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Simple Summary: In oncology, a new era has emerged in the last ten years with the development
of targeted and immune therapies. In hepatocellular carcinoma (HCC), several targeted agents (so-
rafenib, lenvatinib, cabozantinib, regorafenib, and ramucirumab) are approved and immunotherapy
is now validated in combination with bevacizumab, while theragnostic biomarkers are lacking for
patient selection. Conversely, in biliary tract cancer (BTC), immune therapies are still investigational
while targeted therapies are now crucial considering the complex molecular landscape of BTC. In this
review, we provide an overview of (i) the main prognostic biomarkers in HCC and BTC, (ii) the main
theragnostic biomarkers in both tumors, and lastly (iii) what is recommended in clinical practice.

Abstract: Hepatocellular carcinoma (HCC) and biliary tract cancers (BTC) exhibit a poor prognosis
with 5-year overall survival rates around 15%, all stages combined. Most of these primary liver
malignancies are metastatic at diagnostic, with only limited therapeutic options, relying mainly
on systemic therapies. Treatment modalities are different yet partially overlapping between HCC
and BTC. The complex molecular profile of BTC yields to several actionable therapeutic targets,
contrary to HCC that remains the field of antiangiogenic drugs in non-molecularly selected patients.
Immunotherapy is now validated in the first line in HCC in combination with bevacizumab, while
clinical activity of single agent immunotherapy appears limited to a subset of patients in BTC, still
poorly characterized, and combinations are currently under investigation. In this review, we provide
a critical evaluation and grading of clinical relevance on (i) the main prognostic biomarkers in HCC
and BTC, (ii) the main theragnostic biomarkers in both tumors, and lastly (iii) what is recommended
in clinical practice.

Keywords: hepatocellular carcinoma; biliary tract cancers; cholangiocarcinoma; immune checkpoint
inhibitor; targeted therapy; biomarker

1. Introduction

Hepatocellular carcinoma (HCC) is the third leading cause of cancer death world-
wide [1], and the most frequent primary liver cancer (65,000 and 42,000 new cases/per year
in Europe and the United States, respectively). In most cases, HCC arise on underlying
chronic liver diseases, mainly due to chronic infections by hepatitis B virus (HBV) or
hepatitis C virus (HCV), alcohol, or fatty liver disease [2–6].

Biliary tract cancers (BTCs) develop from the epithelium of bile ducts, gallbladder, or
ampulla of Vater. BTCs encompass a heterogeneous group of tumors with specific anatomi-
cal, biological, prognostic, and therapeutic features [7–9]. BTCs comprise of gallbladder
carcinoma (GBC) and cholangiocarcinoma (CCA). CCA are divided into intrahepatic CCA
(iCCA) and extrahepatic CCA (eCCA) themselves subdivided into distal and perihilar
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CCA [7,10]. Regardless of the disease stage, GBC and CCA represent 65% and 35% (15%
for iCCA and 25% for eCCA) of BTCs, respectively [10]. BTC is a rare cancer in Western
countries (>6/100,000), and represent approximately 3% of all gastrointestinal malignan-
cies [11]. Yet it is the most frequent hepatobiliary cancer after HCC [12]. Moreover, the
overall incidence of CCA is rising, mostly due to chronic liver diseases (mainly fatty liver
disease related to metabolic syndrome) [13,14]. A global heterogeneity of incidence is
observed, with more cases in South-East Asia [15] (due to fluke infections of the liver
and the biliary tree). In Europe and the United States, the majority of cases are sporadic.
Main risk factors are described as liver cirrhosis, intrahepatic biliary stone disease, primary
sclerosing cholangitis, biliary malformations, and rarely genetic syndromes such as Lynch
syndrome [16,17].

Surgery is the cornerstone curative treatment of BTC and HCC. Depending on HCC
stages, liver transplantation, surgical resection, or radiofrequency ablation can be discussed
as curative intent treatment while intra-arterial liver therapies and systemic therapies
are palliative [18]. In patients with HCC limited to the liver and sufficient liver function,
resection, and local ablation are the recommended curative locoregional therapies [19].
Nevertheless, recurrence rates are high, and liver transplantation remains superior in terms
of disease control and long-term survival. Nevertheless, this treatment is limited because
of limited available donor organs. Transarterial chemoembolization can be used to bridge
patients to transplantation but also as a standard of care for patients not suitable for other
local therapies.

Liver transplantation in BTC remains controversial [20,21] but might be proposed as
part of a multimodal protocol (Mayo Clinic) for selected patients with unresectable perihilar
CCA without metastatic disease. Radiofrequency ablation and stereotactic radiotherapy
might also be an option for non-operative patients with small iCCA [22]. Forty percent
of HCC are diagnosed at advanced stages. Five-year OS is around 15%, all stages taken
together [18]. Regarding BTC, only one third of cases of them are resectable at diagnosis,
and 5-year overall survival (OS) regardless the stage is as low as 5–15% [10,23]. For resected
perihilar CCA and iCCA, a 5-year OS of about 30% has been reported [24–26].

In case of unresectable or metastatic disease, systemic therapies are indicated [18,27]
(Figure 1). In HCC, only angiogenesis inhibitors were approved until recently with
sorafenib and lenvatinib approved for the first-line treatment of advanced HCC pa-
tients [28,29]. Cabozantinib, regorafenib, and ramucirumab are also therapeutic options
in pre-treated patients. No predictive biomarkers are used yet to select patients for an-
tiangiogenic therapy in HCC with the exception of AFP level for ramucirumab. For BTC,
first-line standard chemotherapy is cisplatine-gemcitabine regimen with a median OS of
11.7 months [30] and in second line, a combination of 5-fluorouracil and oxaliplatine can
be proposed [31]. The poor results obtained with systemic chemotherapy in BTC stress a
need for efficient targeted therapies and the need for molecular profiling. In the past years,
next-generation sequencing (NGS) revealed a complex molecular background in BTC with
potential clinical implication [32]. Until recently, no targeted therapy was approved for
BTC, until the Food and Drug Administration (FDA) and the European Medicines Agency
(EMA) approved pemigatinib in 2020 for CCA with an fibroblast growth factor receptor 2
(FGFR2) rearrangement or fusion [33] and ivosidenib in case of isocitrate dehydrogenase 1
(IDH1) mutation [34] for FDA.
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Figure 1. Systemic treatments for advanced hepatocellular carcinoma (A) and biliary tract cancers (B).

Recently, immunotherapy was validated in first-line of HCC, with the combination of
atezolizumab and bevacizumab [35]. FDA had also approved nivolumab, nivolumab plus
ipilimumab, and pembrolizumab in the second line (Figure 1). To date, in BTC, clinical
activity of single agent immunotherapy appears limited to a subset of patients, still poorly
characterized, and combination are currently under investigation. The only FDA approval
of immunotherapy for BTC is restricted for microsatellite instability (MSI) tumor.

Interestingly, HCC and BTC share a common unique microenvironment and immune
niche, i.e., the liver, which is a physiologically immunotolerant organ. HCC are immuno-
genic but immunosuppressed and highly vascularized tumors with no approved targeted
therapies except from angiogenesis inhibitors, while BTCs are an anatomically, molecularly,
and therapeutically heterogeneous group of tumors with a promising use of dedicated
targeted therapies.

Theragnostic biomarkers, with a potential therapeutic impact, are developed in both
tumors with different approaches. A biomarker can be defined as “a characteristic that is



Cancers 2021, 13, 2708 4 of 22

measured as an indicator of normal biological processes, pathogenic processes or responses
to an exposure or intervention” [36]. Biomarkers have applications in several clinical areas
and can be very diverse in nature: clinical, molecular, or imaging (Figure 2). In cancer
biology, four types of biomarkers are distinguished: (i) diagnostic biomarkers, which
help in the diagnosis or identification of subclasses of a particular disease; (ii) prognostic
biomarkers, which are associated with a more or less favorable disease course in terms
of progression-free and/or overall survival, irrespective of the treatments administered
(“natural history”); (iii) predictive biomarkers, which predict the activity of a specific
treatment, used as a tool for therapeutic decision-making; (iv) diagnostic companion
biomarkers, used to define a subgroup of patients for whom a given treatment has been
shown to be effective and for which a therapeutic indication is reserved.

Figure 2. The difference between a prognostic and a predictive biomarker.

Therefore, identification of biomarkers is crucial to improve patients’ management
and outcome. Extensive research is ongoing to help in diagnosis and to predict prognosis
and response to treatment of patients with HCC and BTC. These two tumors share common
biological features. Yet HCC is a tumor for which biomarkers are lacking, while in BTC a
lot of biomarkers have been identified, some of them with a clinical impact for patients’
management but not all of them are ready for the routine clinical practice. In this review,
we provide an overview of (i) the main prognostic biomarkers in HCC and BTC, (ii) the
main theragnostic biomarkers (predictive and diagnostic companion) in both tumors, and
lastly (iii) what is really useful in clinical practice. We therefore propose a critical evaluation
and grading of clinical relevance of existing biomarkers in HCC and BTC.

