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Purpose: Uveal melanoma (UM) is the most common primary malignant tumor with
poor prognosis. The role of metabolism-related genes in the prognosis of UM remains
unrevealed. This study aimed to establish and validate a prognostic prediction model
for UM based on metabolism-related genes.

Methods: Gene expression profiles and clinicopathological information were
downloaded from The Cancer Genome Atlas, and the Gene Expression Omnibus
database. Univariable Cox regression, least absolute shrinkage and selection operator
Cox regression, and stepwise regression were performed to establish the model.
Kaplan-Meier survival analysis, receiver operating characteristic (ROC) curve analysis,
and calibration and discrimination analyses were used to evaluate the prognostic
model.

Results: Three metabolism-related genes, carbonic anhydrase 12, acyl-CoA synthetase
long-chain family member 3, and synaptojanin 2, and three clinicopathological param-
eters (i.e., age, gender, and metastasis staging) were identified to establish the model.
The risk score was found to be an independent prognostic factor for UM survival. High-
risk patients demonstrated significantly poorer prognosis than low-risk patients. ROC
analysis suggested the promising prognostic efficiency of the model. The calibration
curve manifested satisfactory agreement between the predicted and observed risk. A
nomogram and online survival calculator were developed to predict the survival proba-
bility.

Conclusions: The novel metabolism-based prognostic model could accurately predict
the prognosis of UM patients, which facilitates the prediction of the survival probability
by both ophthalmologists and patients with the online dynamic nomogram.

Translational Relevance: The dynamic nomogram links gene expression profiles to
clinical prognosis of UM and is useful to evaluate the survival probability.

Introduction

Uveal melanoma (UM) is one of the most promi-
nent primary intraocular tumors and mainly occurs
between the ages of 50 and 70 years.1 More than 90%
of UM originates in the choroid; the ciliary body is a
less-frequent site of origin, with an incidence of 6%,
and the iris is the least-involved site, accounting for

4%.2,3 Aronow et al.4 reported that the age-adjusted
incidence of UM is 5.2 cases per million in the United
States, which is close to that reported in European
regions. It has been reported that metastasis occurred
in 33% of 492 eyes with ciliary body melanoma, 25%
of 7256 eyes with choroidal melanoma, and 7% of 285
eyes with iris melanoma in a 10-year follow-up study.5
Once metastasized, the median survival declined to
only 3.7 months, and the one-year survival was only
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13%.6 Although several risk factors for UM have been
found, these common traditional clinical characteris-
tics, such as age, gender, and staging classification,
cannot accurately predict the prognosis and survival
of UM patients. Therefore the identification of novel
prognostic biomarkers is urgent and of utmost impor-
tance.

Metabolic reprogramming, which nutrifies cell
proliferation through regulation of energymetabolism,
has been widely acknowledged as an important
hallmark of cancer.7 Activation of oncogenes and
depletion of tumor suppressor genes facilitate
metabolic reprogramming in cancer cells to meet their
high energy demands and accommodate changes in the
tumor microenvironment.8 Dysregulated metabolic
status is often associated with clinical outcomes.
Metabolic expression subtypes with upregulated
carbohydrate and nucleotide metabolism are highly
correlated with poor prognosis in most human cancer
types.9 Nevertheless, the roles of metabolism-related
genes in the prognosis of UM patients remain largely
unknown.

With the development and widespread application
of high-throughput screening techniques, it became
achievable and accessible to obtain whole mRNA
expression profiles of research subjects. The emergence
of public databases, such as the Gene Expression
Omnibus (GEO) and The Cancer Genome Atlas
(TCGA), deposits massive microarray profiles, which
facilitates researchers to investigate the molecular
characterization of tumors. In this study, UM patients’
original data were retrieved from the GEO and TCGA
databases. By using multiple regression analysis, we
developed and validated ametabolism-related prognos-
tic model that could accurately predict the risk of UM
patients, as well as offer promising performance in
assessing survival rate.

