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ABSTRACT 

Purpose To study the potential advantages and efficacy of RapidArc (RA) compared to con-
ventional 3D- CRT and electrons plan in Retinoblastoma (RB) cases. 
Methods and Materials CT simulation dataset of 10 patients with the diagnosis of RB were 
used to generate plans for 3 different radiation techniques: RapidArc (RA), 3-D conformal 
radiotherapy (3D-CRT) and electrons (E) plans. Dosimetric comparison was made to evaluate 
PTV coverage, DVHs, and the radiation dose to OARs.  
Results In unilateral cases, an average of 98% and 95.9% of the PTV were covered with the 
95% of the prescription dose in RapidArc and 3D-CRT plans, respectively. Electron beam 
plans achieved inferior PTV coverage with the 95% of the PD covering only 89.6% of the 
PTV. RapidArc plan showed the best conformity index in comparison to the 2 other tech-
niques. The RapidArc plans also showed the best dose homogeneity within the PTV in all 
cases,. The RapidArc plans achieved significant dose reduction to OAR including (ipsilateral 
cornea, ipsilateral orbital bone, brain tissue and contralateral lens dose), at the expense of larg-
er volume of normal tissues receiving low dose spillage.  
Conclusions RapidArc showed superiority over 3D-CRT and electrons in terms of better 
PTV coverage and lower dose to OARs especially in advanced RB cases with diffuse vitreous 
or retinal disease ,and tumors located anterior to the equator  
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Introduction 

Retinoblastoma (RB) comprises between 3 and 7.4% of all 
childhood tumors. It is the most common intraocular malig-
nancy in Saudi Arabia. The incidence for Saudi Arabia is 
1:14,525 live births, as compared to 1:14,000 to 1:23,000 in 
various countries.Around 10% of RB cases are heritable with a 
positive family history of which 20-30% are bilateral, the re-
maining 90% are sporadic [1-4]. 
 
The management of RB includes a wide range of therapy mo-
dalities including local focal therapy, surgery, external beam 
radiation therapy (RT), and systemic chemotherapy. Radiation 
therapy in its many forms is the most effective non-surgical 
treatment for RB. New RT Techniques have been introduced 
to allow dose reduction to adjacent normal tissues and struc-
tures while maintaining adequate target coverage. In the current 

study, we evaluate the potential benefit of RapidArc (RA) tech-
nique compared to 3D-conformal RT (3D-CRT) and electron 
beam for the management of intraocular RB. 

METHODS & MATERIALS 

All 10  patients were simulated and treated under general anaes-
thesia (GA) because of their young age. The details of our seda-
tion protocol were published elsewhere [5].  
 
The CT simulation dataset of 10 RB patients (8 unilateral and 2 
bilateral) were used for dosimetric comparisons of different 
plans for various RT techniques (RA, 3D-CRT, Electrons). The 
head was positioned in a custom–molded thermoplast (Posifix) 
for immobilization. A planning CT of the orbits and brain was 
obtained at 3 mm slice thickness. The entire retina of the af-
fected eye was included in the RT target volume. GTV was 
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contoured for gross calcified lesions as identified on CT scans to 
ascertain these  were included within the CTV with a minimum 
of 3mm margin. The CTV comprised the whole eye globe ex-
cluding the anterior segment, as all patients had no tumor  exten-
sion  into the anterior chamber. An additional 3 mm margin was 
added to create the PTV. The PTV prescribed dose was 45 Gy. 
The contoured OARs included the orbital bones, contralateral 
lens, the lacrimal gland, anterior segment of the eye, and the 
brain.  

Planning system and Techniques 

Planning was done for Rapid Arc with two co-planar half arcs in 
clockwise and counter clockwise direction. Collimator was rotat-
ed from 30° to cover the entire tumor. All RA plans were gener-
ated with 6/6FFF MV X-rays for True Beam Linear Accelerator. 
Calculations were done in the Eclipse treatment planning system 
(version 13.6) using the AAA algorithm. Treatment plans were 
optimized using objectives as given by standard guidelines for 
clinical treatment planning.  
A direct oppositional electron (9-12 MEV) beam plan, and a 3D-
CRT plan with an anterior and lateral photon beams were gener-
ated in unilateral cases and bilateral opposed photon beams in 
bilateral cases. The choice of the electron beam energy (9 and 12 

Mev) was based on the actual eyeball length as measured on the 
CT axial and sagittal views. Plans were normalized to cover PTV 
with at least 95% of the prescribed dose for RA and 3D CRT, 
90% of the prescribed dose for electron beam. For comparison 
of different plans, data were extracted for dose evaluation for 
PTV coverage, ipsilateral bony orbits, cornea, contralateral lens 
and brain. 

