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Innovations in brachytherapy
Joshua Lim1,2,3, Alvin Wei Jun Teo1, Tian Rui Siow4, Kwang Ping Chan4, 
Gavin Siew Wei Tan1,2,3*

Abstract:
Plaque brachytherapy plays an essential role in the management of intraocular tumors, allowing 
localized treatment while minimizing damage to surrounding structures. Since the earliest reports 
of sutured radon seeds used in glioma treatment in the 1920s, plaque brachytherapy in the field of 
ocular oncology has continued to expand and improve significantly. Today, a wide variety of ocular 
conditions, both oncologic and not can be treated using plaque brachytherapy. Continued innovations 
have also improved clinical safety and efficacy for both providers and patients alike. The use of 
new radioisotopes, combined with continued refinement in plaque design and applicators alongside 
radiation dose planning are some of novel methods used to maximize coverage and reduce radiation 
exposure to critical eye structures. In this paper, we will discuss promising future developments that 
will continue to revolutionize treatment.
Keywords:
Brachytherapy, innovations, ocular brachytherapy, ocular tumors

Introduction

Brachytherapy utilizes radioactive 
isotopes set in a plaque or an applicator 

to deliver radiation to tumors. It plays an 
important role in preserving sight and 
survival in patients with ocular tumors. 
It has improved significantly since the 
earliest reports featuring sutured Radon 
seeds for treatment of glioma.[1] A wide 
variety of ocular conditions can now be 
addressed using plaque brachytherapy.[2‑4] 
Plaques are sutured onto the external sclera 
in close proximity to tumors to deliver 
treatment doses of radiation. Innovations 
in the field today focus on optimization of 
radioactive dose delivery through accurate 
plaque placement, radiation dose planning, 
expansion into more effective radioisotopes, 
or even novel surgical or planning strategies 
to minimize unwanted radioactive side 
effects. These innovations aim to improve 
local control and survival outcomes while 
reducing radiation related complications. 
This review will explore various aspects of 
the abovementioned innovations.

Novel Radiation Sources

Earliest radiation sources such as Radon‑222, 
Gold‑198, and Cobalt‑60  (Co‑60) are 
primarily photon emitters  (gamma rays 
or X‑rays). They possess high energy and 
the inability to be shielded from the ocular 
surface, resulting in significant radiation 
complications such as maculopathy, optic 
neuropathy, exudative retinal detachment 
and cataract formation.[5] External beam 
radiotherapy (EBRT)  presents an alternative 
strategy however localizing ocular tumors 
within the column of radiation  (mobile 
target volume) becomes a challenge. To 
overcome this, the area of irradiation 
can be increased, though resulting in 
relatively higher incidences of anterior 
segment complications.[6] Impetus towards 
reducing these complications have spurred 
development of alternative radioactive 
sources in brachytherapy. A  summary of 
commonly used radioisotopes is found in 
Table 1. Radioisotope choice ultimately is 
dependent on factors such as target volume, 
dose prescription, implant duration, 
surrounding collateral structures, and 
overall plaque design.
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As alternative low‑energy radioisotope strategies 
emerged, Co‑60 ultimately fell out of favor as it 
was high in energy and could not be shielded 
externally on the ocular surface, resulting in significant 
collateral side effects.[7] The impetus towards reducing 
radiation‑induced complications then led to the use of 
alternative radioactive sources such as Iodine‑125 (I‑125) 
and Palladium‑103 (Pd‑103).

I‑125 sources have similar dose penetrations compared 
to Co‑60 but can be easily shielded by a 0.5 mm gold 
cover, thereby increasing the total radiation absorbed 
by target tissues while reducing radiation‑induced 
complications.[8] I‑125 was therefore the radioactive 
isotope of choice in the COMS study due to its ability 
to be totally shielded, markedly reducing the radiation 
effects not just to collateral tissue, but for the surgeon 
implanting the plaque as well, whilst still maintaining 
efficacy in emitting useful amounts of radiation.[9] It 
is currently the commonest radioisotope used in the 
treatment of ocular tumors.[10,11]