2. Main Prognostic Biomarkers in Hepatocellular Carcinoma and in Biliary Tract
Cancer
2.1. In Hepatocellular Carcinoma

Different prognostic biomarkers were proposed in HCC based on clinical, biological,
or molecular data. Extensive programs from large randomized clinical trials in HCC were
launched to investigate the prognostic value of identified biomarkers.

2.1.1. Classical Biomarkers

Clinical markers have long been the keystone biomarkers in HCC, such as extra liver
extension or macrovascular invasion that are associated with a poor prognostic [37].

Data from the SHARP trial alone evaluating sorafenib as front-line in HCC revealed
that vascular invasion and high levels of specific proteins such as angiopoietin 2 (Ang2),
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alpha-feto protein (AFP), and vascular endothelial growth factor (VEGF) were independent
predictors of poor OS [38]. Since then, the AFP prognostic value has been confirmed in
several studies [39]. By pooling the SHARP and ASIA-PACIFIC trials, Bruix et al. suggested
that patients treated with sorafenib had worse OS when they had non-HCV related HCC
(p = 0.02) [40].

Other studies suggested that inflammation-based cancer-prognostic biomarkers had
an independent negative prognostic value such as the neutrophil-to-lymphocyte ratio
(NLR) [41–43], the systemic immune-inflammation index (SII) (4), and the Glasgow Prog-
nostic Score (GPS) [44]. In addition, sarcopenia is associated with cancer-related cachexia
and systemic inflammation and has been described as a strong negative prognostic indica-
tor for many cancer types [45]. In HCC, several studies confirmed the prognostic value of
sarcopenia in the localized [46–49] and advanced settings [48,50].

The emergence of NGS paved the way for new and personalized biomarkers. There-
fore, in the last few years, new biomarkers have emerged, such as immune or molecu-
lar biomarkers.

2.1.2. Emerging Biomarkers

The type of immune cells within the tumor microenvironment has been described as a
prognostic marker in HCC. On the one hand, an enrichment in the immunosuppressive T
regulatory lymphocytes (T cells) and myeloid-derived suppressor cells (MDSC) is linked
to a poorer prognosis, whereas on the other hand cytotoxic T cells, B cells, NK cells, and
dendritic cells are associated with an improved prognosis [51,52].

Another study used gene-expression in the tumor microenvironment of HCC and
defined two major subtypes. The first subtype was associated with an increased expression
of immune-related genes and of worse prognosis than the second subtype [53]. Similarly,
Chen al. classified HCC tumors into two categories based on the signature of 18 immune-
associated genes with opposite prognosis values [54], and described a specific seven-
biomarkers signature based on five immunity- and two ferroptosis-related genes expression
as an independent predictive factor of OS [55].

Furthermore, programmed-death ligand 1 (PD-L1), the ligand of the immune check-
point receptor programmed-death 1 (PD-1), is expressed on the membrane of tumor cells
and in the peritumoral stroma in HCC, and is associated with poor prognosis [56,57].
Calderaro et al. studied 217 immunotherapy-naïve, resected HCCs and found that 75% of
patients expressed PD-L1 in tumor cells with a wide range of intensity. Markers of tumor
aggressiveness such as poor differentiation, vascular invasion, and high AFP levels were
associated with PD-L1 expression [58]. Another study found the same poor prognostic
value of PD-L1 independently of other known clinicopathological prognostic factors in
HCC. Similarly, a high PD-L1 expression in patient serum (measured by enzyme-linked
immunosorbent assay (ELISA)) or in peripheral blood mononuclear cells (measured by
flow cytometric analysis) seems associated with worse outcomes in HCC [59].

Several studies used molecular data to discover prognostic biomarkers in HCC due to
the high heterogeneity of this tumor type. A recent study from the international consortium
“The Cancer Genome Atlas (TCGA) Research Network” has generated a molecular classifi-
cation of the HCC microenvironment. Several integrated clusters (iClust) with different
prognostic values based on the analysis of 363 cases by whole-exome sequencing and DNA
copy number analysis, and the additional analysis of 196 cases for DNA methylation, RNA
expression, micro-RNA (miRNA), and proteomics has been identified [60]. Patients with
iClust 1 had the worst prognosis with high-grade tumors (overexpression of proliferation
markers) and macrovascular invasion (overexpression of angiogenic genes). iClust 1 was
associated with younger age, Asian ethnicity, female gender, a low mutation frequency
of CTNNB1, a low expression of TERT, and an epigenetic silencing of cyclin-dependent
kinase inhibitor 2A (CDKN2A), while iClust 3 (30%) was inflammatory (high chromosomal
instability) and had the best survival. CTNNB1 codes for beta-catenin, a dual function
protein involved in cell–cell adhesion and gene transcription. TERT (telomerase reverse
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transcriptase) is the catalytic subunit of the enzyme telomerase. CDKN2A, also known as
cyclin-dependent kinase inhibitor 2A is a regulator of cell cycle. The dominant subset was
iClust 4 (depleted in lymphocytes, 40%) but showed no prognostic value. As compared
to other clusters, iClust 2 and iClust 4 had higher CD8/Treg ratios and were enriched in
highly immunogenic peptides generated from non-silent coding mutations in the cancer
cell genome, also called neoantigens.

Hoshida et al. studied transcriptomic data from eight independent cohorts repre-
senting 603 patients with HCC and found three robust classes with separate prognostic
values [61]. Two poor prognosis subclasses (subclass 1 and subclass 2) were associated
with activations of the WNT signaling pathway and the proliferation pathway (MYC and
AKT activations), respectively, whereas the third good prognosis subclass (sublcass 3) was
associated with a hepatocyte-like phenotype.

Boyault et al. deciphered HCC tumors based on transcriptomic data and found
similar results by isolating one group with beta-catenin mutations and WNT pathway
activation whereas another group showed an activation of the cycle [62]. In these last two
studies, poor prognostic molecular groups were associated with low differentiation and
vice versa for good prognostic molecular groups indicating an accurate correlation between
molecular and histological data [63,64]. The negative prognostic value of the cell division
cycle-associated genes overexpression was suggested in another study [65].

Other minimally invasive molecular parameters available in the bloodstream could
be prognostic in HCC. Indeed, biomarkers such as the amount of circulating tumor cells
and circulating nucleic acids can reflect the tumor size, vascular invasion, and metastases,
or the proliferation rate by studying mutations and hypermethylation of specific genes in
circulating DNA [66,67]. Circulating transcriptomic data also give prognostic information
in HCC through oncogenic miRNAs such as miR-21 [68].

2.2. In Biliary Tract Cancers
2.2.1. Classical Biomarkers

Commonly admitted prognostic factors in BTCs are mostly clinical or based on patho-
logical characteristics as TNM classification for resectable tumors [69], particularly lymph
node invasion [70,71], resections margins [72], histological subtype [73], and performance
status, prior to resection of primary tumor and peritoneal carcinomatosis at advanced
stages [74].

However, other biomarkers have been established for years. Carcinoembryonic anti-
gen (CEA) and Antigene Carbohydrate 19-9 (CA 19-9) are key biomarkers to monitor
BTCs and evaluate prognosis of patients. Prognostic value of these biomarkers has been
assessed in resectable BTCs. In two series of 106 and 168 patients with resected BTCs, high
preoperative CA 19-9 expression was associated with poor outcomes [75,76]. For the first
study [75], preoperative CA 19-9 (≥200 IU/mL) was associated with poor outcome with
a hazard ratio (HR) of 2.17 (95% CI: 1.04–4.43) and postoperative CA 19-9 (≥37 IU/mL)
with HR = 7.46 (95% CI: 3.64–15.72). For the second study [76], preoperative CA 19-9
(≥150 IU/mL) was associated with poor outcome with HR = 2.23 (95% CI: 1.14–4.40).
In another series of 190 patients, preoperative CEA (with a cut-off value of 4.55 µg/L,
HR = 1.030 (95% CI: 1.002–1.058)), but not CA 19-9, was associated with prognosis after
tumor resection [77]. Nevertheless, these results should be tempered by the relatively small
size of these studies with some non-uniform results, particularly in term of cut-off values,
which differ between studies. At advanced stages, pretreatment CA 19-9 levels and CA
19-9 decrease after chemotherapy are of prognostic relevance in patients with BTC [78].
Importantly, it should be noted that these biomarkers are unspecific, particularly CA 19-9,
which can be elevated in several clinical situations as decompensated diabetes [79] or
cholestasis (frequently observed in patients with advanced disease) [80], which makes it
difficult to interpret an elevated marker [81].

More than the absolute value of these biomarkers, it is rather the kinetics under or after
treatment that would be prognostic. This was evaluated in patients with advanced BTCs
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who were treated with gemcitabine-based chemotherapy [82]. In this cohort of 179 patients,
a decrease ≥50% in CA 19-9 was associated with better survival (16 versus 9 months).
This was not found with CEA. Of note, in this study, the absolute CA 19-9 level was also
found to be a predictive factor. Importantly, it should be noted that these biomarkers are
unspecific, particularly CA 19-9, which can be elevated in several clinical situations as
decompensated diabetes [79] or cholestasis [80], which makes it difficult to interpret an
elevated marker [81].

