
© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2021;12(2):795-805 | http://dx.doi.org/10.21037/jgo-21-162

Original Article

Transcriptome sequencing-based personalized analysis of 
hepatocellular carcinoma patients with portal vein tumor 
thrombus

Zhenkang Qiu1#^, Guobao Wang2#^, Guang Yang1, Guisong Wang1, Weiwei Jiang1, Zixiong Chen1, 
Wenliang Zhu1, Huanqing Guo1, Fujun Zhang1^, Fei Gao1^

1Department of Minimally Invasive and Interventional Radiology, Sun Yat-sen University Cancer Centre and Sun Yat-sen University State Key 

Laboratory of Oncology in South China, and Collaborative Innovation Centre for Cancer Medicine, Guangzhou, China; 2Department of Endoscopy, 

Sun Yat-sen University Cancer Centre and Sun Yat-sen University State Key Laboratory of Oncology in South China, and Collaborative Innovation 

Centre for Cancer Medicine, Guangzhou, China

Contributions: (I) Conception and design: F Gao, Z Qiu, F Zhang; (II) Administrative support: F Gao; (III) Provision of study materials or patients: Z 

Qiu, G Wang; (IV) Collection and assembly of data: G Yang, G Wang, W Jiang; (V) Data analysis and interpretation: G Wang, F Zhang, Z Chen, W 

Zhu, H Guo; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work.

Correspondence to: Fei Gao, MD, PhD; Fujun Zhang, MD, PhD. Department of Minimally Invasive and Interventional Radiology, Sun Yat-sen 

University Cancer Centre and Sun Yat-sen University State Key Laboratory of Oncology in South China, and Collaborative Innovation Centre for 

Cancer Medicine, 651 Dongfeng East Road, Guangzhou 510060, China. Email: gaof@sysucc.org.cn; zhangfj@sysucc.org.cn.

Background: The mechanism of portal vein tumor thrombus (PVTT) in hepatocellular carcinoma 

(HCC) has been widely studied, and numerous diagnostic and prognostic biomarkers for HCC with PVTT 

have been identified. We aimed to evaluate the extent to which these biomarkers may aid the personalized 

precision therapy of HCC with PVTT.

Methods: Matched tissue specimens [primary HCC tumor (PT), adjacent normal (N) liver, and PVTT 

tissues] were acquired from 3 Chinese HCC patients who underwent surgery at Sun Yat-sen University 

Cancer Centre between 2019 and 2020. Ribonucleic acid (RNA) sequencing was performed on the 9 tissue 

samples. GFOLD (generalized fold change) algorithm was used to analyze the differently expressed genes 

(DEGs) between the PVTT, PT, and normal tissues from each patient. Genes with a P<0.01 and a |GFOLD 

value| >1 were identified as having significantly different expression.

Results: In total, 3,543, 32,472, and 12,901 tumorigenesis-associated genes, and 2,919, 17,679, and 14,825 

metastasis-associated genes, were detected in Patient 1 (P1), Patient 2 (P2), and Patient 3 (P3), respectively. 

We analyzed the expression levels of genes associated with hypoxia, macrophage recruitment and cancer stem 

cells (CSCs). The results showed that hypoxia and CSCs may have contributed to tumorigenesis but not to 

metastasis in P1. We also found the hypoxia microenvironment played an important role in tumorigenesis 

and metastasis in P2, and CSCs may have contributed to metastasis. Additionally, we found that CSCs 

played critical roles in metastasis but not in tumorigenesis in P3. The results also showed that the long non-

coding RNA (lncRNA) Metastasis-Associated Lung Adenocarcinoma Transcript 1 (MALAT1) was greatly 

overexpressed in the PTs and PVTT in all 3 patients, and Heart and Neural Crest Derivatives Expressed 

2-antisense RNA 1 (HAND2-AS1) was downregulated in PVTT compared with PTs in all 3 patients. Thus, 

MALAT1 and HAND2-AS1 may be robust biomarkers for metastasis in HCC patients with PVTT.

