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Abstract
for uveal melanoma (UM) and intraocular metastases.

Clinic, Rochester, MN, USA, were retrospectively analyzed.

Background: This study retrospectively analyzed outcomes for patients undergoing gamma knife radiosurgery (GKR)
Methods: Patients who underwent GKR for UM or intraocular metastases between 1/1/1990 and 6/1/2015 at Mayo

Results: Eleven patients (11 eyes) had UM while seven patients (7 eyes) had intraocular metastases. Patients with

UM were followed for a median of 19.74 & 10.4 months. Visual acuity (VA) logMAR 0.30 & 0.53 (Snellen 20/40) versus
0.40 &£ 0.97 (Snellen 20/50), tumor thickness (5.30 & 2.17 vs. 3.60 & 2.32 mm), were not significantly different between
preoperative and postoperative measurements, respectively. Nine percent (1/11) patients required enucleation. Sub-
sequently, no patients experienced metastases. Patients with intraocular metastases were followed for a median of
6.03 &£ 6.32 months. They did not have significant changes in VA (IlogMAR 0.30 & 0.59 vs. 0.30 £ 1.57; Snellen 20/40 vs.
20/40) or tumor thickness (3.50 4 1.36 vs. 1.30 4 0.76 mm) postoperatively. Fourteen percent (1/7 patients) required
enucleation. Complications experienced by patients with UM include radiation retinopathy (2/11), papillopathy (1/11),
cystoid macular edema (1/11), vitreomacular traction (1/11), exudative retinal detachment (1/11). Patients with metas-

patients with intraocular metastases.

out significant risk of enucleation or metastases.

tases had treatment complicated by recurrence (2/7). Dose to the margin, maximum dose of radiation, and clinical
target volume did not correlate with post-procedural VA, risk of enucleation, or death in patients with either UM or

Conclusions: Visual outcomes were satisfactory for patients undergoing GKR without significant morbidity and with-

Keywords: Gamma knife, Intraocular metastasis, Stereotactic radiosurgery, Uveal melanoma, Uveal metastases

Background

Ocular metastases are the most common intraocular
malignancy, while uveal melanoma (UM) is the most
common primary intraocular malignancy. Cancer
treatments have evolved to prioritize the most effec-
tive minimally invasive treatments with the fewest side
effects. For these reasons, proton beam therapy, plaque
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brachytherapy, and gamma knife radiosurgery (GKR)
have become more common. Recent studies have dem-
onstrated that GKR has a similar efficacy to proton beam
therapy and plaque brachytherapy [1-19].

Patients with cancer are living longer, resulting in
higher rates of ocular metastases [20]. Patients with
known malignancy have an estimated incidence of ocu-
lar involvement at 4-12% in post-mortem studies [18,
21-23] and clinical apparent malignancies in 2.3-5% of
patients [18, 21, 24]. The most prevalent metastases have
been reported to be breast carcinoma and lung carci-
noma, which make up 80% of cases [25, 26]. Patients with
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uveal metastases have a relatively short life expectancy,
with a mean survival of 7 months [18]. Still, without
treatment, the metastatic disease is typically progressive
with a poor visual prognosis and high ocular morbid-
ity [18]. The goal of treatment for patients with ocular
metastases is to decrease the tumor burden and ocular
morbidity. Therefore, ocular treatments with the most
efficacy, shortest duration of treatment, and fewest side
effects are prioritized. For these reasons, proton beam
therapy, plaque brachytherapy, and GKR have replaced
external beam radiation, which requires weeks of treat-
ment with more side effects.

Uveal melanoma is the most common primary intraoc-
ular malignancy in adults with an incidence of 5.1 per
million people [27]. Since the Collaborative Ocular Mela-
noma Treatment Study (COMS) revealed that conserva-
tive treatments, such as brachytherapy, had the same
survival outcome as surgical treatment, i.e. enucleation,
physicians have prioritized more conservative treatment
with the goal of preserving vision and eyes in patients
with UM [28]. Both GKR and proton beam therapy have
similar outcomes as enucleation and are, therefore, both
utilized for treatment of large UMs [28, 29]. The goal of
radiotherapy is to conserve the eye, destroy the tumor,
and prevent local recurrence.

