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Background: Hepatocellular carcinoma (HCC) is a malignancy with a bleak prognosis. Although emerging 
research increasingly supports the involvement of chromatin regulators (CRs) in cancer development, CRs 
in HCC patients have not received proportionate attention. This study aimed to investigate the role and 
prognostic significance of CRs in HCC patients, providing new insights for clinical diagnosis and treatment 
strategies. 
Methods: We analyzed 424 samples in The Cancer Genome Atlas-Liver hepatocellular carcinoma 
(TCGA-LIHC) data to identify key CR genes associated with HCC prognosis by differential expression 
and univariate Cox regression analyses. LASSO-multivariate Cox regression method was used for 
construction of a prognostic signature and development of a CR-related prognosis model. The prognosis 
capacity of the model was evaluated via Kaplan-Meier method. Relationship between the model and tumor 
microenvironment (TME) was evaluated. Additionally, clinical variables and the model were incorporated 
to create a nomogram. The role of the prognostic gene MRG-binding protein (MRGBP) in HCC was 
elucidated by immunohistochemistry and semiquantitative analysis.
Results: A risk score model, comprising B-lymphoma Mo-MLV insertion region 1 (BMI1), chromobox 2  
(CBX2), and MRGBP, was constructed. The area under the curve (AUC) of the CR-based signature is 
0.698 (P<0.05), exhibiting robust predictive power. Functional and pathway analyses illuminated the 
biological relevance of these genes. Immune microenvironment analysis suggested potential implications for 
immunotherapy. Drug sensitivity analysis identified agents for targeted treatment. Clinical samples show that 
MRGBP is highly expressed in HCC tissues.
Conclusions: This CR-based signature shows promise as a valuable prognostic tool for HCC patients. 
It demonstrates predictive capabilities, independence from other clinical factors, and potential clinical 
applicability. In addition, we need more experiments to validate our findings. These findings offer insights 
into HCC prognosis and treatment, with implications for personalized medicine and improved patient 
outcomes.
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Introduction

Hepatocellular carcinoma (HCC) is the most prevalent 
primary hepatic neoplasm, constituting 75–85% of all 
primary liver tumors and ranking as the fifth most common 
cancer worldwide. It is also the third leading cause of 
cancer-related deaths globally with approximately 830,000 
deaths reported by WHO in 2020 (1). HCC exhibits 
notable gender disparities, with men experiencing 2–3 times 
higher morbidity and mortality rates than women (2). 
Despite substantial progress in diagnostic and therapeutic 
modalities, including surgical intervention, transarterial 
chemoembolization (TACE), targeted therapies, and 
immunotherapy, the overall survival (OS) rate for advanced 
HCC patients remains suboptimal (3). Accumulating 
evidence suggests that multiple gene expression profiles are 
pivotal in risk stratification and prognostic prediction for 
cancer patients (4-6). For example, Chen et.al. identified 
anoikis-related subgroups and prognostic genes in HCC (7).  
Wang and colleagues latest study suggested that new 
biomarkers related to disulfidptosis can be used in clinical 
diagnosis of liver cancer to predict prognosis and treatment 
targets (8). Ji et al. found that EIF2S2 plays a crucial role in 
the gene-regulating network of HCC and may be a potential 
prognostic marker or therapeutic target for HCC patients (9).  
Luan and colleagues concluded that transcription factor 
EHF can influence recruitment of neutrophils by mediating 

the transcription of FGD6 which may contribute to 
immunotherapy in HCC (10). Lim et al. reported that the 
dual role of EPHB2 as a cell surface marker and regulator 
of cancer stemness underscores the importance for future 
development of specific EPHB2 inhibitors or targeted 
therapies for potential clinical applications (11). In a related 
investigation, Chen identified a new cuproptosis-related 
gene signature that could predict the prognosis of HCC 
patients (12). Therefore, evaluation of HCC genomics 
based on specific genes may have significant value for 
predicting the prognosis and immunotherapy response.

Chromatin regulators (CRs) play a pivotal role in 
instigating epigenetic changes, considered among the 
most crucial features of malignancies. Serving as essential 
regulatory components in epigenetics (13), CRs function 
as master controllers of gene transcription in normal 
cells by overseeing histone modifications and chromatin  
remodeling (14). Their roles in epigenetics classify CRs into 
3 primary groups: DNA methylators, histone modifiers, 
and chromatin remodelers (15). Despite their functional 
categorization, these groups intricately interrelate in 
biological processes (BPs). Studies have indicated that 
aberrant expressions of CRs are associated with various 
biological functions, including inflammation (16), 
apoptosis (17), autophagy (18), and proliferation (19). 
This implies that the deregulation of CRs may contribute 
to the development of various diseases, including cancer. 
Abnormal expression of CRs has indeed been established 
and linked to diverse outcomes in cancer (20). There are 
various prediction models of other cancer types based on 
the CR-related genes which can predict prognosis and 
treatment effect.

Unfortunately, the connection between CRs and 
HCC has been underexplored in the previous literature. 
A comprehensive exploration of their roles is essential to 
advance our understanding of CRs in unraveling the biology 
of HCC and lay the foundation for future investigations. Our 
study fills this gap by presenting a comprehensive analysis 
of the CR signature in HCC and explore its implications in 
HCC prognosis. Through this, we aimed to illuminate the 
molecular foundations of HCC, providing new insights for 
clinical diagnosis and treatment strategies. This study presents 
a detailed analysis of a CR-based signature designed to predict 
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HCC prognosis and assess its potential clinical relevance. Our 
investigation encompasses examining immune profiles and 
the mutational landscape, culminating in developing a CR-
related risk score model for HCC. We hypothesize that this 
model will aid in prognostic assessment and predict responses 
to both immunotherapy and chemotherapy.

Moreover, we construct an integrated scoring nomogram 
to refine prognostic stratification, enhancing predictive 
accuracy for individual patients. Finally, to validate our 
findings, we conducted immunohistochemistry (IHC) and 
semiquantitative analysis to assess the expression of MRG-
binding protein (MRGBP). This comprehensive approach 
aims to provide a holistic understanding of CRs in the 
context of HCC, offering valuable insights for research 
and potential clinical applications (Figure 1). We present 
this article in accordance with the TRIPOD reporting 
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-23-996/rc).

