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Abstract
Hepatocellular carcinoma (HCC) presents challenges due to its high recurrence 
and metastasis rates and poor prognosis. While current clinical diagnostic and 
prognostic indicators exist, their accuracy remains imperfect due to their biol-
ogical complexity. Therefore, there is a quest to identify improved biomarkers for 
HCC diagnosis and prognosis. By combining long non-coding RNA (lncRNA) 
expression and somatic mutations, Duan et al identified five representative 
lncRNAs from 88 lncRNAs related to genomic instability (GI), forming a GI-
derived lncRNA signature (LncSig). This signature outperforms previously re-
ported LncSig and TP53 mutations in predicting HCC prognosis. In this editorial, 
we comprehensively evaluate the clinical application value of such prognostic 
evaluation model based on sequencing technology in terms of cost, time, and 
practicability. Additionally, we provide an overview of various prognostic models 
for HCC, aiding in a comprehensive understanding of research progress in pro-
gnostic evaluation methods.

Key Words: Hepatocellular carcinoma; Prognosis; Prognostic model; Biomarkers; 
Genomic instability long non-coding RNA; Clinical application value
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Core Tip: Hepatocellular carcinoma (HCC), ranking as the third leading cause of cancer-related mortality globally, is charac-
terized by high rates of recurrence and metastasis. Long non-coding RNAs related to genomic instability emerge as 
promising biomarkers for HCC prognosis. Here, we discuss their clinical significance as prognostic models and offer ins-
ights into ongoing efforts to develop diverse models, with an aim to enhance the scope of research on HCC prognosis and 
diagnosis.

Citation: Xing XW, Huang X, Li WP, Wang MK, Yang JS. Clinical application value of long non-coding RNAs signatures of genomic 
instability in predicting prognosis of hepatocellular carcinoma. World J Gastrointest Surg 2024; 16(8): 2386-2392
URL: https://www.wjgnet.com/1948-9366/full/v16/i8/2386.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i8.2386

INTRODUCTION
Hepatocellular carcinoma (HCC), also known as the "king of cancer", ranks fifth in incidence and third in mortality in 
China, underscoring the critical importance of early screening and prognosis assessment. With the recognition of long 
non-coding RNAs (lncRNAs) as potential prognostic factors in various cancers including HCC, exploration into lncRNAs 
related to genomic instability (GI) has surged. In a recent study published in the World Journal of Gastrointestinal Surgery, 
Duan et al[1] identified a GI-derived lncRNA signature (GI-LncSig) by integrating lncRNA expression and somatic mu-
tation profiles. They conducted functional enrichment analyses, established a training set via Cox regression analysis, 
validated its predictive ability in the testing set and The Cancer Genome Atlas set, and assessed its prognostic efficacy in 
comparison to TP53 mutation status in HCC. The study identified five representative lncRNAs from a pool of 88 GI-
lncRNAs, culminating in the establishment of a GI-LncSig capable of prognosticating HCC outcomes. Notably, statistical 
analyses revealed GI-LncSig to possess superior predictive power compared to TP53 mutation status or standalone tumor 
markers. Nevertheless, the rapid development of medicine has led to the development of various detection indicators and 
methods related to the diagnosis and prognosis assessment of HCC. This editorial article posts an exploration of the 
clinical utility of genome sequencing and GI-LncSig model construction based on somatic mutations in HCC prognosis.

CLINICAL APPLICATION OF ASSAY INDICES IN HCC
Five common HCC markers are routinely employed in clinical settings: Alpha-fetoprotein (AFP), carbohydrate antigen 
(CA) 199, cancer-derived CA 125 (cCA125), AFP anisoplasts (AFP-L3), and abnormal prothrombin (PIVKA-II) (Figure 1). 
The following sections provide a brief description of the representative significance, detection scope, and prognostic 
value of each marker.

