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Background: The aberrant expressions of IncRNAs have been frequently demonstrated to
be closely associated with the prognosis of patients in many cancer types including hepato-
cellular carcinoma (HCC). Integration of these IncRNAs might provide accurate evaluation
of HCC. Therefore, this study aims to develop a novel prognostic evaluation model based on
the expression of IncRNAs to predict the survival of HCC patients, postoperatively.
Patients and Methods: RNA sequencing (RNA-seq) analysis was performed for 61 HCC
patients (training cohort) to screen prognosis-associated IncRNAs with univariate Cox
regression and Log rank test analyses. Multivariate Cox regression analysis was then applied
to establish the final model, which was further verified in a validation cohort (n=191).
Moreover, performance of the mode was assessed with time-dependent receiver operating
characteristic curve (tdROC), Harrell’s c-index, and Gonen & Heller’s K.

Results: After a serial statistical computation, a novel risk scoring model consisting of four
IncRNAs and TNM staging was established, which could successfully divide the HCC patients
into low-risk and high-risk groups with significantly different OS and RFS in both training and
validation cohorts. tdROC analysis showed that this model achieved a high performance in
predicting OS and 2-year RFS in both cohorts. Gene Set Enrichment Analysis revealed that HCC
tumor tissues with high-risk score have stronger capacities in immune escape and resistance to
treatment.

Conclusion: We successfully established a novel prognostic evaluation model, which
exhibited reliable capacity in predicting the OS and early recurrence of HCC patients with
relatively higher accuracy.
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Introduction
Hepatocellular carcinoma is one of the most common malignancies and one of the
most frequent causes of cancer-related death worldwide,' especially in China,
where more than 50% of global new cases and HCC-associated mortalities is
estimated to occurred annually.” It is reported that the postoperative median survi-
val time of HCC patients is only 23 months in Chinese mainland, which is
dramatically less than that in Chinese Taiwan and Japan (more than 60 months in
both areas).® Lack of regular surveillance is considered as the predominant reason
causing the poor prognosis of HCC patients in Chinese mainland.

Recurrence and metastasis frequently occur in HCC patients after surgical
resection. It is reported that around 50% of HCC patients are subject to recurrence
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within 2 years* ® which is widely considered as the cut-off
to classify the recurrence into early and late stages.’
However, patients with early HCC are more likely to
receive curative treatment and harvested more satisfactory
5-year survival (50—75%) than those of late-stage HCC.*?
Therefore, it is critical to find a robust method to more
accurately predict early recurrence and postoperative sur-
vival to further improve the prognosis of HCC patients.

Recently, many staging systems, such as the Barcelona
Clinic Liver Cancer staging system and TNM staging
system,'® have been developed to guide the clinical prac-
tice, which are also deemed as important prognostic fac-
tors of HCC. However, it is still difficult to accurately
assess the prognosis of HCC patients completely based
on these staging systems. Therefore, many prognostic sig-
natures have been established to distinguish HCC patients
with high risk or low risk, which are helpful for both
postoperative management and clinical decision-making
in the treatment of HCC patients.

With the development of high-throughput sequen-
cing, many publicly available datasets have been con-
structed, such as TCGA and GEO, which provided
ideal platforms for the establishment of prognostic
signatures. On the basis of the CGA database, we and
other groups have identified some novel signatures for
prognosis prediction of hepatocellular carcinoma.''™'?
However, individuals sequenced in TCGA datasets
were mostly North American patients. And it is well
known that geographic differences result in
differences of the cause of HCC. For examples, HCC
is frequently induced by HCV infection in North
America, but is predominately induced by HBV infec-
tion in East Asia. Additionally, there are also differ-
ences in ethnicity, lifestyle, and diet related to HCC
between Asians and Americans. Some important prog-
nostic factors in HBV-induced HCC might be ignored
during the establishment of prognostic signatures
within the TCGA dataset, such as HBx-E2'* and
RP11-439L8.3 (identified in this study).
although many signatures based on the TCGA dataset

Hence,

exert well outcomes, even in Asians, they may still not
be ideal models to evaluate the prognosis of HCC
patients in Asia.

In this study, we constructed a risk scoring model
consisting of four IncRNAs and TNM staging. HCC
patients with low-risk scores usually showed better overall
survival (OS) and recurrence free survival (RFS) than
those with high-risk scores, which was further verified by

an enlarged validation cohort. Together, this novel four-
IncRNAs-TNM model is a well prognostic predictor for
OS and 2-year RFS of HCC patients.