Methods

Acquisition of data source and preconditioning

We obtained RNA-seq data and matched clinical data from 
The Cancer Genome Atlas of liver hepatocellular carcinoma 

(TCGA-LIHC) through the TCGA website (https://
portal.gdc.cancer.gov/). We collected long non-coding 
RNA (lncRNA) and messenger RNA (mRNA) expression 
values as well as clinical data from 424 samples, including 
374 malignancy samples and 50 normal samples. After 
removing samples with unknown survival status or time, 
376 HCC cases remained with clinical data. Ultimately, we 
compiled data from 370 samples that included both survival 
information and mRNA expression. TCGA data was divided 
into the training and testing groups (1:1 ratio). Using 
training group, risk score for the survivals of patients with 
HCC was established, and various analysis were performed 
based on the risk score. Furthermore, IHC for MRGBP 
which was the most significant predictor for survival was 
performed using 180 HCC samples in the independent 
cohort in order to show the upregulation in HCC. We 
identified 424 cancer-related genes impacting HCC patients 
from the FACER database (http://bio-bigdata.hrbmu.edu.
cn/FACER/). Subsequently, mRNA expression profiles 
were standardized using the appropriate R package (The R 
Foundation for Statistical Computing, Vienna, Austria).

Differential analysis

Differential expression analysis was conducted using the 

Hepatocellular carcinoma Differentially expressed CRs

Function enrichment analysis

Prognosis signature

Tumor microenvironment

Drug sensitivity analysis

Biological functions

Tumor mutation burden

Immune function

Tumor immune dysfunction and exclusion

Figure 1 Workflow of this study. CRs, chromatin regulators.
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limma package in R software. Genes with |logFC| >1 
and false discovery rate (FDR) <0.01 were identified as 
differentially expressed genes (DEGs). We explored up- and 
down-regulated genes and identified differentially expressed 
cancer-related genes (DECRs) in HCC by intersecting 
them with cancer-related genes.

Screening and construction of a prognostic CR-related 
model 

The expression levels, survival time, and survival status 
of the aforementioned DECRs were compiled across 370 
samples. Using the “caret” R package, the samples were 
randomly and evenly partitioned into a training group and 
a testing group. Subsequently, various clinical traits of the 2 
groups were examined for significant differences.

First, we performed univariate Cox regression analysis 
with a significant P value <0.05 to obtain candidate DECRs 
in the training group. Then, least absolute shrinkage and 
selection operator (LASSO) regression was performed on 
these DECRs to further remove the less relevant DECRs, 
and finally multivariate Cox regression was performed with 
the selected DECRs to build a risk score model.

The risk score for each sample is calculated as: 

1
Risk score n

i
Coefi xi

=
= ×∑ . Coef indicates the coefficient value, 

and x indicates the expression level of selected DECRs.

The predictive ability of the prognostic model and 
validation of the model

By using the “survival” R package, univariate and 
multivariate independent prognostic analyses were used to 
plot the model with other clinical traits in forest plots and 
examine P values to evaluate whether the model could be 
used as a predictor independent of other clinical traits.

Sample risk scores were ranked from low to high; risk 
scores, survival, and DECRs expression in the risk model 
were visualized, and samples were divided into high-risk 
and low-risk groups using the median. Receiver operating 
characteristic (ROC) curves at 1, 3, and 5 years were 
drawn to observe the predictive effect of the model on the 
prognosis of HCC patients, and concordance index (C-index) 
curves were drawn to compare the accuracy of this model in 
predicting the prognosis with other clinical traits. 

To evaluate the prognostic value of the model in HCC 
patients, we analyzed the OS and progression-free survival 
(PFS) of the high- and low-risk samples by Kaplan-Meier 
analysis to observe whether there were differences between 

the high- and low-risk groups.
We integrated the risk formula score with demographic 

and clinical variables such as age, gender, stage, grade, 
and tumor-node-metastasis (TNM) stage to formulate a 
nomogram capable of predicting the 1-, 3-, and 5-year 
survival probabilities for HCC patients. Subsequently, we 
validated its accuracy by comparing the actual survival status 
with the predicted outcomes.

Functional enrichment analyses and gene set enrichment 
analysis (GSEA)

We performed Gene Ontology (GO) functional enrichment 
analysis on DECRs. By using the ‘org.Hs.eg.db’ R package, 
we converted gene names to gene id. Then, we performed 
enrichment analysis to obtain the gene set enrichment 
results. The top 6 results in BP, cellular components (CC), 
and molecular function (MF) were used to draw the GO 
circle diagram. Statistical significance was determined by P 
value <0.05 and FDR <0.05 during the process.

DECRs were subjected to Kyoto Encyclopedia of 
Genes and Genomes (KEGG) functional enrichment 
analysis. Similar to GO functional enrichment analysis, 
the ‘clusterProfiler’ R package was used to obtain results 
for gene set enrichment. The most significant 30 pathways 
were plotted as histograms. Statistical significance was 
determined by P value <0.05 and FDR <0.25 during the 
process.

For GSEA, we ranked DECRs in order of high to 
low expression, combined with channel-related gene 
sets downloaded from the GSEA database. The 5 most 
significantly enriched pathways in the high- and low-risk 
groups were visualized.

Tumor immune microenvironment analysis

Combined with gene expression in various immune cells 
and each sample, the ‘CIBERSORT’ R package was called 
to calculate the relative content of immune cells in these 
samples. Samples with insufficient accuracy were removed 
at P<0.05, and differential analysis was performed in 
the remaining samples to observe the differences in the 
contents of different types of immune cells between high- 
and low-risk groups. Then ‘GSVA’ and ‘GSEABase’ 
R packages were called for single sample gene set 
enrichment analysis (ssGSEA) to observe which immune-
related functions were different in the high- and low-risk 
groups.
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Tumor mutation burden (TMB) and tumor immune 
dysfunction and exclusion (TIDE)

The gene mutation data were stratified into 2 groups based 
on the risk score model to examine the differences in gene 
mutations between the high- and low-risk groups. The 
findings were visualized using the ‘maftools’ R package.

All samples were divided into 2 groups according to 
the level of TMB for survival analysis to observe whether 
there was a difference in OS between the 2 groups of 
samples, and then the samples were divided into 4 groups 
for survival analysis according to the combined risk score of 
tumor mutation load to observe whether there was an OS 
difference.

The expression level of the uploaded gene in each 
sample was used to obtain the TIDE score of each sample 
in http://tide.dfci.harvard.edu/, so as to compare whether 
there was a difference in the potential of immune escape 
between the high- and low-risk groups. Then, we could 
predict the efficacy of immunotherapy for samples at 
different risks.

Drug sensitivity analysis

In addition to immunotherapy, we can observe the 
difference in the efficacy of traditional chemotherapeutic 
drugs for HCC between high- and low-risk groups using 
the ‘oncoPredict’ R package (P<0.001) in order to guide 
targeted medication for patients of different risks.

Tissue sampling and clinical data

HCC and adjacent tumor tissues (>2 cm) were procured 
from patients who underwent radical surgical resection 
of HCC at the Department of Hepatobiliary Pancreatic 
Splenic Surgery, Affiliated Hospital of Nantong University, 
Jiangsu Province, China, during the period from January 
2013 to June 2020. Fresh tissues were carefully aliquoted 
and stored at −80 ℃ for subsequent total protein and 
RNA extraction. Formalin-fixed tissues were preserved 
at −4 ℃ for the construction of tissue microarrays. A 
rigorous histopathological examination conducted by two 
experienced pathologists confirmed the identity of all 
specimens as HCC.

