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Abstract 

Background and objectives: In Taiwan, hepatitis B virus (HBV) or hepatitis C virus (HCV) infection 

is the most common cause of hepatocellular carcinoma (HCC). However, an increasing number of 

non-HBV and non-HCV (NBNC) patient with HCC is noted in recent years. The connection between 

NBNC patient and HCC remains unknown etiology. We aim to explore the difference of clinical 

manifestation, pathological findings in HCC patients with HBV, HCV or NBNC. Methods: A 

retrospective study analyzed 521 HCC patients with completed hepatic virus profile in a single 

medical center in Taiwan between 2011 to 2020. Differential Expression Gene analysis, xCell stromal 

cell analysis, and Gene Set Enrichment Analysis were employed to explore the different HCC 

oncogenesis of viral and NBNC groups. Results: There are 38 non-HBV and non-HCV related HCC 

(NBNC-HCC) patients. NBNC-HCC patients have lower Fib-4 index than HCV-HCC patients (3.191 

vs 6.077, P=0.0019). Less NBNC-HCC patients have cirrhosis than HBV-HCC patients (44.4% vs 

68.1%, p=0.0057). Less NBNC-HCC patients have Ishak score 5-6 than HCV-HCC patients (31.3% vs 

75.6%, p=0.0025). DEG analysis showed differential expression in oncogene OIT314, AKR1B1015 and 

liver fibrosis related genes like COLEC1016, CXCL1417, and LINC0109318. GSEA and stromal cell 

analysis also showed differential gene expression in stellate cells and vascular endothelial cells. 

Conclusion: NBNC-HCC patients have lower percentage of cirrhosis or fibrosis than HBV-HCC and 

HCV-HCC patients. Different gene expression and cell type enrichment features was shown between 

viral and NBNC groups. Which indicated a different pathogenesis in NBNC-HCC compared with 

hepatitis viruses induced hepatocellular carcinoma. 

Keywords: cryptogenic hepatocellular carcinoma; hepatitis B virus; hepatitis C virus; cirrhosis; 

fibrosis 

 

1. Introduction 

Hepatocellular carcinoma (HCC) is one of the most common cancers and which also was the 

fourth leading cause of mortality among the cancer patients in worldwide [1]. The common risk 

factors are viral infection, alcohol and toxic exposure. Especially hepatitis B virus (HBV) carrier had 

5- to 15-fold increased risk of HCC whereas hepatitis C virus (HCV) carrier had 17-fold increased risk 

of HCC compared with general population [2]. On the contrast, a group of HCC patient had no other 

known etiology of chronic liver disease and so-called cryptogenic HCC [3]. 

Most HCC patient complicated with cirrhosis. In patients with compensated cirrhosis, 1.4%-3.3% 

patients developed HCC annually [4–6]. The cause of cirrhosis in HCC patients include hepatitis B, 

hepatitis C, alcoholic liver disease, and nonalcoholic fatty liver disease (NAFLD). On the other hand, 
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there are 12-15% non-cirrhotic HCC patient and NAFLD was the most common liver disease in these 

patients [7,8]. 

In Taiwan, contributed to National Antiviral Treatment Program in treatment with HBV and 

HCV. The incidence and mortality rate of HCC were declined [9]. By contrast, cryptogenic HCC 

patient usually had diagnosed at late stage with poor condition. And thus, early diagnosis of these 

patient is important [10]. In previous study, the clinical characteristics showed Both non-HBV and 

non-HCV (NBNC) patient who had HCC had higher proportion with metabolic syndrome like type 

2 diabetes mellitus, hypertension or hyperlipidemia. Patient without liver cirrhosis also developed 

HCC in NBNC patient [11]. However, the connection between NBNC patient and HCC remains 

unknown. 

