 0.91 to 2.50]) (Table 1). Elev-
en patients had bilateral retinoblastomas; three patients had
bilateral retinoblastomas and were treated with the ASIAC
approach for both eye globes. Eight patients with bilateral
retinoblastomas received ASIAC for only one eye globe. No
eyes were classified as RE stages I and II or ICRB A. Thirty-
two eyes (74.4%) were classified as RE stage V and 26 eyes
(60.5%) as ICRB E. Six eyes (14.0%) were low-risk according
to the RE stage and five eyes (11.6%) were low-risk according
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Table 2. Retinoblastoma staging information

RE stage
I 0
I 0
I 6(13.9)
I\ 5(11.6)
\Y 32 (74.4)
ICRB group
A 0
B 1(2.3)
C 4(9.3)
D 12 (27.9)
E 26 (60.5)

ICRB, International Classification of Retinoblastoma; RE, Reese-
Ellsworth classification.

to the ICRB group (Table 2). Other detailed clinical informa-
tion regarding the treated eye globes is summarized in S1
Table.

2. ASIAC chemotherapy details

A total of 410 IVC courses (median per eye, 9 [IQR, 6.0 to
11.0]) were administered (S1 Table). Among these, 312 (medi-
an pereye, 7 [IQR, 6 to 8]) were performed before progression
as a primary salvage attempt. Additionally, 178 IAC courses
were administered, with a median of 4 (IQR, 3.0 to 5.0) cycles
per eye. Among these, 153 (median per eye, 3 [IQR, 3 to 5])
were administered before relapse. Most patients received < 6
IAC courses (Table 1, Fig. 2).

3. Eye salvage rate

Overall, the 3-year and 5-year ESRs were 69.0%+7.5%
and 60.4%+8.7%, respectively (Fig. 3A). According to the
ICRB group, the 5-year ESR was 100% for groups B and C,
35.8%+19.2% for group D, and 70.4%+9.4% for group E (Fig.
3B). There was late enucleation in the ICRB group B eyes
after 7.41 years of follow-up. The 3-year and 5-year ESRs
were 100% and 100%, respectively, in the low-risk group,
and 64.3%18.4% and 53.6%+9.8%, respectively, in the high-
risk group, as defined by the ICRB (Fig. 3C).

The cohort of patients diagnosed after 2015 showed a ten-
dency towards a better 5-year ESR than those diagnosed
before 2015 (67.2%+12.7% vs. 50.0%+12.5%, respectively,
p=0.23) (Fig. 3D). In the cohort diagnosed after 2015, the
5-year ESR was 100% in the low-risk group and 63.5%+14.0%
in the high-risk group (Fig. 3E). According to the IAC regi-
men for high-risk retinoblastomas, the melphalan/topote-
can group showed a tendency towards a higher 5-year ESR
than that in the melphalan-alone group (56.1%+13.3% vs.

No. of patients
D w

w
1

0
12 3 456 7 8 910N

No. of IA procedures

Fig. 2. The number of intra-arterial (IA) chemotherapy procedu-
res per an eye.

40.0%+15.5%, respectively, p=0.17) (Fig. 3F).

4. PFSR and additional treatment details

Twenty-seven eyes in 21 patients progressed or underwent
enucleation (S1 Table). The overall 3-year and 5-year PFSRs
were 35.4+7.7% and 31.9%+7.7%, respectively (Fig. 4A). The
5-year PFSR was 28.8%+7.8% in the high-risk group and
60.0%121.9% in the low-risk group (p=0.18) (Fig. 4B).

After progression, 25 IAC courses (median per eye, 0 [IQR,
0 to 1]) were administered in an attempt to salvage 13 eyes.
Twelve eyes with progression were not treated with addi-
tional IAC courses to salvage the globes. Additionally, 98
IVC courses (median per eye, 2 [IQR, 0 to 4]) were adminis-
tered to 23 eyes. Two eyes with progression were not treated
with additional IVC courses to salvage the globes. There was
no difference in PFSR according to the IAC regimen (mel-
phalan-alone group vs. melphalan/topotecan group, p=0.34,
data not shown).

5. Enucleation and surgical pathology

Fifteen eyes underwent enucleation (Table 3). Among
these, six (40%) had high-risk pathologic features. Three eyes
(20%) showed no residual retinoblastoma after enucleation
during the pathologic examination. The reasons for enu-
cleation were persistent or recurrent retinoblastoma tumor,
including vitreous seeding (n=11), vitreous opacity caused by
intravitreous hemorrhage, or retinal detachment rendering
ophthalmology examination of the retina impossible (n=3),
and atrophy of the eyeball (n=1). There were no deaths.