AFP
AFP, primarily synthesized by HCC, exhibits elevated levels in 60%-70% of HCC patients, making it the most frequently 
utilized tumor marker. Both the United States National Comprehensive Cancer Network Guidelines and the Guidelines 
for Diagnosis and Treatment of Primary Liver Cancer in China (2022 edition)[2] recommend AFP as a standard tumor 
marker for HCC screening, aiming to enhance early detection rates. Normally, serum AFP concentration remains below 
20 ng/mL. Routine screening for HCC involves ultrasound with or without AFP assessment every 6 months. The 
combination of ultrasound and AFP has shown marginal improvements in detection (6%-8% higher than ultrasound 
alone)[3]; however, this may also increase false-positive results, which limits the specificity of AFP. Despite its strong 
prognostic significance in patients with HCC undergoing systemic therapy, elevated AFP levels were also observed in 
various other conditions including acute and chronic hepatitis, cirrhosis, viral and neonatal hepatitis, pregnancy and 
germ cell tumors, gastrointestinal tumors, liver injury, and telangiectasia. Additionally, certain patients with HCC were 
negative for AFP (AFP < 20 ng/mL)[4], indicating AFP’s limited sensitivity and specificity for HCC.

AFP-L3
AFP-L3, a subfraction of AFP originating from malignant hepatocytes, serves as a valuable indicator for HCC. Given that 
AFP is negative in approximately 30% of patients with HCC, AFP-L3 acts as a complementary marker for AFP[5]. The 
ratio of AFP-L3 to total AFP aids in distinguishing between non-malignant hepatic disease and HCC. In 2005, the United 
States Food and Drug Administration approved AFP-L3 for HCC diagnosis. Normally, the serum AFP-L3 to AFP ratio 
remains below 10%; however, even with low AFP levels, an AFP-L3 ratio exceeding 10% suggests HCC occurrence. In a 
prospective study, AFP-L3 (AFP bound to lens culinaris agglutinin) and des-γ-carboxyprothrombin (DCP) biomarkers 
exhibited strong predictive capabilities for early HCC recurrence, surpassing AFP alone and effectively reducing false-
negatives and false-positives[6]. In China, AFP, AFP-L3, and DCP have been included in the "13th Five-Year Plan" for 
infectious disease prevention and control, which is expected to become a common diagnostic criterion for HCC globally. 
Nonetheless, the relationship between pre-treatment serum AFP-L3% levels and tumor invasion, metastasis, and other 
clinicopathological parameters (such as tumor grade, stage, and cirrhosis) reported in some studies lacks reliability, 

https://www.wjgnet.com/1948-9366/full/v16/i8/2386.htm
https://dx.doi.org/10.4240/wjgs.v16.i8.2386
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Figure 1 Five assay indices of hepatocellular carcinoma in clinical application. A: Alpha-fetoprotein; B: Alpha-fetoprotein heterosomes; C: 
Carbohydrate antigen (CA) 199 and cancer-derived CA 125, which belong to glycoprotein macromolecules that can be recognized as antigens; D: Abnormal 
prothrombin-II. CA199: Carbohydrate antigen 199; cCA125: Cancer-derived carbohydrate antigen 125.

hindering the estimation of their impact on overall survival (OS) or disease-free survival (DFS)[7]. Conflicting data have 
also emerged regarding the ability of pre-treatment serum AFP-L3% to predict DFS and OS in HCC, thereby reducing the 
confidence of AFP-L3% for HCC patient prognosis.