The impetus toward reducing radiation‑induced 
complications then led to the use of other radioisotopes 
like Pd‑103. It was first described in the 1990s for 
choroidal melanoma treatment.[12] Low energy gamma 
photons emitted by Pd‑103 are more readily absorbed 
by adjacent biological tissue compared to I‑125, reducing 
the total amount of radiation being absorbed across 
ocular tissue.[13] The utility of Pd‑103 has been reported 
in multifocal or large iris melanomas previously deemed 
curable only by enucleation and in nonadvanced primary 
multifocal iris melanomas with good outcomes and side 
effect profiles.[14,15] Modest dose reduction of dosimetry 
to structures such as the lens, optic nerve, and fovea 
were noted when Pd‑103 was compared to standard 
I‑125 radiation.[13]

Beta radiation sources like Ruthenium‑106 (Ru‑106) soon 
emerged with potential to further reduce radiation related 
complications. As a low‑energy emitter, it possesses 
a much steeper radiation gradient compared to I‑125, 
with dose rates exhibiting dramatic drop offs between 
1 mm (110 mGy/min) to 10 mm (10 mGy/min) depth, 
thereby further reducing risk of collateral damage.[16‑18] 
Studies comparing dose fall off curves between Ru‑106 

and I‑125 have demonstrated that for every millimeter 
of penetration into tissue, the dose penetration of 
Ru‑106 is threefold faster than that of I‑125.[19] As such, 
Ru‑106 is considered over I‑125 for primary treatment 
of shallow tumors with an apex height of no more than 
5 mm.[17,20] Many reports have demonstrated its efficacy 
in this respect with low rates of post radiation side 
effects.[21‑23] Beyond the perceived upper limit of 5 mm, 
Ru‑106 has also been used in adjuvant treatment for large 
tumors > 5 mm, after tumor resection, to reduce risk of 
local disease recurrence. Jiang et al. found comparable 
outcomes between tumors <5 mm and >5 mm thickness 
after treatment with Ru‑106.[23]

The isotopes described up to this point mainly utilize 
low‑dose rate (LDR) brachytherapy, involving suturing 
a radioactive implant to the area of interest and leaving 
it in place for a few days to achieve treatment effect. 
High‑dose rate  (HDR) brachytherapy, on the other 
hand is a treatment strategy that involves delivering 
concentrated, high doses of radiation with steeper dose 
gradients over reduced durations.

Strontium‑90 (Sr‑90) is the first beta‑emitter with HDR 
properties used in the treatment of ocular tumors.[24] 
Sr‑90 exhibits steep dose drop off properties similar to 
Ru‑106 (100% at 2 mm, 60.8% and 28.9% at 3 mm and 
4 mm, respectively), lending its utility to the treatment of 
surface tumors. Sr‑90 applicators have been used to treat 
pterygia or ocular surface squamous neoplasia (OSSN), 
with good 5‑year local control rates  (90.5%) and few 
complications.[25] The use of combination Sr‑/Y‑90 
applicators have also been described in a group of 
patients with early pterygia, but did not undergo 
surgery. Reduction in size, and no progression or 
recurrences in pterygia have been reported even after 
extensive follow up.[25] Other studies involving Sr‑90 as 
an adjuvant to pterygium surgery have also reported 
good postoperative outcomes.[26]

A t  o n e  t i m e ,  o p h t h a l m i c  S t r o n t i u m ‑ 9 0 /
Yttrium‑90  (Sr‑90/Y‑90) applicators were commonly 
and widely used in ophthalmology. It had specific 
indications and was clinically effective.[27,28] However, 
the applicators’ bulk and 29‑year half‑life ultimately 
made it commercially nonviable. Meanwhile, Liberty 
Vision Corporation developed a novel monoisotopic 
Y‑90 beta disc source  (LV 90Y disc, Portsmouth, NH) 
and two hand‑held ophthalmic applicators. Each 
applicator  (iWand A® and iWand P®) contains a 
receptacle for the radioisotope disc and offers unique 
capabilities. In 2020, the Y‑90 disc was cleared by the 
United States Food and Drug Administration (FDA) for 
episcleral treatment of tumors and benign growths.[29] 
Considered a radiosimilar to a predicate Sr‑90/Y‑90 
device, it is improved due to simplified mono‑isotopic 

Table 1: Commonly used radioisotopes in 
brachytherapy
Radioisotope Type Main decay Half‑life t1/2

Cobalt‑60 High energy γ 1925.21 days
Iodine‑125 Low energy γ 59.39 days
Palladium‑103 Low energy γ 17 days
Ruthenium‑106 Low energy β 371.50 days
Strontium‑90 High energy β 28.80 years
Yttrium‑90 High energy β 2.66 days
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Y‑90 isodose calculations, and its shorter 64‑h half‑life 
that allows for decay in storage to disposal.