Patient-related data, encompassing age, gender, earliest 
diagnosed date, survival time, survival status, and TNM 
staging, were extracted from the hospital’s information 
system. Exclusion criteria were applied to eliminate patients 

with Class C Child-Pugh scores, positive surgical margins, 
preoperative interventions, history of radiotherapy, 
chemotherapy, targeted therapy, immunotherapy, or 
incomplete clinical data. Follow-up data were meticulously 
collected to document postoperative survival.

IHC was performed on 180 pairs of HCC and adjacent 
tumor tissues (see Table S1). The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). All samples were acquired with informed consent 
from the patients, and the study protocol received approval 
from the Ethics Committee of the Affiliated Hospital of 
Nantong University (No. 2019-K021).

IHC and semiquantitative analysis

Diluted MRGBP polyclonal antibodies were evenly applied 
to a tissue chip containing 180 pairs of HCC tissues and 
adjacent tumor liver tissues. Subsequently, the chip was 
incubated overnight in a moisture chamber at 4 ℃. The 
corresponding secondary antibodies were uniformly added 
to the tissue chip, followed by a 30-minute incubation at 
room temperature. We captured 3 representative images 
from each sample using a microscope and subjected to 
double-blind analysis by 2 senior pathologists, both blinded 
to patient clinical outcomes.

The H-score was determined based on the intensity 
of nuclear staining and the proportion of labeled tumor  
cells (21). Briefly, nuclear staining intensity was graded 
as 0 (no staining), 1 (weak), 2 (moderate), 3 (strong), and 
employed in the following formula: (% of positive cells, 
intensity 3 × 3) + (% of positive cells, intensity 2 × 2) + (% 
of positive cells, intensity 1 × 1) = H-score.

Statistical analysis

All statistical analyses were conducted using R software 
(version 4.3.0). A significance level of P<0.05 was adopted 
unless explicitly indicated otherwise. The Wilcoxon test 
or Student’s t-test was employed for evaluating differences 
between 2 groups. Kaplan-Meier survival analysis was 
performed, and the log-rank test was utilized to compare 
the survival times among different groups.

Results

Establishment of CR‑based signature

Through differential expression analysis, we obtained 214 

https://jgo.amegroups.com/article/view/10.21037/jgo-23-996/rc
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DEGs, of which 3 were down-regulated and 211 were up-
regulated in the TCGA-LIHC dataset. The top 50 DECRs 
with the most significant differences are illustrated in Figure 
2A. To assess the prognostic value of CRs, univariate Cox 

regression analysis was conducted on these deregulated 
DECRs, identifying 115 of them with prognostic 
significance (Figure S1). Subsequently, LASSO Cox 
regression analysis was employed to construct a prognostic 

Group
ACTA1 
ACTL6B 
AIRE 
DPF1 
CBX2 
DNMT3B 
BAHCC1 
ARID2 
CHD7 
BAG6 
CBX3 
BAP1 
DAXX 
CBX6 
CHD3 
CHD4 
ACTR5 
CBX8 
ASXL2 
BPTF 
ATAT1 
DNMT3A 
BRD9 
CDYL 
DPF2 
DNMT1 
DOT1L 
BRPF1 
CHD8 
CBX5 
BRD3 
ARID4B 
ASH1L 
CBX4 
CHRAC1 
CXXC1 
DHX30 
CBX1 
BMI1 
ADNP 
BAZ1B 
ATAD2 
DMAP1 
BRD8 
BAZ2A 
ASXL1 
DIDO1 
BRPF3 
ACTL6A 
CARM1

8

6

4

2

0

Group
N
T

1.0

0.5

0.0

−0.5

C
oe

ffi
ci

en
ts

−4.5      −4.0      −3.5      −3.0      −2.5      −2.0
Log, λ

58          38          18           9            9            5

13.5

13.0

12.5

12.0

11.5

11.0

10.5

P
ar

tia
l l

ik
el

ih
oo

d 
de

vi
an

ce

−4.5      −4.0      −3.5      −3.0      −2.5      −2.0
Log, λ

58 49 44 35 25  18 11 10  9   9    9   8   6   5   2   0

A

B C

Figure 2 Screening of key CRs genes and construction of risk model. (A) Heatmap showed 50 CRs with the most differential expression. 
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regulators; LASSO, least absolute shrinkage and selection operator.
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Table 1 Genes in the prognostic signatures of the risk model

Gene symbol Full name Risk coefficient

BMI1 B-lymphoma Mo-MLV insertion region 1 0.427156094892787

CBX2 Chromobox homolog 2 0.236588727370792

MRGBP Mortality factor on chromosome 4-related gene-binding protein 0.674398457243853

signature for HCC patients (Figure 2B,2C). The resulting 
risk model effectively comprised 3 genes (BMI1, CBX2, and 
MRGBP), as outlined in Table 1.

The calculation of the risk score utilized the pertinent 
coefficients from the 3 DECRs, following the formula: 
risk score = (0.427 × BMI1 expression) + (0.237 × CBX2 
expression) + (0.674× MRGBP expression).

Differential analysis of diverse clinical traits within the 
training and testing groups, obtained through equal scoring, 
revealed P values >0.05 for age, gender, stage, grade, and 
TNM stage differences between the 2 groups, indicating 
no significant distinctions (Table 2). Utilizing this grouping, 
3 cohorts were employed to evaluate and validate the 
prognostic value of the model in this study, comprising the 
training group (N=185), the testing group (N=185), and the 
overall group (N=370).

Validation of CR‑based signature

The Kaplan-Meier survival curves for all groups are 
presented in Figure 3A-3F, revealing that patients with a 
high-risk score tended to exhibit lower survival probabilities 
and experienced earlier mortality (or metastasis) compared 
to those with a low-risk score. The area under the curve 
(AUC) values for the remaining dataset exceeded 0.65, with 
the exception of the 5-year AUC values, which were 0.604 
for the testing group (Figure 3G-3I). These findings indicate 
that our risk model demonstrates a robust predictive effect 
on the prognosis of HCC patients.

In the 3-year ROC curves, the AUC values for risk scores 
surpassed those for other clinical traits, suggesting that the 
utilization of risk scores provides a more accurate prediction 
of the survival of HCC patients compared to other clinical 
traits (Figure 3J,3K).

Both univariate and multivariate independent prognostic 
analyses showed P<0.05, indicating that the model can be 
used as a predictive tool independent of other clinical traits 
(Figure 3L,3M).

