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Primary liver cancer is the 6™ most common cancer and 4"
leading cause of cancer-related death with over 780,000 new
cases annually worldwide (1). Hepatocellular carcinoma
(HCC) represents the most common type of primary liver
cancer and accounts for around 90% (2). HCC patients
present often with advanced hepatic fibrosis or cirrhosis,
which are caused by hepatitis virus B or C (HBV or HCV)
infections or abuse of alcohol (3-6). Normally, less than 30%
of HCC patients are diagnosed at early stage, most HCC
patients are diagnosed at very advanced stage (2). Early-
stage patients are eligible for resection, transplantation or
local ablation surgery, patients at intermediate stage could
benefit from chemoembolization treatments, however,
patients at the advanced stage could also benefit from first-
line systemic treatments, such as sorafenib or lenvatinib,
but only with a median survival of 10.7-13.7 months
(7-10). Combined treatments of immune-check point
blockade (ICB) and VEGF inhibitors have also been in
process of clinical trials (11), but advanced HCC patients
could not benefit a lot from them, thus, more effective
therapeutic tools or methods need to be developed urgently.

Hypoxia is the situation that tissues and cells are deprived
of oxygen, it is well known for many years that hypoxia is a
main feature of solid tumors (12). Rapid growth of tumor
cells leads to a shortage of oxygen supply which induces a

hypoxic microenvironment in solid tumors, to survive from
that, the tumor cells change numbers of molecular and
cellular processes, including cell metabolism, extracellular
matrix, metastatic behavior (13,14). Hypoxia-inducible
factors (HIFs) are the responsible transcriptional factors that
mediate the cellular responses to hypoxia (15). HIFs consist
of an alpha and a beta subunit to form the heterodimer
and then bind to the hypoxia response elements (HREs) to
promote the transcriptions of over 200 genes which regulate
cell survival, anti-apoptosis, angiogenesis in response to
hypoxia.

Clearly that hypoxia is also the main feature of HCC,
HIFs and hypoxia-driven genes have also been reported to
be aberrantly expressed and considered as the biomarkers
of prognosis in HCC (16).Given the pivotal roles of
hypoxia and hypoxia-related genes in the progression of
HCQC, it is of interest to establish a hypoxia index to study
the relations between hypoxia and prognosis in HCC to
develop potential therapeutic strategies for HCC patients. A
recent study by Luan and Si reported a novel HCC-specific
hypoxia score system to predict HCC patients’ prognosis
and to contribute to the effective therapies for the specific
subpopulation of HCC patients (17).

The authors firstly carried out a microarray analysis with
different datasets from TCGA to identify a set of hypoxia-
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related genes, with 18 negative signatures and 56 positive
signatures screened. The identified hypoxia features were
further validated on HCC cells and HCC patients’ samples.
The clinical features were also detected with the defined
hypoxia score that higher hypoxia level is correlated with
worse prognosis on HCC patients. These examinations
supported that the hypoxia score system could possibly
predict the prognosis on HCC patients.

"To better improve the hypoxia score system, the authors
further analyzed the associations between the hypoxia
score groups and the molecular characteristics. Luan ez
al. revealed that the hallmark of angiogenesis, epithelial-
mesenchymal transition (EMT), mitotic spindle and WNT-
beta catenin signaling elevated in high hypoxia score
HCC patients, but fatty acid metabolism, OXPHOS and
xenobiotic metabolism diminished (17). Furthermore, the
distribution of mutations was also studied with the hypoxia
score and identified that lower hypoxia score patients
present mutations of CI'NNB1 and ALB. Different CNV
inclinations were also observed in the low hypoxia score and
high hypoxia score groups. These findings further prove
that the different hypoxia score groups indeed represent
different hallmarks and molecular characteristics in HCC
patients. To further study that whether the hypoxia score
system could be utilized as an important index of HCC
patients’ prognosis, the authors explored the relationship
between the hypoxia scores and HCC patients’ survival with
different cohorts. They validated that high hypoxia score
group had worse overall survival.

Immunotherapy is gaining continued traction on
treatment of kinds of cancers, including HCC (18). Studies
of correlation between hypoxia score and the immune
system state in HCC would be instructive on the treatments.
The authors firstly analyzed the relation between hypoxia
scores and extrinsic immune escape and found that patients
with high hypoxia scores tend to be in the anti-tumor state
but still with some immunosuppressive cells’ infiltration.
They further studied the association between hypoxia
score groups and the intrinsic immune escape in HCC,
uncovering that high hypoxia score patients present higher
immunogenicity, cytolytic scores, antigen presentation
and fibroblasts. Nevertheless, they also found that in high
hypoxia score patients present higher T-cell dysfunction
in most cases, but with the TIDE tool analysis, they found
that all the high hypoxia score groups exhibit high TIDE
scores, which means that patients with high hypoxia scores
may not benefit a lot from ICB treatment. Further analysis
on ICB treated patients illustrated that with low hypoxia
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scores, patients have significant prolonged survival than the
high hypoxia scores. The positive connections between the
immunotherapy response and low hypoxia scores were also
observed by the authors. Their findings further support that
the hypoxia score system could be an instructive tool for the
prediction of HCC patients’ prognosis and the options of
clinical immunotherapies.

Moreover, considering that hypoxia score HCC patients
may not benefit a lot from the immunotherapy, the authors
constructed a prediction model of drug response and
with the differential drug response analysis, they further
identified the potential drug of VLX600, which presented
high potential to be a promising drug on high hypoxia score
HCC patients.

Collectively, in this study by Luan et 4/., the authors
develop a hypoxia score system to estimate HCC
patients’ prognosis, provide potential recommendation of
immunotherapies and screen drugs for high hypoxia score
patients (17). The study is interesting and of some clinical
relevance. Due to all the studies were based on limited
datasets, further studies with more data of HCC patients
would be needed to validate and improve the hypoxia score
system. The selected drug VLX600 may also need to be
further studied with in vitro and in vive experiments to
validate its potential clinical performance on HCC patients.
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