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A B S T R A C T

Purpose: Patients with conjunctival squamous cell carcinoma that present with persisting disease or recurrence 
following topical chemotherapy and/or surgery especially when invading the sclera are challenging to treat. 
Herein, we describe the use of high-dose-rate (HDR), FDA-cleared, yttrium-90 (90Y) plaque brachytherapy for 
such lesions.
Observation: Three cases of invasive conjunctival squamous cell carcinoma that had exhibited a poor response or 
recurrence following topical chemotherapy and/or surgery are described. As treatment, HDR 90Y beta-radiation 
was applied to the tumor and margins for a single, continuous duration. In contrast to low-dose-rate (LDR) 
plaque, HDR 90Y brachytherapy did not require episcleral sutures, amniotic membrane buffering of the cornea, a 
Gunderson flap, outpatient dwell time, or second surgery. Radiation safety was improved by eliminating LDR- 
implant related post-operative radiation exposure to health care personnel, the community, family, and pets. 
Follow-up examination at one month revealed complete tumor resolution in all patients. At last follow-up (8, 11 
and 18 months) all patients remained clinically tumor-free as confirmed by slit-lamp biomicroscopy, anterior 
segment optical coherence tomography, and high-frequency ultrasound imaging. There were no acute compli
cations (e.g., corneal edema, iridocyclitis, scleropathy, keratopathy or cataract).
Conclusion and Importance: 90Y brachytherapy demonstrated efficacy as a single-surgery, minimally invasive, 
outpatient irradiation for squamous carcinoma of the ocular surface. While short-term results were promising, 
long-term follow-up monitoring for side-effects and recurrence are essential.

1. Introduction

Squamous carcinoma is the most common malignant ocular surface 
cancer.1 Due to high rates of recurrence after primary excision, adjuvant 
cryotherapy has been used to extend margins.2–4 Recent publications 
suggest a shift toward primary topical chemotherapy.4,5 Though epis
cleral plaque radiation therapy for conjunctival tumors and benign 
growths have been described in the late 1940s, it is currently used only 
for select conjunctival tumors.6–10

Two beta-radiation sources, ruthenium-106 (106Ru/106Rh) and 
strontium-90/yttrium-90 (90Sr/90Y) have been commercially available. 
But they differ in that the German 106Ru/106Rh plaques are low dose rate 
(LDR) and thus take days to deliver the prescribed dose. In contrast, the 
English 90Sr/90Y were high-dose-rate (HDR) applicators.10 Of these, the 
HDR 90Sr/90Y device is the most radio-similar to the monoisotopic 90Y 

disc described in this study. However, it differs in that the English 
90Sr/90Y source was permanently embedded at the distal end of a steel 
shaft. Whereas, the stand-alone LV 90Y Disc ® (Liberty Vision Corpora
tion, Portsmouth, NH, USA) used in this study could be assembled into 
specialized clinical applicators with unique capabilities for radiation 
shielding and localization.10 Another key difference is that the 
strontium-90 component takes 28.8 years to lose half of its activity, 
whereas the monoisotopic LV 90Y Disc takes only 64.2-h.10 This differ
ence simplifies radiation calibration, device maintenance, and disposal 
safety.

The hand-held anterior segment applicator (iWand A®, Liberty 
Vision (LV), Portsmouth, NH, USA) allowed the LV 90Y Disc ® to be 
affixed within a conformal receptacle located on its active surface.10 The 
applicator’s radiation-absorbant head-module envelopes all but the 
active surface of the source. Designed for radiation protection, the 2-mm 
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plastic wide side walls and 12-mm overlying module thickness absorbs 
and thus shields beta 90Y radiation emissions in the directions of normal 
patient tissues, the surgeon, and operating room personnel.10

Head-module transparency allowed for direct viewing of the 90Y Disc 
during episcleral application.

