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ABSTRACT
BACKGROUND: Uveal melanoma is the most common malignant ocular tumor in adults. It carries a high risk of metastatic 
spread and death. Typical clinical and morphological signs fail to provide accurate disease prognosis. Thus, investiga-
tions of molecular markers such as BAP1 expression are warranted to improve survival prediction and optimize treatment 
strategies.
AIM: The work aimed to determine the prognostic value of the histological type of uveal melanoma and BAP1 expression 
for survival of patients.
METHODS: We performed a retrospective analysis of the data of 68 patients with uveal melanoma who received curative 
treatment. A standard procedure was used for the morphological examination of enucleated eyes. BAP1 protein expression 
was evaluated using immunohistochemistry. Survival was analyzed using Kaplan–Meyer methods and a Cox proportional 
hazard model.
RESULTS: Median survival in patients with homo- or heterogeneous (focal, mosaic) loss of BAP1 expression was 48 months, 
whereas patients with homogeneous BAP1 expression of variable degree (mild to severe) did not achieve the median by the 
end of follow-up. The log-rank test showed statistically significant differences between these groups (χ2=4.344; p=0.037). 
Mortality risk for patients with homo- or heterogeneous loss of BAP1 expression was 2.6 times higher (HR=2.602, 95% 
confidence interval: 0.573–0.96). However, mortality risk for patients with epithelioid cell and mixed tumor types was only 
1.27 times higher than for patients with spindle cell cancer (HR=1.265, 95% confidence interval: 1.062–2.846).
CONCLUSION: The study highlights the importance of using molecular genetic methods, including immunohistochemistry 
of BAP1, to predict disease outcomes more accurately.
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Прогностическая значимость экспрессии 
белка BAP1 при увеальной меланоме
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АННОТАЦИЯ
Обоснование. Увеальная меланома  — наиболее распространённая злокачественная опухоль глаза у взрослых, 
характеризующаяся высоким риском метастазирования и летального исхода. Традиционные клинические и морфо-
логические признаки не позволяют точно спрогнозировать течение заболевания. В связи с этим актуально изучение 
молекулярных маркеров, таких как экспрессия белка BAP1, для уточнения прогноза выживаемости и выбора опти-
мальной тактики ведения пациентов.
Цель  — определить прогностическое значение гистологического типа увеальной меланомы и экспрессии белка 
BAP1 в оценке выживаемости пациентов.
Материалы и методы. Проведён ретроспективный анализ данных 68 пациентов с увеальной меланомой, перенёс-
ших ликвидационное лечение. Для морфологического исследования энуклеированных глаз применяли стандартную 
методику. Экспрессию белка BAP1 оценивали с использованием иммуногистохимического исследования. Выживае-
мость анализировали с помощью методов Каплана–Мейера и модели пропорциональных рисков Кокса.
Результаты. Медиана выживаемости пациентов с равномерно или гетерогенно (очагово, мозаично) отсутствующей 
экспрессией BAP1 составила 48 мес., тогда как для пациентов с равномерно положительной экспрессией BAP1 
разной интенсивности (от слабой до выраженной) медиана не достигнута к концу наблюдения. Логарифмиче-
ский ранговый критерий показал статистически значимые различия между данными группами (χ2=4,344; p=0,037). 
Риск летального исхода с равномерно или гетерогенно отсутствующей экспрессией BAP1 был в 2,6 раза выше 
(HR=2,602, 95% доверительный интервал 0,573–0,96). При этом риск летального исхода для пациентов с эпителио-
идноклеточным и смешанным типами опухоли всего в 1,27 раза выше, чем для пациентов с веретеновидноклеточ-
ным типом (HR=1,265, 95% доверительный интервал 1,062–2,846).
Заключение. Исследование подчеркивает важность использования молекулярно-генетических методов, включая 
иммуногистохимический анализ BAP1, для более точного прогнозирования исхода заболевания.

Ключевые слова: увеальная меланома; BAP1; гистологический тип; выживаемость.
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BACKGROUND
Uveal melanoma (UM) is the most common primary 

intraocular malignant tumor [1]. The UM incidence in 
Western countries is about 5 cases per 1 million people 
per year. In Moscow, the incidence of UM is 9 per 1 million 
adults. [2]. At diagnosis, 2%–4% of patients already have 
distant metastases [3]. A total of 30% of patients with 
UM develop metastases within 5 years after the curative 
treatment of the primary tumor. Median survival after 
detection of distant liver metastases is 4–15 months [4]. 
There are many prognostic factors of a risk of metas-
tasis. They include various clinical, morphological, and 
genetic factors [5].