Methods

Data Sources

The study was performed in accordance with
the tenets of the Declaration of Helsinki. The
gene expression profiles and corresponding clinico-
pathological information of 80 UM patients were
downloaded from TCGA (https://portal.gdc.cancer.
gov/) and the Xena database (http://xena.ucsc.edu/)10
as the training cohort (TCGA-UVM). Simultane-
ously, 63 UM patients from the GSE2213811 dataset
were obtained from the GEO database (https://www.
ncbi.nlm.nih.gov/geo/) as the validation cohort. The
metabolism-related gene signatures were derived from

the molecular signatures database (MSigDB, https://
www.gsea-msigdb.org/gsea/msigdb/).12

Precursory Screen of Gene Profiles

Raw transcriptome data were processed with the
affy13 package and sva14 package in R software version
4.0.3 (RFoundation for Statistical Computing, Vienna,
Austria) for background correction and normaliza-
tion. Strawberry Perl programming language version
5.32.1.1 (The Perl Foundation, Walnut, CA, USA)
was used to annotate the expression matrix of the
two cohorts, extract the profiles of metabolism-related
gene signatures, and merge expression profiles with
clinical survival information of each patient. Then
the metabolism-related genes of the TCGA-UVM and
GSE22138 cohorts were identified through the annota-
tion of MSigDB.

Establishment of Prognostic Model

To analyze the relationship between the above
identified metabolism-related genes and the survival
time of UM patients, univariable Cox regression
and least absolute shrinkage and selection operator
(LASSO) Cox regression were performed to screen the
survival-related metabolic genes and build a prelimi-
nary model. Then, stepwise regression was performed
to develop an optimized model that combined risk
geneswith clinicopathological parameters. The survival
R package and glmnet R package were used to analyze
and investigate the cutoff threshold of the risk score.
The performance of the optimized model was assessed
by the area under the receiver operating characteristic
curve (AUC) using 500 iterations of bootstrap cross-
validation.

Evaluation of Prognostic Model

The Survminer R package was applied to gener-
ate the Kaplan-Meier survival curve. The pheatmap15
R package was employed to generate the risk plot.
Time-dependent prognostic value was illustrated with
a receiver operating characteristic (ROC) curve and
assessed by AUC using the timeROC R package.
Moreover, the calibration plot, net reclassification
index, integrated discrimination improvement, and
concordance indexwere used to evaluate the prognostic
model.

Construction of Nomogram and on-Line
Calculator

A nomogram was built to display the probability
of the clinical outcomes through a simple diagram of

https://portal.gdc.cancer.gov/
http://xena.ucsc.edu/
https://www.ncbi.nlm.nih.gov/geo/
https://www.gsea-msigdb.org/gsea/msigdb/
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the statistical predictionmodel and to facilitate individ-
ualized estimations of prognosis for specific patients.
We adopted the factors in the optimized model to
develop a nomogramwith the rms R package. Further-
more, an online UM survival prediction calculator was
constructed using the DynNom, Shiny, and rsconnect
R packages.

Gene Set Enrichment Analysis (GSEA)

To investigate the concomitant signaling pathways
involved in UM patients with high-risk scores, we
performed GSEA with GSEA software version
4.1 (Broad Institute, Inc., Cambridge, MA, USA).
The Kyoto Encyclopedia of Genes and Genomes
(KEGG) gene set (c2.cp.kegg.v7.4.symbols) of
MSigDB was used as the reference. Normalized
P value < 0.05 and normalized enrichment score
(|NES| >1) were considered to be significantly
enriched.

Statistical Analysis

The statistical work of the present study was
conducted usingR software andEmpowerStats version
2.0 (X&Y Solutions Inc., Boston, MA, USA). Spear-
man correlation was applied to assess the correlation
between the risk metabolism-related genes. Univari-
able and multivariable Cox regression analyses were
performed to determine the independent prognostic
factors that were related to overall survival. P value <

0.05 was considered statistically significant.