Beta radiation has long been used to treat eye cancers, benign tu
mors, and to inhibit fibrosis.8–18 Specifically, beta radiation has been 
used to treat conjunctival cancers such as squamous carcinoma and 
melanoma as well as benign pterygium and fibrosis associated with 
trabeculectomy surgery.10–23 Of those, the most common use of HDR 
90Sr/90Y was to prevent pterygium-related episcleral fibrovascular 
growths, the most mature literature (including prospective randomized 
studies) describes HDR 90Sr/90Y treatment used to reduce fibrovascu
larization of trabeculectomy flaps when compared to 5-fluorouracil and 
mitomycin, as well as for poorer prognosis congenital glaucoma, and 
darkly pigmented eyes.17–24

While in 1980 Tarr and Constable reported scleromalacia after HDR 
90Sr/90Y applied to bare sclera (with multiple overlapping spots, and 
poorly defined dosimetry); in 2023 Murdoch reported the Moorfield 
HDR 90Sr/90Y applications as both safe and efficacious for trabeculec
tomy with 20-years follow up.25,26 Herein, we present a series of three 
patients with conjunctival squamous cell carcinoma treated with 90Y 
plaque brachytherapy. The tumor dimensions and radiation parameters 
are summarized in Table 1.

2. Case presentations

2.1. Case 1

n 80-year-old patient presented with a white temporal epibulbar 
conjunctival tumor surrounded by intrinsic and recruited tumor blood 
vessels (Fig. 1A). High-frequency ultrasound imaging (UBM) revealed a 
dome-shaped epibulbar tumor with hypo-echoic invasion of the under
lying sclera. There was no ultrasonographic ciliary body thickening or 
angle blunting, nor was gonioscopic evidence of intraocular invasion. 
The tumor was 1.7 mm in thickness and 4.0 × 3.5 mm in basal diameter 
(Fig. 1B). An exfoliative biopsy revealed dysplastic cells and the tumor 
was diagnosed as epibulbar conjunctival squamous carcinoma (SCC)1

After the tumor did not respond to a 6-week course of topical 
interferon alpha, followed by 2-weeks of 5-fluorouracil, informed con
sent led to a discussion of the potential risks and benefits of observation, 
excision with adjuvant cryotherapy, additional topical chemotherapy, 
or brachytherapy (e.g., 125I, 103Pd, 90Y). Factoring in the patient’s past 
medical history (i.e., cerebral vascular accident, cardiac pacemaker, 
coronary artery bypass graft x3, and bilateral renal cell carcinoma), the 
patient chose single session, minimally invasive, HDR 90Y beta 
radiation.

Treatment was performed in the operating room (by P.T.F), under 
conscious sedation, peribulbar anesthesia, and sterile conditions. The 
90Y disc was affixed within a hand-held applicator whose translucent 
plastic head-module shielded the 90Y beta radiation in all directions 
other than toward the targeted zone. The methods of assembly, cali
bration, safety testing, and LDR to HDR dose conversion methods have 
been described.10 For this patient, 90Y disc activity was 15.31 mCi, 
which allowed a HDR dose of 22 Gy to a depth of 2.5 mm [≈63.8 Gy LDR 

equivalent biologic effective dose (BED)].7 To achieve that dose, the 
duration of continuous episcleral 90Y application was 5 minutes 56 
seconds.

At day #26 the tumor resolved, leaving only traces of epibulbar 
pigmentation (Fig. 1C and D). This residual pigmentation was noted to 
progressively diminish until 18-months follow up, where there was no 
residual conjunctival pigmentation or evidence of tumor by clinical and/ 
or ultrasonographic examination (Fig. 1E and F). There has been no 
acute or chronic radiation-associated keratopathy, scleropathy, con
junctivopathy, or sector cataract. The patient’s visual acuity has 
remained stable at 20/32. The pre-treatment central scleral thickness 
underlying the lesion measured 0.45mm on UBM and the scleral thick
ness at the last visit measured 0.61mm. We attribute this slight increase 
in thickness to the scleral remodeling in the area while healing.

2.2. Case 2

A 69-year-old patient presented for management of right conjunc
tival squamous cell carcinoma. He had previously undergone two cycles 
of 5-Fluorouracil 1 % eye drops, which led to some reduction in the size 
of the lesion. The residual conjunctival tumor measured 15 × 15mm. It 
had feeder vessels, dense keratinization and involved the corneal limbus 
from 7:00 to 9:00 clock hours (Fig. 2A). UBM revealed a tumor height of 
3.6 mm with no scleral invasion (Fig. 2B). Due to the size of the lesion 
and a partial response to prior treatment, surgical excision with cryo
therapy was recommended. However, the surgery was delayed by two 
months due to changes in the patient’s job and insurance. In the interim, 
the patient received two additional cycles of 5-fluorouracil 1 % (1 week 
on, 3 weeks off), with no improvement. Ultimately, surgical excision was 
performed with 4 mm conjunctival margins. However, we noted a small 
area at 8:00 clock, where the lesion was invading the sclera. Therefore, a 
lamellar sclerectomy excision was followed by double freeze-thaw 
cryotherapy to both the conjunctival margins and the scleral base, fol
lowed by repair with an amniotic membrane.