Cytokeratin-19 fragment (CYFRA 21-1) has also been studied as prognostic biomarkers
and its elevated preoperative dosage in patients with operable iCCAs shows interesting
results [83]. The optimal cut-off value for CYFRA 21-1 was 2.7 ng/mL (HR = 2.9 (95% CI:
1.1–7.8) for OS and HR = 6.0 (95% CI: 1.8–20.0)).

2.2.2. Emerging Biomarkers
Molecular Biomarkers

NGS has identified several molecular signatures, which can be used as prognostic
biomarkers. In 2016, Javle and al. performed hybrid capture-based comprehensive genomic
profiling on 554 BTC, including 412 iCCAs and 57 eCCAs [84]. Several gene alterations
were observed with differences between iCCAs and eCCAs. In iCCA, the most frequent
alterations were tumor protein 53 (TP53), CDKN2A/B, V-Ki-ras2 Kirsten rat sarcoma viral
oncogene homolog (KRAS), AT-rich interactive domain-containing protein 1 (ARID1), and
IDH in 27%, 27%, 22%, 18%, and 16% of tumors respectively. IDH1 mutation and FGFR
translocations were almost exclusively found in iCCAs. In eCCAs, the most frequent
alterations were KRAS, TP53, SMAD4, and CDKN2A in 42%, 40%, 21%, and 17% of tumors
respectively. TP53 and KRAS mutations were associated with a shorter OS in the iCCA
population, consistent with other observations in large cohort studies [85,86]. FGFR2
translocations were associated with better OS, while IDH1/IDH2 mutations were not
associated with prognosis.

In more recent work, Lowery et al. analyzed tumors of 195 patients using a whole
exome plus selected introns-sequencing assay (152 iCCAs and 43 eCCAs) [87]. In this study,
the most frequent mutations in iCCAs were IDH1, ARID1A, BAP1, TP53, and FGRF2 in 30%,
23%, 20%, 20%, and 14% of cases respectively. CDKN2A/B and Receptor tyrosine-protein
kinase erbB-2 (ERBB2) were pejorative prognostic biomarkers. These results are consistent
with previous studies except for frequency of gene alterations.

Other studies identify epidermal growth factor receptor (EGFR) mutation [88–91] and
PD1-PDL1 expression [92] as potential biomarkers of worst prognosis. The prognostic
value of IDH1/2 remains unclear, since some studies found an inverse correlation between
IDH1 mutation and survival [93] whereas some other studies found none [84,94].

A prognostic model for iCCAs was developed, combining these molecular alterations
with clinical and pathological criteria [95], but still need to be confirmed for clinical practice.

Immune Microenvironment

The role of the immune microenvironment in tumor progression and therapy resis-
tance is well established in BTC [39], but its specific role still needs to be clarified. According
to TCGA, 70% of BTC are enriched in immune cells, and 30% are depleted in lymphocytes,
with a balanced macrophages-to-lymphocytes ratio [41]. Moreover, the prognostic value
differs depending on the type of immune infiltrate. Indeed, natural killer lymphocytes,
CD8-positive lymphocytes, and major histocompatibility complex class I (MHCI) expres-
sion are associated with a prolonged survival [26–28]. On the contrary, neutrophils and
M2-macrophages are associated with poor survival. Tregs showed inconsistent prognostic
value [42,43]. Moreover, 10–30% of BTCs tumor cells express PD-L1 [44] with a higher
density of tumor-infiltrating lymphocytes (TILs), which is associated with a better response
to immune checkpoint inhibitors (ICIs) [45].

Moreover, potential candidates for ICI were identified by molecular studies. Four
subtypes of BTCs according to the gene expression of 260 BTCs were described [26]. In
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Cluster 4 (40% of patients), there was a higher mutation load and higher expression of
immune checkpoint genes (CTLA4, LAG3, TNFRSF9, PDCD1, BTLA, IDO1, HAVCR2, and
TNFRSF4). The prognosis of this good candidate subgroup to ICI was poor. Conversely,
based on the fluke status, Jusakul et al. defined also four subtypes of BTCs [23]. Cluster 3,
including iCCA mostly fluke-negative, overexpressed immune checkpoint genes (PD-1,
PD-L2, and BTLA). These immunogenic iCCA were mutually exclusive with Cluster 4
(IDH/FGFR driven iCCA).

2.2.3. Circulating Tumor Cells

More recently, circulating tumor cells (CTCs) have been described to be a tool for
diagnosis and prognosis of BTCs, and in other cancers. CTCs can be identified by several
methods (e.g., real time PCR, immunocytochemistry, and flow cytometry), which are not
all approved and used in current practice yet. First description of CTCs in BTCs was made
in 2012 in a small series [96], with CTCs identified in 4 of 16 patients. The presence of CTCs
was associated with worse outcomes.

This result was confirmed in a larger series of 88 patients in which a CTCs count over
2/7.5 mL was associated with tumor extend and inversely correlated with survival [97].
The reasons of this correlation are not resolved yet but part of the answer can be found in
the work of Arnoletti et al., which showed that CTCs of pancreatic cancers and BTCs are in
constant interaction with immune system, conferring a relative resistant to T lymphocytes
cytotoxic activity and apoptosis and a capacity of proliferation and growth.

Other circulating biomarkers have been developed for non-invasive diagnosis of BTCs
(for example extracellular vesicles, ctDNA, and ctRNA), and could be useful, especially
their kinetics, to monitor and evaluate the prognosis of these patients. Indeed, they are
an indirect witness of tumor cell proliferation and differentiation (cell-free non-coding
mRNA) [98,99] or of immune reaction (IL-6) [100,101].

3. Predictive Markers of Treatment Response

The identification of predictive biomarkers of response to systemic therapies has
become a major issue in the era of personalized medicine. Predictive biomarkers are
intended to be used as therapeutic decision support tools and are often explored in large
clinical trials in order to select patient populations that will best respond to treatment. When
they are used to select treatment options for patients, they are referred to as “companion
diagnostics” [102].

3.1. In Hepatocellular Carcinoma

The choice of treatment for patients with HCC is based on the performance status (PS)
(European Collaborative Oncology Group (ECOG) score), the underlying liver function
(Child–Pugh score), and the tumor burden according to the “Barcelona Clinic Liver Cancer”
(BCLC) classification [18,37]. Untreated patients with advanced HCC, ECOG PS 0–2, and a
preserved liver function should be treated with systemic therapies such as anti-angiogenics
alone (sorafenib and lenvatinib) or in combination with immune therapies (atezolizumab
and bevacizumab). Other antiangiogenics such as cabozantinib, ramucirumab, and rego-
rafenib are therapeutic options for second line and beyond.

3.1.1. Angiogenesis Inhibitors

Following the two pivotal phase 3 trials SHARP [28] and ASIA-PACIFIC [103], so-
rafenib became the standard first-line treatment for advanced HCC in 2009. No predictive
markers had been identified in the ancillary analyses from the SHARP trial alone [38] but
by pooling the SHARP and ASIA-PACIFIC trials, the benefit of sorafenib was greater in
patients without extrahepatic spread, with HCV and a low NLR [40]. In addition, several
predictive biomarkers for sorafenib response have been proposed in clinical studies such
as Ang2 [104], miRNAs [105–107], phosphorylated ERK, or VEGFR-2 [108], alterations of
the mechanistic target of rapamycin (mTOR) signaling pathway [109], amplifications of
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fibroblast growth factor 3/4 (FGF3/4) [110], or VEGFA(44), polymorphisms of VEGF [111]
and imaging criteria [112]. A statistical model was also built to predict survival in patients
undergoing sorafenib treatment based on baseline clinical features such as vascular inva-
sion, age, ECOG score, AFP, albumin, creatinine, aspartate aminotransferase, extra-hepatic
spread, and aetiology [113]. Similarly, a higher prognostic nutritional index based on
albuminemia and lymphocyte count was positively associated with OS in sorafenib-treated
patients [114]. However, none of these biomarkers has been validated and their use is not
allowed in clinical practice yet.

Furthermore, since the approval of lenvatinib as front-line treatment of HCC following
the REFLECT trial [29], studies assessed biomarkers promoting the use of lenvatinib or
sorafenib. One ancillary study of the REFLECT trial suggested that having higher VEGF-
and FGF-family gene-expression levels was associated with better OS in the lenvatinib
arm [115] and a meta-analysis highlighted that lenvatinib could be more efficient in hepatitis
B virus (HBV) patients than sorafenib [116]. Nonetheless, the current selection between
sorafenib or lenvatinib is not based on clinical or biological markers but rather on the
toxicity profile.