Patients and Methods

Samples Selection and Collection

The design of this study is shown in Figure 1. The enrolled
HCC patients had to meet the following criteria: 1)
patients were pathologically diagnosed by two experienced
pathologists who did not take part in the rest of data
analysis; 2) patients did not receive any other antitumor
treatment before surgery; 3) patients did not die of non-
liver disease or accidents; and 4) patients did not suffer
from recurrence within 1 month. Following the criteria,
a total of 231 HCC patients were enrolled from
November 2013 to July 2016 at Mengchao Hepatobiliary
Hospital of Fujian Medical University and distributed into
the training cohort (n=61) and the validation cohort
(n=191). Among recruited patients, 70% of them have
the background of HBV infection (Table 1). The median
follow-up periods were 42 and 51.1 months in the training
and the validation cohorts, respectively. The follow-up
survey was performed every 6 months. The tissue samples
were collected and preserved as previously described.'!
The study protocol and the usages of clinical samples
were approved by the Institution Review Board of
Mengchao Hepatobiliary Hospital of Fujian Medical
University. All patients had signed the informed consents.
The whole study was conducted in accordance with the
Declaration of Helsinki.

Construction of RNA Sequencing Dataset
and Differentially Expressed IncRNA

Screening in the Training Cohort

The HCC and their paired adjacent non-tumor tissues
derived from 61 HCC patients in the training cohort
were used for transcriptome sequencing (RNA-seq) on
[llumina HiSeq X10 platform (paired end, 150 bp) by
Annoroad Gene Tech. (Beijing) Co., Ltd. The differen-
(DE-LncRNAs) between
tumor and their paired non-tumor samples were identi-

tially expressed IncRNAs

fied according to the following criteria: 1) the threshold
>3.32 and the
adjusted p<1.3*107°; 2) the upregulation or downregu-
lation of IncRNAs occurred in more than 50% of HCC
tissues.

was set as [logjo(fold change) |
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Figure | The design of this study. A total of 231 HCC patients from Mengchao Hepatobiliary Hospital of Fujian Medical University were collected and distributed into the
training cohort (n=61) and the validation cohort (n=191). Among these recruited patients, 2| patients were shared by both of the cohorts. HCC and non-tumor tissues
from the training cohort were analyzed by RNA sequencing, and applied to establish the prognostic model. Another batch of samples from the validation cohort were
measured by qRT-PCR to confirm the expressions of prognostic evaluation IncRNAs and assess the performance of the model.

Establishment of Predictive Model in the
Training Cohort

To further narrow the potentially prognostic factors,
univariate Cox regression and Log rank test analysis
(SPSS,
Chicago, IL). In univariate Cox regression analysis,

were performed by SPSS software Inc.,
IncRNAs with a p-value less than 0.1 and clinical
parameters with a p-value less than 0.05 were consid-
ered as prognostic candidates, which were subsequently

subject to Log rank test. As for results, eleven

IncRNAs and nine clinical parameters with p<0.05 in
Log rank test analysis were selected as prognostic
factors and incorporated into multivariate Cox regres-
sion analysis. Finally, a novel risk scoring formula
consisting of four IncRNAs and TNM staging (all
p<0.05) were developed as follows:

Risk score =

15> and p = ¥ Coefficient(xi) * o (xi)

Here, ¢’ is the natural exponential value of p, and p is
the sum of the product of coefficient (x7) and w (x7). The
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Table | Clinical Characteristics of HCC Patients in Two Cohorts

Variables Training Validation p-value
Cohort Cohort

Gender (male) 53 (86.9%) 161 (84.3%) 0.687
Age (years) 57.2%11.2 53.5%11.0 0.026°
Tumor number 1.3£0.8 1.3£0.9 0916
Tumor size (cm) 7.2+48 5.7+4.4 0.030*
Tumor envelope 22 (16.2%) 114 (59.7%) 0.002*
(positive)

Tumor embolus 32 (52.5%) 93 (48.7%) 0.660
(positive)

Hepatocirrhosis 42 (68.9%) 152 (79.6%) 0.115
(positive)

Vascular invasion 34 (55.7%) 92 (48.2%) 0.378
(positive)

AFP (ng/mL) 5,238.1+19,554.2 | 8,837.5+£54,245.5 0.613
Edmondson class (I-Il) 11 (18.0%) 79 (41.6%) 0.001%
BCLC staging (0-A) 26 (42.6%) 84 (44.0%) 0.883
TNM staging (I-1l) 38 (62.3%) 156 (81.7%) 0.003*
Recurrence (positive) 43 (70.5%) 126 (66.0%) 0.536
Survival status (dead) 29 (47.5%) 82 (42.9%) 0.556

Note: *Statistically significant.