The iWand A® was developed for applications on the 
anterior portion of the eye. Its nodular head was created 
to shield beta radiation in all directions, except the 
anterior aperture [Figure 1]. It comprises a 6‑mm Y‑90 
radioactive disc, mounted within a well surrounded by 
2 mm of shielding. Thus, a 10‑mm circumference active 
surface has been placed on the eye for short treatment 
durations  (range 6–13  min for malignant tumors), 
yielding HDR 25–30 Gy to the prescribed tissue depth. 
HDR doses and thus treatment durations are converted 
from LDR standards prior to treatment.

Combination Y‑90 disc/Wand A® has been used to 
treat malignant OSSN and anterior uveal melanomas.[29] 
The iWand P® applicator is the first light guided, light 
defined brachytherapy treatment. The applicator tip 
comprises and well for the disc, which is surrounded by 4 
lights. When placed behind, the lights are visible through 
the dilated pupil, and help guide the Y‑90 beta source 
into place beneath the choroidal neoplasm [Figure 2]. To 
date, patients have benefited by excellent local tumor 
control and no short‑term side effects.[30] Besides Y‑90, 
other HDR radioisotopes such as selenium‑75  (Se‑75) 
and ytterbium‑169 (Yb‑169) are currently being explored. 
Larger studies will be needed in the future to evaluate 
the efficacy and effects of these new isotopes on various 
ocular tumors.[31,32]

Expanded Indications

Conjunctival tumors
The anti‑scarring effects of beta‑radiation were first 
recognized in the 1990s and was proven to be a useful 
adjuvant in conjunctival‑based procedures such as 
trabeculectomy[33] and pterygium surgery.[34] This 
gave way to utilizing ionizing radiation as a treatment 
strategy for OSSN. Beta and gamma radiation were 

then utilized as an adjuvant therapy for OSSN 
management[35] following wide local excision to prevent 
recurrence.[36] Despite initial successes, cryotherapy and 
targeted immunotherapy gained favor over ionizing 
radiation as the main adjunct following surgical excision 
of OSSN.[37,38] However, radiotherapy use as a secondary 
adjuvant for specific cases is a treatment strategy that 
has gained renewed interest. In one series, 15 eyes with 
deep invasive squamous cell carcinoma  (SCC) had 
adjuvant treatment with I‑125 following local therapy 
as an alternative to enucleation. All cases were complex 
SCCs, having had multiple recurrences following either 
excisional biopsy (53%) with cryotherapy (33%) or topical 
immunotherapy (33%). Mean apex doses of 56 Gy over a 
mean of 132 h was administered. Follow‑up duration was 
7–96 months after plaque removal. Despite a majority 
satisfactory tumor control reported, 4 patients eventually 
required enucleation owing to further progression of 
the lesion despite brachytherapy.[39] Other groups have 
described a similar treatment approach with Ru‑106. The 
plaque was administered as an addition to conventional 
excision and local chemotherapy with OSSN of variable 
base diameters ranging between 3 and 28  mm. This 
achieved good tumor control and no recurrences of 
disease during the follow up period. Radiation induced 
complications, such as secondary glaucoma or scleral 
melt were reported.[40]

Anterior segment tumors
Anterior segment tumors originate from the iris or ciliary 
body and can be benign or malignant. An extensive 
and comprehensive review of this condition has been 
covered by Marigo and Finger in 2003.[41] Historically, 
first‑line treatment would include radical surgical 
resection for focal iris lesions. Widespread or diffuse 
lesions require radical treatment with wide iridectomy, 
irdidocyclectomy, or lamellar sclerouvectomy.[42,43] 
These procedures are morbid, technically complex and 
extensive, often leading to high rates of complications.[41] 
Strategies today favor conservative approaches, with 