In this single-center prospective study, we aim to explore the difference of clinical manifestation, 

pathological findings in HCC patient with HBC, HCV or NBNC. Furthermore, we also induced 

Differential Expression Gene analysis, xCell stromal cell analysis, and Gene Set Enrichment Analysis 

for possible etiology and mechanism of NBNC patient without who develop HCC. 

2. Materials and Methods 

2.1. Subjects 

From January 2011 to December 2020, 521 patients diagnosed with HCC were enrolled in this 

study. These patients were diagnosed by image studies or tissue proof. Patients without informative 

records were excluded from our study. 

2.2. Study Design 

This study is a retrospective study. Medical histories including age, sex, body mass index (BMI) 

and biochemistry data were investigated. All patients were evaluated by hepatologists, surgeons, and 

oncologists. Laboratory data, including aspartate aminotransferase (AST), alanine aminotransferase 

(ALT), total bilirubin, international normalized ratio (INR), alpha-fetal protein (AFP), fibrosis-4 (FIB-

4), Model for End-Stage Liver Disease (MELD-Na score), Child Pugh score and staging of HCC were 

separately recorded. Imaging studies liver cirrhosis including computed tomography, magnetic 

resonance imaging, and liver sonography were reported by radiologists and hepatologists. Histologic 

findings for Ishak scoring were reported by pathologists. 

2.3. Statistical Analysis 

Continuous variables are presented as the mean ± standard error of the mean (S.E.M). The results 

for categorical variables are expressed as percentages. Statistical comparisons between the two 

groups were performed using Student’s t-test (unpaired t-test) or Chi-square test, according to the 

type of data. All statistical analyses were performed using GraphPad Prism 7.0 software (version 18.0; 

SPSS Inc., Chicago, IL, USA). 

2.4. Gene Expression and Cell-Type Profiling 

The microarray data of GSE62232 published by INSERM, UMR U-1162, Universit Paris 

Descartes was downloaded from the NCBI Gene Expression Omnibus (GEO) database 

(http://www.ncbi.nlm.nih.gov/geo/). These databases analyzed the difference in liver fibrosis scores 

between patients with hepatitis B or hepatitis C virus infection by using whole gene expression 

profiling. The GSE62232 dataset contained data collected from 81 samples of human liver grouped 

into HBV, HCV, and NBNC groups for analysis. The Differential Expression Genes (DEGs) Analysis 

resulted in a data frame containing gene symbols, log2 fold changes, and FDR, which were 

designated as a genelist in R (version 4.3.2). The Benjamini–Hochberg procedure was applied to 

adjust enriched p-values for statistical significance assessment, with genes deemed differentially 

expressed at a |log2 fold change| ≥ 1 and a FDR < 0.05. The xCell signature included 64 cell types. 
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3. Results 

From 2011 to 2020, 1015 primary HCC patients were enrolled. Based on HBC and HCV 

conditions, HCC patients were divided to 3 groups, 367 patients only had HBV(70.44%), 116 patients 

only had HCV(22.26%) and 38 patients were NBNC(7.29%) (Figure 1). 

The character of 521 HCC patients was shown in Table 1. In NBNC- HCC group, 24 were males 

and 14 were females. The median age was 64.5 years old, 21.05% had history of alcoholic 

consumption. The median BMI was 25.01 kg/m2. The median platelet count was 209.3×104/μL, the 

median FIB-4 index was 3.191 and the median MELD-Na score was 10.95. The Child-Pugh scores 

were as follows: A(n=20), B(n=8), C(n=1). The TNM stages of HCC were as follows: stage I (n=14), 

stage II (n=6), stage III (n=8), and stage IV (n=8). 

In HBV- HCC group, 279 were males and 88 were females. The median age was 62.88 years old, 

24.80% had history of alcoholic consumption. The median BMI was 24.67 kg/m2. The median platelet 

count was 199.0×104/μL, the median FIB-4 index was 4.21, and the median MELD-Na score was 12.08. 

