Original Paper

Ocular Oncology
adPathology

Ocul Oncol Pathol 2019;5:139-146
DOI: 10.1159/000491580

Received: April 17,2018
Accepted after revision: June 26, 2018
Published online: August 21, 2018

Primary Intra-Arterial Chemotherapy for
Retinoblastoma in the Intravitreal Chemotherapy

Era: Five Years of Experience
Lauren A. Dalvin®*¢ Mamta Kumari@
Shormin Shohelly Shipa?
Pascal Jabbour? Carol L. Shields?

David Ancona-Lezama?

Vera Adobea Essuman@ ¢

J. Antonio Lucio-Alvarez?

20cular Oncology Service, Wills Eye Hospital, Thomas Jefferson University, Philadelphia, PA, USA;
bDepartment of Endovascular Neurosurgery, Thomas Jefferson University, Philadelphia, PA, USA;
¢Department of Ophthalmology, Mayo Clinic, Rochester, MN, USA; 4Ophthalmology Unit,
Department of Surgery, School of Medicine and Dentistry, University of Ghana, Accra, Ghana

Keywords
Eye - Cancer - Retinoblastoma - Intra-arterial chemotherapy -
Intravitreal chemotherapy

Abstract

Purpose: To report our 5-year experience with intra-arterial
chemotherapy (IAC) in the intravitreal chemotherapy (lvitC)
era. Methods: Retrospective review of retinoblastoma treat-
ed with primary unilateral IAC in the IvitC era (2012-2017).
Results: There were 34 eyes treated with IACalone versus 20
eyes treated with IAC plus IvitC for vitreous seeds. IAC (IAC
alone vs. IAC plus IvitC) consisted of melphalan (41 vs. 10%)
or melphalan plus topotecan (59 vs. 90%, p = 0.03). lvitC con-
sisted of melphalan (60%) or melphalan plus topotecan
(40%). Tumor control and globe salvage were achieved in
100% of group B and C eyes without IvitC. Despite more ex-
tensive vitreous seeds in the IvitC group (p < 0.01), compari-
son of IAC alone versus IAC plus IvitC revealed no difference
in tumor control for group D (88 vs. 69%, p = 0.36) or group
E (67 vs. 100%, p = 0.25) and no difference in globe salvage
for group D (88 vs. 69%, p = 0.36) or group E (58 vs. 57%, p =

0.39). Conclusions: |AC is effective as primary therapy for
unilateral group B, C, D, and E retinoblastoma. IvitC is an im-
portant adjuvant therapy to achieve comparable globe sal-
vage rates for group D and E eyes with persistent active vit-
reous seeds. © 2018 S. Karger AG, Basel

Introduction

Intra-arterial chemotherapy (IAC) has substantially
improved globe salvage rates for eyes with moderate to ad-
vanced disease [1-6]. In a previous report of our 5-year
experience with IAC by the International Classification of
Retinoblastoma (ICRB) group, we found globe salvage
rates of 100% for group B and C eyes, 94% for group D eyes,
and 36% for group E eyes [2]. While IAC is effective for the
majority of group B, C, and D eyes, the efficacy of IAC
alone is limited in eyes with extensive vitreous seeds [1-6].

More recently, intravitreal chemotherapy (IvitC) has
been found to be an effective adjuvant treatment for eyes
with vitreous seeds [6-13]. In particular, globe salvage for
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Table 1. Patient demographics

Primary IAC Primary IAC pvalues  Total patients
alone with IvitC (n=54)
(n=34) (n=20)
Mean age at presentation, months 17 (13, 2-59) 50 (36, 5-278) 0.02 29 (18,2-278)
Sex
Male 21 (62) 13 (65) 0.99 34 (63)
Female 13 (38) 7 (35) 20 (37)
Race
Caucasian 21(62) 14 (70) 0.23 35 (65)
African American 3(9) 4(20) 7 (13)
Asian 4(12) 0(0) 4(7)
Hispanic 4(12) 1(5) 5(9)
Middle Eastern 1(3) 0(0) 1(2)
Indian 1(3) 1(5) 2(4)
Study eye
oD 18 (53) 11 (55) 0.55 29 (54)
oS 16 (47) 9 (45) 25 (46)
Laterality
Unilateral retinoblastoma 33(97) 20 (100) 0.63 53 (98)
Bilateral retinoblastoma 1(3) 0(0) 1(2)
Genetic testing
Somatic mutation 22 (65) 15 (75) 0.63 37 (69)
Germline mutation 7 (21)* 2 (10) 9(17)*
Not available 5(15) 3(15) 8 (15)