Figure 1: The iWand A®. The device comprises an applicator with an attached Y‑90 
disc. The radioactive disc is surrounded by custom‑made beta radiation shielding 
material to prevent unwanted lateral absorption of radioactive doses[29]

Figure 2: The iWand P®. The device has additional illuminated guide lights surrounding 
the applicator with attached Y‑90 disc. This design allows for intraoperative siting of 
the radioactive disc via scleral back illumination[29]
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brachytherapy playing an essential role in the treatment 
of these tumors. Shields reported the use of I‑125 plaque 
brachytherapy for the treatment of nonresectable iris 
melanoma with good rates of tumor regression  (93%) 
during a mean follow‑up of 26  months. A  large 
proportion of patients maintained similar or better 
vision postoperatively. However, complications such 
as corneal edema without melt, iris vasculopathy that 
did not amount to frank neovascular glaucoma and 
various degrees of postradiation cataract formation was 
documented.[44]

Similarly, Finger reported on using Pd‑103 plaques 
for resectable iris and ciliary body tumors. In these 
reports, there was an average of 47% reduction in tumor 
thickness, with no eyes reporting loss of local control and 
no eye being enucleated after 56 months. In addition, 
there was no radiation retinopathy or optic neuropathy 
due to significant distance between the plaque and these 
ocular structures, and due to radioisotope choice.[45] 
Other reports have demonstrated similar duration of 
follow‑up with significantly fewer complications, with 
no radiation retinopathy or optic neuropathy.[15,45]

Alternatives like Ru‑106 have also been utilized.[15,46] 
Ru‑106 was found to be effective in the treatment of iris 
and iridociliary melanoma and had lower measured 
levels of radiation outside the treatment zone.[21,47] A 
larger series by Razzaq et al. followed 36 patients treated 
with Ru‑106 for a duration of 6.5 years. It reported good 
tumor outcomes with no incidences of complications like 
corneal opacities despite average max doses of 53 Gy 
delivered.[22] Good outcomes were also demonstrated 
in a recent retrospective review with a follow‑up time 
between 24 and 265 months,[48] and in a systematic review 
analyzing 12 retrospective and prospective studies 
comparing I‑125, Ru‑106, and Pd‑103. Unsurprisingly, the 
multivariate analysis of the systematic review suggested 
that while higher doses of radiation were associated with 
cataract and glaucoma, this was especially seen with the 
use of I‑125 plaques.[15,49]

Other innovations such as Finger’s amniotic membrane 
buffer technique have been developed to reduce radiation 
complications. There, a 0.1 mm thin layer of amniotic 
membrane is interposed between the gold plaque seed 
carrier and the cornea have been developed to reduce 
radiation complications.[50,51] As previously mentioned, 
innovations such as the iWand A® can decrease the extent 
of surgery and dwell time needed compared to LDR 
plaque surgery.[29]

Choroidal hemangioma
Photodynamic therapy has taken a central role in the 
treatment strategy of most circumscribed choroidal 
hemangiomas,[52] but challenges remain in addressing 

the diffuse forms. Choroidal hemangioma has been 
treated using ionizing radiation since the 1930s and 
50s.[5,53] External beam radiotherapy (EBRT) is utilized 
in the treatment of these lesions associated with serous 
retinal detachments.[54,55] Treatment with EBRT may 
require multiple sessions over weeks, and risk collateral 
damage and secondary malignancies especially in 
pediatric groups.[55,56] Plaque brachytherapy has been 
utilized since the early 1970s and 80s.[57] Throughout 
the years, treatment outcomes and safety profiles of 
Cu‑60,[57] I‑125[58] and Ru‑106[59,60] have been described. 
Complete subretinal fluid resolution has been reported 
so far in all cases treated with brachytherapy. Collateral 
radioactive damage is circumvented in most studies 
through the use of low energy beta emitters like Ru‑106, 
with significantly lower apex doses.[59,61] In diffuse 
choroidal hemangioma associated with Sturge–Weber 
Syndrome, Yu et al. found that brachytherapy applied 
to the thickest tumor region with Ru‑106 isotope (mean 
doses of 83 Gy) as opposed to targeting the entire tumor 
can reduce tumor size and subretinal fluid effectively. 
In their study, despite a higher‑than‑average scleral 
contact dose, no complications like scleral melt were 
reported.[60] Ideal plaque size remains contended, with 
some utilizing custom‑made plaques attempting to 
encompass the entirety of the tumor with 2 mm margins, 
and others utilizing smaller plaques targeting just under 
the thickest point of the tumor. Future directions will 
likely explore if and how lower doses of radiation will 
affect tumor response. EBRT studies in circumscribed 
hemangioma have reported utilizing equivalence doses 
as low as 16.4 Gy.[62] Novel strategies utilizing HDR and 
newer isotopes can potentially allow for shorter duration, 
lower dose treatments, especially in cases of diffuse 
hemangiomas in the future.