The Child-Pugh scores were as follows: A(n=224), B(n=61), C(n=26). The TNM stages of HCC were as 

follows: stage I (n=136), stage II (n=40), stage III (n=131), and stage IV (n=56). 

In HCV- HCC group, 67 were males and 49 were females. The median age was 68.62 years old, 

20.69% had history of alcoholic consumption. The median BMI was 24.02 kg/m2. The median platelet 

count was 164.5×104/μL, the median FIB-4 index was 6.077, and the median MELD-Na score was 

12.14. The Child-Pugh scores were as follows: A(n=62), B(n=22), C(n=7). The TNM stages of HCC 

were as follows: stage I (n=44), stage II (n=28), stage III (n=30), and stage IV (n=13). 

Patients with NBNC-HCC were significantly lower Fib-4 index and higher platelet level than 

HCV-HCC groups (p<0.05). Additionally, MELD-Na showed lower in NBNC-HCC group than other 

groups despite no statistically significant. 

There are 36 NBNC-HCC patient, 360 HBV-HCC patients and 116 HCV-HCC patients received 

Imaging study for cirrhosis. The result showed that 55.56% of NBNC-HCC patients, 31.94% of HBV-

HCC patients and 37.07% of HCV-HCC patients showed no cirrhosis. There are statistically 

significant between NBNC-HCC and HBV-HCC groups (p<0.05) (Figure 2). 

There are 16 NBNC-HCC patients, 130 HBV-HCC patients and 45 HCV-HCC patients who 

received surgical biopsy of the tumor. In NBNC-HCC group, 68.75% of patients had Ishak score 0-4 

points. In HBV-HCC group, 48.46% of patients had Ishak score 0-4 points. In HCV-HCC group, 

24.44% of patients had Ishak score 0-4 points. There are statistically significant between NBNC-HCC 

and HCV-HCC groups (p<0.05) (Figure 3). 

In database GSE62232, we enrolled 15 HCC patients without known etiology (w/o etiology) and 

10 HBV, 9 HCV patients as showed in Figure 4. To conform our clinical groups, 47 patients with 

alcoholism, metabolic syndrome, hepatic metastasis, non-alcoholic steatohepatitis, and combined 

HBV and HCV were excluded. In w/o etiology group, 93% of patients had metavir score F0-F3. In 

HBV group, 40% of patients had metavir score F0-F3. In HCV group, 22% of patients had metavir 

score F0-F3. There are statistically significant between w/o etiology and HCV group, and also 

between w/o etiology and HCV group (p<0.05). The gender, age, and edmonson score showed no 

statistics significance in these groups as Table 2. 

To analyze differentially expressed genes (DEG) study, volcano plots showed in Figure 5 were 

introduced in these three groups versus non-tumor group and which represents the -log10 

transformed adjusted p-values (y-axis) against the log2 fold change (x-axis). In w/o etiology group, 

320 genes were upregulated and 911 genes were downregulated. In HBV group, 1113 genes were 

upregulated and 545 genes were downregulated. In HCV group, 1808 genes were upregulated and 

632 genes were downregulated. CLEC1B, CLEC4G, CLEC4M, CYP2C19, FCN2, and OIT3 were 

upregulated in w/o etiology group and downregulated in HBV, HCV group. In contrast, AKR1B10, 

ASPM, CAP2, CCL20, and GABBR1 were downregulated in w/o etiology group and upregulated in 

HBV, HCV group. 

