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Background. To assess the effectiveness of the developed combined method of Transpupillary 

ThermoTherapy (TTT) and Strontium-90/Yttrium-90 Brachytherapy (BT) for Uveal Melanoma 

(UM), it is advisable to know the features of therapeutic pathomorphosis in tumor tissue. 

Aim. To evaluate the effectiveness of the Institute's treatment method for uveal melanoma based 

on the study of the histomorphological features of therapeutic pathomorphosis. 

Materials and Methods. Fifteen enucleated eyes with continued growth of medium and large-sized 

UMs of stage T1–3 were studied, after the combined action of TTT and BT Sr-90/Y-90 according 

to the developed methodology, which was carried out at the State Institution "The Filatov Institute 

of Eye Diseases and Tissue Therapy of NAMS of Ukraine". The studied objects (eyeballs) were 

fixed in 10% neutral formalin solution, embedded in paraffin and histological sections [10–12] μm 

thick were made, which were stained with Harris hematoxylin and eosin and studied on a Jenamed-2 

light microscope at objective magnification from 4× to 40× and eyepiece magnification of 10× 

followed by photoregistration with a digital video camera and assessment of therapeutic pathomorphosis. 

The study was conducted as part of the topic with state registration number 01224U00149. 

Research Ethics. The study was conducted without human participation and did not require 

approval by the ethics committee. 

Results. The removed melanomas were mainly mixed cell - 14 (93.3%) out of 15, one was epithelioid 

cell. Among mixed cell melanomas with a predominance of spindle cells, there were 3 (21.4%), epithelioid 

cells – 4 (28.6%). Tumors had pigmentation of varying degrees in 13 cases (86.7%), in 2 cases (13.3%) 

the melanoma was amelanotic. Invasion to the episclera was established in 6 cases (40.0%), the formation 

of an extrabulbar node – in 4 (26.7%), while the extrabulbar node was not clinically detected in 2 cases. 

Among the 15 melanomas studied, grade I therapeutic pathomorphosis was detected in 2, the II degree – in 3, 

the II–III degree – in 8 melanomas, in 2 cases there were no manifestations of pathomorphosis. 

Conclusions. Therapeutic pathomorphosis after combined TTT and Sr-90/Y-90 brachytherapy was 

observed in 13 of 15 cases. The treatment method itself is not the primary cause of treatment failure; 

comparison with successfully treated cases is not feasible due to the absence of enucleation material. 

This study defines the limitations of the method rather than questioning its overall effectiveness. 

Keywords: ophthalmology, retina, histological examination, choroid, ionizing radiation, 

choroidal melanoma. 
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Introduction 

Organ-preserving treatment of Uveal Mela-

noma (UM) is currently the main treatment 

modality for these tumors, and the choice of its 

method depends mainly on the size and locali-

zation of the tumor. Most ophthalmic oncolo-

gists consider radiation therapy, in particular 

brachytherapy (BT), as the main treatment 

for UM [1–3]. Transpupillary ThermoTherapy 

(TTT) is used as an additional method, which 

researchers perform before or after brachy-

therapy on the residual part of the tumor [4–15]. 

Previously, the State Institution "The Filatov 

Institute of Eye Diseases and Tissue Therapy 

of NAMS of Ukraine" (here and after referred 

to as the Institute) developed a TTT technique 

and established the characteristic features of 

histomorphological and electron microscopic 

changes that occur in the tumor after each daily 

TTT session [16; 17]. This made it possible 

to justify and recommend the use of the devel-

oped technique as monotherapy for small-sized 

stage T1 (tumor prominence up to 3.0 mm, 

tumor base length up to 12 mm) and obtain 

an efficiency of 92.1% [17]. 

Treatment of UM patients in Ukraine is carried 

out in the Department of Ophthalmological 

Oncology of the Institute also for tumors of 

stages T1–3 of medium and large sizes (tumor 

prominence from 3.1 mm to 12.0 mm, tumor 

base length from <3.0 mm to 18.0 mm) in the 

form of a combination of TTT action and BT 

with strontium-90/yttrium-90 (Sr-90/Y-90) 

according to the developed methodology [18].  