With similar efficacy to proton beam therapy and
plaque brachytherapy, GKR also has some advantages.
Unlike plaque brachytherapy, which requires two proce-
dures on separate dates—placing and removing a plaque,
GKR is a same-day procedure. Proton beam therapy facil-
ities are resource intensive and not universally available.

Few reports have been published describing the use of
GKR in eyes with UM and uveal metastases. We wish to
report our results of patients that underwent GKR for
UM and uveal metastases.

Methods

This study retrospectively analyzed patients with primary
UM and uveal metastases who were treated with GKR at
Mayo Clinic Rochester between 1/1/1990 and 6/1/2015.
Approval was obtained from the Mayo Clinic Institu-
tional Review Board.

Individuals considered for this study underwent GKR
for choroidal metastases or primary UM. Patients were
required to have at least one follow-up appointment.
Data obtained from patient records included: date of
birth, sex, oncologic diagnosis, preoperative and postop-
erative visual acuity (VA), tumor thickness, largest-base
dimension (LBD), intraocular pressure (IOP), additional
ophthalmic procedures such as enucleation, and post-
procedural complications such as radiation retinopathy.
Patients without follow-up and patients who underwent
GKR for orbital rather than intraocular tumors were
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excluded. Patients were selected for GKR who were not
candidates for plaque brachytherapy as they had melano-
mas, which were larger than the size of the largest plaque
used for plaque brachytherapy (24 mm). GKR was chosen
over enucleation after discussion with patients. During
the period of this study, proton beam therapy was not yet
available at Mayo Clinic, Rochester.

All included patients underwent GKR according to the
following technique: retrobulbar block was performed.
The Leksell stereotactic head frame was applied using
local anesthetic and superficial fixation to the outer plate
of the skull as described by Safaee et al. [30]. Patients
underwent magnetic resonance imaging (MRI) with gad-
olinium contrast of the orbits and returned to the gamma
knife center. Images were imported into the treatment
planning system, Leksell GammaPlan, Elekta AB, Stock-
holm, Sweden. MRI and three-dimensional modeling was
utilized to determine the tumor margins. A treatment
plan was then developed in conjunction with a radiation
oncologist, neurosurgeon, and ocular oncologist (Fig. 1).
The clinical target volume (CTV) was determined to be
the gross tumor volume (GTV) plus 2 mm on each side.
The patient was transferred to the treatment unit, where
the stereotactic GKR was performed. All patients were
discharged the same day.

Categorical variables were compared between patients
with uveal metastases and melanoma using the x* test,
and two-sample t tests were used to analyze continu-
ous patient characteristics. Correlation tests were used
to compare radiation doses and visual outcomes. Simple
logistic models were constructed to determine variables
associated with increased odds of enucleation and death.
Statistical analyses were conducted using commercial
software JMP (SAS Institute, Cary, NC, USA). All statisti-
cal tests were two-sided with a 0.05 level of significance.

Results

Eighteen patients met inclusion criteria; seven patients
with uveal metastasis [lung adenocarcinoma (n = 2),
breast adenocarcinoma (n = 1), renal cell carcinoma
(n = 1), cystic carcinoma (n = 1), metastatic melanoma
(n = 1), esophageal carcinoma (n = 1)] and 11 patients
with primary UM.

Demographic  characteristics are demonstrated
in Table 1. Patients with UM were a median of
76.9 £ 10.0 years old. Patients had a median follow-up
of 19.74 £ 10.4 (range 3.40-26.7) months. Of note, the
three patients who succumbed to UM did so <6 months
postoperatively. Patients who did not succumb to the
illness were followed between 11.6 and 26.66 months
(median: 22.1 4+ 7.47 months). Patients with UM had
tumors, which were a median of 5.30 & 2.17 mm thick by
ultrasound with a preoperative LBD of 19.9 + 4.55 mm.
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Fig. 1 a Representative gamma knife planning MRI of a patient with choroidal melanoma treated with 18 Gy at the 50% isodose line. b gadolin-
ium-enhanced T2 MRI of the orbit of the same patient depicted in tile a, after 7 months, shows interval decrease in size of choroidal mass. ¢ Repre-
sentative gamma knife planning MRI of a patient with choroidal melanoma treated with 27 Gy at the 50% isodose line. d Gadolinium-enhanced T2
fat saturation MRI of the orbit of the same patient depicted in tile ¢, after 48 months, shows interval decrease in size of choroidal mass

.