Histopathological examination confirmed scleral invasion. Then, 1 
month after the surgery, there was a recurrent lesion measuring 6.0 ×
5.0mm, and 2mm thick by UBM. Topical mitomycin 0.02 % treatment 
was initiated while awaiting brachytherapy (1 week on, 1 week off). 
After two cycles, the tumor size was only reduced to 5.0 × 5.0mm with 
1.5mm thickness by UBM. (Fig. 2C). Given these findings, treatment 
options were discussed including additional topical chemotherapy with 
mitomycin, brachytherapy (e.g., 125I vs 90Y), external beam radio
therapy (EBRT), or enucleation. In consideration of prior failures of 
topical chemotherapy and the patient’s desire to keep the eye, we rec
ommended plaque brachytherapy. However, due to the extensive prior 
conjunctival resection, there was a lack of mobile conjunctiva needed to 
facilitate LDR plaque. In contrast, 90Y brachytherapy offered a single 
session, relatively non-invasive method to deliver radiation to the 
recurrence. Treatment was carried out in the operating room by M.A.M 
as described in Case 1. For this patient, 90Y disc activity was 8.27 mCi, 
allowing for a HDR dose of 25 Gy to a depth of 1.5 mm [≈72.5 Gy LDR 
equivalent biologic effective dose (BED)].7 The duration of episcleral 90Y 
application was 5 minutes 17 seconds.

One month after the procedure, the lesion had completely resolved. 
At − 11-month follow-up, there has been no evidence of superficial or 
deep recurrence (Fig. 2D and E). There were no surgical or radiation 
complications related to application of HDR 90Y treatment. In this case 
the pre-treatment central scleral thickness underlying the lesion and 
thickness at the last visit was equivalent at 0.75mm.

2.3. Case 3

A 59-year-old patient presented with pain and redness in the right 
eye. Prior history included an extensive conjunctival resection for SCC, 
which involved the lateral canthus, and inferior eyelid 2 years prior. 
Following that surgery, he was treated with 3 months of adjuvant topical 

Table 1 
Tumor characteristics and radiation parameters.

Patient Tumor dimensions in mm(basal 
dimension x tumor height)

90Y disc 
activity (mCi)

HDR Duration

1 4.0 × 3.5 x 1.7 15.31 22 
Gy

5 min 56 
s

2 5.0 × 5.0 x1.5 8.27 25 
Gy

5 min 17 
s

3 5.0 × 3.0 x 0.8 13.99 30 
Gy

2 min 16 
s
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interferon alpha2b 1 million IU/ml due to positive margins. He was 
clinically free of tumor until his last follow-up, 1 year ago.

At presentation, examination of the right eye revealed a best cor
rected visual acuity of 20/30, and intraocular pressure of 13 mmHg, and 
a thickened, keratinized conjunctival lesion overlying the inferonasal 
cornea from the 3:00 to the 5:30 clock hour meridians (Fig. 3A). The 
tumors dimensions by UBM were 5.0 × 3.0 base x 0.8 mm height. 
Anterior segment Optical Coherence Tomography (AS OCT) revealed the 
thickened epithelium with abrupt transition from normal to abnormal 
epithelium on the cornea. (Fig. 3B).

Symblephara were present affecting both the nasal and lateral bulbar 
conjunctiva. Similarly, the inferior fornix was shortened. Informed 
consent involved a detailed discussion of the relative risks and benefits 
of topical chemotherapy, surgical excision, and brachytherapy. How
ever, given the patient’s history of extensive surgery and prior chemo
therapy, we recommended HDR 90Y brachytherapy.

The procedure was performed in the operating room by M.A.M in a 
similar manner as described in patient 1. The 90Y disc activity was 13.99 
mCi, allowing for a HDR dose of 30 Gy to a depth of 0.8 mm [≈87 Gy 
LDR equivalent biologic effective dose (BED)].7 The duration of 

episcleral 90Y application was 2 minutes 16 seconds.
At one-month post-radiation, the lesion had completely resolved. At 

8 months, there was a complete tumor regression to underlying pannus 
(Fig. 3C) with corresponding ASOCT showing normal epithelial thick
ness and hypo-reflectivity (Fig. 3D). There have been no acute radiation 
complications and patient maintains a best corrected visual acuity of 20/ 
32 in the right eye.

