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Purpose: Liver cancer is a high mortality disease with no curable treatments. Posttranscriptional 

modifications play essential roles in the occurrence and the progression of liver cancer. EIF2B5 

is a subunit of EIF2B that regulates the initiation and the rate of translation and participates in 

several diseases including tumors. This study aims to elucidate the prognostic significance of 

EIF2B5 in liver cancer.

Materials and methods: We used The Cancer Genome Atlas database to analyze the expression 

of EIF2B5 in liver cancer. Then we used chi-squared and Fisher exact tests to test the correla-

tion between clinical characteristics and EIF2B5 expression. Finally, we assessed the role of 

EIF2B5 in prognosis by Kaplan–Meier curves and Cox analysis. Gene set enrichment analysis 

was performed by using The Cancer Genome Atlas data set.

Results: The results showed that EIF2B5 was upregulated in liver cancer, and the  

expression was related to histologic grade, clinical stage, and vital status. Moreover,  

Kaplan–Meier curves and Cox analysis implicated that highly expressed EIF2B5 correlated 

with poor prognosis, and EIF2B5 was an independent risk factor for liver cancer. Gene set 

enrichment analysis showed that ATR and BRCA pathway, cell cycle pathway, DNA repair, 

myc signaling pathway, and E2F targets are differentially enriched in EIF2B5 high-expression 

phenotype.

Conclusion: Our results suggest that EIF2B5 participated in cancer progression and could 

become a biomarker for the prognosis of patients with liver cancer.

Keywords: liver cancer, EIF2B5, prognosis, diagnosis

Introduction
Cancer is a high mortality disease and gives rise to an enormous burden all over the 

world. Liver cancer, as the second leading cause of cancer-related death, most frequently 

occurs in East and South-East Asia and Northern and Western Africa.1 Despite the 

rapid development of medical technology, there are still no curable strategies for liver 

cancer patients. Therefore, identifying specific markers that evaluate the progression 

of liver cancer has great clinical significance.

Posttranscriptional modifications play important roles in the initiation and the 

progression of tumors. EIF2B is a multimeric G-protein complex that comprises five 

subunits, termed α to ε, and were coded by genes EIF2B1 to EIF2B5.2 EIF2B plays a 

vital role in translation initiation and regulation.3 The first disease of mutation in EIF2B 

was described in Vanishing White Matter syndrome (VWM), also called childhood 

ataxia with central nervous system hypomyelination.4–6 Recently, EIF2B5 has been 

identified as a biomarker of novel stage in colorectal cancer progression;7 however, 
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whether EIF2B5 could also be a specific marker in liver 

cancer remains to be elucidated.

In the present study, we have evaluated the expression of 

EIF2B5 in liver cancer, analyzed the relationship between 

EIF2B5 expression and clinical features, and explored the 

potential prognostic significance of EIF2B5 in patients with 

liver cancer. Gene set enrichment analysis (GSEA) was per-

formed to gain further insight into the biological pathways 

involved in liver cancer pathogenesis related to the EIF2B5 

regulatory mechanism.

Materials and methods
Data mining and collection
The data of liver cancer patients and RNA-seq expression 

results were downloaded with RTCGA Toolbox package in 

R (version 3.5.1).8,9 The gene microarray with survival data 

(GSE54236, GSE76427) was downloaded from the GEO 

database (https://www.ncbi.nlm.nih.gov/geo/).

Statistical analyses
SPSS software 19.0 (IBM Corporation, Armonk, NY, USA) 

was used for data analyzing. Boxplots were used for dis-

crete variables to measure the expression differences, and 

chi-squared and Fisher exact tests were used to examine the 

correlation between EIF2B5 expression and clinical data. 