Regarding the second line in advanced HCC, the REACH-1 phase 3 trial, evaluating
ramucirumab, an anti-VEGFR-2 monoclonal antibody, did not met the primary objective
in the overall patient population. However, a benefit was shown in the subgroup of
patients with high AFP levels (≥400 ng/mL) before treatment [117]. The REACH-2 phase
3 trial, using the same design with an exclusive inclusion of patients with AFP levels
above 400 ng/mL, showed a significant modest survival benefit as compared to placebo
(8.5 months versus 7.3 months, HR = 0.71, p = 0.019) [118]. Thus, AFP was shown to be
both a prognostic and a predictive biomarker, with the result of ramucirumab being the
first biomarker-guided therapy in HCC.

Teufel et al. analyzed samples from the RESORCE trial that led to approval of re-
gorafenib in the second line setting and found that five proteins and nine miRNAs were
significantly associated with regorafenib response [119]. However, no biomarker has been
identified to guide the choice between the three recommended angiogenesis inhibitors
(cabozantinib, ramucirumab, and regorafenib) in patients with pretreated HCC. In addition,
the iClust 1, corresponding to a wound healing profile (10%) from the TCGA analysis [60],
suggested that antiangiogenics may be useful in this small group since their tumor had a
higher expression of angiogenic genes.

Functional imaging has also been developed as a predictive biomarker of response
to antiangiogenic drugs. First, dynamic contrast-enhanced magnetic resonance imaging
(DCE-MRI) measures changes in tumor blood flow, vascular permeability, and intravascular
and interstitial volumes. In a study evaluating sorafenib vs. tegafur-uracil in advanced
HCC, DCE-MRI was performed before treatment and after 14 days of treatment [118]. They
measured the volume transfer constant, called Ktrans, and showed that Ktrans was higher
in patients with disease control compared to progressive disease. A vascular response
(≥40% Ktrans decreased after treatment) was associated with a better PFS and OS. Positron
emission tomography (PET) with 18F-fluorodeoxyglucose (FDG) can be used as a surrogate
of viable tumors. FDG-PET can help to predict prognosis in HCC patients receiving hepatic
arterial infusion of chemotherapy or transcatheter arterial chemoembolization, but could
also help to predict efficacy of sorafenib [120].

Finally, few oncogenic drivers were identified as actionable targets for therapy in
HCC and does not yet allow personalized treatments in clinical practice [121]. Overall,
there is no currently available validated predictive biomarker for routine practice to select
patients for targeted therapies in advanced HCC. Identification of predictive biomarkers
for targeted therapies such as sorafenib could help clinicians in the daily management of
these patients, mostly in light of the new therapeutic options available in the first line [122].



Cancers 2021, 13, 2708 10 of 22

3.1.2. Immunotherapies

Several clinical trials evaluated ICI in patients with advanced HCC and searched for
predictive biomarkers. The CHECKMATE-040 phase 1/2 trial evaluated nivolumab in
both treatment-naive and previously sorafenib-treated patients. No significant difference
of the overall response rate (ORR) according to treatment exposure or viral infection was
shown [123]. Similarly, the analysis of the KEYNOTE-224 phase 2 trial evaluating pem-
brolizumab in the second line did not find any predictive value of biomarkers such as age,
viral or non-viral etiology, AFP levels, BCLC stage, macrovascular invasion, extrahepatic
metastases, and tumoral PD-L1 expression [124]. Nonetheless, the combined positive
score (CPS) defined by the number of PD-L1+ cells (≥1%) (tumor cells, lymphocytes, and
macrophages) divided by the total number of tumor cells was significantly associated with
better ORR (32% versus 20%, p = 0.021) and PFS (p = 0.026).

Recently, the IMbrave150 phase 3 trial showed superiority of the combination of
bevacizumab and atezolizumab versus sorafenib in the first line setting of HCC in terms of
OS (HR = 0.59, p < 0.001) [35], setting the combination of ICI and angiogenesis inhibitors
as a new standard of care. In this study, the predictive value of ethnicity, macrovascular
invasion, extrahepatic spread, PD-L1 status, and baseline AFP level (<400 vs. ≥400 ng/mL)
is not yet described. Similarly, early phase studies assessing combination of ICIs such
as nivolumab plus ipilimumab [125], and durvalumab plus tremelimumab [126] showed
interesting ORR despite high rates of grade 3/4 adverse events leading in 5–7.5% of
discontinuation. Thus, guiding patient selection based on biomarkers will be mandatory
for ICI combination and are planned to be explored in larger randomized clinical trials
(NCT02519348, NCT03298451, and NCT01658878).

In addition to clinical trials, other studies have suggested potential biomarkers for
immunotherapies. In a cohort of 956 HCC samples, an IFN-pathway signature was dis-
played in half of the 25% lymphocytes-rich tumors [127], which has been described to be
predictive of ICI efficacy in other solid tumors [128]. A second study explored the tumor
immunological microenvironment from the TCGA and GEO databases and created an
index to quantify the infiltration pattern predictor of immunotherapy response [129]. In
a complementary manner, a prospective study in 31 patients with HCC treated by ICI
showed that WNT/β-catenin pathway alterations are associated with less disease control
rate (DCR) (0 versus 53%) and worst OS (9.1 versus 15.2 months) [130]. Moreover, the
use of markers of genomic instability such as MSI, high tumor mutational burden (TMB)
or POLE mutations does not seem relevant for HCC because of their scarcity (less than
3%) [131]. Overall, the establishment of composite scores combining PD-1 expression based
on the CPS score and molecular alterations to properly predict ICI response would be a
relevant strategy to explore in dedicated clinical trials.

Lastly, a recent study suggests that non-alcoholic steatohepatitis (NASH)–HCC, might
be less responsive to immune checkpoint inhibitors, probably because of NASH-related
aberrant T cell activation that causes tissue damage, leading to impaired immune surveil-
lance [132]. These results need to be confirmed but with stratification of HCC patients
according to aetiology (i.e., NASH-HCC or others) in immunotherapy clinical trials.

3.2. In Biliary Tract Cancers
3.2.1. Targeted Therapies

The heterogeneity and complexity of CCA has been recently unraveled by NGS.
CCAs are now recognized to exhibit a very high frequency of targetable molecular alter-
ations [85,88,92,133–135]. CCA development might be promoted by chronic biliary inflam-
mation and/or cholestasis that induce activation of molecular pathways [16,73,136,137]
and mutations in genes (tumor suppressor and oncogenes) or fusions are frequent in
CCA [85,88,133–135]. Interestingly, the anatomical and histological classification of BTC
can be paralleled with molecular patterns [84,138]. To summarize data from comprehen-
sive genomic profiling data [84], among targetable alterations, IDH mutations and FGFR 2
fusions are found in iCCA, with frequencies above 10% and up to 28% and 45% respec-
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tively [87,139–142], whereas the human epidermal growth factor receptor-2 gene (HER2)
aberrations are more frequently observed in eCCA and GBC (up to 20%) [143]. IDH 1/2
mutations and FGFR2 fusions (10–15%) were described as mutually exclusive, even if some
reports described a coexistence of both alterations [144].

Therefore, several targeted therapies have been or are currently tested in CCA, based
on their molecular profile. FGFR2 fusion can be targeted by FGFR inhibitors, such as
pemigatinib (an oral and selective inhibitor of FGFR1, 2, and 3), BGJ398, TAS-120, or der-
azantinib. A multicenter phase II study (FIGHT-202) evaluated pemigatinib in patients with
previously treated, locally advanced or metastatic cholangiocarcinoma were reported [33].
Among the 107 patients with FGFR2 rearrangement or fusion, ORR was 35.5% (38/107),
with three patients with a complete response. Based on these results, the FDA accelerated
approval of pemigatinib for the treatment of patients with previously treated, unresectable,
locally advanced or metastatic cholangiocarcinoma that harbor a FGFR2 rearrangement
or fusion.

Regarding IDH1/2 mutations, oral inhibitors have also been developed. Ivosidenib
(AG120) targets mutated IDH1 enzyme. The phase III ClarIDHy study [34], in 185 patients
with progressing CCA, and previously treated with one or two lines of therapy, showed
the superiority of ivosidenib over placebo, in terms of progression-free survival (PFS) 2.7
versus 1.4 months, p < 0.001) and DCR (53% vs. 28%) and estimated median OS adjusted
on cross-over.

Regarding EGFR and HER2, an overexpression is observed, mostly in eCCA and
GBC [133,145]. Consistently, considering the efficacy of EGFR inhibitors in other cancers
like lung or colon cancer, EGFR inhibitors (such as cetuximab, lapatinib, panitumumab,
and erlotinib) have been tested in CCA, but to date, different trials were disappointing
with negative results even in RAS wild-type patients [146–149].

v-Raf murine sarcoma viral oncogene homolog B (BRAF) mutations are found in 4%
of iCCA [85,150] and can be targeted. Some reported efficacy of the BRAF V600E inhibitor
vemurafenib [151,152] or dabrafenib combined with trametinib (a MEK inhibitor) [153,154]
and the basket trial ROAR described an efficacy of dabrafenib and trametinib with an ORR
of 42% in heavily pretreated CCA patients [155]. Conversely, there are no active inhibitors
for the most frequent KRAS mutations (non-G12C) in BTC.