The Conformity index CI95% is defined in this work as the ab-
solute volume of tissue in cc receiving at least 95% of the pre-
scription dose relative to that of the PTV. 
CI95% = V95% /PTV 
The Homogeneity Index (HI) was calculated as the difference 
between the near maximum D2% and near minimum D98% 
dose normalized to the median dose D50%. HI value closer to 
zero indicates a more homogenous dose distribution within the 
PTV[6] 

HI = (D2% − D98%) / D50% 
D2% is the dose covered by 2% of the target volume (TV), 
D98% is the dose covered by 98% of the TV and D50% is the 
dose covered by 50% of the TV. 
A 2-tailed Wilcoxon signed-rank test was used, with statistical 
significance of p value less than 0.05.  
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Structure Parameter Electron 3D-CRT RA 
Significance 

A* B** C*** 

PTV 

V90% (mean ±SD) 96±1.9 % 98.9±1 % 100% 0.034 0.011 0.018 

V95% (mean ±SD) 89.6±4 % 95.9±1.1 % 98±0.8 % 0.026 0.012 0.018 

V107%(mean ±SD) 32.3±0.22% 7.5±0.15% 0.1% 0.116 0.012 0.069 

V110% (mean ±SD) 21±0.2 % 1.3±0.04 % 0 % 0.317 0.018 0.028 

D max 120.1% 107.8% 107.4% 0.833 0.012 0.012 

HI (mean ±SD) 0.28±0.07 0.14±0.03 0.09± 0.01 0.012 0.012 0.012 

CI (mean ±SD) 1.43±0.14 1.78±0.28 1.12±0.06 0.012 0.018 0.017 

Absolute volume in cm³ (mean± SD) 10.64±2.94       

Cornea 

Ipsilateral mean dose (mean± SD) 43.7±1.95 31.4±3.7 20.4±8.8 0.012 0.012 0.012 

Ipsilateral V26.5Gy (mean± SD) 98.4±3 % 75±17 % 34.5±18 % 0.012 0.012 0.012 

Contralateral mean dose (mean± SD) 0.27±0.12 16.9±3.0 3.1±1.0 0.027 0.018 0.028 

Lens max dose in GY 
(mean± SD) 

Ipsilateral 46.6±2.0 40.1±3.6 31.6±7.6 0.061 0.012 0.012 

Contralateral 0.23±0.1 17.6±2.4 2.8±1.0 0.027 0.017 0.018 
Lacrimal gland mean 
dose in GY 
(mean± SD) 

Ipsilateral 42.0±1.4 46.6±1.6 43.2±2.1 0.023 0.078 0.017 

Contralateral 0.13±0.05 14.7±1.6 2.7±0.8 0.018 0.018 0.018 

Orbit bone 
Mean dose (mean± SD) 29.5±3.3 34.0±3.0 28.4±2.8 0.011 0.528 0.012 

V20 (mean ±SD) 82.5±9.0% 90.0±11.0% 77.0±10.0% 0.012 0.261 0.025 
V24 (mean ±SD) 73.0±10.0% 81.5±13.0% 66.6±10.0% 0.012 0.236 0.025 

Brain 

Mean dose (mean± SD) 0.7±0.3 2.7±1.3 1.8±0.3 0.093 0.011 0.017 

V10 in cm³ (mean± SD) 22.4±11.3 130.1±31.2 55.8±13.7 0.017 0.017 0.017 

V50%in cm³ (mean ±SD) 5.7±5.1 11.3±6.0 7.7±4.2 0.263 0.484 0.092 

Hypotha-pituitary Mean dose (mean± SD) 2.2±1.6 3.9±0.7 4.6±2.0 0.092 0.05 0.208 

Brain stem 
Mean dose (mean± SD) 0.3±0.1 5.0±1.5 2.3±0.4 0.05 0.012 0.012 

Max dose (mean± SD) 0.7±0.2 19.3±1.8 5.8±1.2 0.017 0.012 0.017 

Optic chiasma 
Mean dose (mean± SD) 1.0±0.7 4.1±1.3 3.6±1.1 0.889 0.012 0.025 

Max dose (mean± SD) 3.5±2.7 16.8±2.8 5.6±2.4 0.017 0.141 0.025 

Unspecified normal 
tissue in cm³ 

V2(mean ±SD) 108.6±24.9 146.9±32.6 206.1±37.7 0.012 0.012 0.208 

V5(mean ±SD) 71.4±17.1 115.8±25.9 120.1±26.6 0.424 0.012 0.050 

V10(mean ±SD) 47.4±11.8 88.3±23.2 62.3±13.2 0.161 0.025 0.036 

V25(mean ±SD) 18.9±5.5 17.63±4.6 17.6±2.9 0.159 0.028 0.352 

Table 1. Comparison of PTV coverage and doses to risk structures in unilateral disease (8 patients)  