Results

Basic Demographics and Clinical
Characteristics of UM Patients

The flow chart of this study is briefly illustrated
in Figure 1. Due to missing TNM staging or a
short follow-up period (<30 days), 9 patients in the

Figure 1. Brief flow chart of this study. NRI, net reclassification index; IDI, integrated discrimination improvement; C-index, concordance
index.
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Table 1. Basic Demographics and Clinical Features of the Two UM Cohorts

Number of Patients (%)

Characteristics TCGA-UVM (n = 71) GSE22138 (n = 63)

Age (y)
≥66 30 (42.25%) 26 (41.27%)
<66 41 (57.75%) 37 (58.73%)

Gender
Female 31 (43.66%) 24 (38.10%)
Male 40 (56.34%) 39 (61.90%)

Clinical stage
Stage II 33 (46.48%) 0 (0.00%)
Stage III 33 (46.48%) 0 (0.00%)
Stage IV 4 (5.63%) 0 (0.00%)
Unknown 1 (1.41%) 63 (100.00%)

Tumor staging (T)
T2 11 (15.49%) Unknown
T3 29 (40.85%) Unknown
T4 31 (43.66%) Unknown

Node staging (N)
N0 67 (94.37%) 0 (0.00%)
Nx 4 (5.63%) 63 (100.00%)

Metastasis staging (M)
M0 64 (90.14%) 28 (44.44%)
M1 4 (5.63%) 35 (55.56%)
Mx 3 (4.23%) 0 (0.00%)

Extrascleral extension
(−) 59 (83.10%) 48 (76.19%)
(+) 7 (9.86%) 5 (7.94%)
Unknown 5 (7.04%) 10 (15.87%)

Tumor basal diameter (mm)
≥20 18 (25.35%) 9 (14.29%)
<20 52 (73.24%) 44 (69.84%)
Unknown 1 (1.41%) 10 (15.87%)

Tumor thickness (mm)
≥11 36 (50.70%) 43 (68.25%)
<11 35 (49.30%) 20 (31.75%)

Tumor location
Posterior to equator Unknown 9 (14.29%)
On equator Unknown 42 (66.67%)
Posterior and on equator Unknown 3 (4.76%)
Anterior to equator Unknown 3 (4.76%)

Tumor cell type
Spindle cell 24 (33.80%) 0 (0.00%)
Epithelioid cell 12 (16.90%) 21 (33.33%)
Mixed 35 (49.30%) 23 (36.51%)
Unknown 0 (0.00%) 19 (30.16%)
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TCGA-UVM cohort were excluded from this study,
while the remaining 71 UM patients were enrolled
to train the prognostic model. All 63 UM patients
fromGSE22138 were included in the validation cohort.
The TNM staging of the patients were categorized
according to the American Joint Committee on Cancer
(eighth edition). The clinicopathological features of the
two cohorts are listed in Table 1.

Construction of a Prognostic Model Based on
Three Metabolism-Related Gene Signatures

A total of 861 metabolism-related gene signa-
tures from the training cohort were screened for
further analysis. Twenty-three metabolism-related

genes were previously identified to be associated with
the overall survival time of TCGA-UVM patients
through univariable Cox regression (Fig. 2A; Supple-
mentary Table S1). All hazard ratios (HRs) of these 23
genes were greater than 1, suggesting that these genes
were risk factors rather than protective factors. Then,
LASSO Cox regression (Figs. 2B, 2C) was performed
to build a preliminary prognostic model with nine
metabolism-related gene signatures (Table 2).

Furthermore, stepwise regression was used to
establish an optimized prognostic model that consisted
of three risk genes and three clinical parameters
(Table 3). The three genes included in the model
were carbonic anhydrase 12 (CA12), acyl-CoA
synthetase long chain family member 3 (ACSL3), and

Figure 2. Construction of the prognostic model. (A) Forest plot showing the hazard ratio of 23metabolism-related gene signatures associ-
ated with overall survival time of the TCGA-UVM cohort through univariable Cox regression. (B) Selection of tuning parameter (lambda)
in the LASSO model with 100-fold cross-validation. (C) LASSO coefficient profiles of 23 metabolism-related genes in the TCGA-UVM cohort.
Each coefficient profile plotwas generated versus the log (lambda) sequence. (D) ROC analysis of the preliminarymodel (black curve) and the
optimizedmodel (red curve) with 500 iterations of bootstrap resampling. (E, F) The risk score distribution of the patients from the TCGA-UVM
cohort (E) and GSE22138 cohort (F) were plotted in ascending order and colored as high-risk (red) and low-risk (green).
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Table 2. Nine Metabolism-Related Gene Signatures Associated With Prognosis in UM Patients