To predict the 1-, 3-, and 5-year survival probabilities 
for each sample, we constructed a nomogram containing 

various clinical traits and risk scores (Figure 3N). A higher 
score means a lower probability of survival. For example, 
a patient with HCC who scored 392 had a 1-year survival 
rate of 0.929, a 3-year survival rate of 0.861, and a 5-year 
survival rate of 0.81. Calibration images showed that 
nomograms predicted 1-, 3-, and 5-year OS were in good 
agreement with actual values and accuracy (Figure 3O).

In summary, this risk model has been validated as a tool 
to predict prognosis.

Functional enrichment analyses and GSEA

The top 6 with the highest significance among the GO 
enrichment analysis results were selected and integrated 
into a circle diagram (Figure 4A). As can be seen in the 
Figure 4A, in BP, these DECRs were mainly involved in 
these biological functions such as nuclear division, organelle 
fission, mitotic nuclear division, chromosome segregation, 
nuclear chromosome segregation, and sister chromatid 
segregation; in CC, cell components such as chromosomal 
region, chromosome, centromeric region, condensed 
chromosome, the CDC45/RecJ, MCM, GINS (CMG) 
complex, and DNA replication preinitiation complex were 
involved; in MF, these risk DEGs were mainly involved in 
MFs such as single-stranded DNA helicase activity, tubulin 
binding, microtubule binding, DNA helicase activity, ATP-
dependent activity acting on DNA, and catalytic activity 
acting on DNA.

KEGG pathway analysis showed these DECRs were 
significantly associated with cell cycle pathways, DNA 
replication, extracellular matrix (ECM)-receptor interaction, 
and protein digestion and absorption (Figure 4B).

Via GSEA, we noted enrichments in cell  cycle, 
cytokine receptor interaction, ECM receptor interaction, 
hematopoietic cell lineage, and neuroactive ligand receptor 
interaction in the high-risk group. Conversely, the low-
risk group exhibited enrichments in drug metabolism 
cytochrome P450, fatty acid metabolism, glycine serine and 
threonine metabolism, primary bile acid biosynthesis, and 
retinol metabolism (Figure 4C,4D).
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Table 2 Statistical analysis of clinical features of a randomized grouping of TCGA dataset

Covariates Total group, n (%) Testing group, n (%) Training group, n (%) P value

Age 0.5909

≤65 years 232 (62.7) 119 (64.32) 113 (61.08)

>65 years 138 (37.3) 66 (35.68) 72 (38.92)

Gender 0.8246

Female 121 (32.7) 59 (31.89) 62 (33.51)

Male 249 (67.3) 126 (68.11) 123 (66.49)

Grade 0.0771

G1 55 (14.86) 23 (12.43) 32 (17.3)

G2 177 (47.84) 87 (47.03) 90 (48.65)

G3 121 (32.7) 61 (32.97) 60 (32.43)

G4 12 (3.24) 10 (5.41) 2 (1.08)

Unknown 5 (1.35) 4 (2.16) 1 (0.54)

Stage 0.8315

Stage I 171 (46.22) 82 (44.32) 89 (48.11)

Stage II 85 (22.97) 45 (24.32) 40 (21.62)

Stage III 85 (22.97) 44 (23.78) 41 (22.16)

Stage IV 5 (1.35) 3 (1.62) 2 (1.08)

Unknown 24 (6.49) 11 (5.95) 13 (7.03)

T 0.164

T1 181 (48.92) 87 (47.03) 94 (50.81)

T2 93 (25.14) 51 (27.57) 42 (22.7)

T3 80 (21.62) 42 (22.7) 38 (20.54)

T4 13 (3.51) 3 (1.62) 10 (5.41)

Unknown 3 (0.81) 2 (1.08) 1 (0.54)

M >0.99

M0 266 (71.89) 134 (72.43) 132 (71.35)

M1 4 (1.08) 2 (1.08) 2 (1.08)

Unknown 100 (27.03) 49 (26.49) 51 (27.57)

N >0.99

N0 252 (68.11) 128 (69.19) 124 (67.03)

N1 4 (1.08) 2 (1.08) 2 (1.08)

Unknown 114 (30.81) 55 (29.73) 59 (31.89)

TCGA, The Cancer Genome Atlas.
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Figure 3 Evaluation risk model. (A-C) OS of the high- and low-risk samples; (D-F) PFS of the high- and low-risk samples; (G-I) ROC curves at 
1-, 3-, and 5-year; (J) comparison of ROC curves for various clinical traits to risk models; (K) comparison of C-index curves for various clinical 
traits to risk models; (L) univariate independent prognostic analysis to assess the risk model; (M) multivariate independent prognostic analysis 
to assess the risk model; (N) nomogram containing various clinical traits and risk scores. ***, P<0.001; (O) calibration images of predicted versus 
actual values. OS, overall survival; PFS, progression-free survival; ROC, receiver operating characteristic; C-index, concordance index; AUC, 
area under the curve; CI, confidence interval.
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Figure 4 Functional enrichment analysis of differential genes. (A) GO circle diagram of DEGs; (B) histogram of KEGG functional 
enrichment analysis; (C) enriched gene sets in the high-risk group; (D) enriched gene sets in the low-risk group. GO, Gene Ontology; 
DEGs, differentially expressed genes; KEGG, Kyoto Encyclopedia of Genes and Genomes.

Tumor immune microenvironment analysis

After selecting eligible samples, their relative immune 
cell content was visualized and analyzed for differences. It 
could be observed that monocytes were significantly more 
frequent in low-risk samples than in high-risk samples, 
whereas macrophages M0 cells were significantly more 
frequent in high-risk samples than in low-risk samples 
(Figure 5A). Among various immune-related functions, B 
cells, cytolytic activity, mast cells, neutrophils, NK cells, T 
helper cells, type I interferon (IFN) response, and type II 
IFN response were significantly active in the low-risk group 
compared with the high-risk group; activated dendritic 
cells (aDCs), antigen-presenting cell (APC) co stimulation, 
macrophages, major histocompatibility complex (MHC) 

class I, T follicular helper (Tfh), and tumor-infiltrating 
lymphocyte (TIL) was significantly active in the high-risk 
group compared with the low-risk group (Figure 5B).

TMB and TIDE

TMB analysis of samples from the high- and low-risk 
groups showed that the gene tp53 had the most mutations 
in samples from the high-risk group whereas the gene 
CTNNB1 had the most mutations in samples from the low-
risk group. Missense mutations were the most frequent 
mutation type in most of the mutated genes in both groups 
(Figure 6A).