Abbreviations: HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein; ALB, albu-
min; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC staging,
Barcelona Clinic Liver Cancer staging; TNM staging, TNM Classification of
Malignant Tumors (8th edition).

coefficient (xi) refers to multivariate Cox regression coef-
ficient of each IncRNA or TNM staging, while @ (xi)
represents the relative expression value of IncRNAs
(z-score normalized) or TNM staging.

Risk Stratification and Performance

Evaluation of Predictive Model

The risk score of HCC patients in both of the training
and validation cohorts were respectively calculated
according to the aforementioned risk scoring formula.
And the patients in the training cohort were further
distributed into low-risk and high-risk groups accord-
ing to the median risk score. Kaplan-Meier analysis
was conducted to analyze the survival differences
between low- and high-risk groups with Prism 8§
software (San Diego, CA, USA). To assess the sensi-
tivity and specificity of our newly established model
for predicting the prognosis of HCC patients, the area
under time-dependent receiver operating characteristic
(tdROC), the curve (tdAUC) was calculated with
“tdROC” (4.0.3).
Meanwhile, the optimum cutoff value of risk score

package of R software

was also confirmed by tdROC analysis according to
the maximal Youden index, which was used for

separating the HCC patients into low-risk and high-
risk groups in the validation cohort. In addition,
model discrimination was also assessed by the
Harrell’s c-index and Gonen & Heller’s K, with “sur-
vival” and “CPE” packages of R software, respectively,

as previously described.*

RNA Extraction and Real-Time
Quantitative PCR Analysis of the Samples

in the Validation Cohort

Total RNA of HCC tissue samples in the validation
cohort was extracted using TransZol Up Plus RNA kit
(TransGen Biotech Ltd., Beijing, China) and quantified.
Afterwards, 1 pg of total RNA was revise-transcribed
into cDNA using the Transcriptor First Strand cDNA
Synthesis Kit (Roche Ltd., Basel, Switzerland). The
gPCR assay was then performed as previously
described.'' The primer sequences of target genes are

shown in Supplementary Table S1.

Functional Enrichment Analysis

Gene Set Enrichment Analysis (GSEA) was applied to
characterize the concordant differences between low-risk
and high-risk groups wusing the “clusterProfiler”
package of R software. A gene set with enrichment
p<0.01 and p. adjust<0. 05 was considered as statisti-

cally significant.

Results
Clinical Characteristics of HCC Patients

in Both Cohorts

In this study, a total of 231 HCC patients were recruited and
constituted the training cohort (n=61) and the validation
cohort (n=191) according to the inclusion criteria, whose
clinical characteristics are listed in Table 1. HCC and non-
tumor tissues collected from HCC patients in the training
cohort were subject to RNA-seq analysis, while tumor tis-
sues from HCC patients in the validation cohort were sub-
jected to validate the clinical significance of our established
model by qRT-PCR assay. Both cohorts presented significant
differences in several clinical characteristics including age
(»p=0.026), tumor size (p=0.030), tumor envelope (p=0.002),
Edmondson classification (p=0.001), and TNM staging clas-
sification (p=0.003). Notably, 21 patients were shared in the
training and the validation cohorts, which were applied to
verify the consistency between the results in RNA-seq and
gqRT-PCR.
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Identification of Prognostic IncRNAs in

the Training Cohort

To filter the potential IncRNAs associated with the prognosis
of HCC patients, we adopted a strict screening strategy in
the whole process of the model establishment, which was
presented in the Materials and Methods section. In the
comparisons between HCC and non-tumor tissues in the
training cohorts, a total of 395 IncRNAs (368 upregulation
and 27 downregulation) were identified as Differentially
Expressed IncRNAs (DE-LncRNAs, Figure 2). These sig-
nificantly dysregulated IncRNAs, together with 41 clinical
parameters, including TNM staging and BCLC staging,
were analyzed by univariate Cox regression and Log rank
tests. And eleven IncRNAs and nine clinical parameters
were identified as candidates significantly associated with
OS in the training cohort and were taken into further analysis

of downstream multivariate Cox regression.