In addition, neurotrophin receptor tyrosine kinase (NTRK) fusion is another very
interesting target, which can be addressed with novel NTRK inhibitors. Approved by
FDA and EMA in an agnostic way for cancers with NTRK fusion based on a basket
trial, larotrectinib proved efficacy, including in CCA [156,157]. In the study evaluating
larotrectinib, two patients (4%) with a CCA were included, of whom one experienced a
major partial response [156]. In the pooled analysis of entrectinib trials, the only patient
with cholangiocarcinoma experienced a partial response with a duration of response of
9.3 months and a PFS of 12.0 months [158].

BRCA mutations have also been described in CCAs (4%) [159]. Poly-ADP ribose
polymerase (PARP) inhibitors showed efficiency in several tumor subtypes with germline
or somatic mutations of BRCA or of BRCA associated genes. Data are lacking but small
reports showed prolonged responses under PARP inhibitors in patients with a BRCA
mutation [160]. The prevalence of DNA-damage repair (DDR) pathway defects in BTC
has been ranges between 28.9% and 63.5%, but this wide range of frequencies depends on
different methods for testing and on different definition of DDR alterations in BTC [161]. To
date, the efficacy of PARP inhibitors in BTC patients with DDR gene alterations is unknown,
and only few case reports have been described [161].

The PI3K/AKT pathway is also a promising pathway, which has been showed to be
implicated in resistance to chemotherapy. In a phase II study, copanlisib, a PI3K inhibitor,
failed to improve outcomes in combination with gemcitabine and cisplatin in first line in
patients with advanced/unresectable BTC [162]. However, PFS and OS were greater in
the group of patients with high PTEN expression (8.5 versus 4.6 months and 17.9 versus
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7 months respectively) suggesting that PI3K inhibitors could be interesting if guided by a
molecular screening.

Based on the current evidence and on these different studies, ESMO recommends
routine use of NGS on tumors such as advanced cholangiocarcinoma. ESMO considers
that large multigene panels can be used if they add acceptable extra-cost compared with
small panels.

3.2.2. Immunotherapies

Interestingly, between 5 and 10% of BTC exhibit DNA mismatch repair deficiency
(dMMR) and/or MSI [163]. This phenotype is characterized by a high number of neoanti-
gens activating antitumor T-cell response and associated with durable responses to ICIs
in several solid tumors, including BTCs [164]. MSI BTC tumors are expected to respond
well to ICI and pembrolizumab was recently approved by the FDA for patients with
metastatic and/or unresectable dMMR or MSI solid tumors that progressed after prior
therapy regardless of tumor type [165].

Moreover, tumors with a very high TMB are expected to respond favorably to ICI. In
the KEYNOTE-158, response rates were significantly better in patients with a mutation load
greater than 10 mutation/Mb compared to those with a lower TMB [166]. Unfortunately,
data for TMB in BTC is limited. Recently 309 patients with BTC were reviewed, and
TMB of ≥6 Mut/Mb was found in 19.4% of cases whereas TMB > 20 Mut/Mb was only
identified in 2.9% of cases [167]. In the KEYNOTE-158 trial, none of the 63 CCA had a
TMB > 10 Mut/Mb [166]. A recent retrospective study aimed at examining the performance
of a universal definition of high TMB in an independent cohort of patients with solid tumors
treated with ICIs. Among 57 patients with hepatobiliary tumors (BTC and HCC), only 4
(8%) had a high TMB ≥ 10 Mut/Mb; none responded to immunotherapy [168]. Conversely,
in the low TMB group, six patients (12%) had an objective response. This does not mean that
BTC cannot benefit from immunotherapy but it is crucial to develop strategies increasing
the antigenic presentation such as combination with chemotherapy or radiation therapy
or targeted therapy. It is also crucial to develop strong and efficient biomarkers beyond
TMB to better select patients for immune therapies. Of note, TMB is significantly higher in
eCCA (18%) and GBC (22%) in comparison with iCCA (13%) [169].

PD-L1 expression is often described as a predictive biomarker for ICI. Nevertheless,
PD-L1 expression is particularly inefficient in BTC. Indeed, in the KEYNOTE-158 study,
58% of patients had PD-L1 expression >1% while only 6% of patients had a response [170].
ORR was 6.6% (4/61) and 2.9% (1/34) and median PFS was 1.9 and 2.1 months in the
PD-L1-expressing and PD-L1 non-expressing subgroup respectively.

Reliable and predictive biomarkers are still to be developed for CCA since current
biomarkers for immunotherapy response are imperfect.

4. What is Useful in Clinical Practice?

HCC and CCA are two liver tumors with different prognosis and types of treatment.
Contrary to HCC, CCA are rare tumors with complex molecular landscape. While efficient
theragnostic biomarkers are lacking for HCC, CCA exhibit several actionable targets, which
can be addressed by targeted therapies (Figure 3). Moreover, there is no validated blood
or imaging biomarker to predict response to treatment in both tumors, except AFP for
ramucirumab. The only validated biomarkers are tumor biomarkers such as FGFR, IDH,
NTRK, and MSI, in the case of BTC.
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Figure 3. Theragnostic biomarkers used in biliary tract cancers and in hepatocellular carcinoma. Abbreviations: AFP: Alpha
foeto-protein; ERBB: erb-b2 receptor tyrosine kinase; FGFR: fibroblast growth factor receptor; IDH: isocitrate dehydrogenase;
MSI: microsatellite instability; NTRK: neurotrophic tyrosine receptor kinase; PD-L1: programmed death ligand-1.

Therefore, the use of NGS for advanced BTC patients is fundamental and should
become a standard of management, since the outcome of patients with advanced BTC is
poor, with a median OS of less than one year [171]. On the contrary, NGS is less valuable
for HCC patients (except for research) and more data is needed to find which patients
would benefit from immune therapy and antiangiogenic treatments.

In HCC, no theragnostic biomarker is validated so far that can be used in routine
patient care. Indeed, several potential biomarkers have been associated with sorafenib
response, such as FGF3/FGF4 and VEGFA genomic amplification, overexpression of active
VEGF receptors or elevated Mapk14-Atf296, but they are not validated for clinical routine.
It is similar for biomarkers of response to immunotherapies, which still need to be found.
Furthermore, classic markers of genomic instability such as MSI, high TMB, or POLE
mutations does not seem relevant for HCC because of their scarcity (less than 3%).

On the contrary, detecting actionable targets though theragnostic biomarkers is highly
valuable in BTC: (1) the therapeutic arsenal of advanced BTC is limited in second line [172]
with FOLFOX chemotherapy regimen. This only therapeutic second-line validated to date
in a randomized Phase III trial, showed a very modest benefit over best supportive care,
with a median OS of 6 months (one month OS gain in OS) and an ORR of 5% [31] overall
responses, including long-lasting responses and/or complete responses, are frequent with
IDH1/2 and FGFR2 inhibitors; (2) most molecular profiling panels would also detect rare
targets, such as NTRK fusions, interesting since NTRK inhibitors are approved regardless of
the tumor type, or other rare fusion genes for which clinical trials are available; (3) besides
tumors with known prevalent oncogenic driver such as gastro-intestinal stromal tumor
(GIST, c-kit mutations) or melanoma (BRAF mutations), BTC are among the tumors with
one of the highest frequency of actionable molecular alterations. Therefore, molecular
screening with NGS is becoming a standard of care for BTC; (4) even if looking for IDH1
and/or FGFR fusion is more relevant in iCCA, NGS allows an identification of several
potential actionable targets and it is interesting to be performed regardless of primary
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tumor localization (e.g., EGFR and HER2 in eCCA and GBC); (5) in addition to solid tissue
biopsies, the place of ‘liquid biopsies’ (ctDNA), allowing repeated molecular profiling
in a less invasive way, still needs to be validated in BTC. All this is consistent with the
new ESMO Scale for Clinical Actionability of molecular Targets (ESCAT) classification that
prioritize useful biomarkers for BTC, which have a predictive effect.

Regarding interesting theragnostic markers for immune therapies, efficient biomarkers
are still lacking, and to date, only MSI/MSS (with biomolecular technics) (or dMMR/pMMR
with immunohistochemistry) profile seems validated in BTC. Identification of dMMR or
MSI BTC is important to propose pembrolizumab that was recently approved by the FDA
for patients with metastatic and/or unresectable dMMR or MSI solid tumors that pro-
gressed after prior therapy regardless of tumor type [165]. Data are also lacking for use of
TMB and/or PDL1 as predictive markers of response to immune therapies in BTC patients,
and no treatment is validated so far based on these criteria. Cancer angiogenesis is a key
factor for the success of immunotherapies. A crosstalk between adaptive immune cells
and the cancer endothelium has been proved to be crucial for tumor immune surveillance
and the success of immunotherapies. Several molecular actors have been identified such
as proangiogenic molecules (FGF2, NEU1, and VEGF), soluble factors (chemokines and
cytokines), immune checkpoints (PD-L1/2 and ENO-1), major histocompatibility complex
(MHC 1 and 2), and adhesion molecules (selectins or integrins) [173]. Some of these actors
could be of novel biomarkers in HCC and BTC and research might unveil their specific
role in these diseases.