Conclusions: Tumor-associated macrophages (TAMs)-targeted immunotherapy is a promising therapy for 
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Introduction

Approximately 10 to 60% of hepatocellular carcinomas 
(HCCs) invade the portal vein system and form a portal 
vein tumor thrombus (PVTT). The prognosis of HCC 
patients with PVTT is poor (1,2). HCC with PVTT has 
different clinical features, different prognosis, and markedly 
different treatment outcomes (3-5). PVTT is widely 
regarded as the main route of intrahepatic metastasis of 
HCC (6). Currently, hypoxia (7), non-coding ribonucleic 
acids (RNAs) (8), and cancer stem cells (CSCs) (9)  
have been found to contribute to PVTT development. 
Further, numerous molecules, including messenger RNAs 
(mRNAs), such as Chemokine (C-C motif) ligand 20 
(CCL20) (7) and RNA polymerase II subunit 5 (RPB5)-
mediating protein (RMP) (10), and long non-coding RNAs 
(lncRNAs), such as plasmacytoma variant translocation 1 
(PVT1) (11), intercellular adhesion molecule-1 (ICAM-1)- 
related (ICR) (9), and hypoxia-inducible factor 1 alpha-
antisense RNA 2 (HIF1A-AS2) (8), have been identified and 
proposed for use as diagnostic and prognostic biomarkers 
for HCC, and also represent promising targets for HCC 
therapy. Based on these findings, we sought to apply these 
molecular biomarkers to individual HCC patients, and to 
determine the extent to which they may aid the personalized 
precision therapy of HCC patients with PVTT.

In this study, we performed RNA sequencing (RNA-seq) 
on 3 HCC patients with PVTT and aimed to characterize 
the HCC patients with PVTT at the gene level. 

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/jgo-21-162).

Methods

Patients and samples

Tumor tissue specimens were acquired from 3 Chinese 
HCC patients who underwent surgery at Sun Yat-sen 

University Cancer Centre between 2019 and 2020 (Patient 
1, female, 53 years; Patient 2, male, 50 years; Patient 3, 
male, 57 years). Each patient had three matched samples: (I) 
primary HCC tumor (PT); (II) adjacent normal (N) liver; 
and (III) PVTT tissues. This study was approved by the 
Sun Yat-sen University Cancer Centre Institutional Review 
Board (No. B2020-265). All participants provided written 
informed consent. All procedures performed in this study 
involving human participants were in accordance with the 
Declaration of Helsinki (as revised in 2013).

RNA sequencing analysis

Total RNA samples were treated with the RiboMinus 
Eukaryote Kit (Qiagen, Valencia, CA) to remove ribosomal 
RNA (rRNA). The NEBNext Ultra Directional RNA 
Library Prep Kit for Illumina (NEB, Beverly, MA) was 
used to construct the strand-specific RNA-seq libraries 
in accordance with the manufacturer’s instructions. 
Briefly, treated RNA samples were fragmented, and then 
complementary deoxyribonucleic acid (cDNA) were 
synthesized using random hexamer primers. To remove 
the second strand of cDNA, a mixture of 2’-Deoxyuridine 
5’-Triphosphate (dUTP) was used for synthetic reactions. 
The End-It DNA End Repair Kit was used to repair 
cDNA fragments at the ends. These repaired cDNA was 
then modified with Klenow to add an A at the 3’ end and 
then linked to adaptors. The linked cDNA products were 
purified and the second cDNA strand was removed by 
uracil DNA glycosylase. After purification, the first strand 
of cDNA was amplified by polymerase chain reaction for 
13–16 cycles. The quality of libraries were assessed by 
Bioanalyzer 2100 (Agilent, Santa Clara, CA), and sequenced 
by Novaseq S4 PE150 (Illumina, San Diego, CA) with a 
length of 150 bp.

We aligned the RNA-seq reads to human reference 
rRNA database using SortMeRNA. Most of the rRNAs 
were removed by our experiments. Subsequently, the RNA-
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seq reads were mapped to the human reference genome 
(hg38) using STAR (Spliced Transcripts Alignment to a 
Reference) aligner with default parameters. The human 
genome sequence was downloaded from GENCODE 
(Homo sapiens GRCh38/hg38). Next, we reassembled 
a transcriptome using Cufflinks (version 2.2.1) with 
GENCODE reference annotations for each dataset of the 
nine samples, based on the mapped reads.

Differential gene expression analysis

We identified genes that were differentially expressed 
between the PTs or the PVTTs and adjacent normal 
tissues, and between the PVTTs and the matched PTs using 
GFOLD (generalized fold change) algorithm for each 
individual patient. GFOLD calculated its own statistics for 
expression level changes based on the posterior distribution 
of the log fold-changes in expression. The significance 
cutoff was set at 0.01 (-sc 0.01) and |GFOLD value| >1.

