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12.1            Introduction 

 The origin of intra-ophthalmic artery chemother-
apy (SSIOAC) dates back to the 1950s. Cases of 
advanced intraocular retinoblastoma with (1) large 
multiple lesions still having enough normal retina 
so visual preservation was possible, (2) vitreous 
seeds, or (3) tumors refractory to other treatments 
presented a challenge for Reese and other early 
pioneers in the treatment of retinoblastoma, as 
they unfortunately still do today (Chap.   9    ).  

12.2     Historic Background 

 For these desperate cases, Reese injected triethyl-
ene melamine (TEM) (0.08 mg/kg), a nitrogen 
mustard analogue, under direct surgical observa-
tion into the carotid artery on the side of the 
affected eye over a 2 minutes period, during 
which carotid fl ow was occluded by traction 
sutures [ 1 ]. TEM was chosen based on Reese’s 
prior experience with its oral and intramuscular 
forms and the experiences of his antecedent, 
Kupfer, who paired intravenous nitrogen mustard 
with external radiation to improve tumor control 
[ 2 ]. External radiation followed the delivery of 
intracarotid TEM, and a second intracarotid injec-
tion was then administered if needed. Reese’s 
evolution from oral to intramuscular to intraca-
rotid TEM corresponded with a dose reduction in 
external radiation to 32 gray (Gy). Improved ocu-
lar survival rates were reported. Observed 
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 toxicities at the time included death ( n  = 1), sei-
zures ( n  = 2), bone marrow suppression, and sub-
dural hematomas ( n  = 1) [ 1 ,  3 ]. Long-term 
toxicities, however, proved to be unacceptable, 
and the technique was subsequently abandoned. 

 Reese’s premise for transitioning to intraca-
rotid injections was that he felt the management 
of retinoblastoma leant itself to focal treatment, 
and intra-arterial injections delivered a higher 
concentration of drug to the eye and tumor with 
improved effi cacy. It is this premise that has fos-
tered continued interest in local drug delivery 
methods. However, it should be noted that within 
Reese’s cohort, systemic exposure was compara-
ble to that of intramuscular injections, as the 
same dose of TEM (0.08 mg/kg) was used. 

 Kaneko and collaborators adapted Reese’s 
technique in the 1980s for selective ophthalmic 
arterial infusion (SOAI) [ 4 ,  5 ]. After accessing the 
femoral artery, the cervical segment of the internal 
carotid artery was selectively catheterized, and a 
micro-balloon was infl ated just distal to the orifi ce 
of the ophthalmic artery. A dose of 5–7.5 mg/m 2  of 
melphalan was then infused over several seconds. 
Occlusion of the distal internal carotid artery pref-
erentially directed the melphalan infusion into the 
ophthalmic artery. Melphalan, also a nitrogen 
mustard derivative, was chosen based on prior 
in vitro cytotoxic assays of retinoblastoma cells. 

 Initial reports of the technique cited 563 infu-
sions in 610 eyes of 187 patients with a technical 
success rate of 97.5 %. No signifi cant procedural 
complications were reported from the balloon occlu-
sion technique, and the side effects of systemic che-
motherapy were avoided [ 6 ,  7 ]. In    a later publication, 
they detailed 1,469 SAOIs performed between 1987 
and 2007  in 408 eyes in 343 patients citing a techni-
cal success rate of 98.8 % [ 8 ]. Reported ocular com-
plications were negligible, being limited to orbital 
infl ammation ( n  = 2) and diffuse chorioretinal atro-
phy ( n  = 2). Transient periocular swelling and red-
ness occurred in some cases. No adverse systemic 
events were detected. However, they noted areas of 
the intracranial vasculature had received high con-
centrations of chemotherapy despite balloon occlu-
sion. Ocular salvage rates based on the International 
Classifi cation of Intraocular Retinoblastoma were 
100 % in Group A, 88 % in Group B, 65 % in Group 
C, 45 % in Group D, and 30 % in Group E. In cases 

without macular tumors, 51 % of eyes had a visual 
acuity of 0.5 or better, and 36 % had a visual acuity 
of 1.0 or better [ 8 ].  