One of the significant histological parameters is the 
tumor type—epithelioid-, spindle-, or mixed-cell [6]. 
Epithelioid-cell UM is associated with worse prognosis 
compared with spindle-cell UM, which is of more favor-
able prognosis.

Recent studies of UM genome have identified mo-
lecular subsets indicative of an individual risk of me-
tastasis  [7]. This molecular genetic classification of UM 
is based on chromosomal aberrations, mutations in key 
genes, and mRNA expression of specific genes in tumor 
cells. The most significant prognostic factor is the tumor 
suppressor gene BRCA (BReast CAncer) associated pro-
tein1 (BAP1) [7–9].

The BAP1 gene is located on chromosome 3p21.1, 
which is often completely deleted in UM. Monosomy 3 is 
considered a relatively early event in the UM pathogen-
esis, and several studies have shown that this aberra-
tion significantly correlates with patient survival [10, 11]. 
BAP1 is a deubiquitinating enzyme (DUB) with tumor sup-
pressive activity, and its loss is associated with a higher 
risk of tumor growth and metastasis. Published data sug-
gest that immunohistochemistry significantly correlates 
with Sanger sequencing in predicting the UM metastatic 
potential [12, 13].

The study aimed to determine the prognostic value of 
the UM histological type and BAP1 expression for patient 
survival.

METHODS
We performed a retrospective analysis of the medical 

records and enucleated material of 68 patients (68 eyes) 
with stage IIIA–IIIC UM after curative surgical treatment 
(enucleation or exenteration) in the ophthalmological de-
partment of the Moscow Regional Research and Clinical 
Institute named after M. F. Vladimirskiy from 2014 to 
2023. UM was staged using the UICC TNM (8th revision, 
2017).

Patients were predominantly male (1.3:1). The mean 
age of patients was 64.9 years (median: 65.8 years). 
All enrolled patients were followed up. The mean 

follow-up period was 42 months (11–105 months), and 
the median follow-up period was 31 months. A total of 
27 (39.7%) of patients were followed up until death, and 
the data were censored because of ongoing follow-up at 
the time of the study in 41 (60.3%) patients.

Homogeneous distribution of age, sex, tumor size, 
and ciliary body involvement minimized the influ-
ence of clinically significant prognostic factors on the 
UM prognosis worsening. For this purpose, patients 
with extraocular tumor growth were excluded from 
the study.

A standard procedure was used for the morphological 
examination of enucleated eyes. The material was fixed 
in 10% buffered formalin and paraffin embedded using a 
standard procedure. Serial 3 μm paraffin sections were 
de-waxed per a standard procedure and stained with 
hematoxylin and eosin. To assess BAP1 expression, im-
munohistochemistry of serial 2 μm paraffin sections was 
performed using a standard procedure. The intensity of 
marker expression was evaluated semi-quantitatively 
based on antigen concentration and location: (–) = nega-
tive reaction; (+) = weak focal reaction; (++) = moderate 
reaction; (+++) = strong cytoplasmic reaction.

The UM histological type was assessed using the 
criteria of The International Histological Classifica-
tion of Tumors 8th edition (2018) (G1, G2, G3), which 
stated that spindle-cell melanoma is a tumor with over 
90% of spindle cells, mixed-cell melanoma is a tumor 
with 11%–89% of epithelioid cells, and epithelioid-
cell melanoma is a tumor with over 90% of epithelioid 
cells.

IBM SPSS Statistics version 27 (IBM Corp., 
Armonk, New York, USA) and Microsoft Office Excel 2016 
(Microsoft, USA) were used for statistical data process-
ing. Survival during the entire follow-up was analyzed 
using the Kaplan–Meier method; the significance of dif-
ferences was assessed using the log-rank test. The Cox 
proportional hazards model was used to assess the ef-
fect of the tested factors on survival.

RESULTS
The study revealed choroidal melanoma in 66.2% 

(45/68) of eyes. The tumor was located in the choroid 
and ciliary body in 27.9% (19/68) of cases and in the 
choroid and iris in only 5.9% (4/68) of cases. The mean 
tumor diameter and thickness were 15.5 (12.7–17.2) and 
9.5 (7.8–13.5) mm, respectively.

The histological examination found a spindle-cell 
tumor in 23/68 (33.8%) cases. Epithelioid-cell and 
mixed-type tumors were observed in 33/68 (48.5%) and 
12/68 (17.6%) cases, respectively. We did not find sta-
tistically significant correlation between the tumor lo-
cation and histological type (p = 0.278). Necrosis and 
hemorrhages were detected in 14.5% (9/68) and 16.4% 
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Fig. 1. Immunohistochemistry of BAP1: a, negative BAP1 expression, ×50; b, false positive reaction in pigment, ×400.