Figures in parentheses are percentages or median and range. Bold values indicate significant p values. IAC,
intra-arterial chemotherapy; IvitC, intravitreal chemotherapy. * One patient had 13q deletion syndrome.

group E eyes has improved significantly to 73% in the
IvitC era (2012-2015) compared to 25% in the era of TAC
alone (2008-2012) [6]. However, the prior study did not
directly compare outcomes in eyes requiring IvitC to
those treated with IAC alone. Herein, we report our
5-year experience with IAC in the IvitC era, comparing
tumor control and globe salvage in eyes treated with IAC
alone versus IAC plus IvitC.

Methods

Medical records were reviewed to identify retinoblastoma pa-
tients treated at a single center (Wills Eye Hospital, Thomas Jef-
ferson University, Philadelphia, PA, USA) during the IvitC era
from January 1, 2012 through November 30, 2017. Patients treated
with unilateral IAC as primary therapy were included. IAC tech-
nique and exclusion criteria have been described previously [2].
Patients were excluded if primary treatment took place at another
facility, IAC was used as secondary therapy, or treatment was not
complete by November 30, 2017. Institutional Review Board ap-
proval was obtained, and this study is in compliance with the
Health Insurance Portability and Accountability Act.
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Complete ophthalmic examination of both eyes was performed
for all patients prior to treatment with IAC. The patients under-
went monthly examination under anesthesia during the course of
treatment, including anterior segment evaluation, fundus evalua-
tion with indirect ophthalmoscopy, B scan ultrasonography, Ret-
Cam (Clarity, Pleasanton, CA, USA) fundus photography, and, as
needed, fluorescein angiography and optical coherence tomogra-
phy. Examination under anesthesia intervals were extended after
tumor control was achieved.

Data were retrospectively collected following review of clinical
and photographic records. Collected data included patient demo-
graphics (age, sex, race, laterality, and hereditary pattern); tumor
features (largest basal diameter, thickness, location, presence of
subretinal seeds, vitreous seeds, retinal detachment, and ICRB
group); IAC treatment parameters (drug, dosage, number of cy-
cles, and dates of administration); and IvitC treatment parameters
(drug, dosage, number of injections, and dates of administration).
Treatment outcomes included tumor control, globe salvage, life
salvage, metastasis, and visual acuity.

JMP statistical analysis software (JMP Pro 13.0.0, Cary, NC,
USA) was used to perform t test and Fisher’s exact test. Demo-
graphics, tumor features, treatment parameters, and outcomes
were compared between patients treated with IAC alone versus
those treated with IAC plus IvitC.
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Results

There were 54 eyes of 54 patients treated with primary
IAC in the IvitC era (2012-2017) at Wills Eye Hospital,
Philadelphia, PA, USA. These were divided into eyes
treated with primary IAC alone (n = 34) versus eyes treat-

