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Enhancing the utility of chromosome 6 and 8 testing in uveal melanoma
biopsies

Veronika Matuskova', Pavla Hornackova', Marek Michalec’, Lenka Zlamalikova?, Kvetoslava Matulova?, Michal Uher®

Background. The aim of this study was to evaluate the significance of testing the gain of chromosome 8 and the gain
of chromosome 6 as prognostic markers in histopathological samples of enucleated eyes in with uveal melanoma.
Methods. This is a retrospective study of 54 enucleated eyes. The status of chromosomes 3, 8 and 6 was tested by
CISH, and FISH was used in a few samples. A follow-up for the detection of metastases was conducted in all patients.
The statistical significance of chromosomal abnormalities as a prognostic factor for the development of metastases
was determined.

Results. The study group consists of 54 patients (average age 63 years), 28 men (51.9%) Monosomy 3 together with
gain of chromosome 8 was found in 10 samples (18.5%). Both chromosomal abnormalities were detected in 6 (11%)
patients. No chromosomal abnormality in 3 or 8 was detected in 21 (38.9%) patients. Abnormalities of chromosome 6
were present in 6 (11%) patients. Progression free survival after 5 years was 33.3% (95% Cl 0.0; 83.3) in these patients.
Conclusions. Our findings indicate a correlation between progression-free survival and the presence of changes
in chromosome 3 and e 8 in uveal melanomas. The results underline the necessity of testing for both chromosomal

aberrations.
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INTRODUCTION

In adults, uveal melanoma (UM) is the most com-
mon malignant metastatic disease. Metastases typically
involve the liver and are usually fatal within a year of
symptom onset. This is likely due to micrometastases,
which probably existed long before metastasis detection
by conventional imaging methods'. There were no effec-
tive therapies targeting metastases until several years ago
and the mortality rate has remained stable over the last
decades for example, there was no change in the 5-year
relative survival rate (81.6%) from 1973 to 2008 (ref.’).
Tebentafusp is a new form of immunotherapy. It belongs
to the immTAC group (immune mobilizing monoclonal
TCR against cancer). The high-affinity TCR (T cell recep-
tor) binds to an antigen that is presented in a complex
with HLA (human leucocyte antigen) on the cell surface.
This TCR is fused to a single-chain anti-CD3 antibody
fragment®. Tebentafusp is only effective for a certain type
of HLA, it must be linked to HLA-A*02:01, which is pres-
ent in about 50% of patients’. Tebentafusp is the first drug
of this group to enter into clinical practice®.

Prognostication is an important tool in consideration
of these new therapeutic approaches’. Chromosomal ab-
normalities play an important role in this field. Previously,

risk factors included tumour location, tumour size, histo-
pathologic cell type or infiltrating lymphocytes. However,
these factors alone were insufficient, and it was necessary
to assess several factors together'®. The American Joint
Committee on Cancer (AJCC) published the AJCC stag-
ing manual which is available for numerous solid cancers,
including uveal melanoma. The classification is based on
the schema: tumour (T), node (N) and metastases (M).
The histopathologic type - spindle melanoma, mixed
melanoma and epithelioid melanoma is included as well.
According to tumour size, ciliary body involvement, and
extraocular extension, uveal melanomas are divided into
4 categories, 17 subcategories and 4 stages. The seventh
edition of the manual was published in 2015 (ref.!'), the
eighth edition in 2018 (ref.'?). The prognostic value of the
classification in real clinical practice has been verified
by several authors. In a detailed analysis of more than
7000 patients Shields et al showed the prognostic value
of this classification (7th edition). The authors showed a
strong association between T category and development
of metastases, and they found an increasing risk of metas-
tases in all categories (T1-T4) (ref."). Another analysis
focused on the anatomic stage. The rate of metastasis
was three times greater for stage II, and 9 times greater
for stage III (ref.'*). Similar results were found by AJCC
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Ophthalmic Oncology Task Force!'. However, in a certain
number of patients with stage I (5%), metastases devel-
oped after 5 years and conversely, 44% of patients with
stage III after 5 years had no metastases. The situation
was the same with tumour size. In category T1, metastases
after 5 years were present in 8% vs. T4 in 51% (ref."3).

