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Abstract: Hepatocellular carcinoma (HCC) is one of the most common malignancies across nations. Although the
outcome of HCC has been improved significantly with the advances in comprehensive treatment, patients remain
suffered from recurrence as well as metastasis. Therefore, it is urgent to identify reliable biomarkers for predict-
ing the recurrence of HCC, by which the treating strategy can be made to restrain tumor progress. Increasing evi-
dence has shown the association between immune signature and prognosis of HCC. Thus, we aimed to discover
an immune-related gene signature that can estimate the recurrence rates of HCC. We collected gene expression
profiles and clinical information of patients from GEO and TCGA dataset. Furthermore, we conducted a lasso re-
gression analysis and established a recurrence-related model consisting of 36 immune-related gene pairs (IRGPs)
with 54 genes. We validated the IRGPs in the validation cohort and observed that the immune-related signature
robustly stratified patients with HCC into high- and low-risk groups in terms of recurrence (P < 0.001). Multivariant
Cox regression analysis showed the relationship between the model and recurrence outcomes (Hazard Ratio: 3.81
95% Confidence Interval: 2.90-5.00). Gene Ontology and KEGG enrichment analyses revealed that those genes
were enriched in important signaling pathways. In summary, we developed a robust model based on the signature
of immune-related genes for forecasting the recurrence outcome of patients with HCC, which holds the potential to
assist clinical practice.
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Introduction metastasis [5]. Thus, we decided to find a sig-

nature to predict the recurrence outcomes of
Hepatocellular carcinoma (HCC) is a dismal HCC, which has the potential to guide the treat-
health concern and the sixth common cancer in ment options and improve patient survival

the world [1]. The incidence of HCC is continu-
ously rising worldwide [2]. Despite the consis-
tent advances in treatment and diagnosis, the
five-year survival rate of liver cancer remains
very low, approximately 30.5% based on the
Surveillance, Epidemiology, and End Results
(SEER) database [3]. Although the therapeutic
approaches of liver cancer have been improved
remarkably due to the development of chemo-
therapeutic regimes and immune-related ther-
apies, the most promising option to cure

outcomes.

Immune related genes (IRGs) have been exten-
sively studied in recent years. Immunotherapy
has emerged as a new star in cancer treatment,
which increasingly extended the survival of
patients, at least partially, especially with the
help of immune checkpoint inhibitors [6]. The
prognosis-predicting value of those genes was
investigated in various cancers, indicating the

patients with this disease still relies on surgical noteworthy of their roles in guiding the manage-
resection. However, most patients are diag- ment of cancers. Predicting the recurrence of
nosed at an advanced stage that is not suitable liver cancer plays a curial role in the treatment
for curative approaches [4]. Nearly 54% of of HCC. Unfortunately, many kinds of biomark-

patients experienced recurrence or distal ers were used to estimate the prognosis of HCC
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Figure 1. The workflow of this study.
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rather than the recurrence. Thus, we attempted signature to predict the recurrence of HCC and
to discover an immune related gene pair (IRGPs) validate in other datasets.
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Table 1. The IRGPs and the coefficient of
signature

Gene Coef
ADM|CD3D 0.228989
ADM|CSF1R 0.141239
ADM|FYN 0.020781
ADM|LPA 0.163601
BPHL|ROBO1 -0.1252
C3AR1|SEMABA -0.16781
CACYBP|HLA.DMA 0.141385
CACYBP|TMPRSS6 0.02436
CCL16|SPP1 -0.01041
CD3D|DCK -0.03016
CD4 | RFX5 -0.15539
CKLF|NRb5A2 0.432557
CKLF | TAPBPL 0.158347
CSRP1|NR1I3 0.117471
CXCL1|GCGR 0.03163
CXCL12|PLSCR1 -0.03197
CXCL2|NDRG1 -0.03
DCK|EDNRB 0.112755
DCK|HLA.DQA1 0.097435
DCK|IRF1 0.228557
DCK|KDR 0.015743
DCK|LYN 0.028205
DDX17 | MASP2 0.057228
ENG]|IL17RC -0.03625
GCGR|SEMABLA -0.04596
HLA.DPA1|HSPA1B -0.22601
ILA5RA|ITGB2 0.112393
ITGAV|NR1I2 0.086925
ITGAV | PIK3R1 0.162313
JAG1|NR4A1 0.20422
JUN|MASP2 0.018153
KDR|LTBP1 -0.0439
MASP2 | PSMB8 -0.17593
NRAS | TNFRSF1B 0.055925
PRF1|SECTM1 -0.25685

ROBO1 | TAPBPL 0.162024

Materials and methods
Data collection

The publicly available dataset was utilized to
perform the comprehensive analysis. The work-
flow of the present study is shown in Figure 1.
Gene expression profiles were collected from
XENA (https://xenabrowser.net/) and clinical
data were downloaded from cBioPortal (http://
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www.cbioportal.org/), which was utilized as a
training cohort. GSE14520 database was
downloaded from Gene Expression Omnibus
and employed as a validation cohort [7].
Immune-related genes were gathered from the
ImmPort database (https://immport.niaid.nih.
gov) [8].