The aim of this study was to evaluate the 

effectiveness of the Institute's treatment method 

for uveal melanoma by examining the histomor-

phological features of therapeutic pathomorphism. 

Materials and Methods  

The material for studying the histomorpho-

logical features of therapeutic pathomorphosis 

was cases of uveal melanoma stages T1–3 after 

unsuccessful treatment with a combination 

of TTT and strontium-90/yttrium-90 BT, which 

makes it possible to clarify the mechanisms 

of treatment ineffectiveness and assess the 

limits of the method’s effectiveness. The study 

was conducted on 15 enucleated eyes in patients 

with UM stages T1–3 of medium and large 

size (tumor prominence from 3.1 mm to 12.0 mm, 

tumor base length from <3.0 mm to 18.0 mm), 

who underwent organ-preserving treatment 

at the Institute in the form of a combination 

of TTT and Sr-90/Y-90 BT according to the 

developed technique. The criteria for continued 

tumor growth (unsuccessful treatment) were 

defined as follows: an increase in tumor promi-

nence by ≥1.0 mm or an increase in the largest 

basal diameter by ≥1.5 mm during a follow-up 

period of at least 3 months, as measured by 

B-scan ultrasonography compared to the initial 

post-treatment measurements. The appearance 

of an extrabulbar node or new satellite lesions 

was also classified as continued growth. 

Enucleation of eyeballs with UM was per-

formed due to continued tumor growth; histo-

logical examination was carried out immedi-

ately after surgery. The studied objects (eye-

balls) were fixed in 10% neutral formalin 

solution, subjected to histological processing, 

embedded in paraffin and histological sec-

tions 10–12 μm thick were made, which 

were then stained with Harris' hematoxylin 

and eosin and examined using a Jenamed-2 

light microscope at objective magnification 

from 4× to 40× and eyepiece magnification 
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of 10× with subsequent photoregistration 

using a digital video camera. 

The assessment of the presence of thera-

peutic pathomorphosis was carried out according 

to the following classification of the following 

degrees of its severity [19]: 

Stage I – more than 50% of the tumor 

parenchyma is preserved;  

Stage II – 20–50 % of the tumor paren-

chyma is preserved;  

Stage III – up to 20% of the tumor paren-

chyma is preserved in the form of separate foci;  

Stage IV – complete absence of the tumor 

parenchyma.  

The results of the study in the article are 

presented in the form of a description of the 

material with the calculation of the percentage 

ratio of various indicators. 

Research Ethics 

The study was conducted in compliance 

with the basic provisions of the Council of 

Europe Convention on Human Rights and 

Biomedicine, the World Medical Association 

Declaration of Helsinki on ethical principles 

of scientific medical research involving human 

subjects (1964–2024) and complied with the 

current legislation of Ukraine. All patients 

gave informed consent to treatment. However, 

our study was conducted without the participa-

tion of people, so it did not require the consent 

of the ethics committee. 

Results 

The clinical characteristics of the 15 patients 

with UM who underwent enucleation after 

unsuccessful organ-preserving treatment with 

the combination of TTT and Sr-90/Y-90 BT 

according to the developed method are as follows. 

The age of the patients ranged from 46 years 

to 75 years, there were 4 women (26.7%) and 

11 men (73.3%). According to the TNM classi-

fication system, the patients were distributed 

by stage as follows: stage T1 (tumor promi-

nence from 3.1 mm to 6.0 mm, tumor diameter 

from <3.0 mm to 9.0 mm) – 1 patient; stage T2 

(tumor prominence from 3.1 to 6.0 mm, tumor 

diameter from 9.1 to 15.0 mm) – 8 patients; 

stage T3 (tumor prominence from 6.1 mm to 

12.0 mm, tumor diameter from 3.1 mm to 

18.0 mm) – 6 patients. It should be noted that 

no patient had metastatic disease at the time 

of enucleation (N0M0).  