A turning point in predicting the risk of metastasis
development was the use of genetic analysis of tumour
samples’. An important sign of cytogenetic changes is
that they are non-random'®. The most common abnormali-
ties are monosomy 3, additional copy of chromosome 8
and structural or numerical changes in chromosome 6.
Changes in chromosomes 1 or 9 are observed less fre-
quently’”. Knowing that 50% of patients may develop me-
tastases, it is essential to have a reliable tool to predict
this meta process even in the early stages of the disease!'®.
These patients at risk could then benefit from early immu-
notherapy intervention. Chromosomal aberrations could
be such a tool.

The objective of this cytogenetic investigation is to
validate the importance of the testing of chromosome 8
and 6 as prognostic indicators in histopathological speci-
mens from enucleated eyes afflicted with uveal melanoma.
We discuss the validity of these chromosomal abnormali-
ties and their contribution to chromosome 3 testing. We
wanted to determine the most appropriate combination
of examined chromosomal aberrations.

MATERIAL AND METHODS

This work is a retrospective study of 54 patients after
enucleation because of the presence of posterior mela-

noma or ciliary body melanoma unsuitable for brachy-
therapy or cyber knife therapy. The study comprised
patients who underwent enucleation in the Department
of Ophthalmology between 2012 and 2022. Throughout
the duration, the patients were monitored at the same
institution.

Study group

The samples of enucleated eyes were examined by cy-
togenetic methods in the Department of Pathology. The
monitored clinical-pathological characteristics are listed
in Table 1.

Ultrasound (Compact touch, Quantel Medical,
France) was used for the setting of the diagnosis and for
the measurement of the thickness and diameter (mm) of
the tumour. The total size of the tumour for statistical
evaluation was calculated by mathematical approxima-
tion. We did the oncologic staging every 3 months during
the first 2 years and twice a year in the following years.
We received information about the death of the patient
and about cause of death from the electronic system of
the Institute of Health Information and Statistics of the
Czech Republic. Based on this data, the occurrence of
metastatic-related mortality (disease-specific survival rate)
and mortality from other causes was documented.

We determined progression free survival (PFS) based
on collected data. Informed consent was obtained from
all the participants. Written informed consent has been
obtained from the patients to publish this paper. We ad-
hered to the principles of Good Clinical Practice (GCP)
in accordance with the Declaration of Helsinki.

Table 1. Characteristics of study group.

Total Monosomy 3 Disomy 3 P
(n=54) with gain chr. 8 without gain chr. 8
(n=10) (n=44)

Sex - female 26 (48.1%) 4 (40.0%) 22 (50.0%) 0.730
Age at the time of diagnosis (years) 676(352;1;‘1) 626(25; 667) 686(3;6;1;—1) 0.300
Location Posterior pole 8 (14.8%) 4 (40.0%) 4(9.1%)

Nasal part 15 (27.8%) 3 (30.0%) 12 (27.3%) 0.099

Temporal part 19 (35.2%) 2 (20.0%) 17 (38.6%)

Ciliary body 12 (22.2%) 1 (10.0%) 11 (25.0%)
Histological cell type Epithelioid 8 (14.8%) 3(30.0%) 5(11.4%)

Spindle. type A 15 (27.8%) 1 (10.0%) 14 (31.8%) 0.040°

Spindle. type B 10 (18.5%) 0(0.0%) 10 (22.7%)

Mixed 21 (38.9%) 6 (60.0%) 15 (34.1%)
Thickness of melanoma (mm) 8.3+£3.7 9.2+39 8.1 3.7 0.448

8.3 (5.5; 12.0) 9.5(6.0; 12.0) 7.9 (5.3; 11.5)
Size in diameter (mm) 14.6 +4.0 157+ 3.6 14.4+4.0 0.377
14.0 (12.0; 17.0) 15.8 (12.0; 19.0) 14.0 (12.0; 17.0) ’
Total size of melanoma (cm?) 1.27 + 1.07 1.53+£1.28 1.21 £ 1.02 0.261
0.96 (0.45; 1.80) 1.22 (0.88; 1.38) 0.81 (0.43; 1.88) ’

Rupture of Bruch’s membrane 25(46.3%) 6 (60.0%) 19 (43.2%) 0.485
Secondary retinal detachment 41 (75.9%) 7 (70.0%) 34 (77.3%) 0.689
Extrabulbar spread 2(3.7%) 0 (0.0%) 2 (4.5%) 1.000

* Significant (P<0.05) difference between categories.
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Detection of chromosomal abnormalities

At the Department of Pathology, the collected eye
samples were subjected to cytogenetic analysis to detect
chromosomal abnormalities. For cytogenetic analysis,
archival tissues fixed with formalin and embedded in
paraffin were used. Histopathological classification was
done on hematoxylin and eosin stained slides according to
standard histopathological practice. Fluorescence in situ
hybridization (FISH) and chromogenic in situ hybridiza-
tion (CISH) were used to detect chromosomal abnormali-
ties, namely chromosome 8 gain, chromosome 6 gain and
chromosome 3 monosomy.