At the same time point, significantly fewer samples 
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survived in the high TMB group than in the low TMB 
group. In the 4 groups that combined the TMB with the 
risk model score to divide the samples, it could be observed 
that the low TMB + low risk group was located at the top 
of the graph whereas the high TMB + high risk group was 
located at the bottom of the graph meaning that they had 

the best and worst prognosis, respectively (Figure 6B,6C).
A notable distinction in TIDE scores was observed 

between the high- and low-risk groups, with the low-risk 
group exhibiting lower TIDE scores. This suggests that 
individuals with low-risk HCC may experience enhanced 
effectiveness with immunotherapy (Figure 6D).
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Figure 5 Tumor immune microenvironment analysis. (A) Relative immune cell content of eligible samples; (B) comparison of immune-
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Drug sensitivity analysis

The results showed that PF-4708671, JQ1, ribociclib, and 
SB505124 could obtain better efficacy in the treatment 
of high-risk group samples, whereas taselisib, ipatasertib, 

GDC0810, cediranib, and 5-fluorouracil could obtain better 
efficacy in the treatment of low-risk group samples. These 
findings are conducive to the development of accurate 
treatment plans for high- and low-risk groups, respectively 
(Figure 7).
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MRGBP is highly expressed and predicts poor prognosis  
in HCC

When considering all signature genes, MRGBP emerged 
as the most significant predictor of survival in multivariate 
Cox regression analysis due to its expression level and risk 
coefficient. It is located in nucleoplasm. Subsequently, 
we delved deeper into the mRNA expression levels 
and prognostic implications of MRGBP, revealing its 
upregulation in HCC tissues compared to normal tissues 

and its association with a shorter OS (Figure 8A,8B). 
IHC was employed to assess MRGBP expression in tissue 
chips, encompassing 180 pairs of HCC tissues and their 
corresponding tumor-adjacent liver tissues. Noticeably, the 
expression of MRGBP exhibited marked differences between 
HCC and tumor-adjacent liver tissues (Figure 8C). Across 
the 180 pairs of tissue sections in our study, the disparities 
in MRGBP expression in HCC tissues and tumor-adjacent 
liver tissues were statistically significant, further indicating 
an association with poor prognosis in HCC (Figure 8D).

7.5

5.0

2.5

0.0

JQ
1 

se
ns

iti
vi

ty

HighLow

P<2.22e–16

Risk

8

6

4

2

S
B

50
51

24
 s

en
si

tiv
ity

HighLow

P<2.22e–16

Risk

7

6

5R
ib

oc
ic

lib
 s

en
si

tiv
ity

HighLow

8e–13

Risk

8

6

4

2

0

Ta
se

lis
ib

 s
en

si
tiv

ity

HighLow

4.5e–12

Risk

10.0

7.5

5.0

2.5

0.0

Ip
at

as
er

tib
 s

en
si

tiv
ity

HighLow

1.5e–13

Risk

10

8

6

4G
D

C
08

10
 s

en
si

tiv
ity

HighLow

P<2.22e–16

Risk

6

4

2

0

C
ed

ira
ni

b 
se

ns
iti

vi
ty

HighLow

8e–10

Risk

12.5

10.0

7.5

5.0

2.5

0.0

5-
flu

or
ou

ra
ci

l s
en

si
tiv

ity

HighLow

2e–10

Risk

9

6

3P
F-

47
08

67
1 

se
ns

iti
vi

ty

HighLow

P<2.22e–16

Risk

A B C

D E F

G H I

Figure 7 Prediction of differential chemotherapy drug sensitivity between high- and low-risk groups.
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Figure 8 MRGBP is highly expressed and predicts poor prognosis in HCC. (A) Differential expression of MRGBP in TCGA database. 
****, P<0.0001. (B) OS of MRGBP in TCGA database; (C) representative immunostaining images of MRGBP in HCC tissues (×20); (D) 
Kaplan-Meier curves for OS of HCC patients according to the expression of MRGBP. HCC, hepatocellular carcinoma; TCGA, The Cancer 
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Discussion

The discovery of novel risk factors plays a crucial role in 
enhancing the diagnosis and prognosis of HCC, aiding 
healthcare professionals in assessing patient risk and 
tailoring personalized treatment strategies. In recent times, 
there has been a continuous evolution in the exploration of 
diagnostic and prognostic markers for HCC, paralleling the 
progress in information technology. For example, Shen et al.  
revealed that recognizing MITD1 as a novel biomarker 
for HCC could offer insights into how alterations in 
cytokinesis and the immune milieu contribute to the 
development of liver cancer (22). Upon more in-depth 
analysis, MITD1 could be a prognostic indicator for human 
HCC. Subsequently, Xiang et al. identified 3 pivotal genes 
(CASKIN1, EMR3, and GBP5) through screening mRNA-
seq sequencing data and establishing a stem cell index 
derived from TCGA-LIHC mRNA profiles (23).

Nonetheless, dependable clinical diagnostic and 
prognostic biomarkers are required to be substantiated 
by data for HCC. Despite numerous studies illustrating 
the diverse roles of CRs in tumor progression (24-26),  
only a l imited number have undertaken thorough 
examinations of their clinical relevance in HCC. As integral 
components of the epigenetic machinery, CRs regulate the 
transcriptional process of substantial cell genes, including 
oncogenes. Consequently, alterations in their activity 
wield profound influence over the overarching landscape 
of genetic expression and the intricate signaling networks 
that underpin cellular health. This regulatory paradigm 
significantly potentiates the proliferative capabilities of 
oncogenes, thereby laying the groundwork for the eventual 
onset of oncogenesis. Therefore, it is essential to conduct 
studies targeting HCC based on CRs.

In this study, we initially explored the TCGA database 
to identify CRs that exhibited differential expression in 214 
HCC tissues compared to normal liver tissues. Subsequently, 
we developed a CR-based signature by conducting a 
thorough investigation of the biological pathways associated 
with these 214 DECRs. These DECRs were meticulously 
selected based on their biological significance, leading to 
the creation of a risk model centered around 3 key genes: 
BMI1, CBX2, and MRGBP. Our risk model demonstrated 
promising predictive capabilities for HCC patient 
prognosis, as evidenced by Kaplan-Meier survival curves 
and ROC curve analysis. Consistently, the results indicated 
that patients with higher risk scores experienced poorer 
survival outcomes, highlighting the potential utility of this 

signature as a prognostic tool. Importantly, the risk model’s 
effectiveness was further affirmed by its independence from 
other clinical traits, as demonstrated in both univariate and 
multivariate independent prognostic analyses.

Furthermore, we constructed a nomogram to predict 1-, 
3-, and 5-year survival probabilities for individual patients, 
providing a practical tool for clinicians to assess and 
communicate prognosis. Additionally, our GSEA unveiled 
distinct molecular pathways enriched in high- and low-risk 
groups, offering valuable insights into potential therapeutic 
targets and mechanisms underlying HCC progression.

Tumor immune microenvironment analysis revealed 
intriguing disparities in immune cell composition and 
activity between high- and low-risk groups. Notably, 
monocytes were more prevalent in low-risk samples, 
whereas macrophages M0 were more abundant in high-risk 
samples. These findings underscore the complex interplay 
between the CR-based signature and the immune response 
in HCC.