Patients with UM were treated with a marginal dose
of 25.0 &+ 3.36 Gy at the 50% isodose line with a maxi-
mum median dose of 50.0 & 8.61 Gy. The median CTV
was 2250 4 747 mm? (Table 2). Eight of eleven patients
(72.7%) were surviving at completion of the study. The
final tumor thickness was 3.60 + 2.32 mm, and postop-
erative LBD was 17.6 &= 1.90 mm (Table 1).

Of the 10 patients with UM who did not undergo enu-
cleation, VA increased by two or more lines in 0% (0/10),
was stabilized in 70% (7/10 eyes), and decreased in 30%
(3/10) due cystoid macular edema, radiation retinopathy,
and exudative retinal detachment. In patients with UMs,
VA, IOP, LBD, and tumor thickness were not significantly
different postoperatively (Table 3). Notably, the tumor
thickness was less postoperatively 530 £ 2.17 versus

3.60 £ 2.32 mm, but this was not statistically significant
(p = 0.07), perhaps due to small study size. Dose to the
margin, maximum dose of radiation, and CTV did not
correlate with post-procedural VA, IOD, risk of enuclea-
tion, or death in patients with UM.

Of the included patients with UM, 18% (2/11) experi-
enced radiation retinopathy, 9% (1/11) underwent enu-
cleation, 27% (3/11) had papillopathy, 9% (1/11) had
cystoid macular edema, 9% (1/11) had vitreomacular
traction, and 9% (1/11) had exudative retinal detach-
ment (Table 4). Finally, one patient with UM underwent
enucleation after the tumor did not respond and demon-
strated growth post-procedurally.

Patients with metastases were a median of
59.0 + 12.8 years. Patients had a median follow-up of
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Table 1 Demographic characteristics of patients undergo-
ing gamma knife radiosurgery
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Table 4 Complications experienced by patients undergo-
ing gamma knife radiosurgery

Melanoma Metastases Melanoma Metastases
Age at gamma knife (years) 769 4+ 10.0 5004128 Length of follow-up (months) 19.74 £ 104 6.03 +6.32
Female (%) 63.6 285 Radiation retinopathy 2/11 0/7
Length of follow-up (months) 19.74 £ 104 6.03 £ 632 Vitreous hemorrhage 0/11 0/7
Survival (%) 727 14.3 Neovascular glaucoma 0/11 0/7
Tumor recurrence (% recurrence) 0 28.6 Recurrence 0/11 2/7
Pre-op tumor thickness 530£217 350+ 1.36 Enucleation 1711 1/7
by ultrasound (mm) Papillopathy 111 /7
Post-op tumor thickness by 360 £2.32 130+0.76 Cystoid macular edema 111 0/7
ultrasound (mm) k )
Vitreomacular traction /11 0/7
Pre-op VA (logMAR/Snellen) 030 & 0.53/20/40  0.30 % 0.59/20/40 o
Exudative retinal detachment 1/11 0/7
Pre-op IOP (mmHg) 14.0 + 2.40 14.0 + 7.31
VA at last follow-up (logMAR/ 0.40 £ 0.97/20/50  0.30 & 1.57/20/40
Snellen)
IOP at last follow-up (mmHg) 150 4 349 1704339 6.03 + 6.32 (range 3.28-22.07) months. Tumor thick-
Enucleation (%) 9.09 143 ness was a median of 3.50 + 1.36 mm with LBD of
Largest base dimension pre-op 199 & 4.55 1404555 14.0 £ 5.55 mm, preoperatively. Patients with metasta-
(mm) sis were treated with a marginal dose of 20.0 £+ 2.34 Gy
Largest base dimension post-op  17.6 £ 1.90 13.50 £962 at the 50% isodose line with a median maximum dose of