Fluorescence in situ hybridization analysis was per-
formed on 3-um sections. Briefly, deparaffinization,
protease treatment, and washes were carried out. After
pretreatment, the slides were denatured in the presence of
10 uL probe for 10 min at 75 °C and hybridized at 37 °C
overnight. Post-hybridization SSC washes were done at 38
°C and the slides stained with DAPI before analysis. The
FISH slides were evaluated using a Zeiss Imager Z2 fluo-
rescence microscope with an Axiocam 512 mono camera.
ZEN 2.6 software (blue edition) was used. For counting
the signals a x63 objective was used. Hybridization signals
were counted in 100 nuclei per sample.

ZytoLight ® SPEC FGFR1/CEN 8 Dual Color Probe
and ZytoLight ® SPEC MYC/CEN 8 Dual Color Probe
were used to analyze chromosome 8q status. The gain of
the long arm of chromosome 8 was defined by amplifica-
tion of the MYC gene (located in chromosomal region
8q24.21) and copy loss of the FGFR1 gene (located in
chromosomal region 8p11.23-p11.22). To mitigate uncer-
tainty, an additional probe, RUNXITI, located on the

long arm of chromosome 8 in the 8q21.3-q22.1 region,
was used.

Chromosome 6 was probed with the ZytoLight ®
SPEC RREB1/MYB/CEN 6 Triple Color Probe. Gain
on the short arm was defined by amplification in regions
that map to target sequences in 6p24.3-p25.1.

Identification of monosomy 3 was performed by FISH
or CISH. Fluorescence in situ hybridization was used to
detect chromosome 3 abnormality using the ZytoLight
® PEC PIK3CA/CEN 3 Dual Color Probe (ZytoVision
GmbH, Bremerhaven, Germany). One hundred cells were
examined in each case, with a 20% threshold defining
chromosome 3 monosomy.

Chromogenic in situ hybridization analysis was done
on 3-um sections. Tissue sections were deparaffinized
followed by heat pretreatment and enzyme digestion.
Chromosome 3 DIG Probe (Ventana Medical Systems,
USA) was applied to each section. The UltraView Red
ISH DIG kit detected the CEN3 signal. Counterstaining
with hematoxylin II and a bluing agent was performed to
enhance contrast. Imaging was performed using a ZEISS
microscope, Imager. Z2 equipped with an Axiocam 305
color camera. ZEN 2.6 software (blue edition) was used
for red signal analysis, with a cut-off value of 20% defining
a monosomy of chromosome 3.

Statistical analysis

Continuous variables were summarized as means and
standard deviation and median (25th and 75th percen-
tile), with differences using the Mann-Whitney U test for
statistical significance. Categorical variables are presented
as absolute and relative frequencies, and evaluated using

Table 2. Characteristics of study subgroup with monosomy 3.

Total Chr. 8 Without chr. 8 P
(n=27) abnormalities abnormalities
(n=6) (n=21)

Sex - female 13 (48.1%) 5(83.3%) 8 (38.1%) 0.077
Age at the time of diagnosis (years) 666§5J_1;1761) 706?;9;2725) 636252;1;'1) 0.620
Location Posterior pole 2(7.4 %) 0 (0.0%) 2 (9.5%)

Nasal part 6(22.2%) 3(50.0%) 3(14.3%) 0.130

Temporal part 12 (44.4%) 3 (50.0%) 9 (42.9%)

Ciliary body 7 (25.9%) 0(0.0%) 7 (33.3%)
Histological cell type  Epithelioid 4 (14.8%) 1(16.7%) 3(14.3%)

Spindle type A 8 (29.6%) 3 (50.0%) 5(23.8%) 0.442

Spindle type B 6 (22.2%) 0(0.0%) 6 (28.6%)

Mixed 9(33.3%) 2(33.3%) 7 (33.3%)
Thickness of melanoma (mm) 7.6 +£3.8 9.2+2.17 72+4.0 0.160