Fig. 2. Immunohistochemistry BAP1: a, homogeneous diffuse cytoplasmic expression of BAP1, ×50; b, granular expression of BAP1 over the entire 
tumor area, ×400.
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(10/68) of eyes, respectively. Scleral infiltration was de-
tected in 48.5% (33/68) of eyes. The resection margins 
were negative in 98.5% (67/68) of cases and positive in 
only one (1.5%) case. UM is usually pigmented, and the 
non-pigmented form was found only in 11.8% (8/68) of 
eyes. The pigmentation severity varied from 5% to 100% 
of tumor volume.

Analysis of BAP1 expression revealed a positive and 
negative reaction in 63.2% (43/68) and 36.8% (25/68) of 
cases, respectively (see Figs. 1, 2).

The intensity of BAP1 expression was the follow-
ing: weak reaction (1 point) in 41.9% (18/43) of cases; 
moderate reaction (2 points) in 41.9% (18/43); strong 
reaction (3 points) in 16.3% (7/43). Notably, the analy-
sis of heavily pigmented tumors was most challenging 
because of a false positive reaction. Pigmentation was 
considered heavy when over 50% of the total tumor 
volume was pigmented. These tumors were found in 
4 (4/68; 5.9%) cases. However, 44.1% (19/43) of cases 
showed a true heterogeneous, mosaic reaction pattern. 
In 16/19 cases, the reaction was heterogeneous, with no 
reaction either at the tumor apex or base periphery in 
7/16 and 9/16 samples, respectively. The reaction dem-
onstrated a mosaic pattern in 3/19 cases. Comparison 
of the histological type with the intensity of IHC staining 
revealed that epithelioid-cell or mixed-cell tumors were 
observed in 72% of eyes in the group with a completely 
negative reaction (no  BAP1 expression). Notably, not 
even single BAP1-negative tumor cells were observed 
in all 7/43 cases with a strong IHC BAP1 reaction, and 
the staining was homogeneously intensive, which indi-
cates complete expression of native BAP1 in the entire 
tumor.

Kaplan–Meier survival analysis was performed in two 
histological groups (epithelioid-cell/mixed-cell vs. spin-
dle-cell tumors). Due to insufficient number of patients, 
groups with mixed-cell and epithelioid-cell tumors were 

pooled. Mean survival was 62.2 months in these patients 
and 72.9 months in patients with a spindle-cell tumor. 
Overall mean survival was 65.8 months.

Median survival was 63 months in patients with an 
epithelioid-cell/mixed-type tumor and was not deter-
mined in patients with a spindle-cell tumor, as a sig-
nificant proportion of their data was censored. However, 
the endpoint in this group was not achieved by the end 
of follow-up.

The Mantel–Cox log-rank test was used to assess 
differences in survival between the groups with differ-
ent histological tumor types. The analysis showed non-
significant differences between the groups (χ2 = 1.161; 
p = 0.281) (see Fig. 3).

To assess overall survival depending on BAP1 expres-
sion using the Kaplan–Meier method, patients were di-
vided into 2 groups based on 4 criteria:
•	 Criterion 1: loss of BAP1 expression compared 

with any BAP1 expression level (weak to strong) 
(see Fig. 4, a).

•	 Criterion 2: lost or weak BAP1 expression com-
pared with moderate or strong BAP1 expression 
(see Fig. 4, b).

•	 Criterion 3: lost, weak, or moderate BAP1 ex-
pression compared with strong BAP1 expression 
(see Fig. 4, c).

•	 Criterion 4: homo- or heterogeneous (focal, mosaic) 
loss of BAP1 expression compared with homogeneous 
weak, moderate, or strong BAP1 expression in the tumor. 
The results are illustrated in Fig. 5.
The first three sampling criteria missed intratumor 

heterogeneity (focal or mosaic). The results showed 
that the between-group differences were not statisti-
cally significant: χ2 = 0.62 and p = 0.431 for criterion 1; 
χ2 = 0.933 and p = 0.334 for criterion 2; χ2 = 0.007 and 
p = 0.932 for criterion 3. Comparison of overall survival 
in the group with homo- or heterogeneous (focal, mosaic) 
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Fig. 3. Kaplan–Meier survival curves for patients with uveal melanoma. Log-rank test: χ2 = 1.161; p = 0.281.

