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Introduction
The eye is the second most common site of melanoma 

(5.2%), and uveal melanoma (UM) accounts for 85% of 
ocular melanomas [1].

The outcome of treatment for UM depends mostly on 
its clinical signs, including primary size (especially tumor 
base diameter), pigmentation, location in the fundus (mac-
ular and optic nerve lesions, presence of extension into the 
ciliary body or extrascleral extension), cellular tumor type, 
tumor vascularization, and genetic and molecular changes 
(a high mytosis rate, loss of chromosomes 3 and 1p and/or 
gain of chromosomes 6p and 8q) [2-6].

In the most recent decade, plaque brachytherapy (BT) 
has emerged as a popular choice due to the eye-saving as-
pects of this treatment, and has been often combined with 
laser treatment, particularly transpupillary thermotherapy 
(TTT) [6-15].

The efficacy of BT for UM (particularly, choroidal 
melanoma (CM)) varies widely, with reported local failure 
rates between 0% and 27% [16-20].

The success rate of the TTT-only methodology de-
veloped at SI “The Filatov Institute of Eye Diseases and 
Tissue Therapy of the National Academy of Medical Sci-
ences of Ukraine” for small (T1) CM (measuring ≤ 3 mm 
in thickness and ≤ 12 mm in basal dimension) was 92.1% 
[21]. Additionally, the method of eye-saving treatment 
(involving TTT combined with strontium-90 (Sr90)/ yt-
trium-90 (Yt90) BT) for medium and large T1-T4 CM has 
been developed [22].

The purpose of this study was to assess the efficacy 
of eye-saving treatment (involving TTT combined with 
Sr90/Yt90 BT) for medium and large CM in terms of lo-
cal tumor control rate at 12 months after the initiation of 
treatment.

Material and Methods
This retrospective cohort study included 283 patients 

with CM who were treated at SI “The Filatov Institute of 
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Eye Diseases and Tissue Therapy of the National Academy 
of Medical Sciences of Ukraine” from 2007 to 2024. The 
study sample consisted of 125 men (44.2%) and 158 wom-
en (55.8%), with a mean age (standard deviation (SD)) of 
54.2 (12.4) years (range, 20 to 86 years). The right eye was 
affected in 148 patients (52.3%), and the left eye in 135 
patients (47.7%).

This study is part of the research project “To Examine 
the Pathogenetic Mechanisms of the Clinical Effect of (Re-
sponse to) Combination Treatment for Medium and Large 
Uveal Melanomas and Malignant Lesions of the Palpebral 
Conjunctiva, Semilunar Fold and Caruncle” (state regis-
tration number, 01224U00149). 

Tumor stage was determined using the American Joint 
Commission on Cancer Tumor, Node and Metastases 
(TNM) classification scheme [23].

The eye-saving treatment with TTT plus Sr90/Yt90 BT 
for medium and large T1-T4 CM was performed in the fol-
lowing way:  after TTT was delivered daily for four con-
secutive days, Sr90/Yt90 BT was performed in the form 
of beta-ray applicator suturing to the sclera in the projec-
tion of the tumor base [22]. The first follow-up visit was 3 
months after the initiation of treatment and included mea-
surement of tumor base diameter and thickness using ocu-
lar B-scan ultrasound and documenting tumor responses 
using ophthalmoscopy and fluorescein angiography (FA). 
If a residual tumor in the fundus with signs of activity was 
present, TTT sessions continued daily for four consecu-
tive days (and followed by imaging-assisted measurement 
of tumor base diameter and thickness) every three months 
over a year.

Short-term treatment success was assessed at 12 
months after the initiation of treatment. Short-term suc-
cess was defined as evidence of complete tumor regression 
(no ophthalmoscopic, ocular B-scan ultrasound or FA evi-

dence of tumor manifestations in the fundus), partial tumor 
regression (ophthalmoscopic and ocular B-scan ultrasound 
evidence of a residual tumor in the fundus at 12 months, 
with a consecutive reduction in tumor size every 3 months) 
or stabilization of the tumor process (B-scan ultrasound 
evidence of a 50% to 70% reduction in tumor size at 6 
months with stabilization of tumor size over the following 
6 months). Short-term failure was defined as evidence of 
continued tumor growth, tumor recurrence (a tumor grow-
ing from the scar) or extrabulbar spread. There was no evi-
dence of metastasis both at baseline and at 12 months.

Data were analyzed using JASP software (version 
0.18.1; the JASP Team, Amsterdam, the Netherlands). 
Mean and SD were calculated for quantitative data. Quali-
tative parameters were assigned numerical categories and 
in more than two groups were assessed by contingency 
tables and Pearson’s chi square test [24].

Results
Tumors were classified into categories based on tu-

mor size for the analysis of local outcomes of treatment 
(Table 1). Most patients had tumors of T2 and T3 stages, 
and tumor sizes were of categories 2 to 6 (247 patients 
or 87.3%). Table 2 presents outcomes in the fundus after 
the eye-saving treatment of medium and large T1-T4 CM. 
At 12 months, short-term treatment success was achieved 
in 274 patients (96.8%) (Table 2). Particularly, complete 
tumor regression was achieved in 86/274 patients (31.4%) 
or 86/283 patients (30.4%), partial tumor regression was 
achieved in 165/274 patients (60.3%) or 165/283 patients 
(58.3%), and regression with stabilization of tumor size 
was achieved in 23/274 patients (8.4%) or 23/283 patients 
(8.1%). Local treatment failure in the form of continued 
tumor growth was seen in 9/283 patients (3.2%) and led 
to enucleation.

