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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 (x*=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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MporHocTUYecKas 3HAYUMOCTb IKCNpecCUm
6enka BAP1 npu yBeanbHot MenaHome
W.L. Kum, E.E. Mprwwmna, I'.P. CeTaukoBa

MocKOBCKUI 06N1aCTHON Hay4HO-MCCIEA0BATENbCKUIN KITMHUYECKWI MHCTUTYT UM. M.O. Bnagummupckoro, MockBsa, Poccus

AHHOTALUA

O6ocHoBaHMe. YBeanbHas MeflaHOMa — Hauboniee pacnpocTpaHEHHas 3710KaYecTBEeHHas OMyxofb rnasa y B3poc/blX,
XapaKTepu3yHoLLancs BbICOKUM PUCKOM MeTacTasupOoBaHus W NIETabHOro ucxofa. TpaanuMoHHbIe KIIMHUYeCKue 1 Mopdo-
NOTUYECKME NPU3HAKM He NMO3BOJIAKT TOYHO CPOrHO3MPOBaTh TeYeHWe 3aboneBaHNs. B cBA3M € 3TUM aKTyanbHO U3yyeHue
MOJIEKYNSIPHBIX MApPKEPOB, TaKUX Kak akcnpeccus benka BAP1, ong yTouHeHUs nporHo3a BbIXKMBaeMOCTH W Bbibopa onTu-
MasbHOM TaKTUKU BEJEHMS NaLMEeHTOB.

Llenb — onpepenuTb NPOrHoOCTMYECKOE 3HAYeHMe FMCTONIONMYECKOro TUMa yBeanbHOW MenaHoMbl UM Kcnpeccumn benka
BAPT B oLieHKe BbXMBAeMOCTU NaLMEHTOB.

Matepuanbl u MeToabl. [poBeiEH PETPOCNEKTUBHDIA aHaNW3 AaHHbIX 68 NaUMeHTOB C yBeanbHOM MenaHOMOW, NepeHec-
LUMX JIMKBUZALMOHHOE NieyeHue. [1ns Mopdhonorieckoro UccieoBaHNs SHYKEMPOBaHHbIX F1a3 NPUMEHSAN CTaHAAPTHYH
MeToAuKy. Ikcnpeccuio benka BAP1 oueHuBany ¢ ucnosb30BaHWEM UMMYHOMMCTOXMMUYECKOTO UCCef0BaHuA. BoixumBae-
MOCTb aHanu3MpoBany ¢ noMolLbio MeTofoB KannaHa—Meiepa v Mogeny nponopumoHanbHbix puckos Kokca.
Pe3ynbrathl. MeanaHa BbIKMBAaEMOCTM MaLMEHTOB C PaBHOMEPHO WM reTeporeHHo (04aroBo, MO3anyHO) OTCYTCTBYHOLLE
akcnpeccuen BAP1 coctasuna 48 Mec., Torga Kak Ansa NauMeHTOB C paBHOMEPHO MOMOXMTENbHOM aKkcnpeccueid BAP1
pa3HOi WMHTEHCUBHOCTM (0T criaboit [0 BbipaXKeHHOW) MefMaHa He [LOCTUTHYTa K KOHUY Habmopenus. Jlorapudmuye-
CKMIl PaHroBbIA KpUTEPUI NOKa3an CTAaTUCTUYECKN 3HAUNMBIE PasnnumMs Mexay AaHHbIMK rpynnamn (x’=4,344; p=0,037).
Puck netanbHoro ucxofa ¢ paBHOMEPHO WA FeTEpPOreHHO OTCYTCTBYHLLEN aKcnpeccueit BAP1 6bin B 2,6 pasa Bbiwe
(HR=2,602, 95% pnoseputenbHbiii HTepBan 0,573-0,96). Mpu 3TOM puCK NeTanbHOro MCX0Aa LIS NALMEHTOB C ANUTENNO-
MIHOKIETOYHBIM U CMeLLaHHBIM TUnamu onyxonu Bcero B 1,27 pasa Bbille, YeM [Ji NaUMEHTOB C BEPETEHOBUAHOKIETOY-
HbiM TunoM (HR=1,265, 95% noBeputenbHbid uHTepBan 1,062-2,846).

3aknoyenue. MccnenoBaHne nofYepKMBaET BaXHOCTb UCMOb30BaHUS MONEKYNAPHO-TEHETUYECKUX METOAO0B, BKIIOYas
MMMYHOrMCTOXMMUYeCKUA aHanu3 BAPT, ons 6onee TouHoro nporHo3upoBaHusa 1cxofa 3aboneBaHus.

KnioueBble cnoBa: yBeanbHas MenaHoMa; BAPT; ructonornyeckuii TMn; BbIXKMBaeMOCTb.