By location, 11 melanomas were located 

directly in the choroid, of which 4 were loca-

lized in the optic disc – juxtapapillary, 4 – para-

centrally, 1 – paramacularly, 6 – peripherally, 

including three of them spreading to the ciliary 

body and one to the ciliary body and iris. In all 

patients, UM was accompanied by secondary 

retinal detachment above and around the tumor.  

Pigmentation of the UM, which was deter-

mined ophthalmoscopically, was of varying 

degrees of severity: poorly pigmented mela-

noma prevailed in 9 cases, non-pigmented 

melanoma was determined in 3 cases, unevenly 

pigmented – in 1 case, pigmented – in 2 cases.  

Two patients received 2 courses of brachy-

therapy, the rest received only 1 course. 7 pa-

tients received from 1 to 3 courses of TTT, 

the rest received from 7 to 15 courses.  

According to the histomorphological conclu-

sion, among the removed tumors there were 

mainly mixed cell melanomas – 14 (93.3%) 

out of 15, one was epithelioid cell. Among 

mixed cell melanomas with a predominance 

of spindle cells, there were 3 (21.4%), epi-

thelioid cell – 4 (28.6%).  

Histomorphologically, the presence of tumor 

pigmentation of varying degrees was detected 

in 13 cases (86.7%), in 2 cases (13.3%) the mela-

noma was apigmented. Invasion of the sclera 

to the episclera was established in 6 cases (40%), 

extrascleral extension with nodule formation – 

in 4 (26.7%), while the extrabulbar node was 

not detected clinically in 2 cases.  

Manifestations of grade I pathomorphosis 

were detected in 2, grade II in 3, and grade 

II–III in 8 melanomas. Among the 15 studied 

melanomas, only two showed no manifesta-

tions of therapeutic pathomorphosis.  

Therapeutic pathomorphosis after combined 

treatment with TTT and Sr-90/Y-90 brachy-

therapy according to the developed method 

was manifested by the presence of areas of 

necrobiosis in the tumor tissue (4 cases), necrosis 

and necrobiosis (5 cases), necrosis on the 

background of sclerosis-hyalinosis (1 case), 

sclerosis (3 cases). Lymphoid infiltration of 

the tumor was detected in one case (Fig. 1–3). 
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Fig. 1. Intraocular melanoma after betatherapy  

and TTT with a large area of necrosis-necrobiosis (2), 

mainly in areas of the parenchyma distant  

from the sclera (1). In the lower part of  

the photo there is a zone of sclerosis-hyalinosis. 

Pathomorphosis of the stage III.  

Hematoxylin and eosin. Magnification 100×  
 

 
 

Fig. 2. Intraocular melanoma after betatherapy  

and TTT with large foci of hyalinized connective  

tissue (1) among the foci of preserved  

tumor parenchyma. Pathomorphosis stage II.  

Hematoxylin and eosin. Magnification 200× 
 

 
 

Fig. 3. Intraocular melanoma after betatherapy  

and TTT with small foci of sclerosis  

and hyalinosis (arrow) among the tumor parenchyma.  

Pathomorphosis stage I. Hematoxylin and eosin.  

Magnification 200× 

It is noteworthy that the pigmentation of 

the tumor, which was determined by the doctor 

by ophthalmoscopy, sometimes does not coin-

cide with the pigmentation of the tumor, 

which is detected by histomorphological 

examination. Thus, among three melanomas 

that clinically appeared to be pigmentless, 

according to histomorphological examination, 

one was unevenly pigmented, one was weakly 

pigmented and one was pigmented. Among 9 

melanomas that were clinically determined 

to be weakly pigmented, according to histo-

morphological examination, it was found that 3 

melanomas were intensely pigmented, 3 were 

unevenly pigmented and 2 were pigmentless. 