TME analysis

CIBERSORT was used to deconvolute the immune 
microenvironment in each sample (12). Absolute immune 
cell abundance was calculated from the combat corrected 
fragments per kilobase per million (FPKM) matrix 
containing 22 functionally defined human immune subsets 
(LM22) in the CIBERSORT website.

Statistical analysis

The posterior distribution of the log fold-changes in 
expression was used to calculate the statistics of GFOLD.

Data and code availability 

All the related software and scripts are available from the 
corresponding author on reasonable request.

Results

Analysis of aberrantly expressed genes

To investigate aberrantly expressed genes in PTs and 
PVTTs, GFOLD was used to analyze the DEGs between 
PVTT, PT, and normal tissues from individual patients. 
Genes with P<0.01 and |GFOLD value| >1 were 
identified as having significantly different expression. As  

Figure 1A shows, there were 3,543, 32,472, and 12,901 
DEGs between the PT and normal tissues, 5,768, 34,206, 
and 15,650 DEGs between the PVTT and normal tissues, 
and 5,015, 23,293, and 22,662 DEGs between the PVTT 
and PT tissues in Patient 1 (P1), Patient 2 (P2), and 
Patient 3 (P3), respectively. Among the DEGs, mRNAs 
accounted for >80% and lncRNAs accounted for 9–14%. 
The proportion of DEGs between PVTT and PT tissues in 
P3 (44%) was higher than that of P1 (35%) and P2 (26%). 
As the Venn diagram shows (see Figure 1B), PVTT and PT 
tissues shared 455, 18,125, and 2,368 DEGs in P1, P2, and 
P3, respectively. Among these shared DEGs, 10.5% (48 in 
455), 26.9% (4,869 in 18,125), and 59.9% (1,418 in 2,368) 
of DEGs were differently expressed between PVTTs and 
PTs. These results indicate that the difference between 
PVTT and PT in P3 was greater than that in P1 and P2.

Tumorigenesis-associated and metastasis-associated genes

The number of DEGs between PT and normal tissues were 
3,543, 32,472, and 12,901 in P1, P2, and P3, respectively. 
These DEGs were considered potential tumorigenesis-
associated genes. The comparison of PVTTs and PTs 
detected 5,015, 23,293, and 22,662 DEGs in P1, P2, and P3, 
respectively, among which 2,919, 17,679, and 14,825 DEGs 
were differently expressed compared to normal tissues. 
Thus, these DEGs were considered metastasis-associated 
genes. As Figure 1B shows, most tumorigenesis-associated 
genes were upregulated in P1 (81.0%) and P3 (59.6%), and 
most metastasis-associated genes were downregulated in P1 
(66.2%) and P3 (79.2%). Conversely, more tumorigenesis-
associated genes were downregulated (52.4%), and more 
metastasis-associated genes were upregulated (66.3%)  
in P2.

TME analysis

Based on the cell type–specific gene expression profiles, 
the proportions of 22 types of immune cells in each sample 
were calculated using the CIBERSORT algorithm (see 
Figure 2A). The proportions of M2 macrophages in all 3 
patients were >35% in normal tissues, and were 39.7% 
and 30.7% in PT and PVTT tissues in P1, and 41.6% and 
49.7% in PT and PVTT tissues in P2; however, it was 
greatly decreased in PT tissues (15%) and PVTT tissues 
(2%) in P3. The proportions of all macrophages (M0, 
M1, and M2) in N, PT, and PVTT tissues were 42.0%, 
45.6%, and 33.0% in P1, 44.2%, 71.2%, and 63.1% in 
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Figure 1 The overview of aberrantly expressed genes. (A) Total DEGs between PVTT, PT, and normal tissues in each patient; (B) 
tumorigenesis-associated and metastasis-associated genes. DEGs, differently expressed genes; PVTT, portal vein tumor thrombus.
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P2, and 37.7%, 17.4%, and 21.5% in P3, respectively  
(see Figure 2B). The proportions of CD4 T cells in N, 
PT and PVTT tissues were 14.5%, 17.2%, and 12.1% 
in P1, 9.3%, 0.9%, and 10.6% in P2, and 21.0%, 24.3%, 
and 23.3% in P3, respectively (see Figure 2B). The results 
showed that P2 had the highest proportion of macrophages 
and the lowest proportion of CD4 T cells, Conversely, P3 
had the lowest proportion of macrophages and the highest 
proportion of CD4 T cells.