Receiver-operating characteristic curve (ROC) was drawn 

by pROC package to evaluate the capability of diagnosis and 

divide patients into high and low EIF2B5 expression groups 

by the optimal cutoff value of OS determined by the Youden 

index.10 Kaplan–Meier curves were used to compare the dif-

ferences in the overall survival and relapse-free survival by 

using survival package in R.11,12 Univariate Cox analysis was 

used to select the related variables. Then, the Multivariate Cox 

analysis was applied for the influence of EIF2B5 expression 

on the overall survival and relapse-free survival of patients.

gsea
GSEA is a computational method that determines whether an 

a priori defined set of genes shows statistically significant, 

concordant differences between two biological states.13,14 In 

this study, GSEA was performed by using the GSEA soft-

ware 3.0 from the Broad Institute. The gene expression data 

were RNAseq data from TCGA-LIHC. The gene set of “c2.

cp.biocarta.v6.2.symbols.gmt” and “h.all.v6.2.symbols.gmt”, 

which summarizes and represents specific, well-defined biologi-

cal states or processes, was downloaded from the Molecular 

Signatures Database (http://software.broadinstitute.org/gsea/

msigdb/index.jsp). The normalized enrichment score (NES) 

was acquired by analyzing with permutations for 1,000 times. 

A gene set is considered to be significantly enriched when a 

normal P-value is <0.05 and false discovery rate (FDR) is <0.25.

Results
Patients’ characteristics
Both gene expression and clinical data of patients with liver 

cancer were downloaded from The Cancer Genome Atlas 

(TCGA) database. The total number of patients was 373. The 

detailed clinical characteristics, including TNM stage, sur-

vival status, and residual tumor status, are shown in Table 1.

High EIF2B5 mRNA expression in liver 
cancer
The expression analysis of EIF2B family in TCGA provides 

a unique insight into EIF2B5 in hepatocellular carcinoma 

(HCC; Figure S1). Using boxplots, we measured the dif-

ferences in EIF2B5 expression in liver cancer patients and 

normal people. As shown in Figure 1A, we found that the 

expression of EIF2B5 in patients was higher (P=1.7e–06). 

Moreover, there were also different EIF2B5 expressions in 

the groups by histologic grade (P=0.018), stage (P=0.019), 

and vital status (P=0.0024; Figure 1B–D). Of note, EIF2B5 

expression of hepatitis/fatty change/cirrhosis is lower than 

that in normal and HCC (Figure 1E–G).

Table 1 Clinical characteristics of the included patients

Characteristics Number of sample size (%)

Age (years)
<55 117 (31.45)

≥55 255 (68.55)
na 1 (0.00)
gender

Female 121 (32.44)
Male 252 (67.56)

Histological type
Fibrolamellar carcinoma 3 (0.8)
Hepatocellular carcinoma 363 (97.32)
Hepatocholangiocarcinoma 7 (1.88)
Histologic grade

g1 55 (14.75)
g2 178 (47.72)
g3 123 (32.98)
g4 12 (3.22)
na 5 (1.34)

stage
i 172 (46.11)
ii 87 (23.32)
iii 85 (22.79)
iV 5 (1.34)
na 24 (6.43)

T classification
T1 182 (48.79)
T2 95 (25.47)

(Continued)
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The diagnostic capability of EIF2B5
As shown in Figure 2A, the ROC of EIF2B was executed, and 

the area under the curve (AUC) was 0.708, which represented 

the moderate diagnostic ability. The subgroup analysis of 

different stages also showed modest diagnostic capability 

(AUC: 0.685 for stage I, 0.765 for stage II, 0.725 for stage 

III, 0.644 for stage IV; Figure 2B–E). Besides, Figure S2 

shows that the optimal cutoff value of EIF2B5 was 10.196 

for the following study.

The relationship between clinical features 
and EIF2B5 expression in liver cancer
The relationship between the clinical features and the expres-

sion of EIF2B5 was analyzed and is summarized in Table 2. The 

expression of EIF2B5 was highly associated with the histologic 

grade (P=0.003), stage (P=0.041), and vital status (P=0.0017).

expression of eiF2B5 is associated with 
the overall survival
To evaluate the prognostic effect of EIF2B5 in liver cancer 

patients, we used Kaplan–Meier survival curve with the log-

rank test to estimate the relationship among the expression 

of EIF2B5, the overall survival (Figure 3), and relapse-free 

survival (Figure 4). In our results, patients with high EIF2B5 

expression had a poor overall survival (P=0.00029; Figure 3A). 