Identification of recurrence-related IRGPs

A total of 1811 unique genes, which were clas-
sified into 17 categories, including antigen pro-
cessing and presentation antimicrobials, and
BCR signaling pathway, were involved in this
study. To improve the accuracy of the model, we
filter out genes with a median absolute devia-
tion below 0.5. The IRGPs were constructed as
previously descripted [9]. Briefly, if the expres-
sion level of the first gene was higher than that
of the second one in a specific IRGP, the score
of this IRGP was defined as 1; otherwise, the
score was defined as 0. The percent of a vali-
dated IRGP with a score of either O or 1 should
account for 20-80% of all the samples.

Construction of IRGPs signature for predicting
recurrence outcomes of HCC

Univariate Cox proportional hazards regression
model was employed to identify recurrence-
related IRGPs. The least absolute shrinkage
and selection operator (Lasso) regression
model was used to develop IRGPs signature for
predicting recurrence rates of HCC using R
package gimne (https://glmnet.stanford.edu/)
in the train set. The most stable model was
selected to construct the recurrence-related
prognostic signature. All patients were classi-
fied into either a high or a low recurrence risk
group according to a recurrence risk cutoff
score. The time-dependent receiver operating
characteristic curve was constructed using R
package survival ROC [10]. The optimal cutoff
value of the risk score was determined by the
Youden index. This model was further validated
in the GEO dataset. The clinical significance
was examined by the multivariate Cox propor-
tional hazards regression model. An R package
of forest model was used to draw a forest plot.

Gene set enrichment analysis

Gene set enrichment of Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes
(KEGG) were analyzed to explore the underlying
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Figure 2. The IRGPs signature in training sets and
test sets. A. The IRGPs signature was identified and
patients with high risk score had poor survival. B.
The ROC of the IRGPs signature. C. IRGPs signature
was validated in independent dataset.

biological mechanisms of those immune-relat-
ed genes which facilitate recurrence of HCC
using R package clusterProfilter [11]. A false
discovery rate below 0.2 and P < 0.05 were
considered statistically significant.

Statistical analysis
Correlating IRGDs signature with immune infil-

trates: We explored the relationship between
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IRGPs signature and immune infiltrates. TIMER
(https://cistrome.shinyapps.io/timer/) [12], a
web tool to analyze the immune infiltrate char-
acteristics across TCGA samples, was used to
explore the correlation of NDC1 expression and
immune infiltrates, including B cells, CD4+ T
cells, CD8+ T cells, neutrophils, macrophages,
and dendritic cells via gene modules [13].

Correlating the IRGDs signature with immune
checkpoint: To interrogate the differences in
immune checkpoints between the high and
low-risk groups, we analyzed PD1 and PDL1
expression within the IRGPs signature.

Developing nomogram with the IRGDs signa-
ture

The pathological parameters and other clinical
information were integrated into the multivari-
ant COX regression analysis in the TCGA datas-
et and sequentially constructed a nomogram to
predict the probability of recurrence of HCC
patients. The calibration curve was drawn to
evaluate the performance of the nomogram.

All statistical analyses were performed using R
software (version 3.6.0, https://www.r-project.
org/). The log-rank test was applied to evaluate
the relationship between IRGPs signature and
disease-free survival. The survival curves were
plotted using the R package “survminer” [14].

Results

Construction of IRGPs signature for predicting
recurrence of HCC

Figure 1 shows the overall workflow of this
study. A total of 540 patients were included in
this study, with a training cohort including 319
patients and a validation cohort including 221
patients. We observed that 258 IRGs were
shared in the two datasets, resulting in a total
of 6363 IRGPs that were identified after filter-
ing with above mentioned approach. Eventually,
we identified 119 disease-free-survival related
IRGPs (P < 0.05) using univariate Cox regres-
sion analysis. The disease-free-survival related
IRGPs were further employed to construct the
recurrence-predicting model through lasso
regression analysis and 36-IRGPs based model
was developed (Table 1). The area of ROC of
1-year disease-free survival was 0.81 (Figure
2A). The best cutoff was 0.80 which was deter-
mined by the Youden index. The best cutoff sig-
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nificantly stratified patients into the high or low
recurrence risk group (Figure 2B) in the training
cohort. Patients in the high-risk group appeared
to have poor disease-free survival. Furthermore,
the patients in the validation cohort were divid-
ed into two groups based on the optimal cutoff
point resulting from the training cohort (Figure
2C).