According to previous studies, macrophages are recruited 
into HCC tissues by upregulating high mobility group box 
protein 1 (HMGB1) (13), and Cluster of Differentiation 
68 (CD68) is frequently used as an indicator for tumor-
associated macrophages  (TAMs) (14) .  Moreover, 
M2 macrophages are reported to promote HCC cell 
invasion and migration via microRNA (miR)-149-5p/
matrix metallopeptidase 9 (MMP9) signaling (15), and 
the polarization of M2 macrophage can be mediated by  
HIF1A (16). As Figure 2C shows, the expression level 
of HMGB1 was lowest in the PT tissue of P3, which 
is consistent with its having the lowest proportion of 
macrophages. Similarly, the expression levels of CD68 
and MMP9 in the PT tissue of P2, which had the 
highest proportion of macrophages, were the highest. 
Further, we found that the expression level of HIF1A 

was consistent with the proportion of macrophages  
(see Figure 2B,C), which suggests an interaction between 
hypoxic microenvironment and macrophage enrichment.

CSCs

Liver CSCs (LCSCs) play critical roles in cancer initiation, 
metastasis, recurrence, and therapeutic resistance (17). 
LCSC surface markers are widely used to identify LCSCs, 
including epithelial cell adhesion molecules (EPCAM), 
cluster of differentiation (CD) antigens (CD24, CD133, 
CD90, CD13, CD44), oval cell marker (OV-6), aldehyde 
dehydrogenase 1 (ALDH), Keratin 19 (K19), and ICAM-
1. The expression level of 4 LCSC surface markers (i.e., 
CD24, EPCAM, CD44, and ICAM-1) were detected in 
this study (see Figure 3A). Compared with the PT tissues, 
PVTT tissues expressed upregulated LCSC surface 
markers in P2 (CD24) and P3 (CD24, EPCAM and CD44). 
However, compared with normal tissue, the expression 
levels of the LCSC surface markers in the PT tissues of P3 
were decreased, but were elevated in P1 and P2. Similarly, 
the expression levels of LCSC surface markers and HIF1A 
were also consistent, which suggests that the hypoxic nature 
of the tumor microenvironment (TME) contributes to the 
increased proportion of LCSC in HCC cells (18).
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LncRNAs

Several lncRNAs have been reported to be involved in 
the tumorigenesis and metastasis of HCC (19), including 
Highly Up-regulated in Liver Cancer (HULC) (20), delta-
like 1 homolog (Drosophila) (DLK1) (21), PVT1 (11),  
ICR (9) ,  High Expression In HCC (HEIH) (22), 
m i c r o v a s c u l a r  i n v a s i o n  i n  H C C  ( M V I H )  ( 2 3 ) ,  
HIF1A-AS2 (8), and RP11-166D19.1 (8). PVT1 and 
differentiation antagonizing non-protein coding RNA 
(DANCR) are stemness-associated lncRNAs. Compared 
with PT tissues, PVTT tissues expressed upregulated PVT1 
in P3 but downregulated PVT1 in P1 and P2, and PVTT 
tissues expressed upregulated DANCR in P2 and P3, but 
downregulated DANCR in P1 (see Figure 3B). Based on the 
results of LCSC surface markers and stemness-associated 
lncRNAs, we found that P2 and P3 showed stem cell-like 

properties, but P1 did not. 
The overexpression of Metastasis-Associated Lung 

Adenocarcinoma Transcript (MALAT1) promotes 
proliferation and metastasis in HCC. In all 3 patients, 
the expression of MALAT1 was upregulated in PT and 
PVTT tissues compared to that of normal tissues (see 
Figure 4A). Thus, MALAT1 can be used as universal 
prognostic markers in HCC. In addition, downregulated 
lncRNA Heart and Neural Crest Derivatives Expressed 2 
antisense RNA (HAND2-AS1) in HCC cells was related 
to cell migration, and we observed the downregulation of 
HAND2-AS1 in PVTT compared with PT in all 3 patients 
(see Figure 4B). In P2, the expression levels of proliferation-
associated lncRNAs (i.e., zinc finger nuclear transcription 
factor, X-box binding 1-type containing 1 antisense RNA 
1 (ZFAS1), ubiquitin-fold modifier conjugating enzyme 
1 (UFC1), paxillin-antisense RNA 1 (PXN-AS1), and 