Table 2 Gamma knife treatment parameters

Melanoma Metastases
Maximum dose of radiation (Gy) 50.0 4+ 8.61 4404552
50% isodose (Gy) 2504336 2004234
Clinical target volume (mm?3) 2250 + 747 1770 £ 2791
Table 3 Preoperative versus postoperative demo-

graphic characteristics for patients with uveal melanoma
and metastases

Pre-op Post-op p value
Melanoma
Visual acuity 0.30 4 0.53/20/40 040 4 0.97/20/40 0.27
logMAR/Snellen
IOP 14.0 + 240 1504349 062
Tumor thickness 530+ 217 3.60 £ 2.32 0.07
(mm)
Largest base 19.9 £4.55 17.6 £ 1.90 043
dimension (mm)
Uveal metastases
Visual acuity 0.30 £ 0.59/20/40 0.30 &£ 1.57/20/40 0.76
logMAR/Snellen
IOP 140+ 7.31 1704 3.39 092
Tumor thickness 350+ 1.36 130 £0.76 0.01
(mm)
Largest base 140+ 5.55 11.3+962 0.58

dimension (mm)

44.0 + 5.52 Gy. The median CTV was 1770 + 2791 mm?
(Table 2). Patients with uveal metastases had significantly
decreased tumor thickness postoperatively (p = 0.01).
They did not have significant changes in VA, IOP, or LBD
postoperatively (Table 3).

One out of seven patients (14.3%) with uveal metas-
tases was surviving at completion of the study. The final
tumor thickness was 1.30 £ 0.76 mm with an LBD of
13.50 £ 9.62 mm (Table 1). One patient underwent enu-
cleation for pain control. This patient presented with 10
out of 10 pain, presumed to be neuropathic in origin due
to metastatic disease. The patient had macular degener-
ation in the eye not affected by metastasis with a VA of
20/50, so GKR was attempted to spare the eye. Due to
persistence of pain, the patient elected for enucleation.
Of the six patients with uveal metastases who did not
undergo enucleation, visual acuity increased by two or
more lines in 14.3% (1/7), was stabilized in 28.6% (2/7),
and decreased in 57.1% (4/7). Two of seven patients with
choroidal metastases had recurrence at the same loca-
tion as the previously treated lesions in the eye, but no
extraocular progression was attributable to the eye. Of the
two patients with recurrence, one had adenoid cystic car-
cinoma. The other had esophageal adenocarcinoma. It is
possible that these tumors were less responsive to radio-
therapy, required a higher dose, or were more malignant.

Dose to the margin, maximum dose of radiation, and
CTYV did not correlate with post-procedural VA, IOP, risk
of enucleation, or death in patients with uveal metastases.

Of the patients with metastatic disease, 28.6% (2/7)
experienced local recurrence as defined by new choroidal
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lesions, and 14.3% (1/7) underwent enucleation for post-
procedural neuropathic pain. Of note, this pain was
present prior to GKR, but GKR was pursued instead of
primary enucleation as the patient had macular degener-
ation and poor vision in the eye unaffected by the metas-
tasis (Table 4).

Discussion

This clinical investigation of GKR for patients with cho-
roidal metastasis and UM found a positive correlation
existed for patients with uveal metastases between mar-
ginal dose and post-procedural intraocular pressure.
Marginal dose, maximal dose, and CTV did not correlate
with post-procedural VA, risk of enucleation, or death in
patients with either UM or patients with uveal metasta-
ses. Though the marginal dose and the 50% isodose were
determined and recorded, we did not have the dose to
the lens or retina on these cases. This study provides new
insights into outcomes of patients with UM and uveal
metastases treated with GKR.

For treatment of UM, both GKR and proton beam
radiotherapy have been shown to have similar outcomes
as enucleation [28, 29]. The COMS trial, which included
more than 650 patients treated with plaque brachyther-
apy, found 88.7% of patients achieved local control with a
recurrence rate of 10.3% and a survival rate of more than
80% at 5 years [31, 32].

Other studies on proton beam radiotherapy have dem-
onstrated satisfactory outcomes. A prospective study
by Gragoudas et al. reviewed 1922 consecutive patients
treated with proton beam radiotherapy over 20+ years
with an average follow-up for patients was 5.2 years.
Ninety-seven percent of patients achieved local tumor
control with a recurrence rate of 4.9% (45 patients). Sev-
enteen patients required enucleation due to suspected
tumor progression [33, 34].