Table 2. Clinical features at diagnosis

Primary IAC Primary IAC p values Total patients
alone with IvitC (n=>54)
(n=34) (n=20)
ICRB classification
Group B 2 (6) 0(0) 0.42 2(4)
Group C 3(9) 0(0) 3(6)
Group D 17 (50) 13 (65) 30 (56)
Group E 12 (35) 7 (35) 19 (35)
Mean number of tumors per eye 1(1,1-1) 1(1,1-2) 0.10 1(1,1-2)
Mean largest diameter, mm 18 (20, 10-24) 18 (18, 13-24) 0.96 18 (18, 10-24)
Mean thickness, mm 10 (10, 4-18) 9(10,4-14) 0.49 10 (10, 4-18)
Mean distance to optic nerve, mm 1 (0, 0-10) 2 (1, 0-10) 0.02 1 (0, 0-10)
Mean distance to foveola, mm 1(0,0-12) 3(3,0-7) 0.02 1(0,0-12)
Vitreous seeds
None 23 (68) 2 (10) <0.01 25 (46)
1 quadrant 2 (6) 3 (15) 5(9)
2 quadrants 4(12) 3(15) 7 (13)
3 quadrants 1(3) 2 (10) 3(6)
4 quadrants 4(12) 10 (50) 14 (26)
Subretinal seeds
None 13 (38) 7 (35) 0.50 20 (37)
1 quadrant 6 (18) 3 (15) 9(17)
2 quadrants 6 (18) 1(5) 7 (13)
3 quadrants 3(9) 2 (10) 5(9)
4 quadrants 5(15) 4 (20) 9(17)
no view 1(3) 3 (15) 4(7)
Retinal detachment
None 2 (6) 7 (35) 0.07 9(17)
<1 quadrant 4(12) 2 (10) 6(11)
2 quadrants 6 (18) 1(5) 7 (13)
3 quadrants 3(9) 1(5) 4(7)
4 quadrants 18 (53) 7 (35) 25 (46)
no view 1(3) 2 (10) 3(6)
Vitreous hemorrhage 1(3) 1(5) 0.99 2 (4)
Anterior segment findings
Anterior chamber seeds 0 (0) 1(5) 0.37 1(2)
Iris neovascularization 1(3) 0(0) 0.63 1(2)
Neovascular glaucoma 0(0) 0(0) 0.99 0(0)
Visual acuity
>20/200 13 (38) 11 (55) 0.27 24 (44)
<20/200 21 (62) 9 (45) 30 (56)

Figures in parentheses indicate percentages or median and range. Bold values indicate significant p values. IAC,
intra-arterial chemotherapy; IvitC, intravitreal chemotherapy; ICRB, International Classification of Retinoblastoma.

ed with primary IAC plus adjuvant IvitC (n = 20).

IAC for Retinoblastoma in the Intravitreal

Chemotherapy Era

Patient demographics are listed in Table 1. A compar-
ison of eyes treated with IAC alone versus IAC plus IvitC
showed no significant difference in patient sex (male: 62
vs. 65%, p = 0.99), race (Caucasian: 62 vs. 70%, p = 0.23),
study eye (OD: 53 vs. 55%, p = 0.55), laterality (unilateral:
97 vs. 100%, p = 0.63), or somatic mutation (65 vs.75%,
p =0.63). Mean patient age was younger in patients treat-
ed with IAC alone (17 vs. 50 months, p = 0.02).
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Table 3. Treatment features and outcomes

Primary IAC Primary IAC p values  Total patients

alone with IvitC (n=54)
(n=34) (n=20)

Treatment features

IAC features
Mean number of infusions 3.4(3,1-8) 3.5(3,1-6) 0.84 3.4(2,1-8)
Melphalan only 14 (41) 2 (10) 0.03 16 (30)
Melphalan + topotecan 20 (59) 18 (90) 38 (70)
Mean cumulative dose, mg

Melphalan 18 (15, 5-53) 19 (15, 4-40) 0.61 19 (15, 4-53)
Topotecan 3(3,1-7) 3(3,1-6) 0.23 3(3,1-7)

IvitC features
Interval IAC to IvitC, months 4(2,0-32) 4(2,0-32)
Mean number of injections - 6 (6,2-14) - 6 (6,2-14)
Melphalan only - 12 (60) - 12 (22)
Melphalan + topotecan 8 (40) 8 (15)

Mean cumulative dose, ug
Melphalan - 95 (80,20-188) - 95 (80, 20-188)
Topotecan 63 (50, 20-160) 63 (50, 20-160)

Additional therapy used
Systemic chemotherapy 1(3) 3 (15) 0.14 4(7)

Plaque radiotherapy 3(9) 1(5) 0.99 4(7)

Outcomes

Follow-up, months 28 (24, 2-61) 24 (16, 4-63) 0.50 27 (21, 2-63)