TMB analysis suggested a correlation between genetic 
mutations and risk groups, with specific genes displaying 
varying mutation patterns. Significantly, the combined 
assessment of TMB and the risk model allowed for the 
identification of distinct patient subgroups with markedly 
different survival outcomes. Furthermore, the lower TIDE 
scores in the low-risk group suggest the potential for 
enhanced immunotherapy efficacy in this subgroup.

Lastly, our drug sensitivity analysis identified specific 
chemotherapeutic agents that may be more effective in 
high- or low-risk groups, thereby offering personalized 
treatment options based on the CR-based signature.

Our risk model comprised 3 genes: BMI1, CBX2, and 
MRGBP. These genes have been repeatedly implicated 
in prior studies for their roles in tumorigenesis. BMI1 
is a recognized proto-oncogene that contributes to the 
initiation and progression of various malignancies. In the 
context of HCC, BMI1 exhibits upregulated expression. It 
influences HCC development through diverse mechanisms, 
including its impact on the INK4a/ARF locus, involvement 
in the NF-κB signaling pathway, and modulation of the 
PTEN/PI3K/AKT signaling pathway (27-31). Moreover, 
BMI1 expression has been found to be closely associated 
with both HCC prognosis and recurrence (32). CBX2, a 
member of the chromobox family of proteins, is a pivotal 
component of the polycomb group complex. Previous 
investigations have revealed the involvement of CBX2 in 
the development and progression of several cancers, such as 
breast cancer (33), lung adenocarcinoma (34), and gastric 
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cancer (35). Notably, a study conducted by Mao and Tian 
have shown that the knockdown of CBX2 expression in 
HCC cells resulted in increased HCC cell apoptosis, 
suppressed HCC cell proliferation, and enhanced YAP 
phosphorylation, both in vitro and in vivo (36). Xu found 
that CBX2-mediated suppression of SIAH2 triggers WNK1 
accumulations to promote glycolysis in HCC (37). This 
suggests that CBX2 holds potential as a therapeutic target 
for HCC treatment. MRGBP is a transcription factor 
with widespread involvement in various physiological and 
pathological processes. Multiple studies have explored the 
relationship between MRGBP expression levels and the 
prognosis of various malignant tumors. MRGBP amplification 
is frequently observed in numerous cancer types, including 
lung (38), head and neck squamous cell carcinoma (39), 
prostate (40), and pancreatic cancers (41). Huang’s 
research revealed a correlation between elevated MRGBP 
expression, cancer advancement, diminished survival rates, 
and heightened levels of immune infiltration in HCC. This 
indicates that MRGBP could be a novel prognostic biomarker 
associated with immune infiltrates (42). In our investigation, 
IHC experiments confirmed that MRGBP stimulates the 
malignant progression of HCC. These results align with the 
findings from bioinformatic analyses and Huang’s study.

This comprehensive investigation provides valuable 
insights into the clinical significance of CRs in HCC and 
underscores the potential for personalized therapeutic 
approaches and improved patient outcomes.

Furthermore, to gain a comprehensive understanding of 
the mechanisms through which CRs influence the biological 
behavior of HCC cells, additional experimental validation 
is crucial. Future studies should aim to elucidate the specific 
pathways and molecular interactions involved, building 
upon the foundation laid by this investigation. Moreover, to 
enhance the generalizability of our prognostic model, it is 
imperative to subject it to rigorous validation in multicenter 
clinical cohorts. This will not only bolster the reliability of 
our findings but also contribute to the broader applicability 
of the CR-based signature in diverse clinical settings.

Conclusions

In conclusion, our study presents a robust CR-based 
signature that holds promise as a valuable prognostic tool 
for HCC patients. The findings from this study lay the 
foundation for further research into the clinical utility and 
biological mechanisms of the CR-based signature. It is 
recommended that future studies delve into the practical 

implementation of this signature in clinical settings, 
exploring its impact on treatment strategies and patient 
management. Additionally, a more in-depth exploration 
of the molecular pathways influenced by the CR-based 
signature could unveil novel therapeutic targets. Such 
endeavors will not only refine the prognostic significance of 
the signature but also contribute to the ongoing evolution of 
personalized medicine in the context of HCC. In summary, 
this study enriches our understanding of the multifaceted 
role of chromatin regulation in HCC, emphasizing its 
potential clinical implications.
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Figure S1 Forest plot showing effect of 214 prognostic CRs on survival. CRs, chromatin regulators.
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Table S1 Clinical information of patients and H-score of MRGBP

Sample number Gender Age Discovery time pTNM stage Last follow-up time Fustat Futime MRGBP H-Score