7.0 (4.0; 12.0) 9.0 (7.2; 12.0) 7.0 (4.0; 11.0)
Size in diameter (mm) 14.1 £4.1 17.2£4.5 13.2+3.6 0.057
14.0 (11.0; 17.0) 16.5 (14.0; 20.0) 13.0 (11.0; 15.0)
Total size of melanoma (cm?) 1.10 £0.99 1.71 £ 1.17 0.93+£0.89 0.058
0.72 (0.35; 1.98) 1.40 (0.74; 2.79) 0.66 (0.30; 1.22) ’

Rupture of Bruch’s membrane 10 (37.0%) 2(33.3%) 8 (38.1%) 1.000
Secondary retinal detachment 21 (77.8%) 6 (100.0%) 15 (71.4%) 0.284
Extraocular extension 1(3.7%) 0(0.0%) 1(4.8%) 1.000
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Table 3. Survival by gain of chromosome 8 within patients without monosomy 3.

Disease specific survival

Progression free survival

S-year survival
(95% CI)

HR (95% CI)

S-year survival (95% CI) HR (95% CI)

Total (n=27)

Without abnormality 8
(n=21)

Abnormality 8

(n=6)

93.8 (81.8; 100.0)
100.0 (100.0; 100.0)

50.0 (0.0; 100.0)

Reference category

- 83.0 (67.5; 98.5) -
95.2 (86.2; 100.0) Reference category

- 33.3(0.0; 83.3) -

Table 4. Progression free survival by typology of chromosome 3 and 8 abnormalities and melanoma size in diameter.

Progression free survival

S-year survival

HR (95% CI)
(95% CI)

Total (n=54)

Size in diameter < 18 mm without monosomy of chr. 3
and without abnormalities of chr. 8
(n=19)

Size in diameter < 18 mm with monosomy of chr. 3
without abnormalities of chr. 8

(n=14)

Size in diameter > 18 mm or abnormalities of chr. 8

regardless of monosomy of chr. 3
(n=21)

100.0 (100.0; 100.0)

59.7 (28.5;90.9)

34.5 (11.0; 58.0)

64.5(50.0; 79.0) -

Reference category

7.66 (0.88; 66.50)

18.76 (2.40; 146.59)*

*Significant (P<0.05) change in HR (hazard ratio) between categories.

Fisher’s exact test. Disease-specific survival and progres-
sion-free survival were estimated with the Kaplan-Meier
method, and the log-rank test was utilized to determine
significant differences in survival rates among groups.
Hazard ratios (HR) between groups were estimated us-
ing the Cox proportional hazards regression model. A sig-
nificance level of 0.05 was used for all hypothesis testing.

RESULTS

In this study group 54 patients were included, 28 men
(51.9%) and 26 women (48.1%). The average age of the
patients was 63 £ 14years. Table 1 provides a detailed de-
scription of the study group. The median of the follow-up
period was 5 years. Metastases after 3 years were recorded
in 25.5% patients, after 5 years in 25.5% (95% CI 13.0;
38.0) as well. After 5 years 37.6% of patients had died
(95% CI 22.3; 52.9).

Monosomy 3 together with gain of chromosome 8§
we found in 10 (18.5%) patients (Table 1). A subgroup
without monosomy 3 and with chromosome 8 abnor-
mality consisted of 6 (11.1%) patients. No abnormality
of chromosome 3 nor chromosome 8 was presented in
21 (38.9%) patients (Table 2). We found no statistical
significance between basic clinical characteristics and any
of the chromosomal abnormalities. The only exception
was the association between the spindle cells histological
type and the absence of chromosome abnormalities 3 and
8 (P=0.040), Table 2.
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Fig. 1. PFS by abnormalities of chromosome 8 within patients
without monosomy 3.

We found a statistically significant connection be-
tween progression free survival and the presence of chro-
mosome 8 abnormality in patients without monosomy 3
(33.3; 95% CI 0.00; 83.3), Table 3, Fig. 1.

Patients with a large tumour above 18 mm or with ab-
normal chromosome 8 (irrespective of monosomy 3) had
the worst prognosis in our group, two-thirds of patients
had metastases or deaths due to melanoma within five
years (Table 4).
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DISCUSSION

Metastatic spread is an important issue in patients
with uveal melanoma. With the development of new thera-
pies, it is increasingly important to anticipate patients
with a high risk of developing metastases.