* p value of difference between results of RA versus 3D plans  ** p value of difference between results of RA versus electron plans   ***  p value of 
difference between results of 3D versus electron plans 



RESULTS 

The study included 10 retinoblastoma patients. Eight patients 
had unilateral disease and two had bilateral retinoblastoma. All 
unilateral RB were initially stage D according to the Internation-
al Classification for Intraocular Retinoblastoma scoring system 
[7]. Two bilateral cases had stage E in the right and stage D in 
the left eye. All patients were treated with induction systemic 
chemotherapy prior to external beam radiation treatment.  

Planning Target Volume  

In unilateral cases, the average PTV was 10.64±2.94 cc. An av-
erage of 98% and 95.9% of the PTV were covered with at least 
95% of the prescription dose (PD) for RA and 3D-CRT plans 
(respectively) with a minimum PTV dose of more than 90% of 
the PD table 1, (fig. 1-2). Volumes receiving high dose outside 
the PTV were least using RA plan with an average lowest CI 
95% compared to electron and 3D-CRT plans (p value 0.018& 
0.012 respectively). Moreover, RA plans had the best dose ho-
mogeneity within the PTV in all cases. The average homogeneity 
index was 0.09±0.01 compared to 0.28±0.07 and 0.14±0.03 in 
the electron and 3D-CRT plans respectively (p value 0.012 & 
0.012 ). 
Electron plans had the worst dose gradient among the 3 tech-
niques with an average of 21% of the PTV receiving 110% of 
the PD (Table 1). The RA plans kept the same superiority in 
PTV coverage and dose homogeneity in bilateral RB (Table 2). 

Doses to the organs at risk (OARs) 

Ipsilateral Cornea and anterior chamber 
In unilateral cases, RA plans achieved the lowest ipsilateral ante-
rior segment mean dose (20.4±8.8 Gy) VS 31.4±3.7 Gy & 
43.7±2 Gy for 3D-CRT and electron respectively (p value 0.012 
& 0.012).RA plans also had the lowest mean V26Gy 
(34.5±18%), compared to (75±17%) for 3D-CRT, and 
(98.4±3%)  for electron plans, respectively (p value 0.012 & 
0.012). RA plans maintained the same superiority regarding an-
terior segment sparing in bilateral cases. 
Ipsilateral orbital bone 
The dose to the ipsilateral orbital bone was significantly  higher 
for 3D-CRT plans compared to other plans. The average mean 
dose, V20Gy and V24Gy were 34 Gy, 90% and 81.5% for 3D-
CRT as compared to 28.4 Gy, 77% and 66.6% for RA plans, 
and 29.5 Gy, 82.5% and 73% for electron plans, respectively 
(Table 1) .  
Brain 
For all unilateral plans, a larger volume of brain tissues was en-
compassed in the 50% isodose shell (V50%)  for 3D-CRT plans 
compared to electron and RA. This larger volume was not 
found to be of statistical significance.  
In bilateral RB, more V50% of brain tissue was irradiated in RA 
plans compared to the electron plans, and 3D-CRT plans. RA 
plans also had a higher low-dose spillage compared to the other 
2 techniques.  
Contralateral lens 
In unilateral plans, the mean of the maximum dose to the con-
tralateral lens was highest (average of 17.6±2.4 Gy) for 3D-CRT 
plan compared to 2.8±1 Gy and 0.23±0.1 Gy for RA and elec-
tron plans, respectively (p value 0.027 & 0.018 respectively). 
Unspecified normal tissues  
In unilateral plans, V2Gy, V5Gy and V10Gy of unspecified 
tissues (paranasal sinuses, temporal region, soft tissues and skin) 
were the highest in RA plans compared to electron plans, and 
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Fig. 1. Dose distribution as a color wash using  
the 3 different techniques. Target coverage using Electron 
beam, 3D-CRT and Rapid arc (a, b and c respectively). 
Low dose spillage using Electron beam, 3D-CRT and 
Rapid arc (e, f and g respectively). 