5. Conclusions

HCC and BTC are two diseases emerging from the liver, but with a very different
clinical, pathological, and molecular profile. While several theragnostic biomarkers are
validated in CCA, allowing the use of several efficient targeted therapies, no theragnostic
biomarker is approved yet in HCC. Next-generation biomarkers are urgently needed to
improve patients’ management and outcomes. International studies are crucial to help to
identify and validate these next-generation biomarkers, and will also help to identify specify
environmental differences across world regions (with different risk factors of disease). In
the absence of efficient biomarkers, hypothesis-generating clinical trials are needed, with
multi-omics ancillary studies, or retrospective-based ancillary studies. The next step is to
perform biomarkers-based prospective therapeutic trials, based on biomarkers identified
from ancillary studies.

In HCC, there is indeed still a lack of reliable biomarkers to predict response to current
therapies (antiangiogenic and immune therapies) since no clear oncogenic addiction loops
have been reported in HCC so far. Currently, the therapeutic management of HCC is based
on the tumor extension and on patient’s characteristics (i.e., cirrhosis and performance
status), leading to clinical prognostic classifications. Several scoring systems have been de-
veloped to guide therapeutic management but they are not based on molecular parameters,
and no biomarkers can help to choose the best treatment for the patient with advanced
diseases. Therefore, molecular biomarkers are needed to help for patients’ management.

A more detailed comprehension of intra- and intertumoral HCC heterogeneity could
provide new insights into treatment resistance.

On the contrary, the last few years proved that CCA are very heterogeneous diseases
in terms of genomic and oncogenic drivers and several theragnostic biomarkers are now
validated for the use of targeted therapies.

In both HCC and CCA, no efficient biomarker is validated to select the better can-
didates to immunotherapies. Broad genomic sequencing of these tumors should be en-
couraged to identify homogeneous groups of patients and determinants of response to the
different therapies.



Cancers 2021, 13, 2708 15 of 22

Author Contributions: Writing—original draft preparation: A.B., M.H., M.D., and A.T.-R.; writing—
review and editing: C.N. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: Alice Boilève declares no conflicts of interest. Marc Hilmi declares no conflicts
of interest. Matthieu Delaye declares no conflicts of interest. Annemilaï Raballand declares no
conflicts of interest. Cindy Neuzillet declares conflicts of interest: consultancy/honoraria: Pierre
Fabre, Servier, Roche, AstraZeneca, Bristol-Myers Squibb, Amgen, Merck, MSD, Novartis, Incyte
Biosciences, Mylan, Baxter, Nutricia, Fresenius Kabi, Kiplin; Research funding: Roche, Merck; Clinical
trials: OSE Immunotherapeutics, AstraZeneca, Bristol-Myers Squibb.

References
1. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global Cancer Statistics 2018: GLOBOCAN Estimates of

Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2018, 68, 394–424. [CrossRef]
2. Pawlotsky, J.-M. Pathophysiology of Hepatitis C Virus Infection and Related Liver Disease. Trends Microbiol. 2004, 12, 96–102.

[CrossRef] [PubMed]
3. Trépo, C.; Chan, H.L.Y.; Lok, A. Hepatitis B Virus Infection. Lancet 2014, 384, 2053–2063. [CrossRef]
4. Zhang, D.Y.; Friedman, S.L. Fibrosis-Dependent Mechanisms of Hepatocarcinogenesis. Hepatology 2012, 56, 769–775. [CrossRef]

[PubMed]
5. Bugianesi, E.; Vanni, E.; Marchesini, G. NASH and the Risk of Cirrhosis and Hepatocellular Carcinoma in Type 2 Diabetes. Curr.

Diab. Rep. 2007, 7, 175–180. [CrossRef]
6. Morgan, T.R.; Mandayam, S.; Jamal, M.M. Alcohol and Hepatocellular Carcinoma. Gastroenterology 2004, 127, S87–S96. [CrossRef]
7. Razumilava, N.; Gores, G.J. Classification, Diagnosis, and Management of Cholangiocarcinoma. Clin. Gastroenterol. Hepatol. 2013,

11, 13–21. [CrossRef] [PubMed]
8. Blechacz, B.; Gores, G.J. Cholangiocarcinoma: Advances in Pathogenesis, Diagnosis, and Treatment. Hepatology 2008, 48, 308–321.

[CrossRef]
9. Patel, T. Cholangiocarcinoma–Controversies and Challenges. Nat. Rev. Gastroenterol. Hepatol. 2011, 8, 189–200. [CrossRef]

[PubMed]
10. Banales, J.M.; Cardinale, V.; Carpino, G.; Marzioni, M.; Andersen, J.B.; Invernizzi, P.; Lind, G.E.; Folseraas, T.; Forbes, S.J.;

Fouassier, L.; et al. Expert Consensus Document: Cholangiocarcinoma: Current Knowledge and Future Perspectives Consensus
Statement from the European Network for the Study of Cholangiocarcinoma (ENS-CCA). Nat. Rev. Gastroenterol. Hepatol. 2016,
13, 261–280. [CrossRef]

11. Charbel, H.; Al-Kawas, F.H. Cholangiocarcinoma: Epidemiology, Risk Factors, Pathogenesis, and Diagnosis. Curr. Gastroenterol.
Rep. 2011, 13, 182–187. [CrossRef]

12. Hennedige, T.P.; Neo, W.T.; Venkatesh, S.K. Imaging of Malignancies of the Biliary Tract- an Update. Cancer Imaging 2014, 14, 14.
[CrossRef]

13. Patel, T. Worldwide Trends in Mortality from Biliary Tract Malignancies. BMC Cancer 2002, 2, 10. [CrossRef] [PubMed]
14. Patel, N.; Benipal, B. Incidence of Cholangiocarcinoma in the USA from 2001 to 2015: A US Cancer Statistics Analysis of 50 States.

Cureus 2001, 11. [CrossRef] [PubMed]
15. Kirstein, M.M.; Vogel, A. Epidemiology and Risk Factors of Cholangiocarcinoma. Visc. Med. 2016, 32, 395–400. [CrossRef]
16. Labib, P.L.; Goodchild, G.; Pereira, S.P. Molecular Pathogenesis of Cholangiocarcinoma. BMC Cancer 2019, 19. [CrossRef]
17. Clements, O.; Eliahoo, J.; Kim, J.U.; Taylor-Robinson, S.D.; Khan, S.A. Risk Factors for Intrahepatic and Extrahepatic Cholangio-

carcinoma: A Systematic Review and Meta-Analysis. J. Hepatol. 2020, 72, 95–103. [CrossRef]
18. Vogel, A.; Cervantes, A.; Chau, I.; Daniele, B.; Llovet, J.M.; Meyer, T.; Nault, J.-C.; Neumann, U.; Ricke, J.; Sangro, B.; et al.

Hepatocellular Carcinoma: ESMO Clinical Practice Guidelines for Diagnosis, Treatment and Follow-Up. Ann. Oncol. 2018, 29,
iv238–iv255. [CrossRef]

19. Llovet, J.M.; Kelley, R.K.; Villanueva, A.; Singal, A.G.; Pikarsky, E.; Roayaie, S.; Lencioni, R.; Koike, K.; Zucman-Rossi, J.; Finn, R.S.
Hepatocellular Carcinoma. Nat. Rev. Dis. Primers 2021, 7, 6. [CrossRef]

20. Dondorf, F.; Uteβ, F.; Fahrner, R.; Felgendreff, P.; Ardelt, M.; Tautenhahn, H.-M.; Settmacher, U.; Rauchfuβ, F. Liver Transplant for
Perihilar Cholangiocarcinoma (Klatskin Tumor): The Essential Role of Patient Selection. Exp. Clin. Transplant. 2019, 17, 363–369.
[CrossRef] [PubMed]

21. Friman, S. Cholangiocarcinoma–Current Treatment Options. Scand. J. Surg. 2011, 100, 30–34. [CrossRef]

http://doi.org/10.3322/caac.21492
http://doi.org/10.1016/j.tim.2003.12.005
http://www.ncbi.nlm.nih.gov/pubmed/15036326
http://doi.org/10.1016/S0140-6736(14)60220-8
http://doi.org/10.1002/hep.25670
http://www.ncbi.nlm.nih.gov/pubmed/22378017
http://doi.org/10.1007/s11892-007-0029-z
http://doi.org/10.1053/j.gastro.2004.09.020
http://doi.org/10.1016/j.cgh.2012.09.009
http://www.ncbi.nlm.nih.gov/pubmed/22982100
http://doi.org/10.1002/hep.22310
http://doi.org/10.1038/nrgastro.2011.20
http://www.ncbi.nlm.nih.gov/pubmed/21460876
http://doi.org/10.1038/nrgastro.2016.51
http://doi.org/10.1007/s11894-011-0178-8
http://doi.org/10.1186/1470-7330-14-14
http://doi.org/10.1186/1471-2407-2-10
http://www.ncbi.nlm.nih.gov/pubmed/11991810
http://doi.org/10.7759/cureus.3962
http://www.ncbi.nlm.nih.gov/pubmed/30956914
http://doi.org/10.1159/000453013
http://doi.org/10.1186/s12885-019-5391-0
http://doi.org/10.1016/j.jhep.2019.09.007
http://doi.org/10.1093/annonc/mdy308
http://doi.org/10.1038/s41572-020-00240-3
http://doi.org/10.6002/ect.2018.0024
http://www.ncbi.nlm.nih.gov/pubmed/29911960
http://doi.org/10.1177/145749691110000106