CA199 and cCA125
CA199 and cCA125, two glycoprotein macromolecules, are commonly utilized markers for adenocarcinoma, notably 
elevated in lung, pancreatic, colorectal, endometrial, ovarian, and other cancers[8]. Approximately 10% of HCC cases 
originate from bile duct epithelial cells or rare tumor types, wherein AFP is negative while CA199 is elevated. Fu-
rthermore, in cases of metastatic tumors, such as liver metastasis from colorectal cancer, CA199 elevation serves as a 
reference for differential diagnosis[9]. Both cCA125 and CA199 serve as relative reference indicators. Serum cCA125 
elevation is observed in 80% of patients with HCC; however, it remains unaltered in nearly half of early-stage cases, 
limiting its utility as a standalone marker for early diagnosis. Notably, serum cCA125 in 90% of patients has been co-
rrelated to the course of the disease, making it valuable for disease detection and treatment efficacy evaluation. Normally, 
cCA125 Levels in healthy adult women are below 40U/mL, although the reported reference value is 35 U/mL[10]. Under 
normal physiological conditions, trace amounts of CA199 exist in the serum. While detectable in most normal individuals, 
a small fraction (6%-10%) may have undetectable CA199 Levels in the serum[11].

PIVKA-II
PIVKA-II arises in the presence of glutamyl carboxylase and vitamin K deficiency. When hepatocytes fail to synthesize 
normal vitamin K-dependent clotting factors, abnormal serum prothrombin concentrations are elevated. Since 2015, 
China's "Guidelines for the Prevention and Treatment of Chronic Hepatitis B" have recommended PIVKA-II as a crucial 
indicator for HCC diagnosis, serving as a complementary marker to AFP to enhance early detection rates of primary liver 
cancer[12]. Under normal conditions, PIVKA-II concentrations are below 40 mAU/mL, with a diagnostic rate of 74% for 
early-stage liver cancer[13]. PIVKA-II holds significant diagnostic value in preoperative diagnosis and postoperative 
monitoring of liver cancer, with levels typically decreasing post-surgery. A rise in PIVKA-II levels post-surgery indicates 
tumor recurrence. However, the pathological mechanism underlying the elevation of PIVKA-II in HCC remains 
incompletely understood, rendering it a serological marker with clinically significant associations. The clinical sensitivity 
of PIVKA-II-positive HCC stands at 55%, only positioning it as a reference marker in clinical diagnosis[14].
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ADVANTAGES OF GI-LNCSIG
The elevation of tumor markers often correlates with tumor occurrence and progression, albeit influenced by benign 
diseases, inflammation, physiological changes, lifestyle habits, and other factors. Frequently, a single tumor marker alone 
may not conclusively indicate cancer; rather, multiple markers and detection methods are required for accurate identi-
fication. Cancer is characterized by abnormal and uncontrolled cell growth due to genetic mutations, a trait often referred 
to as GI[15].

Zhou et al[2] validated the GI-LncSig model, constructed using five GI-lncRNAs, which was established at the genetic 
level related to pathogenesis, thus circumventing environmental and individual differences affecting changes in HCC 
markers. Utilizing the risk score derived from this model, patients with HCC in the database were categorized into high-
risk and low-risk groups. A comparison of the 5-year survival rates between these groups revealed a survival rate of 9.3% 
for high-risk patients and 19.8% for low-risk patients. The prognostic performance of GI-LncSig was assessed via receiver 
operating characteristic curve analysis, yielding an area under the curve (AUC) of 0.736, surpassing that of GulncSig 
(AUC = 0.664) or WulncSig (AUC = 0.725). These findings indicate that GI-LncSig exhibits superior prognostic per-
formance compared to other published lncRNA signatures[1].

Directly using lncRNA expression profiles and somatic cell mutation profiles at the molecular level enables the pr-
ediction of HCC patient prognosis, offering greater sensitivity and accuracy compared to biochemical indicators 
influenced by various factors. Some patients with HCC undergo chemotherapy, radiotherapy, and immunotherapy as 
part of their treatment regimen, aiming to eliminate cancer cells with high proliferative activity or relative sensitivity to 
radiation. While these approaches often result in tumor volume reduction and achieve certain therapeutic effects, they do 
not alter the tumor genotype, potentially allowing surviving cancer cells to reemerge post-treatment[16]. In such sce-
narios, sequencing lncRNAs in the tumor tissue enables an accurate assessment of the patient's tumor survival status and 
prognosis.