12.3     Current Technique 

 In 2008, Abramson and colleagues continued the 
evolution of intra-arterial chemotherapy for reti-
noblastoma when they pioneered the technique 
we now refer to as super-selective intra- 
ophthalmic artery chemotherapy (SSIOAC). 
Abramson and Gobin modifi ed Kaneko’s tech-
nique by directly cannulating the ophthalmic 
artery, thereby obviating the need for distal bal-
loon occlusion of the internal carotid artery and 
mitigating brain toxicity. In their initial report, 
eye salvage rates with SSIOAC were encourag-
ing, despite some cases requiring supplemental 
therapy to achieve disease control [ 9 ]. 

 The technique as described in Abramson’s 
 initial paper is as follows [ 9 ]. With the patient 
under general anesthesia, the femoral artery is 
accessed with a 4 French (F) (1.3 mm) femoral 
sheath. IV heparin (75 IU/kg) is fl ushed through 
the catheter, which is then advanced into the ipsi-
lateral internal carotid artery. Under fl uoroscopy, 
the ophthalmic artery is selectively catheterized 
using a microcatheter whose distal tip diameter 
can range between 1.2 and 1.5 F (0.4–0.5 mm). 
Alternatively, guidewire-directed microcatheters 
have been used as well. The microcatheter tip is 
advanced to the ostium of the ophthalmic artery, 
after which a selective arteriogram is performed 
(Fig.  12.1 ). The chemotherapeutic agent (most 
commonly melphalan 5 mg in 30 mL of normal 

  Fig. 12.1    Super-selective catheterization of the ophthal-
mic artery (Reproduced with permission from Jabbour 
et al. [ 33 ])       
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saline) is infused in a pulsatile fashion over a 
30 min time period. After the infusion is com-
plete, the catheters and femoral sheath are with-
drawn. Hemostasis of the femoral artery is 
achieved with manual compression.

12.4        Current Results 

 Abramson’s initial report was that of a phase I/II 
trial of SSIOAC with melphalan [ 9 ]. Ten patients 
with advanced retinoblastoma (Reese-Ellsworth 
Group V) who met criteria for enucleation were 
enrolled in an effort to attain globe salvage. Nine of 
the ten patients had successful OA cannulation. 
Clinical response to chemotherapy was seen in all 
cases (Fig.  12.2 ), with favorable effects on vitreous 
seeding noted. The number of treatment sessions 
varied between 2 and 6 to the same eye. An addi-
tional chemotherapeutic agent, carboplatin, was 
used in combination with the melphalan in selec-
tive cases. A total of 27 ophthalmic artery cannula-
tions were performed. At the end of the study, 2 of 
9 eyes had been enucleated for suspected tumor 
recurrence. Median follow-up time was 7.5 months. 
No adverse anesthesia or vascular complications 
from the catheterization process were reported.

   In a subsequent publication from the group, 
Gobin et al. published the largest series of patients 
treated with SSIOAC to date, performing a total 
of 289 catheterizations in 95 eyes – 83 of which 

were RE Group V (Fig.  12.3 ) [ 10 ]. Only 41 % of 
these eyes had not received prior therapy. All 
patients were alive at the end of the study, with 
two developing systemic metastases. They found 
ocular event-free survival at 2 years to be 70.0 % 
(95 % confi dence interval (CI), 57.9–82.2 %) in 
all eyes, 81.7 % (95 % CI, 66.8–96.6) in eyes 
receiving IAC as primary therapy, and 58.4 % 
(95 % CI, 39.5–77.2 %) in eyes that had been pre-
viously treated with intravenous chemotherapy 
and/or external beam radiotherapy. In all, 77 % of 
eyes required additional treatment during or after 
IAC, with 20 % ultimately having to be enucle-
ated secondary to tumor growth or insuffi cient 
tumor regression. Median follow-up time was 13 
months.