Particularly, in xCell signature database, the normalized enrichment scores (NES) and q-values 

obtained from various immune cells show a similar trend in HBV and HCV, while distinct results are 
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observed in cases without etiology (w/o etiology) group as shown in Figure 6. In HBV and HCV, 

hepatocytes, the primary cells of the liver, show a consistently negative NES, indicating a depletion 

or under-representation in the disease condition (HBV: NES = -3.64, q-value < 0.001; HCV: NES = -

3.36, q-value < 0.001). The erythrocytes and Tgd cells, however, show an opposite trend with a 

positive NES in both HBV and HCV, suggesting their over-representation (HBV—Erythrocytes: NES 

= 2.31, q-value < 0.001; Tgd cells: NES = 1.91, q-value < 0.001; HCV—Erythrocytes: NES = 2.35, q-value 

< 0.001; Tgd cells: NES = 2.15, q-value < 0.001). Furthermore, memory B-cells and basophils, important 

components of adaptive and innate immune responses respectively, show a negative NES in both 

HBV and HCV (HBV—Memory B-cells: NES = -1.62, q-value = 0.0011; Basophils: NES = -1.45, q-value 

= 0.0011; HCV—Memory B-cells: NES = -1.94, q-value < 0.001; Basophils: NES = -1.82, q-value < 0.001). 

Hepatocytes do not show a significant enrichment score, while erythrocytes and Tgd cells exhibit a 

negative NES (Erythrocytes: NES = -2.309729212, q-value = 2.05E-09; Tgd cells: NES = -1.91, q-value < 

0.001), indicating their under-representation. Conversely, memory B-cells (NES = 1.95, q-value < 

0.001) and basophils (NES = 1.49, q-value = 0.0011) appear to be over-represented. 

Employing GSEA on the human single-cell biomarker database Descartes Cell Types and Tissue 

2021, used to identify gene sets that are statistically over-represented. We focused our study on the 

cell populations associated with liver cirrhosis which showed in Figure 7. Stellate cells and vascular 

endothelial cells in liver were highlighted. In HBV group, stellate cells and vascular endothelial cells 

were both downregulated compared with non-tumor group. The stellate cells showed lower negative 

enrichment score (NES: -2.28) and a false discovery rate (FDR: 1.6×10-9) below the common threshold 

of 0.05 and vascular endothelial cells presented NES: -2.14, FDR: 2.1×10-7 in this group. In HCV 

group, stellate cells (NES: -3.03, FDR: 1.4×10-13) and vascular endothelial cells (NES: -2.6, FDR: 1.4×10-

13) were also downregulated. By contrast, stellate cells (NES: 2.44, FDR: 4.2×10-13) and vascular 

endothelial cells (NES: 2.2, FDR: 1.9×10-8) were upregulated in w/o etiology group. Additionally, 

erythoblast, like stellate cells and vascular endothelial cells, were upregulated in w/o etiology group 

but down regulated in HBV and HCV groups. Other cell-types in liver including mesothelial cells, 

hematopoietic stem cells, and megakaryocytes were upregulated in HBV and HCV groups but down 

regulated in w/o etiology group. Lymphoid cells were upregulated in all three groups. 

 

Figure 1. Study flowchart. HCC: hepatocellular carcinoma; NBNC: Non-HBV and Non-HCV; HBV: Hepatitis B 

virus; HCV: Hepatitis C virus. 
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Table 1. Comparison of the characteristics Between NBNC, HBV, and HCV and by age, sex, BMI, Alcohol, 

creatinine, total bilirubin, INR AFP, ALT, PLT, Fib-4 index, MELD-Na score, Child Pugh score, and HCC stage. 

 NBNC, N=38 HBV, N=367 HCV, N=116 P value  

    
NBNC versus 

HBV  

NBNC versus 

HCV  

Age(years) 64.45(41-91) 62.88(27-93) 68.62(40-97) 0.7170 0.1432 

Sex(Male/Female) 24/14 279/88 67/49 0.1141 0.5756 

BMI 
24.86(19.65-

32.19) 

24.67(16.16-

65.31) 

24.02(15.81-

33.73) 
0.9687 0.5954 

Alcohol 

(Alcohol/Non-

alcohol) 

8/30 91/276 24/92 0.6093 0.9618 

Creatinine 
1.019(0.5000-

2.200) 

1.252(12.60-

0.2000) 

1.356(0.4000-

14.90) 
0.6014 0.4146 

Total bilirubin 
1.072(0.3000-

4.400) 