Fig. 2. An example of PTV coverage using the 3 different 
techniques  

a 

b 

c f 

e 

d 



3D-CRT respectively. V25Gy was almost equal among the 3 
techniques. In bilateral plans, The low dose received by the un-
specified tissues was consistently higher in the RA plans, notably 
theV2Gy and V5Gy. 
Other organs at risk 

Doses  to other organs at risks (hypothalamic pituitary axis, op-
tic pathway, brain stem, contralateral orbital bones and lacrimal 
gland) were found to be far less than their respective tolerance 
threshold doses. There was no appreciable dose difference be-
tween the 3 techniques for these structures. 
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Table 2. Comparison of PTV coverage and doses to risk structures in bilateral 

disease (2 patients)  

Structure Parameter 
Elec-

tron 
3D-

CRT 
RA 

PTV coverage 
V90%(mean) 96.5% 100% 100% 

V95%(mean) 92.5 % 99% 98% 

V107%(mean) 60.0% 0% 0% 

V110%(mean) 48.5 % 0% 0% 

D max 128% 104% 107% 

D2 125.5 105 103 
D98 85 97 95 
D50 109.5 101.5 100 
HI (mean) 0.37 0.08 0.08 
CI (mean) 1.49 3.16 1.16 

PTV Absolute volume in cm³
(mean) 

16.3 

Cornea Left mean dose in Gy 
(mean) 

48.5 41.5 25.5 

V26.5(mean) 99 % 100% 50% 

Right mean dose (mean) 48.5 37.5 23 

V26.5(mean) 100% 96.5% 
38.5

% 
Lens max dose in GY 

(mean) 
Left 51 46 36 
Right 51 45 36 

Lacrimal gland dose 
(mean) 

Left 44 45.5 34.5 
Right 42.5 45.5 44 

Orbit bone 
mean dose (mean± SD) 28 33.5 32.5 

V20(mean) 79 % 76% 
92.5

% 

V24(mean) 69.5% 74% 
83.5

% 
Brain 

mean dose in GY (mean) 0.9 0.8 4.5 

V10 in cm³ (mean) 27.5 17 154.5 

V50%in cm³ (mean) 5.2 11.8 25.5 
Hypotha-pituitary 

mean dose in Gy (mean) 0.8 0.7 16 

Brain stem 
mean dose in Gy (mean) 0.6 0.2 9.5 

max dose in Gy (mean) 0.8 0.4 19 

Optic chiasma 
mean dose in Gy (mean) 0.8 0.6 16.5 

max dose in Gy (mean) 1.5 0.8 19.5 

Unspecified normal tis-
sue in cm³ 

V2(mean) 143.5 90.5 272 
V5(mean) 100 72 162 
V10(mean) 69 62.5 98.5 
V25(mean) 27 44.5 33 

Fig. 3 Sparing the ipsilateral cornea from 

the high dose region in anteriorly located 

tumor: Rapid arc (a) versus 3D-CRT (b) 

and electron beam (c) plans.  

a 

b 

c 
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DISCUSSION 

Radiation therapy in its many forms is the most effective non-
surgical treatment for RB. The main objectives of RT treatment 
include cure with reduced toxicity, preservation of vision and eye 
structure. Ocular preservation rate of 80-95% can be achieved 
with plaque therapy in group I-II RE staging. For more ad-
vanced stages RE III-IV, ocular preservation rate with EBRT is 
around 30-50% [8-11]. The RT effectiveness must be balanced 
against its potential side effects and toxicity. Especially  in-
creased risk of keratitis, significant orbital bony hypoplasia, as 
well as a risk for radiation induced second malignancies [12-
15].Patients with the heritable germ-line mutation type are at a 
much higher risk for developing second malignant tumors even 
without RT [5, 16]. 
 
The pattern of care for RB has dramatically changed since then, 
with every attempt made to avoid enucleation. For advanced 
intraocular disease, the treatment has shifted to chemo-reduction 
and RT, with the goal of eye preservation with a useful vision 
[17-19].  
 
The RB treatment experience at our institution (KFSHRC) in 
the early years (1976 – 1993) has been reviewed and published 
elsewhere [20]. RT technique used at that time consisted of 2-D 
simulator-based treatment . Treatment complications included 
cataract (27%), retinopathy (25%), vitreous hemorrhage (19%) 
and orbital deformities (11%), glaucoma, shrunken blind eye and 
optic neuropathy. This high rate of complications was mainly 
attributed to the use of hypo-fractionation in many patients, 
treating three times a week, in order to limit the number of treat-
ments under general anaesthesia (GA) [21].  
 