Subgroup analysis indicated that high EIF2B5 group had a poor 

overall survival in patients who were in histologic grade G1/

Table 1 (Continued)

Characteristics Number of sample size (%)
T3 80 (21.45)
T4 13 (3.49)
TX 1 (0.27)
na 2 (0.54)

N classification
n0 253 (67.83)
n1 4 (1.07)
NX 115 (30.83)
na 1 (0.27)

M classification
M0 267 (71.58)
M1 4 (1.07)
MX 102 (27.35)

Radiation therapy

no 340 (91.15)
Yes 8 (2.14)
na 25 (6.7)

Residual tumor
R0 326 (87.4)
R1 17 (4.56)
R2 1 (0.27)
RX 22 (5.9)
na 7 (1.88)

Vital status
Deceased 130 (34.85)
living 243 (65.15)

Relapse
no 179 (55.94)
Yes 141 (44.06)

eiF2B5
high 153 (41.02)
low 220 (58.98)

Abbreviation: NA, not available.

A B C

E F G

D

11.0

EIF2B5 expression in tumor vs normal
Type Tumor

Wilcoxon, P=1.7e-06 Wilcoxon, P=0.0024Kruskal–Wallis P=0.016

Kruskal–Wallis, P=0.22 Kruskal–Wallis, P=0.0017

Kruskal–Wallis, P=0.019

EIF2B5 expression grouped by histologic grade EIF2B5 expression grouped by stage
Normal

GSE45050 GSE54238

Fatty changes

Kruskal–Wallis, P=2.6e-05

GSE89377
Group Hepatitis Cirrhosis HCCNormal

Hepatitis Cirrhosis HCCNormalHepatitis Cirrhosis HCCNormalCirrhosis HCCNormal

G1Histologic_grade G2 Stage
EIF2B5 expression grouped by vital status

Vital_status Living DeceasedI II IIIG3 G4
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Figure 1 The different EIF2B5 expressions in the boxplot. 
Notes: The expression of EIF2B5 is grouped by type (A), histologic grade (B), stage (C), and vital status (D). The EIF2B5 expression of HCC is compared with that in normal, 
hepatitis/fatty changes, and cirrhosis based on microarray GSE45050 (E), GSE54238 (F), and GSE89377 (G).
Abbreviation: HCC, hepatocellular carcinoma.
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Figure 2 The ROC curve of EIF2B5 in LIHC cohort.
Notes: (A) Nontumor sample and tumor sample. (B) Nontumor sample and tumor sample of stage I. (C) Nontumor sample and tumor sample of stage II. (D) Nontumor 
sample and tumor sample of stage III. (E) Nontumor sample and tumor sample of stage IV.
Abbreviations: AUC, area under the curve; LIHC, liver hepatocellular carcinoma; ROC, receiver-operating characteristic curve.

Table 2 Correlation between the clinicopathologic variables and EIF2B5 mRNA expression in liver cancer

EIF2B5 mRNA expression

Parameters Variables N High % Low % χ2 P-value

Age (years) <55 117 49 32.24 68 30.91 0.0248 0.8748

 ≥55 255 103 67.76 152 69.09
gender Female 121 41 26.8 80 36.36 3.3442 0.0674

Male 252 112 73.2 140 63.64
Histological type Fibrolamellar carcinoma 3 0 0 3 1.36 2.11 0.3482

Hepatocellular carcinoma 363 150 98.04 213 96.82
Hepatocholangiocarcinoma 7 3 1.96 4 1.82

Histologic grade g1 55 15 9.87 40 18.52 13.9493 0.003
g2 178 66 43.42 112 51.85
g3 123 63 41.45 60 27.78
g4 12 8 5.26 4 1.85

stage i 172 65 44.52 107 52.71 8.2583 0.041
ii 87 45 30.82 42 20.69
iii 85 36 24.66 49 24.14
iV 5 0 0 5 2.46

T classification T1 182 67 43.79 115 52.75 4.9252 0.2951
T2 95 47 30.72 48 22.02
T3 80 34 22.22 46 21.1
T4 13 5 3.27 8 3.67
TX 1 0 0 1 0.46