Tumor control 28 (82) 16 (80) 0.99 44 (81)

Tumor control per ICRB group
Group B 2 of 2 (100) 0 0of 0 (0) - 2 of 2 (100)
Group C 3 0f3(100) 0 0of 0 (0) - 3 0f 3 (100)
Group D 15 of 17 (88) 9 of 13 (69) 0.36 24 of 30 (80)
Group E 8 0f 12 (67) 7 of 7 (100) 0.25 15 0f 19 (79)

Secondary enucleation 7 (21) 7 (35) 0.34 14 (26)

Enucleation per ICRB group
Group B 0 of 2 (0) 0 0of 0 (0) - 0 of 2 (0)
Group C 0 of 3 (0) 0 0f 0 (0) - 0 of 3 (0)
Group D 20f17 (12) 40f 13 (31) 0.36 6 of 30 (20)
Group E 50f 12 (42) 3 0f 7 (43) 0.99 8 0of 19 (42)

Reason for enucleation n=7 n=7 n=14
Solid tumor recurrence 3 (43) 0(0) 0.19 3(21)
Vitreous seed recurrence 3 (43) 0(0) 0.19 3(21)
Subretinal seed recurrence 0(0) 2(29) 0.46 2(14)

New anterior chamber seeds 0 (0) 2 (29) 0.46 2 (14)
Vitreous hemorrhage 1(14) 0(0) 0.99 1(7)
Neovascular glaucoma 0(0) 0(0) 0.99 0(0)
Persistent retinal detachment 0(0) 2(29) 0.46 2(14)
Phthisis bulbi 0 (0) 1(14) 0.99 1(7)

Visual acuity of salvaged eyes n=27 n=13 n =40
>20/200 10 (37) 6 (46) 0.73 16 (40)
<20/200 17 (63) 7 (54) 24 (60)
Metastasis 0(0) 0(0) 0.99 0(0)

Death 0 (0) 0(0) 0.99 0(0)

Figures in parentheses are percentages or median and range. Values for cumulative dose are given for treated
patients only. Bold values indicate significant p values. IAC, intra-arterial chemotherapy; IvitC, intravitreal che-
motherapy; ICRB, International Classification of Retinoblastoma.
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Fig. 1. Retinoblastoma managed with in-
tra-arterial chemotherapy (IAC) alone.
a Group B retinoblastoma in a 24-month-
old male demonstrated tumor regression
(b) following two cycles of IAC with mel-
phalan alone. ¢ Group D retinoblastoma
with peripheral extensive subretinal fluid
and seeding in a 4-month-old male showed
tumor regression (d) following two cycles
of IAC with melphalan alone.

Tumor features are listed in Table 2. The ICRB group
did not significantly differ in patients treated with IAC
alone versus IAC plus IvitC (p = 0.42), and classification
included group B (6 vs. 0%), group C (9 vs. 0%), group D
(50 vs. 65%), or group E (35 vs. 35%). There was no sig-
nificant difference in mean largest tumor diameter (18 vs.
18 mm, p = 0.96), mean tumor thickness (10 vs. 9 mm, p =
0.49), quadrants containing active subretinal seeds (p =
0.50), quadrants of retinal detachment (p = 0.07), vitreous
hemorrhage (3 vs. 5%, p = 0.99), anterior chamber seeds
(0 vs. 5%, p = 0.37), iris neovascularization (3 vs. 0%, p =
0.63), or baseline visual acuity of 20/200 or better (38 vs.
55%, p = 0.27). Patients treated with IAC alone had fewer
quadrants containing active vitreous seeds (p < 0.01).

Treatment parameters are listed in Table 3. Patients
treated with IAC alone were more likely to be treated with
melphalan alone (41 vs. 10%, p = 0.03) and less likely to
receive concomitant topotecan (59 vs. 90%, p = 0.03). No
patient was treated with topotecan alone. There was no
significant difference in the mean number of IAC infu-
sions (3.4 vs. 3.5, p = 0.84), cumulative dosage of melpha-
lan (18 vs. 19 mg, p = 0.61), or cumulative dosage of topo-
tecan when used (3 vs. 3 mg, p = 0.21). IvitC was admin-
istered an average of 4 months after IAC, and patients
were treated with a mean of 6 injections of melphalan
alone (60%) or melphalan plus topotecan (40%). Mean

IAC for Retinoblastoma in the Intravitreal
Chemotherapy Era

cumulative dosages of melphalan and topotecan were 95
and 63 pg, respectively.