   The same group has also reported SSIOAC 
with three-drug therapy (simultaneous carbopla-
tin, topotecan, and melphalan) in eyes that had 
tumors refractory to treatment with systemic che-
motherapy, SSIOAC with 1 or 2 agents, or exter-
nal beam radiation [ 11 ]. The eye salvage rate was 
88 % (23 of 26 eyes) at a mean follow-up of 14 
months. Eleven of 26 eyes (35 %) developed dis-
ease recurrence and were treated with enucle-
ation ( n  = 3), or focal therapy ( n  = 8) including 
plaque brachytherapy ( n  = 3). 

 Shields et al. published a series of 38 catheter-
izations on an initial cohort of 17 retinoblastoma 
patients – 13 of which had SSIAOC as their 
 primary treatment [ 12 ]. A 5 mg dose of melpha-

a b

  Fig. 12.2    Before ( a ) and 3 weeks after ( b ) a single dose of melphalan (3 mg) delivered via SSIOAC (Reproduced with 
permission from Abramson et al. [ 9 ])       
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lan was used. Ocular salvage was achieved in 8 of 
the 12 eyes successfully treated with primary 
SSIOAC. Failures occurred in four of the six 
Group E eyes (International Classifi cation). 
Additional therapeutic measures were needed to 
control disease in some eyes. 

 Muen et al. reported outcomes of 15 eyes in 
14 patients previously treated with systemic 
 chemotherapy or local therapy with refractory or 
recurrent retinoblastoma [ 13 ]. After two or three 
intra-arterial treatments with melphalan, tumor 
control was achieved in 12 eyes. Venturi et al. 
treated 41 eyes in 38 patients with 140 SSIOAC 
procedures between 2008 and 2010 [ 14 ]. Two 
patients had failed catheterizations and two 
patients were lost to follow-up. Of the 37 remain-
ing eyes, 8 were enucleated, 7 of which had 
received no prior treatment. In a subsequent study 
of 48 eyes in 43 patients, the authors successfully 
saved 65 % of the eyes; however, only 21 eyes 
(44 %) were treated with SSIOAC using melpha-
lan alone [ 15 ]. Additional chemotherapies – local 
and systemic – focal therapies, and  brachytherapy 
were needed. Success rates were higher among 

previously treated eyes as opposed to newly diag-
nosed eyes, 78 % versus 48 %. 

 Thampi and colleagues treated 20 eyes in 16 
patients; a total of 40 procedures were per-
formed, ranging from 1 to 5 per patient [ 16 ]. The 
dose of melphalan was adjusted based on the age 
of the patient. At median follow-up of 
14.5 months, ranging 1–29 months, radiotherapy 
and enucleation had been avoided in 86 % (6/7) 
of Groups A-C eyes and 38 % (5/13) of Groups 
D and E eyes.  

12.5     Visual Outcome 

 Visual outcomes in treated eyes are of great inter-
est, although little data have been published to 
date. Brodie et al. have monitored electroretino-
grams (ERGs) during sequential cycles of 
SSIOAC as surrogate for visual outcomes in this 
predominantly preverbal population. Retinal 
function has been observed to improve initially, 
remain stable, and later decline [ 17 ]. Tsimpida 
and colleagues looked at 12 eyes with refractory 
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retinoblastoma that had good visual potential 
based on healthy foveolas as noted by ophthal-
moscopy and optical coherence tomography prior 
to SSIOAC [ 18 ]. Five out of 12 eyes (42 %) sus-
tained a reduction in visual acuity, with 2 suffer-
ing severe vision loss. Reasons for vision loss 
included diffuse retinal detachment ( n  = 1), dif-
fuse choroidal ischemia ( n  = 2), and sectoral cho-
roidal ischemia involving the fovea ( n  = 2). Four 
of the fi ve eyes sustaining vision loss, however, 
had been previously treated with either EBRT or 
plaque brachytherapy, suggesting that previous 
radiation may predispose SSIOAC patients to 
visual loss. However, two patients with macula- 
sparing choroidal ischemia had no prior radiation 
exposure, which supports prior evidence that 
SSIOAC can lead to vasculopathy. Posttreatment 
ERGs deteriorated in four of eight eyes. Additional 
prospective, long-term follow-up studies on sur-
vival, metastasis rates, ocular survival, visual out-
comes, and ocular toxicities are still needed.  