Kak uutnposatb
Kum W, Tpuwmna E.E., Cetamkosa I'.P. TporHocTuyeckas 3HaumMmocTb 3Kkcnpeccun benka BAPT npu yBeanbHoi MenaHome // Odransmonorudeckve
BegomocTy. 2025. T. 18.N® 2. C. 7-15. DOI: 10.17816/0V635584 EDN: KWQOUK

Pykonucb nonyyena: 02.09.2024 Pykonucb ofo6peHa: 11.02.2025 Ony6nukoBaHa online: 30.06.2025
V-2
3KO®BEKTOP Cratba poctynHa no nmuen3vn CC BY-NC-ND 4.0 International

© 3ko-BexTop, 2025


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/OV635584
https://elibrary.ru/kwqouk
https://doi.org/10.17816/OV635584
https://elibrary.ru/kwqouk

ORIGINAL STUDY ARTICLES

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 (BAPI) [7-9].

The BAPI 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 immunochistochemistry 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 IlIA-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
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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 uym paraffin sections were
de-waxed per a standard procedure and stained with
hematoxylin and eosin. To assess BAP1 expression, im-
munohistochemistry of serial 2 pm 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, 62, 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, x50; b, false positive reaction in pigment, x400.

Fig. 2. Immunchistochemistry BAP1: a, homogeneous diffuse cytoplasmic expression of BAP1, x50; b, granular expression of BAP1 over the entire

tumor area, x400.

(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

00l https://daiorg/10.17816/0V635584

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 (x* = 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).

o 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, ¢).

o 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: x? = 0.62 and p = 0.431 for criterion 1;
X2 =0.933 and p = 0.334 for criterion 2; x* = 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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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 (x? = 4.344 p = 0.037).

Vol. 18(2)2025
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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 BAPT 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).

100
=
- 80
© Spindle-cell type
Z 60
& Epithelioid-cell type - .
2w
g 20
S
0 0 20 40 60 80 100 120

Follow-up period,
months

Fig. 3. Kaplan-Meier survival curves for patients with uveal melanoma. Log-rank test: x?=1.161; p = 0.281.
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Fig. 4. Kaplan-Meier curves of overall survival: g, criterion 1, log-rank test: x> = 0.62, p = 0.431; b, criterion 2, log rank: x* = 0.933, p = 0.334;

¢, criterion 3, log rank: ¥ = 0.007, p = 0.932.
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Fig. 5. Kaplan-Meier survival curves for patients with uveal melanoma, criterion 4. Log-rank test: y% = 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 BAPT 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

DAl https://doiorg/1017816/0V635584

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 BAP]
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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AOMOJTHUTE/IbHAA UHOOPMALIUA

Brknap astopos. .. KuM — cywiecTBeHHbIN BKIa4 B KOHLENLMIO U Au-
3aiiH pabotbl, cbop, aHanu3 u obpaboTka MaTepuana, CTaTUCTUYECKas
obpaboTka faHHbIX, HanucaHue TekcTa; E.E. MpuwmHa — cyliectBeHHbIi
BKNaf B KOHLEMUMIO M [M3aliH paboTbl, peAaKkTUpOBaHMe, OKOHYaTeNb-
Hoe yTBepXAeHWe Bepcuu, NOLexallen nybnmkaLmm, HanucaHme TeKCTa;
I".P. CetanKoBa — CyLLeCTBEHHbIN BKAL, B KOHLENLMIO U A13aiH paboThl,
HanucaHWe TeKCTa, pefaKTUpoBaHMWe, aHanu3 1 obpaboTka MaTepuana.
ABTopbl ofobpunu Bepcuio Ans nybnuMKauuu, a TakKe COrNacuiuch He-
CTW OTBETCTBEHHOCTb 3a BCE acMeKTbl paboTbl, rapaHTUpys Hapsexatlee
paccMoTPeHMe W peLLeHne BOMPOCOB, CBA3aHHbIX C TOYHOCTLIO U A06poco-
BECTHOCTbIO /060N ee YacTu.

JTuyeckan 3kcneptusa. [lpoBejeHne uccnefoBaHWs OA0DpeHO He-
3aBUCUMBIM KomuTeTOM no 3Tuke mpu [BY3 MO «MockoBckuin 06-
NacTHOW Hay4HO-MCCNEAO0BATeNbCKUNA  KIIMHUYECKUA  UHCTUTYT WM.
M.®. Bnagumupckoro» (npotokon Ne 2 ot 02.02.2023). Bce ydyacTHWku
uccnenoBaHus [obpoBonbHO nopnucanu GopMy MHGOPMMpOBaHHO-
ro cornacus A0 BKJIOYEHUS| B uccnefoBaHue. [poTokon uccnefoBaHus
He perucTpupoBan.

WcToununku dunaHcmposanus. OTcyTcTBytoT.
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