Gene Symbol Description Genomic Location Risk Coefficient

GUSB Glucuronidase beta chr7:65,960,684-65,982,230 0.054032
CA12 Carbonic anhydrase 12 chr15:63,321,378-63,381,846 0.028220
MGST3 Microsomal glutathione s-transferase 3 chr1:165,631,213-165,661,796 0.047492
ACSL3 Acyl-CoA synthetase long chain family member 3 chr2:222,860,942-222,944,639 0.000776
POLA1 DNA polymerase alpha 1, catalytic subunit chrX:24,693,873-24,996,986 0.042921
SYNJ2 Synaptojanin 2 chr6:157,981,856-158,099,176 0.179136
TSTA3 Tissue-specific transplantation antigen P35B chr8:143,612,618-143,618,048 0.002889
ASL Arginosuccinate lyase chr7:66,075,800-66,094,697 0.002461
UGT8 UDP glycosyltransferase 8 chr4:114,598,402-114,687,914 0.205670

Table 3. Three Metabolism-Related Gene Signatures and Three Clinicopathological Parameters Constitute the
Optimized Model

Coefficient Hazard Ratio (95% CI) P Value

CA12 0.09780 1.1027 (1.0559–1.1517) <0.0001
ACSL3 0.20650 1.2294 (1.0648–1.4194) 0.0049
SYNJ2 0.24480 1.2774 (1.0251–1.5917) 0.0292
Age 0.04084 1.0417 (1.0075–1.0771) 0.0165
Gender 0.89711 2.4525 (1.1802–5.0964) 0.0162
M Staging 3.64541 38.2985 (11.8644–123.6282) <0.0001

Table 4. Comparison of the Optimized Model and the Preliminary Model With ROC Analysis

Sensitivity Specificity AUC C Index (95% CI)

Preliminary model 0.927 0.599 0.825 0.787 (0.731–0.842)
Optimized model 0.825 0.871 0.869 0.883 (0.841–0.926)

synaptojanin 2 (SYNJ2). The three clinicopatho-
logical parameters were age, gender, and metastasis
staging (M) without multicollinearity relations. Three
patients in the TCGA-UVM cohort were excluded
from further analysis due to their Mx stage. The risk
score of the optimized model was calculated by the
following formula: risk score = 0.09780 × expression
of CA12 + 0.20650 × expression of ACSL3 + 0.24480
× expression of SYNJ2 + 0.04084 × age + 3.64541 ×
(M staging: M0 = 0, M1 = 1) + 0.89711 × (gender:
female= 0, male= 1). ROC analysis with 500 iterations
of bootstrap resampling revealed that the optimized
model was significantly preferable to the preliminary
model due to a higher AUC and concordance index
(P < 0.001, Fig. 2D; Table 4). Subsequently, the UM
patients of the two cohorts were divided into high- and
low-risk groups based on the cutoff value of 5.03839
for the risk score in the training cohort. As displayed
in Figures 2E and 2F, the numbers of high-risk and
low-risk patients in the TCGA-UVM cohort were
equal due to our settings, whereas the number of

high-risk patients in GSE22138 was greater than that
of low-risk patients.