1 male 71 2017/3/16 ⅠB 2023/5/25 0 2261 0.3474

2 male 76 2017/2/23 ⅠB 2017/9/12 1 201 135.4422

3 male 70 2016/3/22 ⅠB 2023/5/25 0 2620 3.2761

4 male 49 2016/3/18 ⅠA 2023/5/25 0 2624 0.4943

5 male 51 2017/4/20 ⅠB 2023/5/25 0 2226 23.5539

6 male 59 2016/8/11 Ⅱ 2023/5/25 0 2478 88.9664

7 male 44 2017/1/20 ⅠB 2023/5/25 0 2316 47.2446

8 male 60 2017/11/16 ⅢB 2023/5/25 0 2016 128.2492

9 male 78 2017/7/20 ⅠB 2023/5/25 0 2135 0.7064

10 male 66 2017/11/2 Ⅱ 2023/5/25 0 2030 73.0218

11 male 65 2017/3/22 ⅢB 2023/5/25 0 2255 7.8368

12 male 82 2017/3/3 ⅢB 2018/3/15 1 377 118.1325

13 male 62 2017/5/11 ⅠB 2023/5/25 0 2205 54.1716

14 male 78 2017/7/20 ⅠB 2023/5/25 0 2135 149.1542

15 male 66 2016/10/8 ⅠB 2023/5/25 0 2420 2.3087

16 male 73 2017/8/3 ⅠB 2023/5/25 0 2121 30.9264

17 male 63 2015/9/16 ⅢB 2017/5/15 1 607 1.8049

18 male 81 2017/8/4 ⅠB 2023/5/25 0 2120 1.0021

19 male 59 2018/1/16 ⅠA 2023/5/25 0 1955 11.0983

20 female 79 2017/11/29 Ⅱ 2023/5/25 0 2003 148.1523

21 male 60 2017/12/28 ⅠB 2023/5/25 0 1974 0.1227

22 female 66 2017/11/17 ⅠA 2023/5/25 0 2015 3.2982

23 male 83 2016/4/7 ⅢB 2019/10/18 1 1289 0.5051

24 male 58 2016/12/27 ⅣB 2017/5/3 1 127 0.5642

25 male 65 2016/11/11 ⅠB 2023/5/25 0 2386 17.2008

26 male 68 2016/11/20 ⅠB 2023/5/25 0 2377 0.8521

27 male 61 2015/1/13 ⅢB 2023/5/25 0 3054 91.9844

28 male 58 2016/10/11 ⅠB 2017/3/22 1 162 125.0324

29 male 69 2015/10/9 ⅠB 2023/5/25 0 2785 14.9561

30 male 56 2018/3/28 ⅠA 2023/5/25 0 1884 122.7211

31 male 54 2015/6/25 ⅠB 2023/5/25 0 2891 6.1406

32 female 91 2017/10/11 ⅠB 2018/9/7 1 331 139.7197

33 female 54 2013/6/21 ⅠB 2014/1/6 1 199 0.975

34 female 71 2013/3/28 ⅠB 2023/5/25 0 3710 121.7368

35 male 70 2015/3/9 ⅠA 2023/5/25 0 2999 22.6645

36 male 59 2013/8/2 ⅠB 2023/5/25 0 3583 64.0969

37 male 73 2013/10/31 ⅠB 2023/5/25 0 3493 20.492

38 male 73 2014/7/30 ⅠB 2023/5/25 0 3221 28.1805

39 male 56 2014/11/28 Ⅱ 2023/5/25 0 3100 2.5813

40 female 75 2015/3/2 ⅢA 2015/5/9 1 68 2.7114

41 male 63 2012/10/17 Ⅱ 2012/10/23 1 6 65.0876

42 male 57 2018/1/10 ⅢB 2019/8/4 1 571 66.6918

43 male 83 2016/10/28 Ⅱ 2016/12/5 1 38 7.1611

44 female 78 2016/8/2 ⅢB 2016/12/19 1 139 57.9453

45 male 77 2015/2/1 ⅢB 2023/5/25 0 3035 2.3074

46 male 60 2017/11/17 ⅢB 2023/5/25 0 2015 160.6307

47 male 49 2017/12/5 ⅢB 2023/5/25 0 1997 8.7031

48 male 46 2013/4/18 Ⅱ 2014/7/24 1 462 91.4654

50 male 70 2014/5/24 ⅠB 2018/1/19 1 1336 28.2798

51 male 70 2016/5/30 ⅠA 2023/5/25 0 2551 144.4667

52 male 69 2014/8/13 ⅠA 2023/5/25 0 3207 42.5978

53 female 69 2015/4/1 ⅠB 2015/11/17 1 230 161.5033

54 male 79 2015/6/6 ⅠB 2015/9/18 1 104 45.5703

55 male 57 2015/9/9 ⅠB 2023/5/25 0 2815 45.0806

56 male 77 2012/10/24 Ⅱ 2017/8/28 1 1769 15.6659

58 male 64 2015/12/1 Ⅱ 2023/5/25 0 2732 44.1771

59 male 53 2013/4/25 ⅠB 2013/8/16 1 113 0.9626

60 male 54 2015/10/15 ⅢB 2023/5/25 0 2779 170.8142

61 female 59 2014/6/19 ⅠB 2023/5/25 0 3262 25.7512

63 female 69 2016/12/7 Ⅱ 2023/5/25 0 2360 40.648

64 female 78 2013/10/7 ⅠB 2023/5/25 0 3517 11.3364

Table S1 (continued)
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Table S1 (continued)

Sample number Gender Age Discovery time pTNM stage Last follow-up time Fustat Futime MRGBP H-Score