2.014(0.2000-

30.00) 

2.538(0.3000-

42.40) 
0.4172 0.1736 

INR 
1.081(0.9000-

1.800) 

1.093(0.7000-

2.700) 
1.074(0.9-1.700) 0.9288 0.9756 

AFP 
1685(0.000-

21700) 

3522(0.000-

42500) 

961.2(0.000-

37500) 
0.5019 0.9142 

ALT  
41.63(4.000-

199.0) 

56.19(4.000-

505.0) 

56.49(6.000-

469.0) 
0.4001 0.4520 

PLT 
209.3(53.00-

484.0) 

199.0(30.00-

698.0) 

164.5(38.00-

524.0) 
0.8137 0.0415 

Fib-4 index 
3.191(0.2400-

16.39) 

4.212(0.5300-

34.67) 

6.077(0.8200-

38.93) 
0.3804 0.0019 

MELD-Na score 
10.95(6.400-

20.64) 

12.08(6.400-

44.25) 

12.14(6.400-

39.39) 
0.5782 0.6048 

Child Pugh score 

(A/B/C) 
20/8/1 224/61/26 62/22/7 0.4336 0.7051 

HCC stage 

(I/II/III/IV) 
14/6/8/8 136/40/131/56 44/28/30/13 0.2989 0.3569 

* NBNC: Non-HBV and Non-HCV; HBV: Hepatitis B virus; HCV: Hepatitis C virus; BMI: Body mass index; INR: 

International normalized ratio; AFP: Alpha-fetoprotein; ALT: Alanine transaminase; PLT: Platelet; MELD: 

Model for End-stage Liver Disease; HCC: hepatocellular carcinoma. 
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Figure 2. Comparison of percentage of image showed no cirrhosis between the NBNC, HBV and HCV group. 

NBNC: Non-HBV and Non-HCV; HBV: Hepatitis B virus; HCV: Hepatitis C virus. 

 

Figure 3. Comparison of percentage of Ishak score 0-4 versus Ishak score 5-6 between the NBNC, HBV and HCV 

group. NBNC: Non-HBV and Non-HCV; HBV: Hepatitis B virus; HCV: Hepatitis C virus. 

 
(a) 

 
(b) 

Figure 4. The multilevel donut charts present proportion of HCC etiologies in database GSE62232 and excluded 

alcoholism, metabolic syndrome, hepatic metastasis, non-alcoholic steatohepatitis, and combined HBV and HCV 

groups. (a) In database GSE62232, there are total 81 patients and 10 HBV patients (12.35%), 9 HCV patients 

(11.11%), 15 HCC patients without known etiology (w/o etiology, 18.52%) were highlighted. (b) In HBV, HCV, 
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and w/o etiology groups, metavir score was presented in outer ring. Proportion of F4 in HBV (60%), HCV (77.8%) 

and w/o etiology (6.7%) groups was highlighted. Al: Alcoholism; METAB: metabolic syndrome; HM: hepatic 

metastasis; NASH: non-alcoholic steatohepatitis; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC: 

hepatocellular carcinoma; w/o: without. 

Table 2. Comparison of characteristics of HBV, HCV and w/o etiology groups by gender, age, metavir score, 

and edmonson score. 

Characteristic 
HBV, 

n=101 

HCV, 

n=91 

w/o ETIOLOGY, 

n=151 
P-value2 

Gender       >0.9 

Female 3 (30%) 3 (33%) 6 (40%)   

Male 7 (70%) 6 (67%) 9 (60%)   

Age 42 (28, 57) 66 (63, 68) 65 (54, 72) 0.005 

Metavir score       <0.001 

F0-F1 1 (10%) 1 (11%) 14 (93%)   

F2-F3 3 (30%) 1 (11%) 0 (0%)   

F4 6 (60%) 7 (78%) 1 (6.7%)   

Edmonson score       >0.9 

I-II 6 (60%) 5 (56%) 9 (60%)   

III-IV 4 (40%) 4 (44%) 6 (40%)   

1 n (%); Median (IQR) 2 Fisher’s exact test; Kruskal-Wallis rank sum test HBV: Hepatitis B virus; HCV: Hepatitis 

C virus; w/o: without. 