6. Adverse events

All-grade events among 178 procedures were as follows:
14 (7.9%) eyelid swelling events, 11 (6.2%) conjunctival
injections, and 11 (6.2%) erythemas. Grade 3 or higher events
comprised two cases of oculovagal reflex causing systemic
hypotension, clinically identified decreased visual acuity,
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Fig. 3. Eye salvage rate (ESR). (A) The ESR of the whole cohort is shown. (B) The ESR according to the international classification of ret-
inoblastoma (ICRB) is shown. (C) The ESRs of the low- and high-risk groups, as defined by the ICRB, are shown. (D) The ESR according
to the year at diagnosis is shown. Patients diagnosed before and after January 2015 were compared. (E) The ESR of the cohort diagnosed
after January 2015. ICRB high-risk vs. low-risk. (F) The ESR of the high-risk group according to the intraarterial chemotherapy regimen

(melphalan/topotecan vs. melphalan alone).

eyelid swelling, and erythema (Table 4). There were no sei-
zures or cerebrovascular accident events.

Discussion

IAC for retinoblastoma is regarded as the standard treat-
ment approach for salvaging eyeballs and ensuring survival
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[8,9]. External-beam radiotherapy is no longer accepted as a
primary treatment and is now regarded as a treatment failure
event similar to enucleation [3]. Further, the ESR is not satis-
factory with IVC alone [3]. With IAC, the ESR is markedly
increased compared with the historical results; however, con-
cerns remain regarding central venous system recurrences,
and consequently, unavoidable mortality due to relapse [8,9].

In patients with clinically advanced retinoblastoma, high-
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Fig. 4. Progression-free salvage rate. (A) The progression-free salvage rate of the whole cohort is shown. (B) The progression-free salvage

rates of the high- and low-risk groups, as defined by the international classification of retinoblastoma, are shown.

Table 3. Reasons for nucleation and pathologic findings in the enucleated eyes

. Pathology HR (6/15
Reason of enucleation ) o e

(12/15 residual positive) positive)
3 Vitreous seeding (newly developed) Residual RB Yes
6 Increased tumor size, vitreous seeding Residual RB No
7 Unable to see retina due to vitreous hemorrhage Residual RB No
9 Tumor progression Sclera involvement: present Yes
11 Persistent tumor, retinal detachment, increased ocular pressure Residual RB No
12 Seeding, vitreous hemorrhage, ocular atrophy No residual RB No
13 Vitreous seeding (persistent) Residual RB Yes
15 Recurred tumor Residual RB, choroid invasion Yes
16 Recurred tumor, retinal detachment Residual RB Yes
19 Progresison of tumor Residual RB No
24 Progresison of tumor Residual RB No
26 Vitreous hemorrhage, ocular atrophy No residual RB No
31 Optic nerve enhancement, abruptly decreased vision Residual RB; optic nerve Yes

involvement at cut surface

3B Retinal detachment No residual RB No
36 Tumor progression, vitreous hemorrhage Residual tumor No

HR, high-risk pathologic feature; RB, retinoblastoma. ?For the eye globe number, refer to the detailed eye globe information in the S1 Table.

risk pathologic features requiring adjuvant chemotherapy are
often observed after enucleation [10,14]. Therefore, there is a
risk of occult pathologic high-risk features with IAC alone as
there are no reliable detection modalities to confirm a lack of
micrometastases in the central nervous system without and
before enucleation. In a recently updated systemic review on
the efficacy of IAC alone, the ESR was around 60% for low-
risk retinoblastoma and 40% for high-risk retinoblastoma.
Metastases were found in approximately 2% of patients [8,9].

To overcome this small but evident risk, we used ASIAC,
alternating IAC-IVC treatment for high-risk, advanced-stage
retinoblastoma to eradicate potential micrometastasis while
undergoing eye preservation treatment, since 2010 [17,18].

Recently, several researchers published similar approaches
to increase the ESR [21,22]. Using ASIAC, we achieved a
5-year ESR of 100% for low-risk retinoblastoma and > 50%
for high-risk retinoblastoma; after 2015, the ESR for high-risk
retinoblastoma was > 60%. Furthermore, no deaths occurred
due to retinoblastoma, although the study cohort was rela-
tively small.