Retinoblastoma
As per the American Brachytherapy Society guidelines, 
retinoblastomas treated with primary brachytherapy 
are unilateral, solitary, and anteriorly located.[63] 
Brachytherapy can be used as adjuvant or secondary 
treatment in residual or recurrent tumors irrespective 
of location. Various radioisotopes have been utilized, 
with recurrence rates between 12% and 17%, reported 
in some early studies.[64,65] Most recently, Pd‑103 has 
been utilized with good long‑term outcomes in a case 
report by Maheshwari et  al.[66] Ru‑106 has also been 
combined with intravitreal chemotherapy to treat 
grade  D retinoblastomas with vitreous seeding as 
first‑ or second‑line therapy following chemoreduction 
to improve overall outcomes.[67] High globe salvage 
rates  (66.7%) with good therapeutic response were 
reported in the group with mean tumor heights of 
6.0  ±  2.5  mm receiving brachytherapy as first‑line 
treatment. Second‑line therapy patients with mean tumor 
heights of 9.0 ± 1.3 mm, reported higher incidences of 
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complications such as intraocular hemorrhage and serous 
retinal detachment.[67] However, it is more convenient 
that external beam radiation requiring fewer sessions, 
and avoiding complications such as facial hypoplasia 
and secondary tumors.[68]

Eyelid tumors
Nonmelanotic eyelid tumors are usually excised; 
however other factors such as tumor size, site and patient 
fitness can influence treatment options.[69] EBRT has 
been an effective treatment modality, especially where 
there is difficulty obtaining good surgical clearance 
margins. Brachytherapy remains a viable option in 
patients who have multiple comorbidities, poor expected 
cosmesis or who decline invasive surgery.[70] Improved 
brachytherapy strategies in combination with innovation 
may lead to more promising outcomes. Recent studies 
have looked at custom made molds afterloaded with 
HDR Iridium‑192 for the treatment of eyelid basal cell 
carcinomas. Good survival and cosmetic outcomes have 
been reported, with common complications consisting 
of conjunctival and periorbital erythema.[71,72]

Vasoproliferative tumors
V a s o p r o l i f e r a t i v e  t u m o r s  a r e  p o t e n t i a l l y 
vision‑threatening benign, vascular lesions associated 
with widespread exudation and subretinal fluid. 
Cryotherapy has been the traditional first line of 
treatment, however has been shown to result in 
paradoxical massive subretinal exudation, fluid, and 
hemorrhage with excessive use.[73,74] The efficacy of laser 
therapy can largely be limited by the peripheral location 
of the lesion, and no convincing evidence yet exists for 
the use of anti‑vascular endothelial growth factors.[75] To 
date, Ru‑106 and I‑125 brachytherapy has been utilized 
in these lesions with varying degrees of success.[74] Given 
its steep fall off gradient, Ru‑106 allows for higher apex 
doses while sparing surrounding ocular tissues, but 
may lead to errors in delivering optimal radiation to the 
tumor apex.[74] Cohen et al. reported the effectiveness of 
I‑125 plaques in the treatment of larger tumors > 2.5 mm 
thick, due to its higher dose penetration.[76] Apart from its 
role as a primary modality of treatment, brachytherapy 
may be used also as salvage therapy in cases that are 
refractory to initial strategies of treatment.[74] Similarly, 
cases which remain refractory to brachytherapy as the 
initial form of therapy may also require a combination 
approach; more studies in this area are warranted to 
determine the relative efficacy between these various 
modalities of treatment.