 
(a) (b) (c) 

Figure 5. Volcano plot showing differentially expressed genes, with upregulation in red, downregulation in blue, 

based on false discovery rate (FDR) < 0.05 (as -log10(FDR) in y-axis) and the log2 fold change > 1 (x-axis). (a) 

HBV vs Non tumor group showed 1808 upregulated genes and 632 downregulated genes. (b) HCV vs Non 

tumor group showed 1113 upregulated genes and 545 downregulated genes. (c) w/o etiology vs Non tumor 

group showed 320 upregulated genes and 911 downregulated genes. Significant genes are highlighted. HBV: 

Hepatitis B virus; HCV: Hepatitis C virus. 
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(a) (b) 

Figure 6. Liver and immune cellular profiles enrichments in xCell signature: (a) Radial plot of HBV, HCV, and 

w/o etiology groups versus non tumor tissue from xCell with red bars for positive and blue for negative 

enrichment. Gene sets with FDR < 0.25 are in bold, with significance levels: *, **, and *** for FDR < 0.25, <0.05, 

and <0.01, respectively. (b) Dot plot highlighted 27 significant cellular enrichment of HBV, HCV and w/o etiology 

group in xCell signature; The size of the dots represents the -logFDR, indicating the significance of the cellular 

enrichment. The color of the dots, represented using the red-white-blue color scale, indicates the normalized 

enrichment score in each cell type, with red indicating a higher score. Tgd cell: Gamma delta T cell; Th: Helper 

T; DC: Dendritic cells; NK cells: natural killer cells; CD: cluster of differentiation; CPL: Common lymphoid 

progenitors; HSC: Hematopoietic stem cells; MSC: Mesenchymal stem cells; MEP: Megakaryocyte–erythroid 

progenitor cells; MPP: Multipotent progenitors; CMP: Common myeloid progenitors; GMP: Granulocyte 

myeloid progenitors. 
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(a) (b) 

Figure 7. Liver and immune cellular profiles enrichments in Descartes Cell Types and Tissue 2021 (a) Dot plot 

representing the association with different cells in liver, sourced from the Descartes Cell Types and Tissue 2021 

database; The size of the dots represents the -logFDR, indicating the significance of the cellular enrichment. The 

color of the dots, represented using the red-white-blue color scale, indicates the NES in each cell type, with red 

indicating a higher score. (b) The Gene Set Enrichment Analysis plots present top 2 cell types by NES contrasting 

HBV, HCV and w/o etiology groups (left) with non-tumor liver group (right). FDR: False discovery rate; NES: 

Normalized enrichment score; HBV: Hepatitis B virus; HCV: Hepatitis C virus. 

4. Discussion 

This single-centered retrospective study included 1,015 primary HCC patients from 2011 to 2020 

and categorized these patients into three groups based on viral etiology: HBV, HCV, and NBNC-

HCC. The detailed clinical, radiological, histopathological, and immunological analyses provide 

insights into the distinct pathophysiological mechanisms. 

Our clinical findings reveal notable differences among the three groups. Patients with NBNC-

HCC exhibited a lower median FIB-4 index and higher platelet levels compared to those with HCV-

related HCC. Although the MELD-Na scores trended lower in the NBNC group, this difference did 

not reach statistical significance. Such differences in liver function indices and fibrosis markers 

suggest that the underlying liver injury in NBNC-HCC might be less severe. In contrast, the HCV-

related cohort displayed the highest FIB-4 index along with lower platelet counts, reflecting a more 

advanced fibrotic process and possibly more aggressive liver injury. 