Outcomes are listed in Table 3. Comparing patients
treated with TAC alone (Fig. 1) versus IAC plus IvitC
(Fig. 2), there was no significant difference in the mean
length of follow-up (28 vs. 24 months, p = 0.50), tumor
control (82 vs. 80%, p = 0.99), secondary enucleation (21
vs. 35%, p = 0.34), time to enucleation (12 vs. 13 months,
p =0.78), or final visual acuity of 20/200 or better in sal-
vaged eyes (37 vs. 46%, p = 0.73). Tumor control and
globe salvage were achieved in 100% of group B and C
eyes without the need for IvitC. Despite more extensive
vitreous seeding in the IvitC group, there was no signifi-
cant difference in tumor control for eyes treated with IAC
alone versus eyes requiring IAC plus IvitC for group D
(88 vs. 69%, p = 0.36) or group E (67 vs. 100%, p = 0.25)
eyes, nor was there a significant difference in globe sal-
vage for group D (88 vs. 69%, p = 0.36) or group E (58 vs.
57%, p = 0.39). Reasons for enucleation were solid tumor
recurrence (3 vs. 0%, p= 0.19), vitreous seed recurrence
(3 vs. 0%, p =0.19), subretinal seed recurrence (0 vs. 29%,
p = 0.46), new anterior chamber seeds (0 vs. 29%, p =
0.46), vitreous hemorrhage (14 vs. 0%, p = 0.99), persis-
tent retinal detachment (0 vs. 29%, p = 0.46), or phthisis
bulbi (0 vs. 14%, p = 0.99). There was no metastasis or
death in either group.
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Fig. 2. Retinoblastoma managed with in-
tra-arterial chemotherapy (IAC) plus in-
travitreal chemotherapy. a Group D reti-
noblastoma in a 24-month-old female
demonstrated tumor regression (b) follow-
ing one cycle of IAC with melphalan and 6
intravitreal melphalan injections. ¢ Group
D retinoblastoma in a 20-month-old male
showed tumor regression (d) following
four cycles of IAC with melphalan and
topotecan plus 6 intravitreal melphalan in-
jections.

Discussion

Retinoblastoma management has changed dramati-
cally over the past two decades [1, 7]. New advances in
local and systemic therapies have led to unprecedented
rates of tumor control and globe salvage with an exceed-
ingly low incidence of metastasis and death in developed
countries [1, 7].In 1996, the introduction of systemic che-
motherapy led to improved globe salvage rates for groups
A, B, and C retinoblastoma to 90% or better [6, 7, 14].
However, globe salvage rates for group D and E eyes re-
mained relatively poor at 47 and 23%, respectively [6, 7,
14]. The next major breakthrough came in the late 2000s
with the introduction of IAC [1, 6, 7]. This improved
globe salvage rates for group D eyes to nearly 80%, but
globe salvage for group E remained poor, with only 25%
of eyes saved [2, 6].In 2012, the introduction of IvitC dra-
matically changed the management for eyes with previ-
ously intractable vitreous seeds, further improving globe
salvage rates, especially for group E eyes [6-13].