Various authors have compared the statistical signifi-
cance of known clinical factors and chromosomal aberra-
tions. An extensive study of aberrations of chromosome 3,
6, and 8 in 1,059 patients was published by Shields et al.”.
A detailed analysis of chromosomal aberrations (partial
or complete monosomy 3, 6p gain / loss, 6q gain / loss,
8p gain / loss and 8q gain / loss) produced 52 individual
combinations of chromosomal defects. Kaplan-Meier
estimate for melanoma-related metastasis in 5 years for
monosomy 3 was 28%, for 6q loss 49%, for 8q gain 35%,
respectively. The individual combination of chromosomal
aberrations (personalized cytogenetic profile) and the in-
cidence of metastases was evaluated. The Kaplan-Meier
estimation was low (5 years) for melanoma-related metas-
tasis for no 3, 6, and 8 chromosomal abnormalities (1%,
1%, 4%) compared with the higher-risk combinations of
3 chromosomal abnormalities. The riskiest combination
was 3 complete monosomy, 6 disomy, and 8q gain (39%).

In another work, Shields et al. compared melanoma
cytogenetics with some clinical signs of malignant mela-
noma. In the group with the genetic mutations of all the
chromosomes 3,6 and 8 compared to the group without
genetic mutation, ocular melanocytosis, ciliary body loca-
tion and increased basal diameter and thickness of tumour
were significantly more frequent®.

A comparison of individual clinical factors and mono-
somy 3 and chromosome 8q gain in patients with meta-
static process was made by Eleuteri et al. More than 4,000
patients were included and chromosomal aberrations were
examined in about 600 patients. The highest hazard ratio
of metastasis development was demonstrated in mono-
somy 3 (HR 4.202, P=0.0000133). Of all clinical factors
epithelioid melanoma cells (HR 1.6) had the highest
HR, but P was 0.00231, and extraocular extension (HR
1.521, P=0.000255). Thus, this work also confirmed the
high predilection value of chromosome 3 aberrations?'.
Damato et al. evaluated chromosomal aberrations 3 and
8 simultaneously with basal tumour diameter and cyto-
logic subtypes and determined in each patient a predictive
index for disease-specific mortality by Cox Multivariate
Analysis. They count B coefficient basal tumour diam-
eter (0.25), for chromosome 3 loss (1.3) and for epithe-
lioid cells (1.49) (ref.??). Vaquero-Garcia et al. created a
model for prediction based on clinical and chromosomal
information as a Prediction of Risk of Metastasis in UM
(PriMeUM). Using clinical and chromosomal informa-
tion, the accuracy was 85% vs 80% (using chromosomal
information only) (ref.?).

In our work, we found a statistically significant asso-
ciation between the occurrence of spindle type B melano-
ma and the absence of chromosomal abnormalities only.
When evaluating the statistical dependence of chromo-
somal abnormalities and some clinical factors such as
Bruch’s membrane rupture or extraocular extension, our

calculations are limited by the size of our study group.
Based on the work of Damato??>. We have looked more
closely at the association between the cytogenic profile
and tumour size. In our work, we also confirmed that PFS
is significantly shortened in patients with tumours larger
than 18 mm, as well as in patients with chromosome 8
abnormalities.

The Cancer Genome Atlas (TCGA) is a great project
dealing with genetic testing in malignant melanoma of
the choroid. The goal of this project is to describe genetic
mutations found in human cancers and it is supervised
by the National Cancer Institute "s Center for Cancer
Genomics and the National Human Genome Research
Institute?*?¢, The researchers studied 80 cases of uveal
melanoma. They showed the importance of chromosome
3 monosomy and chromosome 8 disomy. By simplifying
classification, they divided UM to four molecularly dis-
tinct and clinically relevant subgroups according to ab-
normalities of chromosome 3 and 8. The best prognosis
was in patients without any mutation of chromosome 3
or 8 (class A) and the worst prognosis was in patients
with a mutation of both chromosomes - class D (ref.").
Vichitvejpaisal has validated The Cancer Genome Atlas
classification for uveal melanoma in a large study group
of six hundred fifty *eight UM patients. They categorized
all patients into 4 groups according TCGA (A, B, C, D).
The main criterion was chromosome 3 abnormality, di-
somy 3 - group A, B; monosomy 3 - group C, D. More
advanced group revealed increasing risk of metastasis
(A-3%vs.B-10%vs.C -25%vs. D - 41%). Comparing
group A and D the 5-year hazard ratio for metastasis was
30 (P<0.001) (ref.?®).