N classification n0 253 107 69.93 146 66.67 0.7609 0.6835
n1 4 1 0.65 3 1.37

(Continued)
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G2 (P=0.0022; Figure 3B), stage I/II (P=0.0026; Figure 3D), 

or stage III/IV (P=0.0027; Figure 3E). Univariate analysis 

selected the critical variables including EIF2B5 expression, 

residual tumor, clinical stage, and T classification. Multivariate 

analysis with the Cox proportional hazards model indicated that 

the expression of EIF2B5 (HR=1.76, P=0.001), residual tumor 

(HR=1.4, P=0.007), and T classification (HR=1.75, P=0.000) 

were independent prognostic factors for patients with liver 

cancer (Table 3). Validation of survival analysis by GSE54236 

is shown in Figure 3F.

Although high EIF2B5 did not show significant prog-

nostic value for relapse-free survival (P=0.13; Figure 4A), 

Table 2 (Continued)

EIF2B5 mRNA expression

Parameter Variable N High % Low % χ2 P-value

NX 115 45 29.41 70 31.96
M classification M0 267 114 74.51 153 69.55 3.4192 0.1809

M1 4 0 0 4 1.82
MX 102 39 25.49 63 28.64

Radiation therapy no 340 140 98.59 200 97.09 0.3095 0.578
Yes 8 2 1.41 6 2.91

Residual tumor R0 326 133 88.67 193 89.35 1.6661 0.6445
R1 17 6 4 11 5.09
R2 1 0 0 1 0.46
RX 22 11 7.33 11 5.09

Vital status Deceased 130 68 44.44 62 28.18 9.8072 0.0017
living 243 85 55.56 158 71.82

Relapse Yes 179 69 54.33 110 56.99 0.1257 0.7229
no 141 58 45.67 83 43.01

Notes: Bold values indicate statistically significant, P<0.05.
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Figure 3 Survival analysis of EIF2B5 expression in terms of overall survival. 
Notes: Kaplan–Meier curves produced survival analysis (A) and subgroup analysis of histological grade (G1/G2 and G3/G4) (B and C) and clinical stage (I/II and III/IV) (D  
and E). Validation group of survival analysis in GSE54236 (F).
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Figure 4 Survival analysis of EIF2B5 expression in terms of relapse-free survival. 
Notes: Kaplan–Meier curves produced survival analysis (A) and subgroup analysis of histological grade (G1/G2 and G3/G4; B and C) and clinical stage (I/II and III/IV; D and 
E). Validation group of survival analysis in GSE76427 (F).
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subgroup analysis indicated that it had a signif icant  

prognostic potential for relapse-free survival in patients 

who were in histologic grade G1/G2 (Figure 4B). Univariate 

Cox analysis and multivariate Cox analysis indicated that 

EIF2B5 was an independent prognostic factor for patients 

who were in histologic grade G1/G2 (Table 4). Validation 

of survival analysis by GSE76427 is shown in Figure 4F.

To further explore the subgroup survival under T clas-

sification and residual tumor, we made survival analysis in 

different T classifications (T1, T2, T3, and T4) and residual 

tumors (R0 and R1/R2/RX; Figures 5 and 6). Significant 

survival differences were found in T2 for overall survival 

(Figure 5B) and T3 for relapse-free survival. As for residual 

tumor, significant survival differences were found in R0 for 

Table 3 Univariate and multivariate analyses of overall survival in patients with liver cancer

Univariate analysis Multivariate analysis

Parameters Hazard 
ratio

95% CI P-value Hazard 
ratio

95% CI P-value

Age, years ( ≥55/<55) 1.00 0.69–1.45 0.997
Gender (male/female) 0.80 0.56–1.14 0.220
Histological type (hepatocholangiocarcinoma/
hepatocellular/fibrolamellar)

0.99 0.27–3.66 0.986

Histologic grade (G4/G3/G2/G1) 1.04 0.84–1.30 0.698
Stage (IV/III/II/I) 1.38 1.15–1.66 0.001 0.90 0.73–1.12 0.341
T classification (T4/T3/T2/T1/NX) 1.66 1.39–1.99 0.000 1.75 1.39–2.19 0.000
N classification (N1/N0/NX) 0.73 0.51–1.05 0.086
M classification (M1/M0/MX) 0.72 0.49–1.04 0.077
Radiation therapy (yes/no) 0.51 0.26–1.03 0.060
Residual tumor (RX/R2/R1/R0) 1.42 1.13–1.80 0.003 1.40 1.1–1.79 0.007
EIF2B5 (high/low) 1.87 1.33–2.65 0.000 1.76 1.24–2.49 0.001