A study by Modorati et al. [1] of 78 patients with tumor
thickness, ranging from 3.1 to >10 mm over 12 years,
treated with between 30 and 50 Gy (50% isodose)
with GKR, found a survival rate of 88.8% at 3 years
and 81.9% at 5 years, which was independent of dose.
After treatment, 91% of patients had local tumor con-
trol with median tumor thickness reduced by 1.9 mm
from a median baseline of 6.1 mm; 89.7% of patients
avoided enucleation, although patients had significantly
decreased vision after treatment (from 0.3 before treat-
ment to an average VA of 0). Vision-compromising
complications occurred such as exudative retinopa-
thy (33.3%), neovascular glaucoma (18.7%), radiogenic
retinopathy (13.5%), and vitreous hemorrhages (10.4%).
Another study of single-fraction stereotactic radiosur-
gery of 23 patients applied 20-25 Gy (mean 21.7 Gy) and
found 91% had local control. Three patients developed
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metastases in 121 months of follow-up, 61% of patients
lost vision, 35% of patients maintained vision >20/200
[2]. The outcomes of our study are similar to these. Nota-
bly, our percent survival (63.6%) is greater likely attribut-
able to the shorter length of follow-up. Table 5 contains a
review of other published studies on GKR for UM.

Evaluating outcomes of different treatment methods
for ocular malignancies is key in determining the most
efficacious treatments with the least amount of morbid-
ity. Table 6 lists a summary of previous studies. In a study
which included 36 patients with uveal metastases who
underwent plaque treatment, 27 (75%) received plaque
brachytherapy as first-line treatment; 9 (25%) patients
received plaque treatment as secondary therapy after
the tumor failed to respond to external beam radiother-
apy, chemotherapy, or hormone treatment [35]. Patients
were treated for an average time of 86 h with a mean
dose of 68.80 Gy to the apex and 235.64 Gy to the base.
Over 11 months, 34 patients (94%) demonstrated regres-
sion. Five of six eyes receiving plaque brachytherapy
as a second-line treatment were successfully salvaged.
Three patients experienced radiation retinopathy, radia-
tion papillopathy, or both (8%) at a mean of 8 months
after treatment. Fifty percent of patients survived to
completion of the study [35]. Other studies have dem-
onstrated acceptable results [36]. While these results
are satisfactory, plaque radiotherapy was not an option
for the patients in this study, given the size of patients’
lesions. It is also true that GKR spared patients an addi-
tional procedure—plaque placement, required for plaque
radiosurgery.

Proton beam therapy has also been demonstrated to
have satisfactory results [37, 38]. A retrospective study,
which included 55 eyes of 49 patients who underwent
two fractions of 14 cobalt gray equivalents, found that
tumor regression occurred in 84% of patients and sta-
bility occurred in 14% of patients. Forty-seven percent
of patients had vision that remained stable or improved.
Post-proton therapy complications occurred in 29% of
patients, including madarosis (28%), lid burns (17%), iris
neovascularization and neovascular glaucoma (8%), cata-
ract (11%), radiation maculopathy (19%), and radiation
papillopathy (22%) [38]. During the dates of this study,
proton therapy was not yet available at Mayo Clinic
Rochester; therefore, patients ineligible for plaque ther-
apy were treated with stereotactic radiosurgery.

A stereotactic radiosurgery study, which included
ten patients with choroidal metastases, found that local
tumor control was achieved in all eyes. Eight of ten
patients had decreased tumor size. No significant side
effects were noted in follow-up of 1-34 months [8].
While this study only included ten patients, it is nota-
ble that they did not experience significant side effects.