Figure 3 CSC analysis. (A) The expression level of LCSC surface markers; (B) the expression level of stemness-associated lncRNAs. CSC, 
cancer stem cell; LCSC, liver CSC.
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gradually increased during hepatocarcinogenesis (GIHCG)) 
in the PT and PVTT tissues were much higher than 
those in normal tissues (see Figure 4C,D,E,F). Moreover, 
the glutaminolysis-associated lncRNA HOXA transcript 
at the distal tip (HOTTIP) was overexpressed in the 
PVTT tissues in P3 (see Figure 4G). The proliferation and 
lipogenesis-associated lncRNA HULC was not upregulated 
in PT or PVTT tissues in any patient; thus, HULC does 
not appear to play an important role in HCC development 
(see Figure 4H).

Effect of aberrantly expressed genes on survival of HCC 
patients with PVTT

The progression-free survival (PFS) was 2.8, 3.2, and  
3.5 months, and the overall survival (OS) was 7.1, 5.9, and 
7.0 months for P1, P2 and P3, respectively. As Figure 5A 

shows, the PFS was comparable in all 3 patients, but P2 
had the shortest OS, and P3 had the longest OS. According 
to the results (see above), the expression level of HIF1A 
was greatly elevated in PT tissues (which was 4.5 times of 
the normal tissue) and PVTT tissues (which was 3.8 times 
that of normal tissue) in P2 (see Figure 5B). Accordingly, 
the expression level of CCL20 was elevated in PT tissues 
(which was 1.6 times that of normal tissue) and PVTT 
tissues (which was 11.2 times that of normal tissue) (see 
Figure 5C), and the expression level of indoleamine 2, 
3-dioxygenase (IDO) was also elevated in PVTT tissues (see  
Figure 5D). Additionally, compared with normal tissue 
(44.2%), macrophages were recruited into PT tissues 
(71.2%) and PVTT tissues (63.1%) in P2 (see Figure 2B), 
suggesting that hypoxia induces an immunosuppressive 
TME and promotes tumorigenesis and metastasis.

In  P3 ,  3  LCSC sur face  markers  were  grea t ly 

Figure 4 The expression level of associated lncRNAs associated with tumorigenesis or metastasis in HCC with PVTT. (A) Metastasis-
Associated Lung Adenocarcinoma Transcript 1 (MALAT1), (B) Heart and Neural Crest Derivatives Expressed 2-antisense RNA 1 (HAND2-
AS1), (C) Zinc finger nuclear transcription factor, X-box binding 1-type containing 1 antisense RNA 1 (ZFAS1), (D) ubiquitin-fold modifier 
conjugating enzyme 1 (UFC1), (E) paxillin-antisense RNA 1 (PXN-AS1), (F) gradually increased during hepatocarcinogenesis (GIHCG), (G) 
HOXA transcript at the distal tip (HOTTIP), and (H) highly up-regulated in liver cancer (HULC). HCC, hepatocellular carcinoma; PVTT, 
portal vein tumor thrombus.
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overexpressed in PVTT tissues, including CD24 (which 
was 7.5 times that of the PT tissues), EPCAM (which was 
8.1 times that of the PT tissues) and CD44 (which was 4.8 
times that of the PT tissues) (see Figure 3A). Moreover, 2 
stemness-associated lncRNAs (i.e., PVT1 and DANCR) 
were upregulated 6.5 and 3.7 times, respectively, in PVTT 
tissues compared to that of PT tissues (see Figure 3B). Thus, 
CSCs appeared to play critical roles in metastasis in P3.

In P1, compared with normal tissue, the expression of 
HIF1A was upregulated in PT tissues but downregulated 
in PVTT tissues (see Figure 5B). The same trend was 
observed in the expression of LCSC surface markers (see  

Figure 3A)  and stemness-associated lncRNAs (see  
Figure 3B). In addition, the expression level of other 
lncRNAs changed slightly. The results indicated that 
hypoxia and CSCs may contribute to the tumorigenesis but 
not to the metastasis.