Retinal capillary hemangioblastoma
Retinal hemangioblastoma are rare benign tumors 
characterized by a pink, nodular appearance with dilated 
and tortuous feeding and draining blood vessels. These 
tumors can exudate involving both the macula and 

retinal peripheries.[77] There is currently no consensus 
regarding the optimal treatment, with ablative therapies 
being commonly used by physicians.[77] The use of plaque 
brachytherapy in the management of these lesions is 
sparse in the current literature. One retrospective case 
series by Kreusel et al. reported 25 eyes that achieved 
lesion resolution following Ru‑106 brachytherapy. 
However, a significant proportion of eyes in that report 
had worsening visual acuity, recurrence of exudation or 
tractional retinal detachments.[78] A more recent study 
by Dalbah et al. reported that although 79.1% of patients 
had tumor inactivation, up to 50% of eyes post Ru‑106 
brachytherapy treatment required eventual additional 
vitreoretinal surgery.[79] Ultimately, the role of plaque 
brachytherapy might be confined to cases which are 
refractive to laser treatment, or lesions larger than 
1.5 mm.[80]

Plaque Innovations

Plaque design
The COMS study standardized the use of the I-125 
COMS plaque, comprising of a gold alloy shell and 
silastic insert designed to fit the eye curvature.[81] The 
inherent thickness of the plaque required occasional 
muscle disinsertion to gain access to lesions. Locations 
near structures like the optic nerve have been addressed 
by innovations and plaque modifications in the form of a 
slotted design, allowing the optic nerve sheath to fit into 
the seed carrier with compensations made to dosimetry 
planning and radioactive seed arrangement. While 
optimization of dose distribution remains challenging,[82] 
12‑year results from Finger’s Slotted Pd‑103 plaques in 
the treatment of choroidal melanoma near or touching 
the optic nerve, however have demonstrated excellent 
local tumor control rates (98%), reflecting the ability of 
slotted designs to overcome the physical barrier of the 
optic nerve to effectively treat posterior pole tumors.[83] 
This will likely improve as innovations to effectively 
model and predict dose delivery for eccentric plaque 
placement and non‑uniform isotope loading improve.

Silastic membrane inserts in COMS plaques attenuate 
about 10% of total radiometric dose due to the membrane 
having a higher effective atomic number than water.[84,85] 
Seed placement is also limited by insert positioning 
and can affect dosimetry calculations, resulting in dose 
inhomogeneity. Newer plaque designs such as the eye 
physics (EP) second and third generation plaques (EP, 
LLC, Los Alamitos, CA, USA) were developed in 
conjunction with plaque simulator  (EP, LLC, Los 
Alamitos, CA, USA) treatment planning system (TPS).[86] 
Being thinner than COMS plaques, its placement is 
potentially less traumatic to recti and better tolerated by 
patients. These plaques also have an improved design 
made of 18 carat gold with a treatment face containing 
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a collimated slotted design, with varying depths of 
individual slots within the plaque. Radioactive seeds are 
subsequently glued in, doing away for the need of silastic 
inserts.[86] This improvement results in radioactive seeds 
being closer to the tumor, maximizing the inverse square 
law effect and reducing lateral exposure to surrounding 
structures.[87] The ability to fix multiple seed onto these 
plaques allow for lower individual seed intensity by 
varying the angle of irradiation and offsetting sources 
at different distances from the sclera.[88] Slot depths 
deeper towards the center and shallower in the periphery 
ensures that the collimating gold edges absorb much of 
the laterally directed radiation from each radioactive 
seed. Third‑generation plaques are designed in tandem 
with TPS and can be prototyped with stereolithographic 
3D printing technology to better fit atypical eyes and 
optimize lesion coverage.