In this report, we describe our 5-year experience with
IAC in the IvitC era and compare tumor control and
globe salvage in eyes treated with IAC alone versus those
requiring additional IvitC for persistent vitreous seeding.
In this study, globe salvage was achieved in all group B
and C eyes without the need for IvitC. Of 49 group D and
E eyes treated with primary IAC during the studied time
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period, 20 eyes required additional IvitC. The clinical fea-
tures of eyes requiring IvitC were similar to those of eyes
treated with TAC alone with the exception of two key fea-
tures, i.e., patients requiring IvitC were older (50 vs. 17
months, p =0.02) and, as expected, demonstrated a great-
er extent of active vitreous seeds (p < 0.01). Despite more
extensive vitreous seeds in the IAC plus IvitC group, there
was no difference in tumor control for group D (88 vs.
69%, p = 0.36) or group E (67 vs. 100%, p = 0.25) eyes and
no difference in globe salvage for group D (88 vs. 69%,
p =0.36) or group E (58 vs. 57%, p = 0.39). No eye treated
with TAC plus IvitC was enucleated for solid tumor or
vitreous seed recurrence. Thus, despite the selection of
eyes with more severe presenting disease, IvitC allows for
comparable tumor control and globe salvage rates in eyes
with extensive vitreous seeds compared to eyes requiring
IAC alone. The overall globe salvage rate in this study
represents an improvement compared to data reported
from the pre-IvitC era (74 vs. <60%) [6], which can be at-
tributed to better vitreous seed management. Despite
known adverse effects of IvitC on electroretinogram per-
formance, visual acuity of salvaged eyes did not signifi-
cantly differ in eyes treated with IAC alone versus IAC
plus IvitC (final visual acuity of 20/200 or better in 37 vs.
46%, p = 0.73) [15],

Strengths of this study are the inclusion of patients
treated with primary IAC only during the IvitC era at a

Dalvin et al.
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single institution. Thus, this study was not complicated
by crossover of patients between different treatment eras
and allowed direct comparison of eyes treated with IAC
alone versus those treated with IAC plus IvitC. Addition-
ally, mean follow-up was approximately 2 years com-
pared to mean follow-up of IvitC era patients in our prior
study of 12 months [6]. Similar to our prior study, 100%
globe salvage was achieved in group B and C eyes, and
80% globe salvage was achieved for all group D eyes.
Globe salvage for group E eyes was 58%, which was slight-
ly lower than the 73% found during the IvitC era of our
prior study [6]. However, the increased length of follow-
up could account for this difference, as the mean time to
enucleation for all study patients was 13 months. More-
over, tumor control of 79% in group E eyes in this study
was comparable to our prior study [6], indicating that
later complications of treatment, independent of tumor
control, such as persistent vitreous hemorrhage, retinal
detachment, secondary glaucoma, or phthisis bulbi, could
account for the difference in globe salvage.

Limitations of this study include its retrospective na-
ture and small number of patients given the rarity of the
disease and strict inclusion criteria. These data represent
real-world data with treatment individualized to each pa-
tient’s unique presentation. Treatment regimens for IAC
for groups B, C, D, and E were comparable between
groups. We recognize that compared to patients treated
with IAC alone, more patients requiring IvitC received
IAC with melphalan plus topotecan rather than melpha-
lan alone (p = 0.03). This could have been a reflection of
initial severity of disease, but this could also have contrib-
uted to increased success in patients requiring treatment
with TAC plus IvitC.

These data can only be applied to eyes treated with
unilateral primary IAC in the IvitC era. It is important to
note that not all patients treated in this era required IAC
or received IAC as primary treatment. There were no
group A eyes included in this study, as group A eyes are
typically managed by other less invasive means such as
laser photocoagulation, thermotherapy, or cryotherapy.
Some of the youngest patients with retinoblastoma could
also have been excluded, since these patients often receive
systemic chemotherapy as bridge therapy before pro-
ceeding with IAC if necessary [16]. Similarly, most bilat-
eral cases were likely excluded due to primary treatment
with intravenous chemotherapy. These comments docu-
ment that IAC is particularly utilized in our practice for
unilateral advanced retinoblastoma. Separate studies
would be required to determine globe salvage rates for all
eyes treated in this era.

IAC for Retinoblastoma in the Intravitreal
Chemotherapy Era

In summary, IAC is a highly effective primary therapy
for retinoblastoma, and IvitC is an important adjuvant
for eyes with active vitreous seeds. The use of IvitC allows
for comparable globe salvage rates for advanced group D
and E eyes in which persistent vitreous seeds have previ-
ously necessitated enucleation. Tremendous strides have
been made in retinoblastoma management over the past
two decades that continue to improve tumor control and
globe salvage rates even in advanced disease.
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