Establishment and Validation of Predictive
Model in the Training Cohort

The multivariate Cox regression identified five prognostic
evaluation factors including AC007639.1, AC126407.1,
SLC7A11-AS1, RP11-439L8.3, and TNM staging (Table
2). The expressions of these IncRNAs in the training

cohort are shown in Supplementary Figure S1, whose

expressions in the TCGA dataset well supported our
results except for IncRNA RP11-439L.8.3, which is not
found in the TCGA dataset. Depending on these prognos-
tic evaluation factors, a risk scoring formula was estab-

lished as follows:

Risk score = %, p = 1.760¥(AC007639.1) + 1.016*
(SLC7AT11-AS1) - 1.445%(AC126407.1) - 1.312*%(RP11-
4391.8.3) + 1.202*(TNM staging)

In addition, the expressions of these IncRNAs were also
investigated by qRT-PCR in HCC tissues in the validation
cohort. The consistency analysis with 21 shared HCC samples
showed that qRT-PCR results were significantly correlated
with that in RNA-seq data (p<0.05, Supplementary Figure
S2), which supported the reliability of our methods. To stan-

dardize the data obtained from qRT-PCR, z-score normaliza-
tion was performed. Afterwards, the risk score was calculated
from all recruited HCC patients with this newly-established
model. The patients were further divided into low-risk and
high-risk groups using the median risk score (0.590) as cut-off
in the training cohort and an optimum cut-off value of risk
score at 0.615 is identified by tdROC analysis in the training
cohort and used to divide the low-risk patients with the high-
risk patients in the validation cohort. The Kaplan-Meier curves
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Table 2 The Details of Four IncRNAs and TNM Staging Screened Picked Up by Multivariate Cox Regression Analysis

LncRNAs Ensemble ID FC Coefficient HR p-value
AC007639.1 ENSG00000263680 23.04 1.760 5.810 3.21E-04
AC126407.1 ENSG00000260978 15.69 —1.445 0.236 0.003
RP11-439L8.3 ENSG00000228682 11.73 -1.312 0.269 0.003
SLC7AI1-ASI ENSG00000250033 29.57 1.016 2.761 0.037
TNM staging 1.202 3.326 0.005

Abbreviations: FC, fold change; HR, hazard ratio.

were plotted to examine the survival differences of the HCC
patients by Log rank tests. The results indicated that patients
with high-risk score usually suffered from shorter OS time
than those with the low-risk score in the training cohort
(median OS time: 25 vs 50 months, p=6.5548E-8, Figure
3A), which was well supported by the results in the validation
cohort (median OS time: 19 vs 54 months, p=4.4563E-8,
Figure 3B). Similarly, the RFS time of patients in the high-
risk group was significantly shorter than those in the low-risk
group in the training cohort (median RFS time: 5 vs 37
months, p=5.0259E-7, Figure 3C). The consistent results
were also obtained in the validation cohort (median RFS
time: 4 vs 28 months, p=0.000735, Figure 3D). The distribu-
tion of risk score and OS time in the training and validation
cohorts are presented in Figure 3E and F.

Assessing Model Performance in the
Training and Validation Cohorts

Next, to further assess the prognostic power of our
model, tdROC curve analysis was performed in the train-
ing and validation cohorts. The results showed that the
model can accurately discriminate high-risk patients from
low-risk patients, whose tdAUC (area under the curve)
were 0.82 (95% CI=0.691-0.917) and 0.79 (95%
CI=0.718-0.854) in the training cohort (Figure 4A) and
the validation cohort (Figure 4B), respectively. Moreover,
the tdAUC of this model were higher than that of any
single factor, especially TNM staging, in both training
and validation cohorts (Supplementary Table S2), which
indicated that four IncRNAs and TNM staging are indis-
pensable to efficiently predict the OS of HCC. Based on
the tdROC analysis of the data from the training cohort,

the optimum cut-off value (value=0.615) was identified
with a specificity of 82.76% (95% CI=64.23— 94.15%)
and a sensitivity of 84.38% (95% CI=67.21-94.72%),
which was subsequently applied to divide the patients in
the validation cohort. Besides tdROC, the Harrell’s c—
index and Gonen & Heller’s K methods were also applied

to assess the performance of this model, as previously
described.* As shown in Figure 4E, good performance in
predicting OS of HCC patients were observed in both
cohorts. Meanwhile, multivariate Cox regression analysis
was performed in the validation cohort once more to
evaluate the clinical significance of our model along
with clinical parameters. The results indicated that the
risk score was an independent prognostic factor in pre-
dicting OS and RFS of HCC patients (Supplementary
Figure S3).