Fig. 4. Kaplan–Meier curves of overall survival: a, criterion 1, log-rank test: χ2 = 0.62, p = 0.431; b, criterion 2, log rank: χ2 = 0.933, p = 0.334; 
c, criterion 3, log rank: χ2 = 0.007, p = 0.932.
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loss of BAP1 expression vs. the group with homogeneous 
BAP1 expression of variable IHC reaction intensity dem-
onstrated that mean survival was 56.4 and 75.4 months, 
respectively. Median survival was 48 months in patients 
with homo- or heterogeneous (focal, mosaic) loss of 
BAP1 expression, but was not determined in patients with 
homogeneous BAP1 expression as the endpoint was not 
achieved in a significant proportion of patients by the end 
of follow-up. The Mantel–Cox log-rank test demonstrated 
that the differences between the groups can be consi
dered statistically significant (χ2 = 4.344 p = 0.037).

Data of this sample were also analyzed using the Cox 
proportional hazards model. The results showed that 
mortality risk for patients with homo- or heterogeneous 
(focal, mosaic) loss of BAP1 expression was 2.6 times 
higher (HR = 2.602; 95% confidence interval: 0.573–0.96) 
than for patients with homogeneous BAP1 expression of 
variable degree (weak to strong). However, mortality 
risk for patients with epithelioid-cell and mixed tumor 
types was only 1.27 times higher than for patients with 
spindle-cell cancer (HR = 1.265; 95% confidence interval: 
1.062–2.846).
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Fig. 5. Kaplan–Meier survival curves for patients with uveal melanoma, criterion 4. Log-rank test: χ2 = 4.344; p = 0.037.

DISCUSSION
Molecular genetic methods to assess the UM progno-

sis are currently limited. Postoperative management of 
patients with UM is often based on clinical and morpho-
logical examinations. However, each tumor is unique and 
typically consists of different cell subpopulations having 
their inherent morphological, genetic, and epigenetic fea-
tures. Thus, a tumor is most often morphologically het-
erogeneous, which challenges the prognosis. However, it 
is known that the higher the epithelioid cell proportion, 
the worse the survival [14].

Previous studies demonstrated significant intratu-
mor heterogeneity in both phenotype and genotype of 
UM [15–19]. Herwig-Carl et al. [16] studied heterogene-
ity of the effect of epigenetic factors (global levels of 
histone acetylation, DNA methylation, and ubiquitina-
tion) on expression of many different proteins in tumor 
cells. The authors demonstrated that the cells with the 
greatest metastatic potential were located on the tu-
mor periphery and in the scleral emissarial channels. 
The BAP1 gene plays an important role in epigenetic reg-
ulation of UM metastatic activity [20]. Pandiani et al. [17] 
found several different transcription profiles using sin-
gle-cell RNA sequencing in a tumor, which indicates cells 
with different functions and variable intratumor meta-
static potential. In general, tumor heterogeneity is as-
sociated with poor prognosis [21–24]. However, data on 
the prognostic value of heterogeneous BAP1 expression 
in UM have not yet been obtained. We aimed to deter-
mine BAP1 expression using IHC in different tumor areas 
and revealed heterogeneity of expression and distribution 
of this marker in most of the tumor volume. We  found 
Russian studies of BAP1 expression in aspirated 

material after fine-needle aspiration using immunocyto-
chemistry and molecular genetic methods and compared 
their data. The results showed no prognostic value of 
BAP1 expression determined by immunocytochemistry 
[25, 26]. In our point of view, the above results are ex-
plained by the fact that 100 tumor cells were tested with-
out considering the sampling area, and therefore tumor 
heterogeneity.

Published data showed that the histological tumor 
type is associated with survival of patients with UM 
[27, 28]. We did not find a statistically significant depen-
dence of patient survival on the morphological charac-
teristics of UM. This can most probably be caused by the 
large tumor size and small sample size. Assessment of 
the effect of genetic and morphological factors on over-
all survival of patients with UM revealed that the BAP1 
status affects the disease outcome significantly greater 
than the histological type of tumor cells. Mortality risk in 
the case of lost BAP1 expression, both complete and par-
tial (if  intratumor heterogeneity occurs), is significantly 
higher than in epithelioid-cell or mixed tumor types. The 
prognostic value of this genetic factor is significant even 
if focal or mosaic loss of BAP1 expression is considered, 
whereas risk stratification only by averaged intensity of 
BAP1 expression does not provide a statistically signifi-
cant result.

CONCLUSION
The assessment of prognosis of patients with UM 

should be based not only on clinical and morphological, 
but also on genetic criteria. Our study showed a special 
practical value of IHC of BAP1 expression for prognosis. 
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It also demonstrated the importance of intratumor het-
erogeneity of both morphological and genetic charac-
teristics of UM. Nevertheless, further studies are war-
ranted to analyze possible patterns of spatial distribution 
of prognostically unfavorable genetic factors within the 
tumor, which can significantly contribute to new methods 
for determining UM prognosis.
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