Optimization of plaque placement
Accurate intraoperative plaque placement is key for 
delivering optimal doses to tumors. Various techniques 
such as postoperative ultrasonography,[89] intraoperative 
transillumination,[90] and postoperative magnetic 
resonance imaging (MRI)[91] have been described. The use 
of intraoperative ultrasonography is a straightforward 
and effective step in providing surgeons real time 
confirmation of plaque position, especially in more 
challenging posterior or peripapillary cases.[92] In a 
series of 117 eyes, Tabandeh et al. reported 24% of eyes 
requiring plaque repositioning following intraoperative 
confirmation with ultrasound. 71.4% of plaques requiring 
repositioning were in posteriorly located tumors. The 
group found that intraoperative ultrasonography 
provided excellent imaging of the tumor plaque interface 
even without clear ocular media. Grimes et al. similarly 
compared 24‑month rates of local tumor control between 
patients that had intraoperative ultrasound verification of 
plaque position versus a historic cohort that did not utilize 
this method of verification. It demonstrated a 24‑month 
local recurrence rate of 0.9% in the former group, a 
significant improvement from 2% 24‑month recurrence 
rates in their historic controls.[93] The use of intraoperative 
ultrasound has since become an advocated surgical step 
by many groups to ensure optimal plaque placement 
and centration. A hypoacoustic signal attenuation caused 
by the plaque can be appreciated when the plaque is 
positioned correctly posterior to the tumor [Figure 3].[94,95] 
Experimental methods utilizing the Cherenkov radiation 
effect, whereby charged particles induce a faint visible 
light when travelling faster than the speed of light in a 
given dielectric medium have been proposed.[96] Patients 
following Ru‑106 brachytherapy had fundus photos taken 
by a highly sensitive camera tuned to obtain Cherenkov 
Luminescence Imaging. In all patients studied, this 
method revealed circular areas of light corresponding to 
the size and location of the plaque. However, obtaining 

these results were technically demanding; patients 
had to be still for long exposures in total darkness for 
acceptable image quality processing. In addition, these 
methods cannot be applied to gamma emission isotopes 
like I‑125 and Pd‑103 as they do not induce Cherenkov 
luminescence, limiting potential applications.[97]

Dosing Precision and Protection

Radiation planning: Two‑dimensional versus 
three‑dimensional
In conventional ocular brachytherapy, two‑dimensional (2D) 
methods comprising of assembled fundus photos or A/B 
scan ultrasounds are used to map lesions for plaque 
placement. Dosimetric calculations are based on central 
axis dose calculations to single points like the tumor 
apex. However, no volumetric measurements are taken 
into account with this method. While 2D image‑based 
brachytherapy is generally sufficient for dosimetric 
calculations to be performed as ocular tumors are generally 
confined within a sphere, there is a shift towards 3D 
modeling to optimize these calculations, especially in tumors 
of irregular shape.[98] MRI or computed tomography are 
important modalities used to map relational structures to 
the tumor. Images from these modalities are then input into 
planning software like TPS to calculate 3D volume‑based 
dosimetric planning.[99] These planning methods, when 
compared to the original COMS, have been shown in 
simulation studies to reduce radiation doses for choriodal 
melanoma.[99] Similar Monte Carlo simulations with Ru‑106 
dosimetry planning have also reported greater effective 
delivery of radiation doses to tissue.[100] Future innovations 
will likely utilize modalities like ultra‑high‑field MRI to 
better facilitate the accuracy of tumor contouring compared 
to conventional ultrasound methods.[101,102]

Intraocular shielding
The concept of intraocular radiation blocking was first 
proposed by Finger et  al., where iodine based liquid 

Figure 3: Intraoperative B‑scan capture demonstrating the utility of intraoperative 
ultrasound plaque position confirmation. Hypoacoustic shadow attenuation can 
be appreciated posterior to the limits of the tumor when the plaque is positioned 
correctly (Dashed lines)
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radiopaque contrast agents (iophendylate, iohexol, and 
iopamidol) were experimentally inserted into a rabbit 
eye model to simulate intraocular radiation blocking.[103] 
Studies have estimated that up to 40% of emissions 
undergo photoelectric absorption, with the remainder 
60% scattered into the intraocular space.[104] Blocking 
agents such as iophendylate increase the probability 
of photoelectric absorption and hence proportionately 
increases attenuation of surrounding tissue.[103] Since 
then, various candidate vitreous substitutes have been 
assessed. Cadaveric ex vivo measurements and Monte 
Carlo simulation studies by Oliver et al. demonstrated 
good radiation attenuation (55%) using 1000‑cSt silicone 
oil compared with saline.[105] The effects of vitreous 
substitution with silicone oil on radiation attenuation 
and side effects such as radiation retinopathy, cystoid 
macular edema and cataract formation has since been 
clinically demonstrated with the use of I‑125 plaques.[106] 
This clinical adjunct is, however not without potential 
risks. McCannel’s original case series of 20 consecutive 
patients reported intraoperative complications such 
as retinal tears, serous retinal detachment under oil, 
macular hole, and epiretinal membranes formation.[106] 
Due to potential intra‑ and postoperative complications, 
some authors have proposed that the indications of 
vitrectomy and silicone oil endotamponade be reserved 
for select cases like posterior pole tumors, or in only 
functional eyed patients.[107] Recent experimentation 
with material composed of a mixing ratio of 1:1 
tungsten‑silicone  (Wolfram) for the purposes of both 
extraocular and intraocular shielding was conducted 
on a set up mimicking the intraocular milieu. Shielding 
effects of 92%–98% was demonstrated in I‑125 seeds 
fully covered by Wolfram; this shielding effect decreased 
to 35%–85% if partially covered. Additional in  vivo 
experiments assessing the biological safety of Wolfram 
did not show any significant histopathological changes 
to the ocular adnexa. Nonreactive tungsten deposits 
were however documented on the surface of the retina 
and within vitreous. Its potential long‑term impact is 
unknown.[108] Further in vivo evaluation of this innovation 
and its long‑term impact is required, before human trials 
can be performed.