Page 6 of 11

Reynolds et al. Int J Retin Vitr (2017) 3:17

950p GO
obelane 18]
wnw {ERE
SY1eap ON dN 42-0¢/0¢ 07€/0C-02/0C  (Uelpawl) €'/ -IXew 0§ G uewed
HO
saul| [/]
U3J|US €< JO SSO| %59 350pOs| {ERE
%8 dN '09/9 Ueyl eneq 9%ee popioda1 10N (Uesw) 6 %0S 18 S G8  9penyis
(10000 > d) )
JusWIeal) Jaye Apued 9]
-yiubis paseasdap ENeJeleN] ‘e1e
%/8 4! vl ¥C AUnde ensinyN  (UBIPRW) OF %0538 0E 0§ [BIIEN
A9 0205
10} 9%9°€9
A9 Gt 10y
%LLC9 ENeJeleH]
A9 s¢ (A9 0£-05) %€6 %06 18
10} %9 (kD St) %68 ‘(D G€) (Lo=u)se M)
:So1el %SP S1e9A G 1e WA Ul (lL=u) Sy [s]
[PAIAINS 80¢ £8°0¢ L9y 9SeUD3P saul| 244} (Uelpaw) (rz=u) e1e
1e34-G —90'8 —89°¢l —18'G¢C UBYl aJow YlM siushied G'€9 0/-05 0/L eould
GO
[v]
350pOs| {ERE)
%001 L9l 91 91l d1-05/0C 08/0C-0¥/0C  (UBIpSW) ¥Z  %0G 1e ST 9 ueyod
350pOs| 3O
9%06-09 [€]
payodal 01 {ERE)
10N €€8 €€8 €68 €€'8 pawiodal 10N pawiodal 10N (uepaw) 9 A9 QL FGS L Iuydep
(Uelpaw) SS0pOos| o [l
%¢E' 16 /'8 /'8 v/l o¢el /'8 dIN-0¢/0¢ 42-0¢/0¢ Sl %0S1e /LT €¢ e dfor
SIeak G ENeJeloly]
12 %618 906 18 D)
pue (ty=u)s¢ (1]
sieak ¢ (uepaw)  (lz=U) 0K e
12 968'88 /8l Ssl Sel (500-0) 0 (80-500) €0 €€ (L=U)0S 8/ NRIOPOW
(%) (%) (%) (%)
Ayzedo| ewod Ayedos Ayjedo
-ndew uon -ne|6 -nau -unai
(%) uon  abeyowsay uol} -ezuejnd Iend uon uon
-eapnuy snoalni  -elpey -SBAOSN -SEAO3N -eipey -elpey Ryy EILJET:|
(%) (sywuow)  (Ap) asop
|eAIAINS suonedjjdwo) Aynde jensip dn-mojjo4 uoneipey s943 Apms

ewouejdw [eaAn 10} K1abinsoipes aj1uy ewweb Huisn saipnis snoiadid Jo maInBA Y S djgel



Page 7 of 11

Reynolds et al. Int J Retin Vitr (2017) 3:17

SIeak G
1€ (%298
-1/9
1D %56)
%¥'8L
pue K12b6Ins
sleak ¢ -olpel
1€ (%106 onogol
-0/ papinb
1D %S6) -abew
%38 'U0ISSaS
SeM JuSWIeaI} 91043q -9|buls
[BAIAINS (£0< Aunde ensiA se 'SS9)
oypads syuaied Jo pauyap) UOISIA [BUOI} EXe]olely] -awiely
-95e3s1p 9%6°0€ Ul pauleiulew -ouny yum paussald %69 241 [z1]4au
[eren1dy 4! vel UOISIA [eUORDUN siuaned 0| JO [BI01Y  (UBSW) 9'67 °E07  LIT -PuU-ad
Ao
(L]
350pOs| {ERE
%606 L'6 /'CC 6001d1IN TLO1d1  (Uelpaw) /9  9%0S 18 9’6l 44 Buey
14as
[otl
{E
SaUI| U9||2US 8| (uelpaw) ENeJolely] pum
%€8 Sl vT 4% — JO S50] UBIPAY d1-02/0¢ LE€E %0S1®ST 09 -Ssang
SETS
-Insolpel
2110R103)
-91s Jaye
[eAISIUI
sleak G ul
sjusned
J0 %08
Ul [Nyssad
-ONS SeM asop 5]
[0AU0D 002/0T > %l 002/0C > %9¢ obeiane 6]
ed0) '002/07 < 0¥/07 > %Ly '002/0C < 0¥/0C > %8S wnw °1
jown| SlL ‘0%/07 S %L1 ‘0/0C < %91 (Ueaw) yz  -XeW 06y 96  BAOpINd
(%) (%) (%) (%)
Ayzedo| ewod Ayjedos Ayjedo
-ndew uon -ne|b -nau -unai
(%) uony  abeyiowsay uon -ezuend lejnd uon uon
-eapnuz SNO3AYA -elpey -SBAO3N -SBAODN -elpey -elpey FEMIY 21099
(%) (syuow) (o) asop
|eAIAINS suonedjdwo) Aynde jensip dn-mojjo4 uoneipey sa43 Apms