Cancers 2021, 13, 2708 16 of 22

22. Wu, L.; Tsilimigras, D.I.; Farooq, A.; Hyer, J.M.; Merath, K.; Paredes, A.Z.; Mehta, R.; Sahara, K.; Shen, F.; Pawlik, T.M. Potential
Survival Benefit of Radiofrequency Ablation for Small Solitary Intrahepatic Cholangiocarcinoma in Nonsurgically Managed
Patients: A Population-Based Analysis. J. Surg. Oncol. 2019, 120, 1358–1364. [CrossRef]

23. Mavros, M.N.; Economopoulos, K.P.; Alexiou, V.G.; Pawlik, T.M. Treatment and Prognosis for Patients with Intrahepatic
Cholangiocarcinoma: Systematic Review and Meta-Analysis. JAMA Surg. 2014, 149, 565–574. [CrossRef] [PubMed]

24. Lee, S.G.; Song, G.W.; Hwang, S.; Ha, T.Y.; Moon, D.B.; Jung, D.H.; Kim, K.H.; Ahn, C.S.; Kim, M.H.; Lee, S.K.; et al. Surgical
Treatment of Hilar Cholangiocarcinoma in the New Era: The Asan Experience. J. Hepatobiliary Pancreat. Sci. 2010, 17, 476–489.
[CrossRef] [PubMed]

25. Nagino, M.; Ebata, T.; Yokoyama, Y.; Igami, T.; Sugawara, G.; Takahashi, Y.; Nimura, Y. Evolution of Surgical Treatment for
Perihilar Cholangiocarcinoma: A Single-Center 34-Year Review of 574 Consecutive Resections. Ann. Surg. 2013, 258, 129–140.
[CrossRef]

26. Bhardwaj, N.; Garcea, G.; Dennison, A.R.; Maddern, G.J. The Surgical Management of Klatskin Tumours: Has Anything Changed
in the Last Decade? World J. Surg. 2015, 39, 2748–2756. [CrossRef]

27. Valle, J.W.; Borbath, I.; Khan, S.A.; Huguet, F.; Gruenberger, T.; Arnold, D.; ESMO Guidelines Committee. Biliary Cancer: ESMO
Clinical Practice Guidelines for Diagnosis, Treatment and Follow-Up. Ann. Oncol. 2016, 27, v28–v37. [CrossRef]

28. Llovet, J.M.; Ricci, S.; Mazzaferro, V.; Hilgard, P.; Gane, E.; Blanc, J.-F.; de Oliveira, A.C.; Santoro, A.; Raoul, J.-L.; Forner, A.; et al.
Sorafenib in Advanced Hepatocellular Carcinoma. N. Engl. J. Med. 2008, 359, 378–390. [CrossRef] [PubMed]

29. Kudo, M.; Finn, R.S.; Qin, S.; Han, K.-H.; Ikeda, K.; Piscaglia, F.; Baron, A.; Park, J.-W.; Han, G.; Jassem, J.; et al. Lenvatinib versus
Sorafenib in First-Line Treatment of Patients with Unresectable Hepatocellular Carcinoma: A Randomised Phase 3 Non-Inferiority
Trial. Lancet 2018, 391, 1163–1173. [CrossRef]

30. Valle, J.; Wasan, H.; Palmer, D.H.; Cunningham, D.; Anthoney, A.; Maraveyas, A.; Madhusudan, S.; Iveson, T.; Hughes, S.;
Pereira, S.P.; et al. Cisplatin plus Gemcitabine versus Gemcitabine for Biliary Tract Cancer. N. Engl. J. Med. 2010, 362, 1273–1281.
[CrossRef]

31. Lamarca, A.; Palmer, D.H.; Wasan, H.S.; Ross, P.J.; Ma, Y.T.; Arora, A.; Falk, S.; Gillmore, R.; Wadsley, J.; Patel, K.; et al. Second-Line
FOLFOX Chemotherapy versus Active Symptom Control for Advanced Biliary Tract Cancer (ABC-06): A Phase 3, Open-Label,
Randomised, Controlled Trial. Lancet Oncol. 2021. [CrossRef]

32. Verlingue, L.; Malka, D.; Allorant, A.; Massard, C.; Ferté, C.; Lacroix, L.; Rouleau, E.; Auger, N.; Ngo, M.; Nicotra, C.; et al.
Precision Medicine for Patients with Advanced Biliary Tract Cancers: An Effective Strategy within the Prospective MOSCATO-01
Trial. Eur. J. Cancer 2017, 87, 122–130. [CrossRef] [PubMed]

33. Abou-Alfa, G.K.; Sahai, V.; Hollebecque, A.; Vaccaro, G.; Melisi, D.; Al-Rajabi, R.; Paulson, A.S.; Borad, M.J.; Gallinson, D.;
Murphy, A.G.; et al. Pemigatinib for Previously Treated, Locally Advanced or Metastatic Cholangiocarcinoma: A Multicentre,
Open-Label, Phase 2 Study. Lancet Oncol. 2020, 21, 671–684. [CrossRef]

34. Abou-Alfa, G.K.; Macarulla, T.; Javle, M.M.; Kelley, R.K.; Lubner, S.J.; Adeva, J.; Cleary, J.M.; Catenacci, D.V.; Borad, M.J.;
Bridgewater, J.; et al. Ivosidenib in IDH1-Mutant, Chemotherapy-Refractory Cholangiocarcinoma (ClarIDHy): A Multicentre,
Randomised, Double-Blind, Placebo-Controlled, Phase 3 Study. Lancet Oncol. 2020, 21, 796–807. [CrossRef]

35. Finn, R.S.; Qin, S.; Ikeda, M.; Galle, P.R.; Ducreux, M.; Kim, T.-Y.; Kudo, M.; Breder, V.; Merle, P.; Kaseb, A.O.; et al. Atezolizumab
plus Bevacizumab in Unresectable Hepatocellular Carcinoma. N. Engl. J. Med. 2020, 382, 1894–1905. [CrossRef] [PubMed]

36. FDA-NIH Biomarker Working Group. BEST (Biomarkers, EndpointS, and Other Tools) Resource; Food and Drug Administration:
Silver Spring, MD, USA, 2016.

37. European Association for the Study of the Liver. European Association for the Study of the Liver EASL Clinical Practice
Guidelines: Management of Hepatocellular Carcinoma. J. Hepatol. 2018, 69, 182–236. [CrossRef] [PubMed]

38. Llovet, J.M.; Peña, C.E.A.; Lathia, C.D.; Shan, M.; Meinhardt, G.; Bruix, J.; SHARP Investigators Study Group. Plasma Biomarkers
as Predictors of Outcome in Patients with Advanced Hepatocellular Carcinoma. Clin. Cancer Res. 2012, 18, 2290–2300. [CrossRef]
[PubMed]

39. Piñero, F.; Dirchwolf, M.; Pessôa, M.G. Biomarkers in Hepatocellular Carcinoma: Diagnosis, Prognosis and Treatment Response
Assessment. Cells 2020, 9, 1370. [CrossRef]

40. Bruix, J.; Cheng, A.-L.; Meinhardt, G.; Nakajima, K.; de Sanctis, Y.; Llovet, J. Prognostic Factors and Predictors of Sorafenib Benefit
in Patients with Hepatocellular Carcinoma: Analysis of Two Phase III Studies. J. Hepatol. 2017, 67, 999–1008. [CrossRef]

41. Casadei Gardini, A.; Scarpi, E.; Faloppi, L.; Scartozzi, M.; Silvestris, N.; Santini, D.; de Stefano, G.; Marisi, G.; Negri, F.V.; Foschi,
F.G.; et al. Immune Inflammation Indicators and Implication for Immune Modulation Strategies in Advanced Hepatocellular
Carcinoma Patients Receiving Sorafenib. Oncotarget 2016, 7, 67142–67149. [CrossRef] [PubMed]

42. Howell, J.; Pinato, D.J.; Ramaswami, R.; Arizumi, T.; Ferrari, C.; Gibbin, A.; Burlone, M.E.; Guaschino, G.; Toniutto, P.; Black,
J.; et al. Integration of the Cancer-Related Inflammatory Response as a Stratifying Biomarker of Survival in Hepatocellular
Carcinoma Treated with Sorafenib. Oncotarget 2017, 8, 36161–36170. [CrossRef]