Among 2 melanomas that were clinically deter-

mined to be intensely pigmented, only one was 

determined to be so by histomorphological 

examination. The second melanoma, according 

to histomorphological examination, had uneven 

pigmentation, and conversely, the melanoma, 

which was clinically defined as unevenly 

pigmented, according to histomorphological 

examination was intensely pigmented.  

When comparing the data of histomorpho-

logical study with clinical assessment of pigmen-

tation, it is worth noting that the discrepan-

cies in the assessment of the degree of pig-

mentation are largely related to the topography 

of the distribution of pigment cells in the 

parenchyma of the tumor node. Thus, with a 

relatively uniform accumulation of pigment 

cells at the base of the tumor node, even in 

the form of a narrow layer, generally occupying 

a small width on a histological section, the 

tumor can give an ophthalmoscopic picture 

of pigmented or intensely pigmented melanoma, 

although a large part of the tumor node is devoid 

of pigmentation. Thus, during ophthalmoscopy, 

the pigmentation of the tumor is formed not due 

to the total content of pigmented tissue, but due 

to the reflective pigmented layer located in 

the frontal plane. We observe the same depend-

ence only due to one frontally located layer 

in the example of the visible color of the iris. 

The minimum period between the start of 

organ-preserving treatment with the combined 

action of TTT and brachytherapy with stron-

tium-90/yttrium-90 according to the developed 
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method to enucleation of the eye was 3 months. 

At the same time, this was the patient with the 

largest tumor size – [17×15] mm, in stage T3. 

Of the 6 patients who received treatment and 

the period between the start of organ-preserving 

treatment with the combined action of TTT and 

brachytherapy with strontium-90/yttrium-90 

according to the developed method was from 

4 months to 12 months, the UM was in stage 

T3 in 4 patients and in stage T1 in 2. It should 

be noted that due to various circumstances, 

the patients did not come for a timely follow-up 

examination and did not receive additional 

treatment for the residual tumor. Thus, one 

patient was treated at the institute from 2014 

to 2019 and a positive result was obtained locally 

in the form of scarring, but then she did not appear 

for follow-up examinations until 2024, when 

tumor recurrence and continued extrabulbar 

growth were detected, in connection with 

which enucleation of the eye was performed.  

It should be noted that 8 patients with UM 

were observed for more than a year, the 

longest observation period was 76 months 

(6.3 years) – 1 patient with UM stage T1,  

72 months (6 years) – 2 patients with UM 

stage T2, 55 months – 1 patient with UM 

stage T2, 46 months (3.8 years) – 1 patient 

with UM stage T3, 24 months (2 years) – 

1 patient with UM stage T2, 22 months 

(1.8 years) – 1 patient with UM stage T2, 

14 months (1.2 years) – 1 patient with stage T2.  

The tumor size at the time of enucleation 

increased in 6 out of 15 patients, in one case 

the tumor size practically did not change, but 

an additional node of continued tumor growth 

appeared, in two patients, despite the posi-

tive local result in the form of tumor regres-

sion, extrabulbar tumor growth was detected, 

which was the reason for enucleation.  

Discussion 

According to the literature, manifestations 

of therapeutic pathomorphosis in UM after 

TTT were detected by various authors at a 

depth of 3.0 mm to 4.7 mm [10–15]. After 

brachytherapy, foci of necrosis and necro-

biosis of varying degrees of severity have 

been described as manifestations of thera-

peutic pathomorphosis. We previously found 

that balloon-cell degeneration, dry and wet 

necrosis, and destructive changes in tumor 

vessels, which were described after TTT [16–17], 

are enhanced by the additional action of BT, 

which leads to the development of more pro-

nounced phenomena of necrosis and necro-

biosis in more pigmented tumors. 

Obvious, therapeutic pathomorphosis of a 

tumor implies morphological changes in the 

tumor parenchyma, which is a set of histo-

logical and cytological patterns caused by 

the influence of physical, chemical (pharma-

cological) and biological (immunological) 

factors of the treatment process. These 

changes are expressed by characteristic his-

tological patterns and cytological elements. 