panunuod ¢ ajqel



Page 8 of 11

Reynolds et al. Int J Retin Vitr (2017) 3:17

papi0331 J0U YN

950POs| ano
(ueipaw) %05 1@ Apnis
%L'CL 0 6 8l d1-0€/0¢ 42-0¢/0¢ Y0l F¥L6l 9€€F0SC [l uaund
Ao
[£1]
%05 el1e
SIeak € (Uelpaw) ENeeleH] 19Aew
1B %18 €l 861 €L1 002/0C < %lc 002/0C < %895 8'¢c 0/-S¥ 9 -19ysz
ano
o1l
sleak g %05 e
12 9%98 0 Ll papIod3a1 10N PSpIOdI 10N (UBIPSW) O 9SOPOS! O 61 Supjed
ano
(St
350p BIRE)
winwiuiu eAo
%0, S¢ €cl papI0324 10N popIodaI 10N (UeIpaW) € le 18 -uouwlis
Mo
dN 7Ll
|[eI9A0 %08-05 ele
‘%G8 931} (9buel) ENeJolely] uuew
Siselsela|y Ge 0¢ PopI0394 10N popiod3i10N 7691 0/-05 09 -bue
dN aMo
|[eI9A0 [e1l
%16 931} ENeJelely] §IERE)
Siselsela|y VA4 78 00%7/0C > %8/ 00%7/0C > %0T (Uesw) 8¢ %06 18 0§ 43 seeH
(%) (%) (%) (%)
Ayredo) ewod Ayjedos Ayedo
-ndew uon -ne|6 -nau -unai
(%) uon  abeyioway uon -ezuend Jend uon uon
-eapnugy SNOdAMA -eljpey -SBAO3N -SBAODN -elpey -elpey »Ryy EILJET:|
(%) (sywuow)  (Ap) asop
|eAIAINS suonedjdwod Aynde jensip dn-mojjo4 uoneipey saf3 Apmg
panunuod ¢ ajqel



Page 9 of 11

Reynolds et al. Int J Retin Vitr (2017) 3:17

DO
(4! (4 0 0 INH-SZ/0C  009/0¢-G2/0C  (UBIPAW) ZEQ F €09 (SSOPOS! 9%0S) ¥€'C F 0°0C 1A Apnis 1usund
%7 Ul paseanap
pue 960G ul pazijiqers
'969€ Ul S3UI| 210W JO OM] (@50p0s! Adelayiolpey
8l Sl §'L 4oy paseasul Ainde [ensip C€/0¢ (UeIpaw) 8's  905) SUondel O Ul A9 Oy 59 EJANEREREEIN
(es0p 1443
a4 0 0 G'€  S9Ul| OM] JO JusWaA0IdW| /0-10 (Uuesw) ¢ obesaAe WNWIXeW) A9 gf T [61] e 12 Kesoleg
9S0POS! %09 14S peieuon
01 5Aep 0| 19A0 AD Q€ 40 -Del} 10 950p-3|BUIS
dN dN d1-9¢/0C  0¢€/0¢-9¢/0¢ (ueipaw) 9 8sop s|buls e ul A9 0z-7 L o] (8] ‘[e 12 ueW|og
(%) ewodne|b (%) Ayredoinau (%) Ayredounai
Je|ndsenoaN uoneipey FEMTAY EILIET:|
(%)
|eAIAINS suonedjdwod Aunde ensip  (syjuow) dn-mojjo4 (AD) asop uoneipey sak3 Apnis

sase)se}aw [eaAN 10) (YYD ‘LYg3 ‘LYS) Adeiayjoipes Huish saipnis snolnaid Jo malnaly 9 3jqel



Reynolds et al. Int J Retin Vitr (2017) 3:17

A review of other studies which looked at radiation and
uveal metastases is reviewed in Table 5.

Comparing the study published in this paper to those
discussed, it had a higher rate of recurrence (28.6%).
Notably, patients included in this study had more rare
metastatic cancers (as opposed to breast or lung can-
cer) and a lower survival rate (28.6%). Weaknesses of this
study included retrospective design, a small patient size,
limited follow-up, and limited information regarding
dose to the macula and optic nerve.

Conclusions

In summary, GKR is a useful alternative to plaque brachy-
therapy and proton beam therapy. It is particularly useful
for patients who cannot or prefer not to undergo the pro-
cedures required for plaque brachytherapy or for whose
tumor sizes disqualify them. It is also useful for patients
who do not have access to proton beam therapy, which is
geographically limited.
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