Cox Regression Analyses Revealed
Independent Prognostic Value of the Risk
Score

Univariate and multivariate Cox regression analy-
ses were performed among the available covariables
to investigate the independent prognostic value of
the risk score. In the TCGA-UVM cohort, univari-
ate Cox regression analysis showed that the risk score
was significantly associated with overall survival time
(Fig. 3A, P < 0.001, HR = 2.041, 95% confidence
interval [CI] = 1.515-2.751). After adjusting confound-
ing factors, we found that the risk score remained an
independent predictor for overall survival in the multi-
variate Cox regression analysis (Fig. 3B, P < 0.001,
HR = 3.967, 95% CI = 1.761-8.937). In the GSE22138
cohort, consistent results were observed in univariate
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Figure3. Prognostic valueof the risk score and threemetabolism-relatedgene signatures. In the TCGA-UVMcohort, bothunivariate (A) and
multivariate (B) Cox regression analyses indicate that the risk score was a powerful independent predictor associated with overall survival
(P < 0.001, HR = 2.041, 95% CI = 1.515-2.751; P < 0.001, HR = 3.967, 95% CI = 1.761-8.937, respectively). In the GSE22138 cohort, both
univariate (C) andmultivariate (D) Cox regression analyses indicate that the risk scorewas a powerful independent predictor associatedwith
overall survival (P< 0.001, HR= 6.584, 95%CI= 2.719-15.946; P< 0.001, HR= 14.013, 95%CI= 2.874-68.332, respectively). Spearman corre-
lation show weak correlations between the three metabolism-related gene signatures in the TCGA-UVM cohort (E) and GSE22138 cohort
(F). A heatmap shows that the three metabolism-related gene signatures were upregulated in the high-risk group in the TCGA-UVM cohort
(G) and GSE22138 cohort (H).
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Figure 4. Prognostic evaluation performance of the predictionmodel. Kaplan-Meier curve of the training cohort (A) and validation cohort
(B). (C) Bar plot shows the mortality proportions in the high- and low-risk groups of the training cohort. (D) Dot plot displays patient status
distributions anddeath event occurrences in thehigh- and low-risk groupsof the training cohort. (E)Barplot shows themortality proportions
in the high- and low-risk groups of the validation cohort. (F) Dot plot displays patient status distributions and death event occurrences in
the high- and low-risk groups of the validation cohort. ROC analysis reveals the predictive efficiency of the optimized model in one-, three-,
and five-year survival probability in the training cohort (G) and validation cohort (H). (I) Calibration curve of the optimized model showed
satisfactory agreement between the predicted risk (black curve) and observed risk (red diagonal).
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Table 5. Improvement of the Predictive Power of the Optimized Model Compared With the Preliminary Model

Estimated Improvement (95% CI) P Value

Integrated discrimination improvement 32.40% (9.70%–50.60%) 0.007
Net reclassification index 54.90% (27.10%–71.20%) 0.007

(Fig. 3C) and multivariate (Fig. 3D) Cox regression
analyses (P < 0.001, HR = 6.584, 95% CI = 2.719-
15.946; P < 0.001, HR = 14.013, 95% CI = 2.874-
68.332, respectively).

In addition, Spearman correlation showed that
the correlations of the three metabolism-related
gene signatures in the two cohorts were all weak
(Figs. 3E, 3F), which met the requirement of establish-
ing a predictive model. Moreover, the expression of the
three metabolism-related gene signatures was upregu-
lated in the high-risk group in both the TCGA-UVM
and GSE22138 cohorts (Figs. 3G, 3H).

The Prediction Model Based on
Metabolism-Related Gene Signatures
Showed Strong Power in Prognostic
Evaluation

Kaplan-Meier survival analysis suggested that the
patients in the TCGA-UVM cohort in the high-risk
group had poorer overall survival than those in the low-
risk group (Fig. 4A,P< 0.001). As shown in Figure 4B,
none of the low-risk group patients in the GSE22138
cohort died during the follow-up period. Consistently,
significantly poorer overall survival was detected in the
high-risk group (P < 0.001). The mortality proportion
in the high-risk groupwas higher than those of the low-
risk group in the training cohort (35% vs. 6%, Fig. 4C)
and validation cohort (71% vs. 0%, Fig. 4E). Likewise,
patient status distribution showed that more death
events occurred in the high-risk groups of the training
cohort (Fig. 4D) and validation cohort (Fig. 4F).

Furthermore, the predictive power for one-,
three-, and five-year survival probability achieved
AUCs of 0.959, 0.825, and 0.944 in the training cohort
(Fig. 4G) and 0.899, 0.990, and 0.995 in the validation
cohort (Fig. 4H), indicating the promising prognostic
efficiency of the optimized model. The calibration
curve manifested satisfactory agreement between the
predicted risk and observed risk (Fig. 4I). As displayed
in Table 5, integrated discrimination improvement
suggested that the predictive power of the optimized
model was 32.40% higher than that of the preliminary
model (P = 0.0070), whereas the net reclassification
index indicated 54.90% improvement in the power of

the optimized model to correctly classify high- and
low-risk patients compared with the preliminary model
(P = 0.0070).