Discussion

The management of HCC patients with PVTT is 
challenging. To determine the best treatment strategy for 
patients with PVTT, HCC patients with PVTT need to 
be classified to guide treatment and to compare outcomes 

Figure 5 The survival of HCC patients with PVTT. (A) Duration of progression-free survival (PFS) and overall survival (OS) in each 
patient. The expression level of hypoxia-inducible factor 1 alpha (HIF1A) (B), Chemokine (C-C motif) ligand 20 (CCL20) (C), and 
indoleamine 2, 3-dioxygenase (IDO) (D) in each sample. HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombus.
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between different groups. At present, different classification 
systems have been developed at different centers. The most 
conventional classification for PVTT was proposed by the 
Liver Cancer Study Group of Japan (LCSGJ) (24): Vp0 
represents no PVTT; Vp represents the presence of PVTT 
distal to, but not in, the secondary portal vein branches; 
Vp2 represents the presence of PVTT in the secondary 
portal vein branches; Vp3 represents the presence of PVTT 
in the primary portal vein branch; and Vp4 represents the 
presence of PVTT in the main portal vein or contralateral 
portal vein branch or both. 

Shi et al. (4) classified HCC with PVTT into four types: 
Type 1—PVTT involving segmental branches or above; 
Type 2—PVTT involving the right or left portal vein; Type 
3—PVTT involving the main portal vein; and Type 4—
PVTT involving the superior mesenteric vein. Xu et al. (25) 
divided PVTT patients into two groups: Group A—PVTT 
involving the main portal vein trunk or both the left and 
right portal veins, and Group B—PVTT involving only the 
left or right portal vein. However, a molecular classification 
of HCC patients with PVTT has not been developed yet.

Many studies have focused on the mechanism of PVTT 
in HCC at the gene level, and identified many biomarkers 
for tumorigenesis and metastasis (7-9,17,19). To promote 
these findings for clinical application, we performed RNA-
seq on 3 HCC patients with PVTT to determine whether 
these biomarkers can help to stratify HCC patients with 
PVTT, and aid in the personalizing of precision therapy. 
We found that tumor development and metastasis in the 3 
patients were affected by different mechanisms. Hypoxia 
and CSCs may have contributed to tumorigenesis but not 
to metastasis in P1. Hypoxia microenvironment played 
an important role in tumorigenesis and metastasis in P2, 
and CSCs may have contributed to the metastasis. CSCs 
played critical roles in metastasis but not in tumorigenesis 
in P3. We also found that lncRNA MALAT1 was greatly 
overexpressed in PT and PVTT tissues in all 3 patients, and 
HAND2-AS1 was downregulated in PVTT compared with 
PT tissues in all 3 patients, which suggests that MALAT1 
and HAND2-AS1 may be robust biomarkers for metastasis 
in HCC with PVTT. In addition, HULC may not play 
any role in tumorigenesis or metastasis in HCC patients 
with PVTT. Other lncRNAs, including ZFAS1, UFC1, 
PXN-AS1, GIHCG, and HOTTIP, produced inconsistent 
changes in the expression levels in the 3 patients.

We also found that the proportion of macrophages in 
the microenvironment was closely related to the survival 
of HCC patients with PVTT. The more the macrophages 

in the TME, the shorter the OS. As reported previously, 
while macrophages are essential for the normal activity 
of the immune system, their aberrant regulations are 
related to HCC (26). Macrophages largely infiltrate HCC 
microenvironment and play roles in the development 
and progression of HCC, including immunosuppressive 
function, enhancement of tumor invasion and metastasis, 
angiogenesis, epithelial-mesenchymal transition, and 
maintenance of stemness. Thus, there is considerable 
interest in TAMs targeted immunotherapy for HCC. These 
strategies include inhibition of monocyte recruitment, 
elimination of TAMs that are already present in tumor 
tissues, functional re-education of TAMs polarization, and 
neutralization of tumor-promoting products of TAMs. 
Preliminary data on TAMs-targeted drug interventions 
suggest that these insights can be successfully translated 
into new treatment options for HCC patients.

Conclusions

As HCC patients with PVTT are heterogeneous at the 
gene level, driven by different mechanisms, and have 
different prognoses, individualized management strategies 
are required. TAMs-targeted immunotherapy represents a 
promising therapy for HCC patients with PVTT. Further, 
MALAT1 and HAND2-AS1 represent promising targets 
for HCC therapy.
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