Although the tdAUC achieved relatively good per-
formance in the training cohort (tdAUC=0.79; 95%
CI=0.679-0.888, Figure 4C), the value was only 0.59
(95% CI=0.492-0.679) when this model was used for
predicting the RFS of HCC patients in the validation
cohort (Figure 4D). And the values of Harrell’s c-index
and Gonen & Heller’s K analyses were relatively low.
Because this model was constructed according to the
OS, it was not surprising that this model might be less
accurate in predicting the RFS of HCC patients.

Association Analysis of the Prognostic
Evaluation Model with Clinical

Parameters in the Validation Cohort

The results of correlation analysis showed that risk scores
were significantly associated with age (p=0.007), tumor size
(p=3.15E-8), tumor embolus (p=2.77E-4), vascular invasion
(p=3.54E-7), AFP (p=8.38E-8), aspartate aminotransferase
(AST, p=0.018), Edmondson grading (p=0.031), BCLC sta-
ging (p=1.33E-7), and TNM staging (p=1.03E-30), which
indicated that this model was also an important factor reflect-
ing patients’ disease status, like TNM staging and BCLC
staging (Table 3). Furthermore, HCC patients with unfavor-
able clinical outcomes including vascular invasion, tumor
embolus, bigger tumor size (p=1.11E-4), higher level of
AFP (p=0.0001), or advanced BCLC stage (p=0.0001)
always had significantly higher risk scores, except for
Edmondson grading (p=0.0581), as shown in Figure SA-F.
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Figure 3 Survival curves and distributions plot of HCC patients in training or validation cohorts. (A and B) Kaplan-Meier survival curve of OS between high-risk and low-
risk groups in the training cohort (A) and in the validation cohort (B). (C and D) Kaplan-Meier survival curve of RFS between high-risk and low-risk groups in the training
cohort (C) and in the validation cohort (D). (E and F) The distributions of HCC patients according to the risk score and survival status in the training cohort (E) and in the
validation cohort (F). The patients in the training cohort were divided into low-risk group and high-risk group depending on the median score. However, optimum cut-off
calculated by tdROC curve was used for distributing the patients from the validation cohort into low-risk and high-risk groups.
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Figure 4 Performance assessment of prognostic evaluation model for predicting OS and RFS in the training and the validation cohorts. (A and B) Time-dependent receiver
operating characteristic (tdROC) curves of the prognostic evaluation model in predicting OS in the training cohort (A) or in the validation cohort (B). (C and D) tdROC
curves of the prognostic evaluation model in predicting RFS in the training cohort (C) or in the validation cohort (D), (E) Harrell’s c-index and Gonen & Heller’s K analysis of

the prognostic evaluation model in predicting OS and RFS in both of the cohorts.

Abbreviations: AUC, area under curve; OS, overall survival; RFS, recurrence-free survival.

Additionally, the HCC patients with lower risk scores usually
had longer OS time, regardless of the presence or absence of
vascular invasion, tumor embolus, or high-grade BCLC stage
(all p<0.05, Figure 5G-I). Therefore, these results further
demonstrated that the risk score calculated by our prognostic
evaluation model indeed served as a reliable independent

prognosis predictor of HCC patients.

Functional Enrichment Analysis in the
Training Cohort

To further understand the molecular signatures of high-risk
and low-risk groups, GSEA analysis was performed with
the entire RNA-seq dataset grouped by the risk score. The
results showed that the co-expressed genes in the high-risk
group compared to the low-risk group were mainly
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Table 3 Comparison of Clinical Variables between HCC Patients
with Low and High Prognostic Value in Testing Cohort

Variables Low Risk High Risk | p-value
(n=147) (n=44)
Gender (male) 122 (83.0%) | 39 (88.6%) 0.367
Age (>55 years) 74 (50.3%) 12 (27.3%) 0.007*
Tumor number (single) 127 (86.4%) | 33 (75.0%) 0.072
Tumor size (>5 cm) 42 (28.6%) 33 (75.0%) | <0.0001%
Tumor envelope (positive) | 92 (62.6%) 22 (50.0%) 0.135
Tumor embolus (positive) 61 (41.5%) 32 (72.7%) | <0.0001%
Hepatocirrhosis (positive) | |18 (80.3%) | 34 (77.3%) 0.665
Vascular invasion (positive) 56 (38.1%) 36 (81.1%) | <0.0001*
HBV DNA (>1,000 IU/mL) | 74 (50.3%) 25 (56.8%) 0.666
AFP (>400 ng/mL) 31 (21.1%) 28 (63.6%) | <0.0001*
ALT (>40 U/L) 52 (35.4%) 22 (50.0%) 0.081
AST (>35 U/L) 67 (45.6%) 29 (65.9%) 0.018*
Edmondson (I-11) 67 (45.6%) 12 (27.3%) 0.031*
BCLC staging (0-A) 78 (53.1%) 6 (13.6%) | <0.0001%
TNM staging (I-Il) 146 (99.3%) | 10 (22.7%) | <0.0001*