TEST METHOD AND COST OF GI-LNCSIG
Current screening methods for cancer include ultrasound imaging and serum antigen detection, despite their limited 
sensitivity (ranging from 47% to 84%) and specificity (from 67% to over 90%)[17]. However, their quickness and con-
venient sampling render them widely used in clinical practice. The GI-LncSig HCC prognostic model, constructed from 
genome-unstable lncRNAs, comprised five lncRNAs (miR210HG, AC016735.1, AC116351.1, AC010643.1, and LUCAT1), 
with varying lengths of 2303 nt, 174772 nt, 180464 nt, 30623 nt, and 582 nt, respectively. Tissue samples from patients 
were utilized for total RNA isolation, followed by confirmation of integrity, concentration, and purity. Subsequently, 
ribosomal RNA removal and RNA sequencing library generation for sequencing were performed[18]. The cost of 
constructing the HCC prognostic model for each patient is about 2000 yuan, which is higher than the 700 yuan cost of the 
commonly used five HCC tests in clinical practice. Additionally, it often takes 2 months to perform human lncRNA 
sequencing, thus resulting in longer detection times. In contrast, traditional clinical detection methods yield results and 
prognosis assessment within 1-2 d at a cost ranging from 400-800 yuan, which is economically convenient and can better 
meet the needs of patients with HCC. However, with the rapid advancement of sequencing technology, overcoming the 
challenges of prolonged sequencing time and high costs associated with lncRNA sequencing could enhance the clinical 
application of the GI-LncSig model, owing to its high prognostic accuracy for patients with HCC.

OTHER POTENTIAL BIOMARKERS FOR PROGNOSIS IN HCC
The current arsenal of serum biomarkers for predicting HCC prognosis remains insufficient, characterized by low 
sensitivity and heterogeneous specificity. Currently, apart from AFP and those mentioned above, new biomarkers have 
yet to be integrated into routine clinical practice. Therefore, researchers are diligently exploring alternative biomarkers for 
early diagnosis, personalized treatment approaches, and post-treatment prognosis using proteomics, metabolomics, 
genomics, and other novel technologies such as microbiome analysis[19].

Currently, researchers have mined genetic information associated with HCC-related processes, including cell 
senescence, cuproptosis, cell necrosis, cell-free DNA, natural killer cells, basement membrane, and cell cycles, to identify 
biomarkers that accurately assess patient prognosis. Integrating proteomic studies with gene-editing models enables the 
analysis of HCC patient prognosis, shedding light on post-translational modifications and complex pathological pro-
cesses underlying tumorigenesis. Additionally, cancer cell mutations and oncogenes disrupt human metabolic processes, 
including aerobic glycolysis, glutaminolysis, and one-carbon metabolism, resulting in the production of amino acids, 
nucleotides, fatty acids, and other substances required for cancer cell growth and proliferation[20]. Cancer is considered a 
metabolic disease due to its metabolic disorder characteristics, thus metabolomics can be used as a means to identify 
novel diagnostic markers for liver cancer. Moreover, gut and tumor microbes have emerged as promising prognostic 
indicators for patients with HCC. Moreover, several imaging features, termed prognostic imaging features, may correlate 
with pathologic and molecular drivers of outcomes in HCC. Table 1 summarizes such biomarkers of various types.
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Table 1 Typical biomarkers in different groups

Species Name Feature Ref.