3. Discussion

Beta radiation has been used for over a century as an anti- 
neovascular and anti-fibrovascular tool in treatment of a variety of 
ocular tumors (benign and malignant) and growths.6–24 However, it 
wasn’t until the 1950s that an episcleral strontium-90 (90Sr/90Y) beta 
applicator became commercially available and thus widely used around 
the world. The literature contains multiple comparative, statistically 
significant, and randomized studies demonstrating its efficacy in pre
vention of pterygium recurrence, treatment of conjunctival and uveal 
melanoma and to reduce trabeculectomy failure in high-risk eyes (e.g., 
congenital glaucoma and darkly pigmented eyes).17–26 In 2023, 

Fig. 1. A, Prior to treatment a slit lamp photograph reveals a nodular malignant ocular surface squamous carcinoma characterized by limbal conjunctival corkscrew- 
shaped blood vessels, and overlying hyperkeratosis. B, corresponding UBM demonstrates a nodular shape and low reflective microinvasion into the subjacent sclera. 
C, one-month after Y-90 plaque brachytherapy the tumor and its anomalous blood vessels have resolved, leaving normative appearing conjunctiva with slight hyper- 
pigmentation (blue arrow). D, the one-month UBM shows resolution of the tumor. E, 18 months after Y-90 brachytherapy, a slit lamp photograph reveals resolution of 
the conjunctival pigment, no keratitis, conjunctivitis, or scleropathy. F, the corresponding UBM shows no evidence intraocular invasion or scleral degeneration. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Murdoch reported on its safety and efficacy for treatment of trabecu
lectomy after 20-years follow up.26

In 1988, Kearsly et al. reported adjunctive use of strontium-90 for 
conjunctival squamous cell cancer in 123 patients and showed a 97.5 % 
regression rate.27 In recent times, Arepalli et al. described their experi
ence in the use of gamma emitting iodine-125 (125I) plaque brachy
therapy for the treatment of sclero-invasive conjunctival squamous cell 
carcinoma.28 They achieved 100 % local tumor regression in their 
cohort of 15 patients. Similarly, Rao et al. also achieved a 100 % tumor 
regression in 42 eyes treated with 106Ru brachytherapy of 
corneo/sclero-invasive squamous cell carcinoma.29

In this study we used a new Food and Drug Administration (FDA) 
cleared and thus commercially available 90Y beta-radiation disc that has 
been used to produce HDR 90Y brachytherapy in treatment of 6 patients 
with iris and iridociliary melanomas with 100 % local regression at a 
mean 18 months follow up.30,31 In our study, the same 90Y 
beta-radiation system was used to treat 3 patients with malignant ocular 
surface squamous carcinoma that had invaded the sclera and/or 
cornea.32 For treatment, the disc source was affixed within an iWand A 
hand-held applicator, whose function is to shield normal ocular tissues, 

the surgeon, and health care personnel. The applicators clear 
head-module provided a view of the disc source as it is placed on the 
ocular surface. Unlike LDR plaque therapy (e.g., 125I, palladium-103 
(103Pd), 106Ru), HDR 90Y allowed for a single, incisionless treatment. 
For all treatments, the 90Y disc was topically applied and removed in less 
than 6 minutes.

In contrast to low dose rate plaque therapy, HDR 90Y plaque was a 
single fraction, outpatient surgery (Table 2). Therefore, it does not 
require episcleral sutures, amniotic membrane corneal buffering, a 
Gunderson flap, outpatient dwell time, second removal surgery with 
anesthesia. Thus, unlike LDR plaque (e.g., 125I, 103PD, 106Ru), HDR 90Y 
plaque does not require that the patient leave the hospital with a 
radioactive device sewn to the eye, thereby eliminating post-surgical 
hospital and community radiation exposure (Table 2). There were no 
significant surgical or radiation complications in any of the patients.