In the era of induction chemotherapy, some studies suggested 
that dose reduction to 36 Gy in good responders to chemothera-
py was feasible without compromising local control [9]. At our 
institution, we are still treating RB to 45 Gy dose, since the liter-
ature in the pre-chemotherapy era suggests that RT dose of 32-
35 Gy is less effective than 40-45 Gy, and that improved local 
control rates are achieved at higher doses [22-24]. 
 
In the past, lens-sparing techniques using lateral fields only [25] 
have resulted in high recurrence rates when compared to tech-
niques that include anterior field component. The use of anterior 
electron field would decrease the dose to the brain, but will re-
sult in an increased dose gradient to the anterior segment of the 
eye. 
 
Major technological advances have allowed highly conformal 
treatment, with reduced toxicity. Various techniques were re-
cently compared in the literature for RB, as single patient or 
small cohorts of patients, exploring VMAT, FSRT, IMRT,3D-
CRT, and Proton beam therapy [26-29]. Hypothetically, proton 
beam would provide the best PTV coverage and least toxicity. 
Massachusetts General Hospital (MGH) published their proton 
experience in RB treatment. In this proton study, the CTV was 
not meant to cover the whole retina. For posterior lesions, CTV 
included only areas of gross disease and retina posterior to the 
equator Proton beam achieved homogeneous intraocular target 
coverage, with true lens sparing, while keeping bony orbit doses 
below the threshold [27]. Proton facilities,however, are still lim-
ited in number and confined to specific countries. 

In bilateral RB tumors located posterior to the equator without 
diffuse seeding, the use of two lateral opposed photon beam 
alone may offer the best PTV coverage. This technique spares 
the brain better than any other techniques , at the expense of 
higher dose to the bony orbit. For RB cases presenting with 
diffuse VS, or tumors located  anterior to the equator in proxim-
ity to ora serrata, it becomes extremely difficult to obtain an 
adequate PTV coverage with 3D-CRT or other photon tech-
niques, without compromising the anterior segment (AC) of the 
eye (Figure 3). In these cases, RA showed superiority in terms of 
PTV coverage and better sparing of AC and the contralateral 
lens.  
 
The dose threshold for bone growth inhibition is considered to 
be 20-24 Gy [30-32]. Kaste et al [30] reported a significantly 
higher incidence of orbital growth retardation with dose levels 
>35Gy. In the current study, there was a 13% reduction of the 
V20 orbital bone with RA as compared to 3D-CRT. The vol-
umes of bony orbit treated above 20 Gy were 82.5%, 90% and 
77% for electron, 3D-CRT and RA techniques respectively. 
Krasin et al [28] compared four techniques in RB treatment; in 
their published results, IMRT approach reduced the dose to the 
ipsilateral orbit by an average of 34% compared to other tech-
niques. However, in that study the IMRT PTV-coverage was 
compromised with a value of 86% mean PTV volume receiving 
95% of the PD, as compared to 96% and 93% for the other 
techniques. The impact of such suboptimal PTV coverage on 
potential RB recurrence is not yet known. In the current study, a 
superior V95% (98%) was achieved with RA. In another study 
Eldebawy et al [26], lower doses to bony orbits could be 
achieved using VMAT and Helical tomotherapy (HT), with a 
mean V20 of ipsilateral bony orbit of 56%. The average PT 
V99% value coverage was > 90% for VMAT technique.. An 
important advantage of RA In the current study is the lower 
dose to the ipsilateral cornea and anterior segment of the eye as 
compared to the other techniques. For RA the average mean 
dose was (20.4±8.8 Gy), and mean V26Gy (34.5±18%),  com-
pared to (31.4±3.7 Gy) and (75±17%) for 3D-CRT, (43.7±2 
Gy) and (98.4±3%)  for electron plans, respectively. Another 
advantage for RA over 3D-CRT, is the shorter treatment time. 
Many of the children presenting with RB are very young and 
require daily GA for their RT treatment, and the use of Rapi-
dArc tremendously reduces the GA and sedation time.  

CONCLUSIONS 

RapidArc plan gives a better PTV coverage, better CI 
and lower dose to orbital bone, ipsilateral cornea and 
brain at the expense of larger volume of normal tis-
sues receiving low-dose bath. This study supports the 
potential of new RT technology for better sparing of 
normal structures, and reduction of toxicity in RB 
patients. Another advantage for RA over 3D-CRT, is 
the shorter treatment time, hence reducing  the daily 
GA  time for RB patients  
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