PDXK Cuproptosis-related gene signature Chen et al[21]

m6A/m5C/m1A Poor prognosis and immune microenvir-
onment in HCC

Li et al[22]

CANT1 Histologic grade Liu et al[23]

CTSA The most critical basement membrane-related 
genes

Sun et al[24]

Mutation Capsule Plus Multiple analyses of a cfDNA sample to obtain 
its whole genome information

Wang et al[25]

IL18RAP, CHP1, VAMP2, PIK3R1, PRKCD 5-NKRLSig, associated with natural killer cells Xi et al[26]

CDCA8, CENPA, SPC25, TTK Four central genes involved in cellular 
senescence

Zhang et al[27]

Genomics

PHF19 As a crucial constituent part of Polycomb 
repressive complex 2, PHD finger protein 19 
plays a pivotal role in epigenetic regulation

Zhu et al[28]

Lysine crotonylation Higher crotonylation in HCC cells facilitated 
cell invasiveness

Zhang et al[29]Proteomics

SLC1A4 SLC1A4 inhibited cell proliferation, migration, 
and cell cycle progression, and promoted cell 
apoptosis in HCC

Peng et al[30]

MG (monoacylglyceride) It might accumulate in patients with advanced 
HCC due to the deficit of MGLL

Lin et al[31]

NrLR Neutrophil times γ-glutamyl transpeptidase to 
lymphocyte ratio

Wu et al[32]

Metabolomics

IL-6 Interleukin-6 promotes the growth of the HCC 
microenvironment

Dalbeni et al[33]

Gut microbiome Strong diagnosis potential for early HCC and 
even advanced HCC

Ren et al[34]

Intratumor microbiome It can affect HCC patients' prognosis by 
modulating the cancer stemness and immune 
response

Song et al[35]

LI-RADS Liver imaging reporting and data system Ronot et al[36]

Others

A combined clinicoradiological MR-based 
model integrating radiomics features

This model was shown to be associated with 
recurrence-free survival

Song et al[37]

PDXK: Pyridoxal kinase; m6A: N6-methyladenosine; m5C: 5C-methyltransferase; m1A: 1A-methyltransferase; CANT1: Calcium-activated protein 
nucleotidase 1; CTSA: Cathepsin A; IL18RAP: Interleukin 18 receptor accessory protein; CHP1: Calcineurin-like EF-hand protein 1; VAMP2: Vesicle-
associated membrane protein 2; PRKCD: Protein kinase C delta; CDCA8: Cell division cycle-associated 8; CENPA: Centromere protein A; SPC25: SPC25 
component of NDC80 kinetochore complex; TTK: TTK protein kinase; PHD: Plant homeodomain; PHF19: Plant homeodomain finger protein-19; SLC1A4: 
Solute carrier family 1 member 4; MG: Monoacylglyceride; NrLR: Neutrophil times γ-glutamyl transpeptidase to lymphocyte ratio; IL-6: Interleukin-6; LI-
RADS: Liver imaging reporting and data system; HCC: Hepatocellular carcinoma; MGLL: Monoacylglycerol lipase; 5-NKRLSig: 5-Natural killer-related 
signature; cfDNA: Cell-free DNA; PIK3R1: Phosphoinositide-3-kinase regulatory subunit 1.

CONCLUSION
This literature review provides an overview of biomarkers utilized in the diagnosis and prognosis of patients with HCC 
in clinical practice, comparing their detection time and cost with those of the GI-LncSig prognostic model. AFP, AFP-L3, 
CA199, cCA125, PIVKA-II, and other indicators exhibit varying degrees of deficiencies and inaccuracies in terms of 
accuracy, sensitivity, applicability, as well as representativeness. In contrast, the GI-LncSig model effectively addresses 
these limitations and demonstrates superior alignment with the database, resulting in enhanced prognostic accuracy. 
However, the current implementation of GI-LncSig is hindered by cumbersome detection sampling, high costs, and 
prolonged detection times. If these issues can be resolved, GI-LncSig technology will offer higher accuracy than tra-
ditional detection indicators and hold significant clinical application value. Furthermore, various methods are employed 
in the screening and determination of prognostic biomarkers for patients with liver cancer, including genomics, 
proteomics, metabolomics, microbiology, and imaging. The combined application of multiple technologies will enable a 
more accurate assessment of the prognosis of patients with HCC.
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