Risks of episcleral radiation include a small incidence of scleral 
thinning and cataract. Tarr and Constable noted that late scleropathy 
with and without secondary infection can occur when anti-vascular and 
anti-fibrovascular beta radiation was used on bare sclera and with var
iable dosimetry.25 However, it is important to note that scleropathy has 

Fig. 2. A, Slit lamp photograph at presentation showing squamous cell carcinoma extending from 7:00 to 9:00 clock hour with dense keratinization. B, corresponding 
UBM with no evidence of scleral invasion. C, slit lamp photograph showing residual tumor invading the sclera prior to Y-90 treatment. D. corresponding UBM 
showing residual tumor along with the pre-treatment central scleral thickness underlying the lesion measuring 0.75mm E, slit lamp photograph showing complete 
tumor resolution at last visit. F, corresponding UBM confirming no superficial or deep recurrence with no evidence of scleral thinning (scleral thickness mea
sures 0.76mm).

Fig. 3. A, slit lamp photograph at presentation showing squamous cell carcinoma from 3:00 to the 5:30 clock hour meridians over the corneal pannus. B, corre
sponding AS OCT revealed the thickened epithelium with abrupt transition from normal to abnormal epithelium on the cornea. C, slit lamp photography showing 
resolution of tumor with visualization of the pannus. D, corresponding ASOCT showing hypo-reflective epithelium with normal thickness.
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also been reported after anti-vascular and anti-fibrovascular mitomycin 
treatment on bare sclera for pterygium, conjunctival malignancies, and 
for the cosmetic “brite-eyes” procedure.33–36 The literature suggests that 
a variety of episcleral anti-vascular, antifibrotic treatments on bare 
sclera risk thinning, and poor wound healing.

Unlike the prior dual-isotopic Sr-90/Y-90 sources, the mono-isotopic 
LV Y-90-disc source used were individually calibrated to deliver a highly 
conformal dose to a specific intrascleral or intraocular depth. Unlike the 
prior relatively heavy steel-applicator viewed through a lucite radiation- 
blocking window, the LV iWand-A applicator light (8 ounce), ergo
nomic, and translucent allowing for visualization of the tumor target 
during treatment. These differences enhance both usability and repro
ducibility of radiation dose delivery.

The device is FDA-cleared and thereby available for clinical use in 
the United States. Beta-radiation has proved useful in the management 

of a variety of ocular conditions, such as pterygium, glaucoma (trabe
culectomy, blebs), age related macular degeneration (AMD), as well as 
treatment of malignant tumors (conjunctival SCC and melanoma; uveal 
melanoma). Clearly, a cost -benefit analysis that includes: differences 
between health care systems, costs of the devices, number of surgeries 
required, surgical/radiation side-effects, loss of vision and loss of eye are 
beyond the scope of this case series. However, our clinical experience 
suggests this device can prove to be cost-effective at large academic 
medical centers as well as smaller multi-subspecialty ophthalmology 
practices.6–24,37

Herein, we describe the use of a new 90Y HDR brachytherapy system 
for 3 patients with invasive epibulbar squamous carcinoma which 
completely and persistently resolved without significant evidence of 
intraocular invasion, scleropathy, keratopathy, or cataract. While short 
term results are excellent, long-term follow-up is required to establish 
the efficacy and side-effect profile in these cases. This series reveals that 
single-session HDR 90Y radiation therapy is feasible for conjunctival 
squamous carcinoma.

Patient consent

The patients consented to publication of the case in writing. This 
report does not contain any personal information that could lead to the 
identification of the patient. Therefore, this study conformed to the 
Declaration of Helsinki and the U.S. Health Insurance Portability and 
Accountability Act (HIPAA) of 1996. All participants gave informed 
consent for treatment with HDR 90Y brachytherapy after a discussion of 
the relative risks and benefits of observation, resection, and all available 
forms of radiation sources.
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Table 2 
HDR Versus LDR Brachytherapy for Squamous Carcinoma.

HDR = high-dose-rate, LDR = low-dose-rate, 90Y = yttrium-90, 125I = iodine- 
125.
103Pd = palladium-103.
106Ru = ruthenium-106.
90Sr = strontium-90. Distancing rule = >3 feet away from others required in 
New York State, USA for.
125I.
103Pd. In patient hospitalization for.
106Ru.
Pet* = Many patients inquire about radiation exposure to their pets.
Distance rule = distance patient required to stay away from others as outpa
tient.
Community = outpatient community radiation exposure.
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