The ESR of the treatment cohort showed a tendency to
increase after 2015. In 2015, we adopted a two-drug regi-
men of IAC for retinoblastoma as well as intravitreal chemo-
therapy. These changes in the treatment practices may have
increased the ESR. The three-drug regimen is the current
standard worldwide and shows excellent ESR [23]. In addi-
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Table 4. Adverse events during the intra-arterial chemotherapy
procedures

Adverse event Any 23
Eyelid swelling 14 (7.9) 1(0.6)
Erythema 11 (6.2) 1(0.6)
Conjunctival injection 11 (6.2) 0
Ptosis 1 (0.6) 0
Strabismus 6(3.4) 0
Hypotension 2(1.1) 1(0.6)
Fever 8(4.5) 0
Decreased visual acuity 1 (0.6) 1(0.6)
Seizure 0 0

Values are presented as number (%).

tion, the role of intravitreal chemotherapy in the increasing
rate of salvage of the eye globe is well known [24].

To avoid potential recurrences and relapses, the cases with
greatly advanced retinoblastoma, such as RE stage E eyes,
are often excluded from an eye salvage approach with IAC
alone; primary enucleation is recommended for this group
[2,25,26]. However, using ASIAC, we were able to salvage
a substantial number of ICRB group D and E eyes without
compromising the survival rate.

One shortcoming of ASIAC is the concern regarding the
short-term and long-term treatment-related complications.
IAC is not without complications, and the optimal combina-
tion, number, and intensity of IAC and IVC courses remain
uncertain [27]. We initially performed as many as nine IAC
courses with combined IVC to salvage the eyeballs. How-
ever, we later limited the number of IAC courses to < 6, as
much as possible; we also limited the number of IVC courses.
Currently, we decide whether to proceed with enucleation
or continue with ASIAC under MDD at the time of the third
or fourth course to reduce the long-term complications and
treatment toxicity. However, the optimal combination of IAC
and IVC and the suitable roles of each treatment for eye sal-
vage should be further investigated.

It is difficult to determine the exact timing of enucleation
during the course of eyeball salvage in retinoblastoma. Such
decisions are dependent on clinical ophthalmology exami-
nations and MRI findings [28,29] and are often determined
to be wrong (i.e., the pathology report does not reveal any
residual viable tumor in the enucleated eye). The triggers
for enucleation include tumor progression based on clini-
cal examination findings, persistent and refractory vitreous
seeding nodules, or enhanced ophthalmic nerve on MRL
There have been cases with discrepant clinical findings and
pathologic results. Among the clinical findings considered to
indicate the risk of impending central nervous system metas-
tases, retinal detachment is under debate. Although retinal
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detachment can be caused by disease progression, it could
also be a complication of IAC or intravitreal chemotherapy
[8,27]. It also occurs without any discernible reason. There-
fore, when deciding to enucleate an eye with retinoblastoma
and retinal detachment, a comprehensive review of the clini-
cal course and MDD are strongly recommended.

One challenging problem in retinoblastoma is the frequent
relapse after the planned courses of treatment [30]. Patient
treatment courses are highly intricate, rendering manage-
ment difficult. Thus, it is difficult to directly compare the
efficacy of different treatment strategies [31,32]. There have
been a substantial number of cases of progression. Accord-
ingly, we had to provide further treatment to consolidate the
definitive and permanent control of the residual retinoblas-
toma. Most progressions were identified before 3 years from
diagnosis; therefore, special concerns should be conveyed
regarding the progression during the first 3 years of follow-
up. Furthermore, the requirement of a sufficiently long peri-
od of follow-up to confirm the result of retinoblastoma treat-
ment should be emphasized [15]. Frequent relapses place
physical and psychological burdens on patients, families,
and physicians, leading to drop-off and treatment give-ups.
Therefore, treatment compliance is another key element for
success in the long, complex course of eye salvage treatment.
If there is a risk of drop-out due to various physio-psycho-
social issues, primary enucleation, instead of eye salvage,
should be considered and discussed. Measures to enhance
treatment compliance also should be provided [33]. Collabo-
ration among the oncologist, ophthalmologist, radiologist,
pathologist, patient, and families is strongly needed to com-
plete retinoblastoma treatment successfully [1].

This study has some limitations. Although we used com-
bined intravitreous chemotherapy in patients with vitreous
seeding, we could not analyze the role of the intravitreous
treatment since the retinoblastoma treatment course was
highly complex. Although we adopted a protocol based on
systematic treatment in patients with retinoblastoma, the
study was not designed as a prospective clinical trial due to
the complexity of the management for each patient. Another
limitation is the lack of systematic visual function evalua-
tions during the treatment and follow-up courses. Further-
more, the follow-up period was relatively short, and the ESR
should be further matured. Although the number of patients
in this cohort was small, it was substantial considering the
rarity of retinoblastoma in Korea [34].

In conclusion, the ASIAC approach is an effective treat-
ment strategy for increasing the ESR while maintaining sat-
isfactory survival. Issues remain regarding the optimal strat-
egy for combining IAC and IVC, and further investigation
should be performed to enhance the efficacy and safety of
this approach.
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