Clinical significance of the IRGPs signature

Each patient could get a risk score based
on the model. We treat the risk model as a
clinical factor to explore whether this factor
could be used as an independent risk factor
for predicting disease-free survival by using
a multivariant cox regression model. Figure
3 shows that the risk score of recurrence
signature could work as an independent risk
factor.
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Next, we explored whether the recurrence sig-
nature was associated with other clinical fac-
tors. A logistic regression analysis was conduct-
ed, and results showed that risk score was
associated with gender and stage (Figure 3C).

Gene function enrichment

The recurrence signature consisted of 54 IRGs
which are enriched in many signaling pathways.
The top 15 GO terms of molecular function, bio-
logical process, and cellular component are
shown in Figure 4. Moreover, the top 15 KEGG
pathways are listed in Figure 4D.

We compared the difference in the immune
cells between the high and low-risk groups. As
is shown in Figure 5, the two groups had statis-
tical differences. Moreover, the high-risk group
had a higher expression of PD1 with P < 0.05
(Figure 6).

Am J Transl Res 2021;13(8):8766-8776
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Figure 4. Gene enrichment in recurrence signature. BP: biological process, CC: cellular component; MF: molecular

function.
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Figure 5. The different immune infiltrate in the two groups.

IRGPs related nomogram

To enable individualized prediction of the prog-
nosis of HCC, we integrated all clinicopathologi-
cal parameters with risk scores to construct a
novel nomogram (Figure 7A). The calibration
curves showed reliable consistency between
the predicted value and the actually observed
value of the nomogram (Figure 7B).

Discussion

HCC is the most common primary malignancy
of the liver, accounting for nearly 90% of all the
malignant cases [15]. It has been well docu-
mented that the development of HCC is a multi-
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step process, and it is a multigene alteration-
induced cancer with a high level of heterogene-
ity. Several etiologic factors have been identi-
fied, including hepatitis B, hepatitis C, alcohol
abuse, steatohepatitis, and obesity [16].
Recent molecular studies have shown that
some special gene alterations play a crucial
role in the development of HCC [17, 18].

It is a promising way to treat liver cancer with
immunotherapy. Several clinical trials of immu-
notherapy for HCC were already conducted [4].
Immune checkpoint inhibitor blockade therapy
has been paid more attention, especially for
Nivolumab, which is the first FDA-approved
immune checkpoint inhibitor for HCC. Several

Am J Transl Res 2021;13(8):8766-8776
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and validated in an indepen-
dent dataset. The area of AUC
of the model was up to 0.796,
which is better than the recur-
rence signature [20]. The sig-
nature could separate patients
into low and high recurrence
risk groups in both training set
and testing set. We treat the
risk score as a clinical variant
and further validated it by the
multivariate Cox proportional
hazard regression, showing
that the signature was an inde-
pendent risk factor for predict-
ing recurrence. Logistic regres-
sion analysis demonstrated
that the risk model was associ-
ated with gender and tumor
stage. Combined with multivar-
iate cox analysis, the model
has important clinical signifi-
cance in estimating HCC recur-
rence rates.

risk

E3 high
E low

The 54 IRGs, which consisted
of the model, were enriched in
many important pathways. For

high low high

Figure 6. The immune check point genes of PD1 and PDL1 in the two

groups.

studies have shown the encouraging results
of immune checkpoint inhibitors on HCC.
Integrating immune therapy with other therapy
has been an important exploration. However,
unmanageable relapse of HCC is still a thorny
obstacle in the way to completely cure liver can-
cer. It is urgent to develop a recurrence-related
model to predict the relapse of HCC. In our
study, we used IRGs to construct IRGPs which
consisted of the risk assessment model. IRGPs
were produced by comparing the immune-relat-
ed genes with each other only based on the
level of expression within an individual patient.
This method makes data more comparative
and overcomes the batch effects resulting from
different types of data. Several studies have
reported the efficiency and practicability of this
method [9, 19, 20]. We used this method to
construct a recurrence-related model by lasso
regression. A 36-IRGPs based recurrence-relat-

8773

low

instance, TNF signaling path-
ways play crucial roles in vari-
ous cancers, including HCC
[21]. PD-L1/PD-1 checkpoint
pathway in cancer is also
involved in HCC. In the context of HCC, approxi-
mately 82% of the patients express PDL1 and
19% are responsive to the anti-PDL1 reagent,
in which 5% of patients could get complete
remission from the anti-PDL1 treatment [22].
Those exciting results indicate that immune
therapy is on the way to become a promising
strategy for tackling the disease. Our model is
enriched with the immune-related pathways,
reflecting the significance of the IRGPs signa-
ture. However, there are some shortcomings in
this study. Although the model was validated in
an independent dataset, we did not test the
model in the clinical and experimental
samples.

Conclusion

We developed an IRGPs signature to predict the
recurrence of HCC and validated it in an inde-

Am J Transl Res 2021;13(8):8766-8776
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pendent cohort as well. We found that the
IRGPs signature was associated with gender
and tumor stage. The genes which consisted of
IRGPs signature enriches in many important
pathways.
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