Notes: Bold values indicate statistically significant, P<0.05.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2018:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

6009

High EIF2B5 mRNA expression and its prognostic significance in liver cancer

Table 4 Univariate and multivariate analyses of relapse-free survival in patients with G1/G2 liver cancer

Univariate analysis Multivariate analysis

Parameters Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value

Age, years ( ≥55/<55) 1.09 0.68–1.76 0.718
Gender (male/female) 0.78 0.50–1.23 0.286
Histological type (hepatocholangiocarcinoma/
hepatocellular/fibrolamellar)

2.08 0.63–6.86 0.230

Histologic grade (G4/G3/G2/G1) 1.24 0.76–2.03 0.393
Stage (IV/III/II/I) 1.65 1.32–2.07 0.000 1.24 0.90–1.71 0.197
T classification (T4/T3/T2/T1/NX) 1.70 1.37–2.10 0.000 1.45 1.04–2.01 0.027
N classification (N1/N0/NX) 1.27 0.80–2.02 0.319
M classification (M1/M0/MX) 1.12 0.72–1.76 0.608
Radiation therapy (yes/no) 0.48 0.13–1.75 0.267
Residual tumor (RX/R2/R1/R0) 1.41 1.10–1.82 0.007 1.48 1.16–1.90 0.002
EIF2B5 (high/low) 1.75 1.12–2.74 0.014 1.65 1.05–2.60 0.030

Notes: Bold values indicate statistically significant, P<0.05.
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Figure 5 Survival analysis of EIF2B5 expression in terms of overall survival. 
Notes: Kaplan–Meier curves produced survival analysis and subgroup analysis of T classification (T1, T2, T3, and T4; A–D) and residual (R0 and R1/R2/RX; and E, F).

both overall survival (Figure 5E) and relapse free-survival 

(Figure 6E).

GSEA identifies an EIF2B5-related 
signaling pathway
To identify signaling pathways activated in liver cancer, we 

conducted the GSEA between low and high EIF2B5 expres-

sion data sets. GSEA reveals significant differences (FDR 

<0.25, NOM P-value<0.05) in the enrichment of MSigDB 

Collection (c2.cp.biocarta.v6.2.symbols.gmt and h.all.

v6.2.symbols.gmt), and the details are shown in Table 5. We 

selected the most significantly enriched signaling pathways 

based on their NES (Figure 7; Table 5).Figure 7 shows that 

ATR and BRCA pathway, cell cycle pathway, DNA repair, 
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Figure 6 Survival analysis of EIF2B5 expression in terms of relapse-free survival. 
Notes: Kaplan–Meier curves produced survival analysis and subgroup analysis of T classification (T1, T2, T3, and T4; A–D) and residual (R0 and R1/R2/RX; E and F).
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myc signaling pathway, and E2F targets are differentially 

enriched in EIF2B5 high-expression phenotype.

Discussion
This study demonstrated the important role of EIF2B5 in 

liver cancer and found that EIF2B5 could become a bio-

marker for the prognosis of patients with liver cancer. We 

analyzed the expression of EIF2B5 in patients with liver 

cancer and found that the overexpression of EIF2B5 was 

associated with histologic grade, clinical stage, and vital 

status.