In 2020 Mazloumi published a paper comparing the
predictive value of The Cancer Genome Atlas (TCGA)
and The American Joint Committee on Cancer (AJCC)
(ref.?®). This work was a retrospective study of 642 UM
patients treated with brachytherapy, excluding iris mela-
noma. Patients were classified according to AJCC 8th
edition (4 categories, 17 subcategories and 4 stages).
Patients who underwent pre-treatment fine-needle aspi-
ration biopsy for genetic analysis of chromosomes 3 and
8 were classified according TCGA (4 categories). After
5 years TCGA classification showed a higher value for the
prediction of metastases. Individual clinical factors were
also evaluated as possible predictors of metastatic spread.
As predictors, these were shown - tumour thickness, tu-
mour basal diameter, and ciliary body involvement, but
their value was less powerful than the TCGA classifica-
tion as well.

Based on our work, we confirm the importance of
examining chromosome 8 aberrations in addition to
chromosome 3 abnormalities. The greatest significance
of chromosome 8 abnormality is in patients with disomy
3. In these patients, the presence of abnormality on chro-
mosome 8 reverses the good prognosis of the disomy 3.
PES (5 years) according to our observations, is compa-
rable in patients with monosomy 3 and with disomy 3 and
abnormalities of chromosome 8.

Abnormalities of chromosome 6 are rare and in our
work, we find it is not a predictor of metastatic disease.
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We also confirmed the importance of assessing chromo-
somal abnormalities together with clinical factors, espe-
cially tumour size. Monosomy 3 is the most significant
but not always the decisive factor.

The next step in understanding the pathogenesis of
uveal melanoma is maybe identifying specific genes as
predictive factors. A strong correlation with metastatic
death in patients with uveal melanoma was observed in
BAP1 mutation and class 2 gene expression profile (GEP)
(ref.3?). In a more detailed genetic analysis, these authors
found that most tumours with monosomy 3 demonstrated
BAPI alteration. Robertson et al compared uveal and cu-
taneous melanoma. Uveal melanoma has lower somatic
mutational density and a unique set of mutated genes
compared to cutaneous melanoma?®. However, methods
for the identification of genes require more expensive and
demanding laboratory examinations than chromosomal
aberrations, which limit their use in routine clinical prac-
tice. A limiting factor of our study group is the small num-
ber of patients, although data were collected for ten years,
and we are the ocular oncology centre for the whole of
Southern Moravia (1 200, 000 citizens).

CONCLUSION

The important process of the future care of the pa-
tients with uveal melanoma is the testing of chromosomal
abnormalities to predict metastatic spread. Most impor-
tant is the examination of chromosome 3. Monosomy 3
relates to a higher risk of developing metastases. There is
a need to test chromosome 8, mainly in patients without
monosomy 3. The presence of aberrations of chromo-
some 8§ overturns the good prognosis of disomy 3. Based
on our experience it is not necessary to standardly test
chromosome 6 aberrations due to their low incidence and
minimal predictable value.

Acknowledgments: Supported by Ministry of Health, the
Czech Republic - conceptual development of research
organisation (FNBr, 65269705).

Author contributions: VM: leading of project, preparing of
manuscript; PH: examination and observation of patients,
collecting data; MM: examination and observation of pa-
tients; LZ, KM: testing and examination of pathological
samples; MU: statistical analysis.

Conflict of interest statement: The authors state that there
are no conflicts of interest.

Ethics approval: All procedures performed in studies in-
volving human participants were in accordance with the
ethical standards of the institutional research commit-
tee and with the 1964 Helsinki declaration and its later
amendments. Informed consent was obtained from all
individual participants included in the study.

REFERENCES

1. Chang AE, Karnell LH, Menck HR. The National Cancer Data Base
report on cutaneous and noncutaneous melanoma: a summary

201

20.

of 84,836 cases from the past decade. The American College of
Surgeons Commission on Cancer and the American Cancer Society.
Cancer 1998; 83(8):1664-78.

. Weis E, Shah CP, Lajous M, Shields JA, Shields CL. The association

between host susceptibility factors and uveal melanoma: a meta-
analysis. Arch Ophthalmol 2006;124(1):54-60.

. Dogrusoz M, Bagger M, van Duinen SG, Kroes WG, Ruivenkamp CA,

Bohringer S, Andersen KK, Luyten GP, Kiilgaard JF, Jager MJ. The
Prognostic Value of AJCC Staging in Uveal Melanoma Is Enhanced
by Adding Chromosome 3 and 8q Status. Invest Ophthalmol Vis Sci
2017;58(2):833-42.