65 male 76 2015/10/29 ⅠB 2023/5/25 1 2765 148.5997

66 male 65 2015/10/8 Ⅱ 2023/5/25 0 2786 11.9807

67 male 72 2018/5/11 ⅠB 2023/5/25 0 1840 62.658

68 female 74 2018/5/3 ⅠB 2023/5/25 0 1848 7.7754

69 male 59 2018/4/19 Ⅱ 2023/5/25 0 1862 12.614

70 male 59 2018/4/24 ⅠB 2022/12/9 1 1690 11.6693

71 female 68 2018/4/24 Ⅱ 2023/5/25 0 1857 106.7126

72 male 64 2018/4/24 Ⅱ 2023/5/25 0 1857 36.603

73 female 77 2018/4/28 ⅠB 2023/5/25 0 1853 128.5292

74 male 66 2018/4/24 ⅠB 2023/5/25 0 1857 20.6967

75 male 59 2018/4/24 ⅠB 2023/5/25 0 1857 181.9275

76 male 72 2018/4/17 ⅠA 2023/5/25 0 1864 11.3032

77 male 66 2018/4/19 ⅠB 2023/5/25 0 1862 184.838

78 female 54 2017/9/5 ⅠB 2023/5/25 0 2088 23.8092

79 male 68 2015/9/8 ⅠB 2023/5/25 0 2816 141.3707

80 male 51 2018/6/15 ⅠB 2023/5/25 0 1805 6.721

81 male 82 2018/6/26 ⅠB 2023/5/25 0 1794 89.9841

82 male 70 2018/6/19 ⅠB 2023/5/25 0 1801 1.2246

83 male 55 2018/5/24 ⅠB 2023/5/25 0 1827 78.5529

84 male 59 2018/6/7 Ⅱ 2023/5/25 0 1813 55.1932

85 male 78 2018/5/29 ⅠB 2022/7/6 1 1499 52.7014

86 male 76 2018/7/12 ⅠB 2023/5/25 0 1778 16.8995

87 male 52 2018/7/12 ⅠB 2023/5/25 0 1778 96.6326

88 male 55 2016/7/17 ⅠB 2018/1/28 1 560 10.9502

89 male 62 2018/7/20 ⅠB 2023/5/25 0 1770 72.4502

90 female 65 2018/8/2 ⅠB 2023/5/25 0 1757 11.3481

91 male 72 2019/7/16 ⅠB 2023/5/26 0 1410 149.2826

92 female 53 2019/6/4 ⅠA 2023/5/26 0 1452 12.5066

93 female 67 2019/7/16 ⅠA 2023/5/26 0 1410 117.3396

94 male 65 2019/6/11 ⅠA 2023/5/26 0 1445 10.6173

95 female 57 2019/7/18 ⅠA 2023/5/26 0 1408 114.3884

96 male 50 2019/6/25 ⅡA 2023/5/26 0 1431 13.9295

97 male 58 2019/6/10 ⅠB 2023/5/26 0 1446 56.5515

98 male 58 2019/7/15 ⅠB 2023/5/26 0 1411 129.5158

99 male 59 2019/7/4 ⅠB 2023/5/26 0 1422 73.997

100 male 59 2019/7/9 ⅠB 2023/5/26 0 1417 1.6744

101 male 67 2019/7/11 ⅠB 2023/5/26 0 1415 146.6869

102 male 76 2019/6/17 ⅠB 2023/5/26 0 1439 78.8216

103 male 47 2019/7/5 ⅠA 2019/10/6 1 93 111.2896

104 male 58 2019/6/6 ⅢA 2023/5/26 0 1450 9.4623

105 male 60 2019/6/18 ⅠB 2023/5/26 0 1438 147.4786

106 male 60 2019/8/14 ⅠA 2023/5/26 0 1381 0.4304

107 male 58 2019/7/30 ⅢB 2023/5/26 0 1396 99.8209

108 male 57 2019/7/25 ⅡA 2023/5/26 0 1401 71.0242

109 male 73 2019/11/12 ⅠA 2023/5/26 0 1291 149.2913

110 male 75 2019/8/8 ⅠA 2023/5/26 0 1387 34.4923

111 male 47 2019/8/7 ⅡA 2023/5/26 0 1388 89.9795

112 male 59 2019/8/2 ⅠA 2023/5/26 0 1393 0.2558

113 female 74 2019/8/2 ⅡA 2023/5/26 0 1393 27.2938

114 male 55 2019/7/23 ⅢA 2020/1/19 1 180 12.3026

115 male 61 2019/5/16 ⅠA 2023/5/26 0 1471 119.7173

116 female 65 2019/4/28 ⅠA 2023/5/26 0 1489 2.2775

117 male 61 2018/8/31 ⅠA 2023/5/26 0 1729 100.9593

118 male 65 2019/5/17 ⅠA 2021/9/28 1 865 3.8359

119 male 58 2018/10/25 ⅢA 2019/8/7 1 286 79.704

120 male 68 2019/2/28 ⅠB 2023/5/26 0 1548 146.3522

121 male 56 2019/2/28 ⅠB 2023/5/26 0 1548 0.6845

122 male 62 2018/9/27 ⅢB 2023/5/26 0 1702 50.6599

123 male 56 2019/5/18 ⅠB 2023/5/26 0 1469 4.1306

124 male 71 2018/11/9 ⅠA 2023/5/26 0 1659 142.906

Table S1 (continued)
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Table S1 (continued)

Sample number Gender Age Discovery time pTNM stage Last follow-up time Fustat Futime MRGBP H-Score

125 male 58 2019/1/2 ⅠB 2023/5/26 0 1605 8.6728

126 male 55 2018/10/11 ⅢA 2023/5/26 0 1688 109.3616

127 male 50 2019/1/22 ⅢA 2021/5/26 1 855 7.9791

128 male 71 2018/10/11 ⅠA 2019/12/9 1 424 123.8085

129 male 64 2019/4/2 ⅠB 2023/5/26 0 1515 39.3704

130 male 63 2019/4/2 ⅠA 2023/5/26 0 1515 59.3567

131 male 28 2019/3/18 ⅠA 2023/5/26 0 1530 44.1621

132 male 57 2019/3/7 ⅠA 2023/5/26 0 1541 108.1116

133 male 52 2019/2/21 ⅠB 2023/5/26 0 1555 46.2792

134 male 63 2019/1/22 ⅢA 2023/5/26 0 1585 47.0842

135 male 56 2019/9/7 ⅠA 2023/5/26 0 1357 32.5684

136 male 67 2019/5/30 ⅠA 2021/3/11 1 651 27.2863

137 male 75 2019/5/27 ⅠB 2023/5/26 0 1460 13.7956

138 male 57 2018/11/12 ⅠA 2023/5/26 0 1656 149.1036

139 male 64 2019/2/26 ⅠA 2023/5/26 0 1550 15.2275

140 male 60 2019/2/26 ⅠA 2023/5/26 0 1550 45.8308

141 male 74 2018/10/9 ⅡA 2023/5/26 0 1690 10.2455

142 male 73 2018/10/23 ⅢA 2023/5/26 0 1676 32.5531

143 male 68 2018/10/4 ⅠA 2018/12/23 1 80 15.0497

144 male 55 2019/4/9 ⅠA 2023/5/26 0 1508 76.8118

145 male 48 2018/11/6 ⅢA 2019/8/15 1 282 2.5367

146 male 50 2018/10/30 ⅢA 2019/3/8 1 129 42.6264

147 male 79 2019/2/19 ⅠB 2019/7/13 1 144 17.6713

148 female 75 2018/11/23 ⅠA 2023/5/26 0 1645 89.6099

149 male 54 2019/10/7 ⅠB 2023/5/26 0 1327 13.4805

150 male 66 2019/8/19 ⅠA 2023/5/26 0 1376 32.2598

151 male 66 2019/10/22 ⅠA 2023/5/26 0 1312 5.5353

152 male 65 2019/10/7 ⅠA 2023/5/26 0 1327 4.453

153 male 61 2019/9/6 ⅠA 2023/5/26 0 1358 3.5813

154 male 59 2019/10/8 ⅠA 2023/5/26 0 1326 36.3391

155 female 58 2020/6/9 I 2023/5/26 0 1081 3.3398

156 male 56 2020/7/21 II 2023/5/26 0 1039 106.725

157 male 79 2019/10/9 ⅠA 2023/5/26 0 1325 0.4944

158 male 59 2019/11/19 ⅢA 2020/8/14 1 269 93.1628

159 male 84 2019/11/20 ⅠA 2023/5/26 0 1283 4.0074

160 male 65 2019/8/27 ⅠA 2023/5/26 0 1368 32.1046

161 male 50 2019/12/17 ⅠB 2023/5/26 0 1256 4.6834

162 male 68 2019/12/12 ⅠA 2023/5/26 0 1261 38.711

163 male 77 2020/7/16 I 2023/5/26 0 1044 4.6784

164 male 83 2019/12/3 ⅠB 2023/5/26 0 1270 9.8648

165 male 75 2019/12/17 ⅠA 2023/12/11 1 1455 4.3944

166 male 60 2020/1/14 ⅡA 2023/5/26 0 1228 12.0379

167 male 59 2020/1/14 ⅠB 2023/5/26 0 1228 4.7617

168 male 71 2020/6/9 I 2023/5/26 0 1081 9.5993

169 male 56 2020/1/4 ⅠA 2023/5/26 0 1238 9.6404

170 male 69 2020/6/30 I 2023/5/26 0 1060 32.8851

171 male 76 2020/7/14 II 2023/5/26 0 1046 8.3929

172 male 53 2020/1/17 ⅠA 2023/5/26 0 1225 40.9075

173 male 77 2019/5/7 ⅢA 2023/5/26 0 1480 2.9918

174 male 62 2018/10/5 ⅠA 2023/5/26 0 1694 24.7952

175 male 55 2020/5/20 ⅠB 2023/5/26 0 1101 8.5521

176 male 60 2020/5/12 ⅡA 2023/5/26 0 1109 20.1552

177 male 68 2020/5/14 ⅠA 2023/5/26 0 1107 5.9277

178 female 52 2020/5/26 ⅠA 2023/5/26 1 1095 15.0253

179 male 67 2020/6/18 I 2023/5/26 0 1072 11.2502

180 male 51 2020/6/5 I 2023/5/26 0 1085 10.5276