Nomogram and On-Line Calculator
Developed for the Established Model
Facilitate Prediction of Survival Probability

A nomogram was established to predict one-,
two-, three-, four-, and five-year overall survival proba-
bility using the variables for calculating the risk score,
including age, gender, M stage, and the expression of
CA12, ACSL3, and SYNJ2 (Fig. 5A). Each variable
was allocated points in accordance with its risk contri-
bution. We further developed an online calculator for
UM prognostic prediction which can be accessed at
https://keshi2021.shinyapps.io/dynnomapp/. Ophthal-
mologists and patients could also scan the QR code
in Figure 5B to access the website.

The interface of our web calculator, consisting of
two sections, is displayed in Figure 5C. The left input
section comprises the six variables of the optimized
model, and users can drag circular buttons or drop-
down boxes for parameter setting. In checking the
“Predicted survival at this follow-up,”users could select
different follow-up time points by dragging the circular
button. After clicking the “Predict” button, the right
output section shows the survival plot and predicted
probability, accompanied by 95% CI. The calculator
supports displaying multiple predictions on the same
plot. A reminder is required that after finishing the
prediction, the users need to click the “Quit” button on
the left lower position; otherwise, the next user might
encounter an error. In the case that users encounter
an error when predicting, they could click the “Quit”
button and reload the website.

GSEA Demonstrated Upregulation of
Metabolism-Related Pathways in the
High-Risk Groups

GSEA was performed between the high- and
low-risk groups in the two cohorts. We found that
the KEGG-Proteasome pathway and KEGG-ATP-
binding cassette transporter pathway were upregulated

https://keshi2021.shinyapps.io/dynnomapp/
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Figure 5. A nomogram and online calculator were developed for the prediction model. (A) The nomogram was established by using the
parameters of age, gender, M stage, and the expression of CA12, ACSL3, and SYNJ2. (B) QR code of our online calculator website to predict
the survival probability. (C) The user interface of the online calculator, including the input section on the left and output section on the right.
The forest plot on the right section displays multiple prediction results.

in the high-risk groups of both cohorts (Figs. 6A, 6B).
In addition to these two pathways, six metabolism-
related pathways were significantly upregulated in the
high-risk patients of the TCGA-UVM cohort, includ-
ing KEGG-glutathione metabolism, KEGG-galactose
metabolism, KEGG-amino sugar and nucleotide sugar

metabolism, KEGG-pyrimidine metabolism, KEGG-
glycerolipid metabolism, and KEGG-porphyrin and
chlorophyll metabolism (Fig. 6C), whereas the KEGG-
nicotinate and nicotinamide metabolism pathways
were significantly upregulated in the GSE22138 cohort
(Fig. 6D).
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Figure 6. The significantly enriched KEGG pathways in the high-risk group of the TCGA-UVM cohort and GSE22138 cohort determined
by GSEA. Common upregulated KEGG-Proteasome pathway and KEGG-ABC transporters pathway in the high-risk group of the TCGA-UVM
cohort (A) and GSE22138 cohort (B). (C) Six upregulatedmetabolism-related KEGG pathways in the TCGA-UVM cohort. (D) One upregulated
metabolism-related KEGG pathway in the GSE22138 cohort. ABC, ATP-binding cassette.

Discussion

UM is a worldwide intraocular malignancy that
is especially common in elderly individuals.16 UM
manifests a high mortality rate, and approximately
half of cases metastasize, mainly to the liver.1,17 Once
diagnosed with metastasis, the overall survival time
is as low as approximately one year.18 To date, no
proven treatment can improve overall survival for
UM patients. Metabolic process dysregulation is a
putative hallmark in the pathogenesis and progression
of tumors.19 Nevertheless, few studies have explored
the association betweenmetabolism-related gene signa-

tures and the risk and prognosis of UM with high-
throughput sequencing.20,21

In the present study, we systematically explored the
associations between metabolism-related gene signa-
tures in UM tissues and the overall survival of UM
patients from the TCGA database. After a series of
regression analyses, a novel prognostic model integrat-
ing three metabolism-related gene signatures and three
clinicopathological parameters was established and
validated in an external GEO cohort with promising
performance.