. Singh AD, Turell ME, Topham AK. Uveal melanoma: trends in inci-

dence, treatment, and survival. Ophthalmology 2011;118(9):1881-5.

. Kujala E, Makitie T, Kiveld T. Very long-term prognosis of patients with

malignant uveal melanoma. Invest Ophthalmol Vis Sci 2003;44:4651-
9

. Lowe KL, Cole D, Kenefeck R, OKelly |, Lepore M, Jakobsen BK. Novel

TCR-based biologics: mobilising T cells to warm "cold" tumours.
Cancer Treat Rev 2019;77:35-43.

. Chen LN, Carvajal RD. Tebentafusp for the treatment of HLA-A*02:01-

positive adult patients with unresectable or metastatic uveal mela-
noma. Expert Rev Anticancer Ther 2022;22(10):1017-27.

. Nathan P, Hassel JC, Rutkowski P, Baurain JF, Butler MO, Schlaak

M, Sullivan RJ, Ochsenreither S, Dummer R, Kirkwood JM, Joshua
AM, Sacco JJ, Shoushtari AN, Orloff M, Piulats JM, Milhem M,
Salama AKS, Curti B, Demidov L, Gastaud L, Mauch C, Yushak M,
Carvajal RD, Hamid O, Abdullah SE, Holland C, Goodall H, Piperno-
Neumann S; IMCgp100-202 Investigators. Overall Survival Benefit
with Tebentafusp in Metastatic Uveal Melanoma. N Engl J Med
202;385(13):1196-206.

. Shields CL, Dalvin LA, Vichitvejpaisal P, Mazloumi M, Ganguly A,

Shields JA. Prognostication of uveal melanoma is simple and highly
predictive using The Cancer Genome Atlas (TCGA) classification: A
review. Indian J Ophthalmol 2019;67(12):1959-63.

. Shields CL, Kaliki S, Furuta M, Mashayekhi A, Shields JA. Clinical spec-

trum and life prognosis of patients with uveal melanoma based on
age at presentation in 8033 cases. Retina 2012;32:1363-72.

. AJCC Ophthalmic Oncology Task Force. International validation for

the American Joint Committee on Cancer's 7th edition classification
of uveal melanoma. JAMA Ophthalmol 2015;133:376-83.

. Kivela T, Simpson ER, Grossniklaus HE, Jager MJ, Singh AD, Caminal

JM. AJCC Cancer Staging Manual. 8th ed. Switzerland: Springer
International Publishing; 2017. Uveal Melanoma; 805-17.

. Shields CL, Kaliki S, Furuta M, Fulco E, Alarcon C, Shields JA. American

Joint Committee on Cancer classification of posterior uveal mela-
noma (tumor size category) predicts prognosis in 7731 patients.
Ophthalmology 2013;120:2066-71.

. Shields CL, Kaliki S, Furuta M, Fulco E, Alarcon C, Shields JA. American

Joint Committee on Cancer classification of uveal melanoma
(anatomic stage) predicts prognosis in 7,731 patients: the 2013
Zimmerman Lecture. Ophthalmology 2015;122(6):1180-6.

. Martinez-Reyes |, Chandel NS. Cancer metabolism: looking forward.

Nat Rev Cancer 2021;21(10):669-80.

. Prescher G, Bornfeld N, Becher R. Nonrandom chromosomal

abnormalities in primary uveal melanoma. J Natl Cancer Inst
1990;82(22):1765-9.

. Sisley K, Rennie IG, Parsons MA, Jacques R, Hommond DW, Bell SM,

Potter AM, Rees RC. Abnormalities of chromosomes 3 and 8 in poste-
rior uveal melanoma correlate with prognosis. Genes Chromosomes
Cancer 1997;19(1):22-8.

. Virgili G, Gatta G, Ciccolallo L, Capocaccia R, Biggeri A, Crocetti E, Lutz

JM, Paci E; EUROCARE Working Group. Incidence of uveal melanoma
in Europe. Ophthalmology 2007; 114(12):2309-15.

. Shields CL, Say EAT, Hasanreisoglu M, Saktanasate J, Lawson BM,

Landy JE, Badami AU, Sivalingam MD, Hauschild AJ, House RJ, Daitch
ZE, Mashayekhi A, Shields JA, Ganguly A. Personalized prognosis of
uveal melanoma based on cytogenetic profile in 1059 patients over
an 8-year period: The 2017 Harry S. Gradle Lecture. Ophthalmology
2017;124:1523-31.