Note: *Statistically significant.

Abbreviations: AFP, alpha-fetoprotein; HBV DNA, the desoxyribonucleic acid of
hepatitis B virus; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
BCLC staging, Barcelona Clinic Liver Cancer staging; TNM staging, Tumor-Node-
Metastasis staging (8th edition).

enriched in “Regulation of innate immune response”,

9 G

“Negative regulation of immune system process”, “autop-
hagy”, and “Response to radiation” (Figure 6A-D). It is
widely accepted that chemotherapy, radiotherapy, and even
immunotherapy are the main treatment approaches besides
surgical resection. Thus, these results indicated that HCC
tissues of patients with high-risk score seemingly exhib-
ited stronger capacities at immune escape and resistance to

the treatment of cancer.

Discussion

In this study, we successfully established a novel prognos-
tic evaluation model by a new RNA-seq dataset of Chinese
HCC patients, which exhibited reliable capacity in predict-
ing the OS of HCC patients. Additionally, survival curves
revealed that the HCC patients with high-risk score usually
suffered from worse RFS than those with low-risk score,
although the accuracy for predicting RFS of HCC patients
is not satisfactory. However, we found that this model was
suitable to predict early recurrence (within 2 years of
resection). The tdAUC values were, respectively, 0.894
(95% CI=0.693-0.951) and 0.717 (95% CI=0.58-0.78) in
the training and the validation cohorts (Figure 7), a similar
level as a previous report,® which further expanded the
potential application scope of this model in the clinic.

Using computational methods, four significantly dysregu-
lated IncRNAs (AC007639.1, AC126407.1, SLC7A11-AS1,
RP11-439L.8.3) and TNM staging were identified as prog-
nosis-associated factors. It is well known that LncRNA is
widely accepted as a type of cancer biomarker and plays
extensive roles in regulating the formation and development
of tumors in many cancer types.'> '’ Furthermore, IncRNAs
has already been utilized in the development of multiple
models for pre-warning of some clinical events including
recurrence,’ drug-resistance, 1% and survival.'® Therefore, it
is no suprising that four IncRNAs, namely AC007639.1,
AC126407.1, SLC7A11-AS1, RP11-439L8.3, were identified
as prognostic biomarker candidates in this study. However, the
in-deepth study on their biofunctions should be further
explored in future.

In clinical practice, TNM staging is an essential para-
meter involved in developing treatment strategy and asses-
sing the prognosis of HCC patients. To maximize the
accuracy, we hence took all risk factors (including
IncRNAs and clinical parameters) to establish the model.
Our results demonstrated that the inclusion of TNM sta-
ging could promote the reliability and clinical significance
of this model. Furthermore, our newly established model is
also superior to the TNM staging alone (Supplementary
Table S2) in predicting the prognosis of HCC patients.

Although our model has shown good performance in
predicting OS and early recurrence of HCC patients, this
prognostic evaluation is performed postoperatively, which
make its prognosis prediction remains less ideally timely.
The ideal diagnosis or prognostic assessment should be
carried out before the patient receives any treatment in
a non-invasive and non-interventional manner. However,
the identification of biomarkers in tumor tissue could still
greatly benefit the selection of potential candidates for
a non-invasive strategy such as liquid biopsy. Indeed, inte-
grating our results with other non-invasive methods could
mean a further step into the future of clinical application.

Conclusions

In summary, a novel prognostic evaluation model developed
by IncRNAs and clinical parameters provided a promising
strategy to predict the OS and early recurrence of HCC
patients with a relative higher accuracy. qPCR determination
of these four IncRNAs combined with imaging examination
(CT or MRI) could provide a simple and quick method for its
clinical application. However, a further verification with an
enlarged sample set in multiple centers is still required prior
to clinical usage.
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