Imaging studies for cirrhosis and liver pathology for fibrosis also revealed the definite 

differences across these groups. Among those who underwent imaging, a notably higher percentage 

of NBNC-HCC patients exhibited no cirrhosis compared to their HBV and HCV groups, with 

statistically significant differences noted between the NBNC and HBV groups. Similarly, 

histopathological evaluation via surgical biopsies using the Ishak scoring system revealed that a 

greater proportion of NBNC-HCC patients had low-grade fibrosis as compared to HBV and HCV 

groups. These observations potentially indicate that liver cirrhosis and the progression of fibrosis 

occur less frequently or more slowly in NBNC-HCC, which might have implications for surveillance 

and early intervention strategies. 
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Compared with NBNC-HCC, HBV and HCV related HCC have clearer pathogenesis. In 

previous study, The HCV compartmentalization and increased quasispecies is associated with higher 

proliferation rate of HCC12. Equally, HBV have similar interaction with HCC and next-generation 

sequencing of specific genes could be a predictor of HCC13. However, in NBNC-HCC, the clinical 

manifestation and pathological findings are totally different from viral hepatitis. To explore the 

unique pathogenesis of NBNC-HCC, the GSEA analysis plays a significant role. 

In the GSE62232 cohort of 81 HCC patients, divided in HBV, HCV, and without etiology groups, 

the clinical features of those groups showed a strong concordance to our clinical data. The without 

etiology patients had lower METAVIR score than HBV and HCV groups. The proportion of 

METAVIR score F0-F3 in without etiology group is higher than HBV and HCV groups significantly. 

Since Ishak stages 5-6 came be converted into METAVIR score F4, the histological fibrosis was also 

low in without etiology group. DEG analysis of this database showed upregulated CLEC1B, CLEC4G, 

CLEC4M, CYP2C19, FCN2, OIT3 and downregulated AKR1B10, ASPM, CAP2, CCL20, and GABBR1 

genes in without etiology group and which were opposite to HBV and HCV group. The oncogenes 

like OIT314 and AKR1B1015 present different regulation in these group may represent different 

mechanism of liver oncogenesis. Furthermore, liver fibrosis related genes like COLEC1016, 

CXCL1417, and LINC0109318 were upregulated in without etiology group but downregulated in 

HCV group. Beyond gene expression, the cellular type expression may provide more detail 

information. 

The cell type enrichment study by xCell signature showed upregulated Tgd cell, Th1, and Th2 

cells and which were downregulated in without etiology group. These patterns provide significant 

insights into the roles of different immune cells in the pathogenesis of HBV and HCV groups, 

potentially influenced by factors such as viral evasion strategies or host immune dysregulation. In 

contrast memory B cell was upregulated in without etiology group and downregulated in HBV and 

HCV groups. This suggests their reduced representation, potentially contributing to a compromised 

immune response in these viral infections. The contrasting data from without etiology cases 

underscore the complexity of liver diseases and the influence of diverse factors beyond viral 

etiologies. Notably, the enrichment of hepatocytes was increased in without etiology and decreased 

in HBV and HCV groups. Further GSEA analysis combined cell type enrichment and gene expression 

could provide further underlying mechanism. In Descartes Cell Types and Tissue 2021 database, we 

focused on liver cirrhosis cell types19 that stellate cells and vascular endothelial cells were 

upregulated in without etiology group and down regulated in HBV and HCV groups. These cell-type 

profiles underscore etiology-specific adaptations in chronic liver disease, offering insights into 

differential pathogenesis and therapeutic targeting. 