It is also important to assess the patho-

morphosis by qualitative indicators, such as 

necrosis, hemorrhagic infiltration, edema, inflam-

matory infiltration (including the composition 

of cellular elements of the immune response), 

sclerosis-hyalinosis. The correlation of these 

qualitative manifestations of therapeutic patho-

morphosis allows assessment of not only the de-

structive abilities, the applied therapeutic methods, 

but also the possible negative consequences.  

Thus, the clinical consequences of thera-

peutic pathomorphosis are the result of two 

opposing processes – destruction and repair 

(substitution). Among the destructive changes 

in the parenchyma of intraocular melanomas, 

hemorrhagic infiltration (hemorrhagic necrosis), 

edema of tumor tissue, foci of necrobiosis-necrosis 

(coagulative necrosis) are more often detected. 

Apoptotic cell death, which is characteristic of 

chemotherapeutic effects, occurs much less 

frequently. 

Obviously, the main goal of organ-preserving 

therapy is the complete removal of the tumor, 

which corresponds to stage 4 of pathomor-

phosis, the final result of which is the formation 

of connective tissue in place of the tumor. 

Unfortunately, at the time of clinical diagnosis, 

intraocular melanoma most often has dimen-

sions that exceed the capabilities of modern 

methods of organ-preserving treatment.  

However, as our experience shows, in a 

number of such cases, organ-preserving therapy, 

performed as an attempt, sometimes provides 
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a relatively long-lasting stabilizing effect and 

can be considered as an alternative to primary 

enucleation. Although the outcome of such 

treatment is generally negative, the study of 

enucleated eyes allows us to obtain valuable 

information regarding the mechanisms of 

implementation of various therapeutic factors 

at the tissue, cellular, and ultrastructural levels. 

It should be noted that assessing the ther-

apeutic pathomorphism of intraocular mela-

nomas remains the most challenging issue 

due to the lack of an objective scale for assessing 

regression, unlike more common tumor patho-

logies (such as breast cancer). Also, due to the 

peculiarities of organ topography, monitoring 

the effectiveness of treatment using a punc-

ture biopsy is practically impossible. There-

fore, enucleations of eyes with treated mela-

nomas make it possible to gain insight of this 

ambiguous phenomenon in these tumors. 

Recently, there has been a tendency to 

evaluate the therapeutic pathomorphosis taking 

into account immunohistochemical (changes 

in the proliferative activity index Ki-67) and 

molecular genetic (monosomy 3, BAP1) factors. 

Such a comprehensive pathomorphic assess-

ment may reveal a discrepancy between the 

histomorphological picture, indicating grade 3 

or even grade 4 pathomorphism, and the clinical 

consequences. This is explained by the fact 

that, with an unfavorable genetic profile, 

even single surviving clones are capable of 

aggressive dissemination, as is the case with 

BAP1 loss/monosomy 3. On the contrary, 

with a histomorphological picture of patho-

morphosis of grade 1–2, but with a genetically 

favorable profile (such as EIF1AX), the clinical 

course may be more favorable. 

The absence of immunohistochemical (Ki-67) 

and molecular genetic (BAP1, monosomy 3) 

analysis in our study is a limitation. Such assess-

ments could have clarified why some tumors 

with grade II–III pathomorphosis still exhibited 

aggressive clinical behavior, including extrabulbar 

growth in 4 cases and scleral invasion in 6 cases. 

Conclusions 

Thus, the unsuccessful cases of organ-pre-

serving treatment of UM with the combined 

action of TTT and strontium-90/yttrium-90 

brachytherapy according to the developed 

method that we analyzed indicate that the 

treatment method itself is not the primary 

cause of treatment failure. Comparison with 

successfully treated cases is not feasible 

because successful organ-preserving treatment 

does not result in enucleation, and thus histo-

morphological material from those cases is 

unavailable for analysis. The present study 

therefore defines the limitations of the method 

rather than questioning its overall effective-

ness. It should also be noted that in almost 

all cases of unsuccessful treatment of UM 

(14 out of 15), histomorphological signs of 

therapeutic pathomorphosis of grades 1–3 were 

detected. Histomorphological analysis of such 

cases provides additional insight for under-

standing the mechanisms and boundaries within 

which this method of organ-preserving treat-

ment retains its effectiveness. 
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Друмі Д.А., Полякова С.І., Артьомов О.В., Литвиненко М.В., Віннер Н.В., 

Чеботарьова С.О., Яворський Б.І., Ларсон Л.М. 
 

