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Hepatocellular carcinoma (HCC) is the most common
primary liver tumor and the third greatest cause of
cancer-related death worldwide, and its incidence is
increasing. Despite the significant improvement in
management of HCC over the past 30 years, there are
no effective chemoprevention strategies, and only one
systemic therapy has been approved for patients with
advanced tumors. This drug, sorafenib, acts on tumor
cells and the stroma. HCC develops from chronically
damaged tissue that contains large amounts of inflam-
mation and fibrosis, which also promote tumor pro-
gression and resistance to therapy. Increasing our un-
derstanding of how stromal components interact with
cancer cells and the signaling pathways involved could
help identify new therapeutic and chemopreventive
targets.
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Hepatocellular carcinoma (HCC) is the most common
primary form of liver cancer and the third most

deadly type of cancer globally, following lung and stom-
ach cancers.1 With more than 750,000 new cases diag-
nosed every year worldwide, HCC is the sixth most com-
mon neoplasm.2 Unlike other carcinomas, its incidence is
steeply increasing, mainly due to the increasing prevalence
of advanced hepatitis C virus (HCV) infection. HCC com-
monly arises in the setting of cirrhosis (�80% of cases),
appearing 20 to 30 years after the initial insult to the liver.
The use of antivirals and vaccination has successfully
diminished the incidence of hepatitis B virus (HBV)-re-
lated HCC, although there are no effective chemopreven-
tive strategies to attenuate the development of cancer
once cirrhosis is established.3 HCC is diagnosed in most
patients at advanced/symptomatic stages, when limited
therapeutic options are available. The results of the ran-
domized phase 3 SHARP (Sorafenib HCC Assessment
Randomized Protocol) trial showed that the multikinase

inhibitor sorafenib improved overall survival of patients
with advanced HCC,4 representing a breakthrough in the
clinical management of this cancer.

The liver tumor microenvironment is a complex mix-
ture of tumoral cells within the extracellular matrix
(ECM), combined with a complex mix of stromal cells and
the proteins they secrete. Together, these elements con-
tribute to the carcinogenic process. Cancer cells do not
manifest the disease alone, and the stroma is inappropri-
ately activated in cancer to contribute to malignant char-
acteristics of tumor cells. The tumor microenvironment
and the tumor cells create a complex cellular system with
reciprocal signaling (Figure 1).

Stromal components of the microenvironment can be
divided into 3 subclasses: angiogenic cells, immune cells,
and cancer-associated fibroblastic cells. There is growing
evidence of the contribution of stromal cells to the hall-
marks of cancer: sustaining proliferative signaling, evading
growth suppressors, resisting cell death, enabling replicative
immortality, inducing angiogenesis, activating invasion and
metastasis, reprogramming energy metabolism, and evading
immune destruction.5 Alterations within the microenvi-
ronment may favor tumor progression and play an im-
portal role in chemoresistance.6,7 Targeting stromal cells
to abrogate their tumor-supporting role represents an
attractive therapeutic strategy.

*Authors share co-first authorship.

Abbreviations used in this paper: CSC, cancer stem cell; EC, endo-
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FGF, fibroblast growth factor; HGF, hepatocyte growth factor; HIF-1,
hypoxia-inducible factor 1; IL, interleukin; MMP, metalloproteinase;
NF-�B, nuclear factor �B; PDGF, platelet-derived growth factor; ROS,
reactive oxygen species; TAF, tumor-associated fibroblast; TAM, tumor-
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The role of the microenvironment in tumor initiation
and progression in HCC is critical. For instance, the status
of nontumoral tissue has an important role in predicting
tumor recurrence, which affects 70% of patients after
resection or local ablation.8 Typically, there are 2 patterns
of HCC recurrence: true metastasis of the primary tumor
(generally within 2 years following resection/transplanta-
tion, defined as “early recurrence”) and de novo tumor
(after 2 years from treatment or “late recurrence”).9,10

Among these features, late recurrence is generally dictated
by the persistence of protumorigenic signals within the
damaged milieu of the fibrotic and cirrhotic liver11; dis-
tinct molecular subgroups of HCC have been identified
and linked to poor prognosis.12–17 In another context, the
information encoded within the surrounding adjacent non-
tumoral tissue is essential to predicting the outcome of
patients at very early stages (ie, tumors less than 2 cm
without vascular invasion or extrahepatic spread) and may
be even more relevant than the genomic profile of the tumor
itself.10 These findings highlight the profound involvement
of a dynamic network of nontumoral cells, molecules, and
soluble factors in the generation of a supportive and permis-
sive environment for initiation and progression of HCC.

In this review, we provide an overview of current knowledge
on the role of the tumor microenvironment in HCC and high-
light potential prognostic and therapeutic implications.

Importance of the Tumor
Microenvironment
The development and progression of HCC is a

multistage process. A chronic insult (eg, HCV, HBV, and
alcohol) induces liver injury through reactive oxygen spe-
cies (ROS) production, cellular DNA damage, endoplas-
mic reticulum stress, and necrosis of damaged hepato-
cytes. Most HCCs arise in the setting of chronic hepatitis
induced by HCV or HBV infection. HCV is a single-
stranded RNA virus that cannot integrate into the host
genome but triggers an immune-mediated inflammatory
response that promotes neoplastic transformation of
damaged hepatocytes. Conversely, HBV can integrate into
the genome of infected hepatocytes and promotes hepa-
tocarcinogenesis through sustained inflammatory dam-
age, hepatocyte regeneration, direct oncogenic transfor-
mation following integration of the viral genome into
host genes, and the transactivating potential of several
viral oncoproteins, especially HBx. The sustained dysregu-
lation of the liver cell by HBV infection can ultimately
affect DNA repair mechanisms and promote mutational
events, which contribute to malignant transformation of
hepatocytes.

The hepatic response involves the activation of he-
patic stellate cells and macrophages, which produce

Figure 1. Cellular components
of the microenvironment and
molecular mechanisms influenc-
ing tumor growth and progres-
sion. Interactions among stro-
mal, inflammatory, and cancer
cells create a complex, permis-
sive microenvironment that fa-
vors tumor progression. TAFs,
tumor associated fibroblasts;
CSF-1, colony stimulating factor
1; EC, endothelial cells; KC,
Kupffer cells; VEGF, vascular en-
dothelial growth factor; FGF, Fi-
broblast growth factor; PDGF,
platelet-derived endothelial cell
growth factor; Tregs, regulatory T
cells; HGF, Hepatocyte Growth
Factor; EGFR, Epidermal Growth
Factor Receptor; MMPs, metalo-
proteinases; TIMP, Tissue Inhibi-
tor of Metalloproteinases; HIF-1,
HIF-1, hypoxia-inducible factor 1;
TAM, Tumor associated macro-
phages; SDF-1, stromal cell-de-
rived factor 1; CSC, Cancer stem
cells; DC, Dendritic cells; TNF, Tu-
mor Necrosis Factor.
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