This study has several limitations. Its single-center, retrospective design introduces selection and 

referral biases and is vulnerable to temporal shifts in antiviral therapy, imaging protocols, and 

surgical candidacy over 2011–2020. Etiologic assignment may be imperfect: the NBNC category 

aggregates biologically distinct conditions (e.g., NAFLD/NASH, alcohol-related, autoimmune, 

cryptogenic), and occult HBV or resolved HCV could lead to misclassification; residual confounding 

by metabolic factors and alcohol exposure is likely. Fibrosis characterization mixed surrogate indices 

(FIB-4, platelets), imaging, and limited histology; not all patients underwent each modality, creating 

spectrum and verification bias, and Ishak-to-METAVIR conversion compresses staging and may 

underestimate cirrhosis. External validation leveraged GSE62232 and deconvolution (xCell) with 

mapping to an atlas (Descartes), which are sensitive to batch effects, tissue composition, and 

differences between tumor and non-tumor contexts; the without etiology group in GSE62232 may not 

perfectly recapitulate NBNC-HCC. Finally, the stellate and endothelial gene enrichments are 

correlative without protein-level, spatial, or functional validation, and were not linked to outcomes, 

limiting immediate translational inference. 

Future work should include prospective, multi-center cohorts with harmonized data capture, 

rigorous viral reservoir testing, and granular NBNC subtyping includes NAFLD/NASH, alcohol-

related, autoimmune, alongside standardized fibrosis assessment like biopsy plus elastography with 
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uniform scoring and consistent imaging to minimize verification bias. Parallel protein validation, 

phospho-signaling, and circulating biomarker assays can bridge tissue signals to noninvasive 

stratification. Finally, longitudinal analyses should relate cell-state signatures to clinical endpoints 

and treatment responses, and mechanism-guided, etiology-stratified trials can evaluate targeted 

strategies with the identified signatures as predictive and pharmacodynamic biomarkers. 

5. Conclusions 

This single-center cohort delineates distinct clinical, fibrotic, and molecular landscapes across 

HBV-HCC, HCV-HCC, and NBNC-HCC. Clinically, NBNC-HCC showed a lower fibrosis burden—

reflected by lower FIB-4, higher platelets, less imaging-defined cirrhosis, and lower Ishak grades—

suggesting a slower fibrotic trajectory and a window for earlier detection compared with viral 

cohorts. External transcriptomic validation echoed these differences, with “without etiology” cases 

exhibiting lower METAVIR stages and a divergent gene program, alongside immune-cell contrasts 

and greater hepatocyte enrichment. Cell type–resolved analyses further highlighted etiology- and 

cell-specific signatures implicating differential axes of regeneration, fibrogenesis, angiogenesis, and 

immunomodulation. Together, these findings refine the heterogeneity of HCC beyond viral status, 

nominate candidate biomarkers for surveillance and risk stratification in NBNC disease, and point 

toward mechanism-guided therapeutic avenues that merit prospective, multi-center, and functional 

validation for clinical translation. 
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The following abbreviations are used in this manuscript: 

AFP Alpha-fetoprotein 

ALT Alanine aminotransferase 

AST Aspartate aminotransferase 
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BMI Body mass index 

CD Cluster of differentiation 

CMP Common myeloid progenitors 

CPL Common lymphoid progenitors 

DC Dendritic cells 

DEG Differential Expression Gene 

FDR False discovery rate 

GEO Gene Expression Omnibus 

GMP Granulocyte myeloid progenitors 

GSEA Gene Set Enrichment Analysis 

HBV Hepatitis B virus 

HCC Hepatocellular carcinoma 

HCV Hepatitis C virus 

HSC Hematopoietic stem cells 

INR International normalized ratio 

MELD-Na Model for End-Stage Liver Disease (with Sodium) 

MEP Megakaryocyte–erythroid progenitor cells 

MPP Multipotent progenitors 

MSC Mesenchymal stem cells 

NAFLD Nonalcoholic fatty liver disease 

NASH Nonalcoholic steatohepatitis 

NBNC Non-HBV and non-HCV 

NES Normalized enrichment scores 

NK cells Natural killer cells 

PLT Platelet 

S.E.M Standard error of the mean 

Tgd cell Gamma delta T cell 
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