КЛІНІКО-ГІСТОМОРФОЛОГІЧНА ХАРАКТЕРИСТИКА УВЕАЛЬНИХ МЕЛАНОМ 

СТАДІЙ T1–3 СЕРЕДНІХ ТА ВЕЛИКИХ РОЗМІРІВ ПІСЛЯ НЕВДАЛОГО 

ОРГАНОЗБЕРІГАЮЧОГО ЛІКУВАННЯ 
 

Актуальність. Для оцінки ефективності розробленої методики комбінованої дії 

транспупілярної термотерапії (ТТТ) та брахітерапії (БТ) Sr-90/Y-90 на увеальну меланому 

(УМ) доцільно знати особливості лікувального патоморфозу в тканині пухлини. 

Мета. Оцінити ефективність методу лікування увеальної меланоми, розробленого 

в Інституті ім. В.П. Філатова, шляхом вивчення гістоморфологічних особливостей 

терапевтичного патоморфозу. 
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Матеріали та методи. За методикою, розробленою в ДУ «Інститут очних хвороб 

і тканинної терапії ім. В.П. Філатова НАМН України»,  досліджено 15 енуклейованих 

очей із продовженим ростом УМ середніх та великих розмірів стадії T1–3, після 

комбінованої дії ТТТ та БТ Sr-90/Y-90. Досліджувані об'єкти (очні яблука) фіксували 

у 10% нейтральному розчині формаліну, заливали в парафін та виготовляли гістологічні 

зрізи товщиною [10–12] мкм, які забарвлювали гематоксиліном та еозином Гарріса та 

вивчали на світловому мікроскопі Jenamed-2 при об'єктивному збільшенні від 4× до 40× 

та збільшенні окуляра 10× з подальшою фотореєстрацією цифровою відеокамерою та 

оцінкою терапевтичного патоморфозу. Дослідження проведено в межах теми з державним 

реєстраційним номером 01224U00149. 

Етика дослідження. Дослідження було проведено без участі людей та не потребувало 

схвалення етичного комітету. 

Результати. Видалені меланоми були переважно змішаноклітинними – 14 (93,3 %) з 15, 

одна була епітеліоїдноклітинною. Серед змішаноклітинних меланом з перевагою 

веретеноклітинних було 3 (21,4 %), епітеліоїдноклітинних – 4 (28,6 %). Пухлини мали 

пігментацію різного ступеня в 13 випадках (86,7 %), у 2 випадках (13,3 %) меланома була 

безпігментною. Інвазія до епісклери встановлена в 6 випадках (40,0 %), формування 

екстрабульбарного вузла – в 4 (26,7 %), при цьому екстрабульбарний вузол не був 

виявлений клінічно у 2 випадках. Серед 15 вивчених меланом лікувальний патоморфоз 

І ступеня виявлено у двох, ІІ ступеня – у трьох, ІІ–ІІІ ступеня – у 8 меланомах, у двох 

випадках не було проявів патоморфозу. 

Висновки. Лікувальний патоморфоз після комбінованої дії ТТТ та брахітерапії  

Sr-90/Y-90 за розробленою методикою виявлено у 13 з 15 випадків. Сам метод лікування 

не є першопричиною неефективності; порівняння з успішними випадками неможливе 

через відсутність матеріалу енуклеації. Дане дослідження визначає обмеження методу, 

а не ставить під сумнів його загальну ефективність. 

Ключові слова: офтальмологія, сітківка, гістологічне дослідження, хоріоідея, 

іонізуюче випромінювання, меланома хоріоідеї. 
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