12.6     Confounding Factors 

 SSIOAC for the treatment of retinoblastoma has 
quickly disseminated worldwide. Though the 
outcomes (eye salvage rates) appear promising, 
the reported case series have many confounding 
factors that limit the generalizability of this tech-
nique. Many patients have been treated previ-
ously, concurrently, or subsequently with other 
therapies. Various doses and agents have been 
utilized, sometimes with dose titrated to effect. It 
is diffi cult to assess the overall effi cacy of 
SSIOAC, and thus, the singular effect of SSIOAC 
remains unknown.  

12.7     Complications 

 Reported complications following SSIOAC are 
limited to case reports, as this therapy has not yet 
been evaluated as part of a large prospective reti-
noblastoma clinical trial. As such, these reports 
have been sporadic, including sectoral choroidal 
occlusion, retinal arteriolar emboli, retinal detach-
ment, vitreous hemorrhage, transient retinal isch-

emia, ophthalmic artery obstruction, and cataract 
formation. Periocular infl ammation and edema, 
cranial nerve III palsies, strabismus, and eyelash 
loss are reported orbital and adnexal side effects 
[ 10 ,  13 ,  14 ,  19 – 22 ]. Additionally, Fallaha et al. 
documented retinal vascular precipitates during 
the administration of melphalan into the ophthal-
mic artery [ 23 ]. 

 Histopathology studies of eyes with retino-
blastoma treated with SSIOAC have documented 
fi ndings that have been attributed to the toxicities 
of SSIAOC. Eagle and coworkers examined eight 
eyes enucleated after SSIOAC and observed isch-
emic atrophy involving the outer retina and cho-
roid ( n  = 4) (Fig.  12.4 ), orbital vascular occlusion 
and sub-endothelial smooth muscle hyperplasia 
( n  = 1), and thrombosed blood vessels involving 
the retrobulbar ciliary arteries ( n  = 5), scleral 
emissary canals ( n  = 1), small choroidal vessels 
( n  = 1), and CRA ( n  = 1) [ 24 ]. Intravascular bire-
fringent foreign material was noted in fi ve eyes 
and classifi ed as cellulose fi bers ( n  = 3), synthetic 
fabric fi bers ( n  = 1), or unknown composition 
( n  = 2). Other histopathology studies have focused 
principally on residual viable tumor [ 25 – 27 ]. In 
these eyes that were enucleated for progression 
of disease, partial response to IAC was seen in 
most cases, although many also had areas of non- 
necrotic, viable tumor and vitreous seeding still 
present. None of these papers reported evidence 
of ocular toxicity to the surrounding tissues 
from IAC.

   Melphalan, a potent alkylator, has known 
vascular toxicities [ 28 ]. In a 2011 editorial, 
Wilson et al. attributed the reported vascular 
complications of SSIOAC to concentration of 
melphalan being used [ 29 ]. A preclinical model 
was developed to study the vascular sequelae of 
SSIOAC [ 30 ]. Using techniques and protocols 
similar to those previously published, a cohort 
of six non- human primates were treated with 
SSIOAC, and real-time ophthalmoscopic fi nd-
ings were documented during each infusion. 
Visible pulsatile pallor of the optic nerve, cho-
roidal blanching, and retinal arterial narrowing 
were observed (Fig.  12.5 ). Sectoral choroidal 
non-perfusion and diffuse capillary dropout 
were seen on  fl uorescein angiography immedi-
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ately following chemotherapy infusion 
(Fig.  12.5 ). Orbital and ocular histopathology 
revealed drug-induced toxicity to retinal endo-
thelial cells as well as technique- induced 
changes to the orbital vasculature, including 
intimal hyperplasia, fracturing of the internal 
elastic lamina, and arterial wall dissection 
involving the ophthalmic, and central retinal 
arteries [ 31 ].