In the past few years, the researches on the role of EIF2B5 

have focused on VWM, which was caused by the downregula-

tion of EIF2B.4,6 Recently, the upregulation of EIF2B5 associ-

ated with cancer has been reported, such as human pulmonary 

adenocarcinoma cell and breast cancer.15,16 Our study found 

that EIF2B5 was highly expressed in liver cancer, which 

coordinates with other research in tumors. Interestingly, the 

Table 5 Gene sets enriched in phenotype high

MSigDB collection Gene set name NES NOM  
P-value

FDR 
q-value

c2.cp.biocarta.v6.2.symbols.gmt BiOCaRTa_aTRBRCa_PaThWaY 1.780 0.002 0.079
BiOCaRTa_CellCYCle_PaThWaY 1.640 0.010 0.165
BiOCaRTa_g2_PaThWaY 1.630 0.015 0.120
BiOCaRTa_g1_PaThWaY 1.564 0.042 0.158

h.all.v6.2.symbols.gmt hallMaRK_Dna_RePaiR 2.186 0.000 0.000
hallMaRK_MYC_TaRgeTs_V1 1.877 0.021 0.029
hallMaRK_MYC_TaRgeTs_V2 1.787 0.025 0.038
hallMaRK_g2M_CheCKPOinT 1.755 0.010 0.038
hallMaRK_e2F_TaRgeTs 1.731 0.004 0.036

Notes: gene sets with nOM P-value <0.05 and FDR q-value <0.25 are considered as significant.
Abbreviations: FDR, false discovery rate; NES, normalized enrichment score; NOM, nominal.
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expression of EIF2B5 was gradually increasing from G1 to 

G4, which suggested that EIF2B5 might be associated with 

cancer progression. Besides, the expression of EIF2B5 was 

upregulated in stage I/II and downregulated in stage III/IV, 

which suggested that the role of EIF2B5 might differ in dif-

ferent stages in liver cancer and subgroup analysis would be 

urgently needed. As the expression of EIF2B5 was higher in 

the deceased than in the living, the link between EIF2B5 and 

survival needs to be explored.

The functions of EIF2B5 in the tumor occurrence and 

growth have also been studied. Bi et al reported that the 

upregulation of EIF2, which was caused by ER stress, was 

associated with tumor growth.17 Experiments also verified 

the results by silencing EIF2B5 gene expression and found 

that it could significantly inhibit the growth of pancreatic cell 

lines.18 In our study, the role of EIF2B5 in tumor initiation 

and proliferation might account for the clinical association 

between EIF2B5 expression and T classification.
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Figure 7 Enrichment plots from GSEA. 
Notes: GSEA results showing ATR and BRCA pathway (A), cell cycle pathway (B), G1 and G2 pathways (C and D), DNA repair (E) and myc signaling pathway (F and G), 
g2M checkpoint (H), and E2F targets (I) are differentially enriched in EIF2B5-related liver cancer.
Abbreviation: GSEA, Gene Set Enrichment Analysis.
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EIF2B5 is strongly associated with the prognosis of can-

cer patients. In ovarian cancer, minor alleles at rs4912474 

could improve the prognosis of patients on account of inhibit-

ing the angiogenesis and tumor growth.19 In this study, we 

found that patients with high EIF2B5 expression had a poor 

overall survival, especially in stage I/II and histologic grade 

G1/G2, which might contribute to precise medicine and 

personalized medicine toward liver cancer. Importantly, we 

found that EIF2B5 was an independent prognostic factor that 

affected the overall survival of patients and had the potential 

to be a biomarker for liver cancer. Besides, there was no 

prognostic significance of EIF2B5 in relapse-free survival, 

but subgroup analysis revealed its possible appliance in G1/

G2 liver cancer.

To the best of our knowledge, this study first demonstrated 

the important role of EIF2B5 in the prognosis of liver cancer. 

Our work, together with other related researches, contrib-

uted to the role of EIF2B5 in liver cancer. However, clinical 

trials in the future are required to verify these results and 

promote the application of EIF2B5 in liver cancer prognosis 

evaluation.

Conclusion
Our study found that the expression of EIF2B5 was signifi-

cantly increased in liver cancer patients and associated with 

several clinical features and undesirable prognosis, so that 

EIF2B5 could be a useful biomarker for the prognosis of 

patients with liver cancer.
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Figure S1 Boxplot of EIF2B family’s expression in TCGA.
Abbreviation: TCGA, The Cancer Genome Atlas.
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Figure S2 ROC curve to identify the optimal cutoff value for dividing patients into 
high and low EIF2B5 expression groups.
Abbreviations: AUC, area under the curve; ROC, receiver-operating characteristic 
curve.
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