Shields CL, Say EAT, Hasanreisoglu M, Saktanasate J, Lawson BM,
Landy JE, Badami AU, Sivalingam MD, Hauschild AJ, House RJ,
Daitch ZE, Mashayekhi A, Shields JA, Ganguly A. Cytogenetic ab-
normalities in Uveal melanoma based on tumor features and size in
1059 patients: the 2016 W. Richard Green Lecture. Ophthalmology
2017;124(5):609-18.



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2025; 169(3):196-202.

21.

22.

23.

24,

25.

26.

27.

Eleuteri A, Taktak AFG, Coupland S.E., Heimann H., Kalirai H., Damato
B. Prognostication of metastatic death in uveal melanoma patients:
A markov multi-state model. Comput Biol Med 2018;102:151-6.
Damato B, Duke C, Coupland SE, Hiscott P, Smith PA, Campbell |,
Douglas A, Howard P. Cytogenetics of uveal melanoma: a 7-year
clinical experience. Ophthalmology. 2007;114(10):1925-31.
Vaquero-Garcia J, Lalonde E, Ewens KG, Ebrahimzadeh J, Richard-Yutz
J, Shields CL, Barrera A, Green CJ, Barashal Y, Ganguly A. Primeum: A
model for predicting risk of metastasis in uveal melanoma. Investig
Ophthalmol Vis Sci 2017;58:4096-105.

Cancer Genome Atlas Research Network, Weinstein JN, Collisson EA,
Mills GB, Shaw KR, Ozenberger BA, Ellrott K, Shmulevich |, Sander C,
Stuart JM. The Cancer Genome Atlas Pan-Cancer analysis project.
Nat Genet 2013;45(10):1113-20.

Shields CL, Dalvin LA, Vichitvejpaisal P, Mazloumi M, Ganguly A,
Shields JA. Prognostication of uveal melanoma is simple and highly
predictive using The Cancer Genome Atlas (TCGA) classification: A
review. Indian J Ophthalmol 2019;67:1959-63.

Tomczak K, Czerwinska P, Wiznerowicz M. The cancer genome atlas
(TCGA): An immeasurable source of knowledge. Contemp Oncol
2015;19:A68-77.

Jager MJ, Brouwer NJ, Esmaeli B. The cancer genome atlas project:
An integrated molecular view of uveal melanoma. Ophthalmology
2018;125:1139-42.

202

28.

29.

30.

31.

Vichitvejpaisal P, Dalvin LA, Mazloumi M, Ewens KG, Ganguly A,
Shields CL. Genetic Analysis of Uveal Melanoma in 658 Patients
Using the Cancer Genome Atlas Classification of Uveal Melanoma as
A, B, C, and D. Ophthalmology 2019;126(10):1445-53. doi: 10.1016/j.
ophtha.2019.04.027

Mazloumi M, Vichitvejpaisal P, Dalvin LA, Yaghy A, Ewens KG, Ganguly
A, Shields CL. Accuracy of The Cancer Genome Atlas Classification vs
American Joint Committee on Cancer Classification for Prediction
of Metastasis in Patients With Uveal Melanoma. JAMA Ophthalmol
2020;138(3):260-7.

Onken MD, Worley LA, Char DH. Collaborative Ocular Oncology
Group report number 1: prospective validation of a multi-gene prog-
nostic assay in uveal melanoma. Ophthalmology 2012;119(8):1596-
603.

Robertson AG, Shih J, Yau C, Gibb EA, Oba J, Mungall KL, Hess JM,
Uzunangelov V, Walter V, Danilova L, Lichtenberg TM, Kucherlapati
M, Kimes PK, Tang M, Penson A, Babur O, Akbani R, Bristow CA,
Hoadley KA, lype L, Chang MT; TCGA Research Network; Cherniack
AD, Benz C, Mills GB, Verhaak RGW, Griewank KG, Felau |, Zenklusen
JC, Gershenwald JE, Schoenfield L, Lazar AJ, Abdel-Rahman MH,
Roman-Roman S, Stern MH, Cebulla CM, Williams MD, Jager MJ,
Coupland SE, Esmaeli B, Kandoth C, Woodman SE. Integrative
Analysis Identifies Four Molecular and Clinical Subsets in Uveal
Melanoma. Cancer Cell 2017;32(2):204-220.e15. doi: 10.1016/j.
ccell.2017.07.003 Erratum in: Cancer Cell 2018;33(1):151.