12.8        Current Status 

 The role and indications for SSIOAC are still 
evolving as experience with the technique grows. 
How SSIOAC has been incorporated into the 
paradigm of retinoblastoma management of reti-
noblastoma varies from center to center. Most 
centers will not use SSIOAC on a newly diag-
nosed Group A patient, although there have been 

a b

  Fig. 12.5    Real-time ophthalmoscopic fi ndings during 
SSIOAC infusion of melphalan in non-human primate 
model showing retinal artery narrowing with loss of infe-
rior temporal and nasal arcades ( a ). Intravenous fl uoro-

scopic angiography of same primate showing delayed, 
sectoral choroidal perfusion ( b ) (Reproduced with per-
mission from Wilson et al. [ 30 ])       

a b

  Fig. 12.4    Fundus photograph showing chorioretinal 
 atrophy and foci of viable retinoblastoma tumor ( a ). 
Histopathology of the same patient showing severe 

 choroidal atrophy and loss of outer nuclear layer, photore-
ceptors, and retinal pigment epithelium ( b ) (Reproduced 
with permission from Eagle et al. [ 24 ])       
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reports of SSIOAC for refractory or partially 
responsive Group A patients [ 15 ,  16 ]. Some insti-
tutions employ SSIOAC only when the tumor is 
too large to be controlled with focal therapies or 
to salvage an eye previously destined for enucle-
ation [ 10 ]. SSIOAC appears to be commonly 
used in concert with other local therapies. 

 The ocular oncology community, in concert 
with our pediatric oncology counterparts, must 
determine which patients and eyes will benefi t 
from SSIOAC. All would agree that International 
Classifi cation Group A should not be treated in 
such a manner, but there remains debate over 
Groups B, C, and D. Unilateral Group E eyes, 
where the extensive nature of disease precludes 
any signifi cant visual potential, may uncom-
monly be treated by SSIOAC; enucleation in 
such patients with advanced intraocular disease 
remains common despite the advent of SSIOAC. 

 Of note, not all retinoblastoma centers have 
adopted SSIOAC in the treatment of retinoblas-
toma. The trepidation is, in part, twofold. First, 
there is the need to provide patient-centric care, 
ensuring the entire patient is adequately treated. 
Approximately 10 % of International Classifi cation 
Group D and 50 % of Group E eyes will have at 
least one high-risk histopathology feature pertain-
ing to the chance of developing metastatic disease 
[ 32 ]. Thus, if the eye is solely treated and the risks 
to the entire patient are dismissed, the likelihood 
of resurgent metastatic retinoblastoma becomes 
very real. Secondly, there is the need to further 
delineate and quantify the toxicities, acute and 
long term, associated with SSIOAC.  

12.9     Future Studies 

 The need for prospective evaluation of this tech-
nique is well understood. A single institution phase 
II trial of intra-arterial chemotherapy for retino-
blastoma (NCT01293539) will provide initial pro-
spective evaluation of this technique. The feasibility 
and toxicity of SSIOAC will also be addressed in 
an upcoming prospective,  multi- institution clinical 
trial developed by the Children’s Oncology Group 
(ARET12P1) (Chap.   21    ). Patients with unilateral 
Group D  retinoblastoma will be eligible for 

 treatment with three infusions of intra-arterial mel-
phalan. Local therapy will be withheld until after 
the fi rst treatment. Catheterizations and ocular out-
comes will be submitted for centralized review, and 
toxicities will be prospectively recorded. Target 
accrual is 44 patients over 28 months. We antici-
pate the immediate and long-term follow-up of 
these patients, along with continued preclinical 
modeling, will provide further insight into the opti-
mal utilization of this local delivery technique in 
our retinoblastoma population.     
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