Table 1. Distribution of patients among tumor stages and tumor-size categories

Tumor stage (T)
Tumor size

Tumor-size category
Number 

(percentage) of 
patientsThickness (mm) Diameter (mm)

Т1 3.1-6.0 3-12  1 15 (5.3)

Т2
3.1-6.0 9.1-15.0 2 94 (33.2)

6.1-9.0 3.1-12.0 3 38 (13.4)

Т3

3.1-6.0 15.1-18.0 4 17 (6.0)

6.1-9.0 12.1-18.0 5 76 (26.9)

9.1-12.0 3.1-18.0 6 22 (7.8)

12.1-15.0 9.1-15.0 7 -

Т4
3.1-12.0 >18.0 8 21 (7.4)

12.1-15.0 15.1-18.0 9 -

Total 283 (100)
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Of the 15 T1-stage patients with short-term treatment 
success, 12 (80.0%) had complete tumor regression and 3 
(20.0%) had partial tumor regression. Of the 132 T2-stage 
patients with short-term treatment success, 49 (37.1%) 
had complete tumor regression, 77 (58.3%) partial tumor 
regression, and 6 (4.6%), regression with stabilization of 
tumor size. Additionally, of these patients, 43 (32.6%), 48 
(36.4%) and 3 (2.3%), respectively, had category 2 tumor 
size, and 6 (4.5%), 29 (22.0%) and 3 (2.3%), respectively, 
category 3 tumor size. Of the 110 T3-stage patients with 
short-term treatment success, 21 (19.1%) had complete tu-
mor regression, 75 (68.2%) partial tumor regression, and 
14 (12.7%), regression with stabilization of tumor size. 
Of these patients, 5 (4.5%) and 12 (10.9%) respectively, 
had category 4 tumor size, 10 (9.1%), 52 (47.3%) and 12 
(10.9%), category 5 tumor size, and 6 (5.5%), 11 (10.0%) 
and 2 (1.8%), respectively, category 6 tumor size. Among 
115 T3-stage patients, 5 (4.3%) had treatment failure. Of 
the 17 T4-stage patients with short-term treatment success, 
4 (23.5%) had complete tumor regression, 10 (58.8%) par-
tial tumor regression, and 3 (17.7%), regression with sta-
bilization of tumor size. Among 21 T4-stage patients, 4 
(19.0%) had treatment failure. All T4-stage patients had 
category 8 tumor size. There was a significant difference 
among the groups in the tumor stage and tumor size cat-
egory (χ2 = 75.0, р = 0.00000).

Discussion
Our method of eye-saving treatment (involving TTT 

combined with strontium-90 (Sr90)/ yttrium-90 (Yt90) 
BT) for medium and large T1-T4 CM enabled to achieve 
short-term treatment success in 274 of 283 patients with 

high local control rate of 96.8%.106Ru brachytherapy, 
when used in the treatment of UM, has been reported to 
provide local control rates of 62.6% to 94.0%, with the 
stabilization of the tumor process in 91.0% of cases at 5 
years [6-20].

It should be noted that those authors analyzed mostly 
the results of treatment of medium CM (measuring ≤ 8.0 
mm in thickness). They, however, practically have not ana-
lyzed the results of treatment depending on tumor stage 
(determined by tumor thickness and base diameter), which 
we believe to be important when assessing the efficacy of 
the treatment. Additionally, TTT is usually used to treat 
a residual tumor following plaque brachytherapy. In our 
combination treatment for CM, TTT is delivered daily for 
four consecutive days as a neoadjuvant treatment before 
brachytherapy to improve melanoma sensitivity to radia-
tion, and to enable more effective therapeutic pathomor-
phosis after brachytherapy. Long-term results of the effica-
cy of our eye-saving treatment (involving TTT combined 
with Sr90/ Yt90 BT for medium and large T1-T4 CM will 
be presented in our future works.

Conclusion
Therefore, our eye-saving treatment (involving TTT 

combined with Sr90/ Yt90 BT) for medium and large T1-
T4 CM was effective with a local tumor control rate of 
96.8% at one year. The treatment technology developed 
enabled an eye-saving treatment not only for medium CM 
of T1 (tumor thickness of 3.1-6.0 mm and base diameter of 
3.1-9.0 mm), T2 (tumor thickness of 3.1-9.0 mm and base 
diameter of 3.1-15.0 mm), and T3 stages (tumor thickness 
of 3.1-6.0 mm and base diameter of 15.1-18.0 mm), but 

Table 2. Local outcome of eye-saving treatment for medium and large T1-T4 choroidal melanomas depending on tumor stage

Tumor-
size 

category

Tumor stage (T)

Т1, n=15 Т2, n=132 Т3, n=115 Т4, n=21 Total 
number of 
patients/ 

percentage
«+»
n /%

«-»
n/%

«+»
n/%

«-»
n/%

«+»
n/%

«-»
n/%

«+»
n/%

«-»
n/%

1 15/100 - - - - - - - 15/5.3

2 - - 94/71.2 - - - - - 94/33.2

3 - - 38/28.8 - - - - - 38/13.4

4 - - - - 17/14.7 - - - 17/6.0

5 - - - - 74/64.4 2/1.7 - - 76/26.9

6 - - - - 19/16.6 3/2.6 - - 22/7.8

7 - - - - - - - - -

8 - - - - - - 17/81 4/19 21/7.4

9 - - - - - - - - -

Total 15/100 - 132/100 - 110/95.7 5/4.3 17/81 4/19 283/100

Note: +, treatment success; -, treatment failure; n /%, number of patients/ percentage for a particular tumor-size category
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also for large CM of T3 stage (tumor thickness of 6.1-9.0 
mm and base diameter of 12.1-18.0 mm).
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