Dose reduction strategies/dual source planning
Considerations for dosimetry include tumor base 
dimensions and apex height.[109] Margins of 2 mm around 
tumor circumference are applied to ensure sufficient 
dosing across the tumor.[110] The COMS planning norms 
of 85 Gy are prescribed either to a minimum of 5 mm or to 
the maximal tumor apex height if >5 mm. This can result 
in unwanted radiation dosages to peripheral structures 
in small‑to‑medium‑sized tumors.[111,112] Studies have 
explored the effects of reduced dose planning in the 
treatment of these tumors and their outcomes.[113] One 
of the largest studies by Perez et  al. showed that in 

patients with tumor heights  <5  mm, those receiving 
lower doses had comparable tumor control outcomes 
compared to those receiving conventional 85 Gy over a 
5‑year period.[114]

Dosage effects of dual source strength seed loading in 
various plaque designs have also been investigated.[115] EP 
plaques were planned to 3 different scenarios; a circular 
19.9 mm plaque for shallow <5.5 mm tumors with large 
base dimensions, a notched plaque for tumors very close 
to the optic nerve, and a small diameter 18.5 mm plaque 
for very shallow <3.0 mm tumors with moderate base 
dimensions. In each plaque, a mix of source strength 
seeds were utilized in specific conformations. Simulation 
results from the 3 scenarios were varied, being largely 
dependent on the location of the higher source strength 
seeds. In some cases, general reduction in radiometric 
dosages to adjacent structures were demonstrated. 
Notched plaques demonstrated higher dosages to optic 
nerve due to inherent positioning of the higher source 
strength seed. Despite variations in results, the study 
demonstrated the potential for dose optimization with 
case‑by‑case planning and selective high source strength 
seed positioning.[115] Another experimental plaque 
consisting of dual isotope core of Pd‑103 and Ru‑106 has 
reported higher combined dose rates to the tumor with 
slightly higher doses to surrounding tissue compared to 
monoisotope models.[116]

Novel studies are emerging surrounding the use of 
nanoparticle enhanced brachytherapy strategies. Gold, 
bismuth, and lutetium‑177 are some early proposed 
radiosensitizers.[117] Modeling studies involving 
gold nanoparticle  (GNP) effects have demonstrated 
the potential for significant increase of dosages 
within sequestered areas of GNP and no significant 
changes in adsorbed doses by other parts of the eye 
models.[118] Future innovations into this field of study 
will likely optimize our ability to accurately direct and 
concentrate these radiosensitizers into the substance 
of the tumor.[119]

Conclusion

Since the inception of plaque brachytherapy as a 
treatment option for choroidal melanoma, increased 
understanding and innovations have led to the expanded 
indications of this modality of treatment. The future 
will see increasing utilization of precision dosimetric 
planning, and further discoveries and innovations to 
isotope utilization and plaque design that will result in 
greater therapeutic efficacy and safer dose delivery with 
fewer side effects of radiation therapy. The challenge 
will remain having large enough studies to prove the 
superiority of these innovations, especially for the rarer 
indications.
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