Three clinicopathological parameters, including
age, gender, and M stage, have been recognized as risk
factors for UM in previous publications.22,23 UM is
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rarely observed in children and teenagers but is more
commonly diagnosed in elderly people, with a gradual
increase in age-specific incidence that reaches a peak
at 70 years of age and a plateau after 75 years.22
A systematic review revealed that the age-adjusted
incidence rate of UM is higher in male patients than in
female patients.24 As mentioned above, the presence or
absence of metastasis is closely related to the prognosis
of UM patients. Therefore the inclusion of these three
clinical characteristics into our model was consistent
with the findings of these previous reports.

CA12, a member of the carbonic anhydrase family
of zinc metalloenzymes, catalyzes the reversible inter-
conversion between carbon dioxide and bicarbonate.25
The role of CA12 in tumorigenesis remains contro-
versial. Li et al.26 reported that upregulated CA12
expression was related to good prognosis of breast
cancer, whereas high expression of CA12 in glioblas-
toma predicted poor prognosis.27 In our study, the
HR value of CA12 was 1.1027 (Table 3; 95% CI:
1.0559-1.1517, P < 0.0001), indicating its risk factor
role in UM. ACSL3, an isozyme of the long-chain
fatty-acid-coenzyme A ligase family, plays a crucial
role in lipid and fatty acid metabolism.28 In non-
small cell lung cancer, ACSL3 was highly expressed
and promoted tumor cell proliferation, migration,
and invasion, thus identifying it as an unfavor-
able prognostic biomarker.29 Moreover, ACSL3 was
overexpressed in hepatocellular carcinoma and hepatic
gastrointestinal metastasis tissues as compared with
healthy controls.30 SYNJ2, a member of the inositol-
polyphosphate 5-phosphatase family, regulates various
critical cellular processes, includingmembrane traffick-
ing, nucleation of actin filaments, and the activity of
ion channels and transporters.31 Csolle et al.32 reported
that SYNJ2 was upregulated in breast cancer and
promoted cancer development via AKT-dependent
and AKT-independent mechanisms. In a case-control
study, SYNJ2 variants were suggested to play a crucial
role in the progression of colorectal cancer.33 However,
fewer studies have reported the correlation of these
three metabolism-related gene signatures with UM.
In our present work, the results of univariable and
LASSO Cox regression suggested the increased risk
effect of these three genes.

The risk score is a generally used approach for the
development of a valid signature. A series of valida-
tion analyses, including ROC andKaplan-Meier analy-
ses, indicated that the risk score of our model offers
the ability to accurately predict the prognosis of UM
patients. The calibration plot and discrimination analy-
sis demonstrated the excellent predictive performance
of the model, especially the C index value of 0.883
(Table 4; 95% CI: 0.841-0.926), suggesting the perfect

discrimination capacity of our model to distinguish
high- and low-risk patients.

Our newly established model offers some advan-
tages as compared with the existing UM prognos-
tic model34–38 (e.g., visualized nomograms and online
calculators facilitate informed treatment and manage-
ment decisions for ophthalmologists and patients).
Second, other models need to examine nine,34 10,35
22,36 or 1837 genes or five alternative splicing events,38
whereas only three genes were required for prediction
by using our model, thus enabling greater convenience
and speed. Third, calibration and discrimination analy-
ses were implemented to prove the predictive power of
our model and make it more accurate for prediction.

There are some limitations in this study. First, some
researchers have suggested that the latitude of the
patient’s country,39 skin color,40 occupational cookery
status,41 and radiation exposure42 would also be risk
factors for UM. However, we did not include these
metrics in the process of predictive model establish-
ment because this information was missing from the
available profiles. Second, our data were derived from
online public databases and have limitations such as
missing information of disease-free survival, as well
as insufficient sample size, which limits the scope of
the model. For example, the minimum age of patients
for which our nomogram and web calculator were
applicable was 22 years old. Third, this study requires
eyeball samples that were obtained from enucleation
surgery. Patients of T1 stage and clinical stage І were
not included because enucleation surgery were not
suitable for these patients with relative early stage of the
tumor.

In conclusion, we established and validated a novel
prognostic model for the survival prediction of UM
patients, facilitating ophthalmologists and patients to
accurately evaluate the personalized survival probabil-
ity of UM patients and distinguish high-risk individu-
als who might need more frequent follow-up strategies.
These three metabolism-related genes could serve as
potential biomarkers and therapeutic targets for UM.
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