43. da Fonseca, L.G.; Barroso-Sousa, R.; Bento, A.d.S.A.; Blanco, B.P.; Valente, G.L.; Pfiffer, T.E.F.; Hoff, P.M.; Sabbaga, J. Pre-Treatment
Neutrophil-to-Lymphocyte Ratio Affects Survival in Patients with Advanced Hepatocellular Carcinoma Treated with Sorafenib.
Med. Oncol 2014, 31, 264. [CrossRef]

http://doi.org/10.1002/jso.25736
http://doi.org/10.1001/jamasurg.2013.5137
http://www.ncbi.nlm.nih.gov/pubmed/24718873
http://doi.org/10.1007/s00534-009-0204-5
http://www.ncbi.nlm.nih.gov/pubmed/19851704
http://doi.org/10.1097/SLA.0b013e3182708b57
http://doi.org/10.1007/s00268-015-3125-2
http://doi.org/10.1093/annonc/mdw324
http://doi.org/10.1056/NEJMoa0708857
http://www.ncbi.nlm.nih.gov/pubmed/18650514
http://doi.org/10.1016/S0140-6736(18)30207-1
http://doi.org/10.1056/NEJMoa0908721
http://doi.org/10.1016/S1470-2045(21)00027-9
http://doi.org/10.1016/j.ejca.2017.10.013
http://www.ncbi.nlm.nih.gov/pubmed/29145038
http://doi.org/10.1016/S1470-2045(20)30109-1
http://doi.org/10.1016/S1470-2045(20)30157-1
http://doi.org/10.1056/NEJMoa1915745
http://www.ncbi.nlm.nih.gov/pubmed/32402160
http://doi.org/10.1016/j.jhep.2018.03.019
http://www.ncbi.nlm.nih.gov/pubmed/29628281
http://doi.org/10.1158/1078-0432.CCR-11-2175
http://www.ncbi.nlm.nih.gov/pubmed/22374331
http://doi.org/10.3390/cells9061370
http://doi.org/10.1016/j.jhep.2017.06.026
http://doi.org/10.18632/oncotarget.11565
http://www.ncbi.nlm.nih.gov/pubmed/27613839
http://doi.org/10.18632/oncotarget.15322
http://doi.org/10.1007/s12032-014-0264-5


Cancers 2021, 13, 2708 17 of 22

44. Kinoshita, A.; Onoda, H.; Imai, N.; Iwaku, A.; Oishi, M.; Tanaka, K.; Fushiya, N.; Koike, K.; Nishino, H.; Matsushima, M.; et al.
The Glasgow Prognostic Score, an Inflammation Based Prognostic Score, Predicts Survival in Patients with Hepatocellular
Carcinoma. BMC Cancer 2013, 13, 52. [CrossRef]

45. Hilmi, M.; Jouinot, A.; Burns, R.; Pigneur, F.; Mounier, R.; Gondin, J.; Neuzillet, C.; Goldwasser, F. Body Composition and
Sarcopenia: The next-Generation of Personalized Oncology and Pharmacology? Pharmacol. Ther. 2019, 196, 135–159. [CrossRef]
[PubMed]

46. Voron, T.; Tselikas, L.; Pietrasz, D.; Pigneur, F.; Laurent, A.; Compagnon, P.; Salloum, C.; Luciani, A.; Azoulay, D. Sarcopenia
Impacts on Short- and Long-Term Results of Hepatectomy for Hepatocellular Carcinoma. Ann. Surg. 2015, 261, 1173–1183.
[CrossRef] [PubMed]

47. Kamachi, S.; Mizuta, T.; Otsuka, T.; Nakashita, S.; Ide, Y.; Miyoshi, A.; Kitahara, K.; Eguchi, Y.; Ozaki, I.; Anzai, K. Sarcopenia is a
Risk Factor for the Recurrence of Hepatocellular Carcinoma after Curative Treatment. Hepatol. Res. 2016, 46, 201–208. [CrossRef]

48. Meza-Junco, J.; Montano-Loza, A.J.; Baracos, V.E.; Prado, C.M.M.; Bain, V.G.; Beaumont, C.; Esfandiari, N.; Lieffers, J.R.; Sawyer,
M.B. Sarcopenia as a Prognostic Index of Nutritional Status in Concurrent Cirrhosis and Hepatocellular Carcinoma. J. Clin.
Gastroenterol. 2013, 47, 861–870. [CrossRef]

49. Levolger, S.; van Vledder, M.G.; Muslem, R.; Koek, M.; Niessen, W.J.; de Man, R.A.; de Bruin, R.W.F.; Ijzermans, J.N.M. Sarcopenia
Impairs Survival in Patients with Potentially Curable Hepatocellular Carcinoma. J. Surg. Oncol. 2015, 112, 208–213. [CrossRef]

50. Mir, O.; Coriat, R.; Boudou-Rouquette, P.; Ropert, S.; Durand, J.-P.; Cessot, A.; Mallet, V.; Sogni, P.; Chaussade, S.; Pol, S.; et al.
Gemcitabine and Oxaliplatin as Second-Line Treatment in Patients with Hepatocellular Carcinoma Pre-Treated with Sorafenib.
Med. Oncol. 2012, 29, 2793–2799. [CrossRef]

51. Sachdeva, M.; Arora, S.K. Prognostic Role of Immune Cells in Hepatocellular Carcinoma. EXCLI J. 2020, 19, 718–733. [CrossRef]
[PubMed]

52. Kurebayashi, Y.; Ojima, H.; Tsujikawa, H.; Kubota, N.; Maehara, J.; Abe, Y.; Kitago, M.; Shinoda, M.; Kitagawa, Y.; Sakamoto, M.
Landscape of Immune Microenvironment in Hepatocellular Carcinoma and Its Additional Impact on Histological and Molecular
Classification. Hepatology 2018, 68, 1025–1041. [CrossRef] [PubMed]

53. Wang, J.; Lou, J.; Fu, L.; Jin, Q. An Independent Poor-Prognosis Subtype of Hepatocellular Carcinoma Based on the Tumor
Microenvironment. J. Int. Med. Res. 2021, 49. [CrossRef]

54. Chen, W.; Tang, D.; Ou, M.; Dai, Y. Mining Prognostic Biomarkers of Hepatocellular Carcinoma Based on Immune-Associated
Genes. DNA Cell Biol. 2020, 39, 499–512. [CrossRef] [PubMed]

55. Du, X.; Zhang, Y. Integrated Analysis of Immunity- and Ferroptosis-Related Biomarker Signatures to Improve the Prognosis
Prediction of Hepatocellular Carcinoma. Front. Genet. 2020, 11. [CrossRef] [PubMed]

56. Umemoto, Y.; Okano, S.; Matsumoto, Y.; Nakagawara, H.; Matono, R.; Yoshiya, S.; Yamashita, Y.-I.; Yoshizumi, T.; Ikegami, T.;
Soejima, Y.; et al. Prognostic Impact of Programmed Cell Death 1 Ligand 1 Expression in Human Leukocyte Antigen Class
I-Positive Hepatocellular Carcinoma after Curative Hepatectomy. J. Gastroenterol. 2015, 50, 65–75. [CrossRef]

57. Jung, H.I.; Jeong, D.; Ji, S.; Ahn, T.S.; Bae, S.H.; Chin, S.; Chung, J.C.; Kim, H.C.; Lee, M.S.; Baek, M.-J. Overexpression of PD-L1
and PD-L2 is Associated with Poor Prognosis in Patients with Hepatocellular Carcinoma. Cancer Res. Treat. 2017, 49, 246–254.
[CrossRef]

58. Calderaro, J.; Rousseau, B.; Amaddeo, G.; Mercey, M.; Charpy, C.; Costentin, C.; Luciani, A.; Zafrani, E.-S.; Laurent, A.; Azoulay,
D.; et al. Programmed Death Ligand 1 Expression in Hepatocellular Carcinoma: Relationship with Clinical and Pathological
Features. Hepatology 2016, 64, 2038–2046. [CrossRef] [PubMed]

59. Sun, D.-W.; An, L.; Huang, H.-Y.; Sun, X.-D.; Lv, G.-Y. Establishing Peripheral PD-L1 as a Prognostic Marker in Hepatocellular
Carcinoma Patients: How Long Will It Come True? Clin. Transl. Oncol. 2021, 23, 82–91. [CrossRef] [PubMed]

60. Cancer Genome Atlas Research Network. Electronic address: Wheeler@bcm.edu; Cancer Genome Atlas Research Network
Comprehensive and Integrative Genomic Characterization of Hepatocellular Carcinoma. Cell 2017, 169, 1327–1341.e23. [CrossRef]

61. Hoshida, Y.; Nijman, S.M.B.; Kobayashi, M.; Chan, J.A.; Brunet, J.-P.; Chiang, D.Y.; Villanueva, A.; Newell, P.; Ikeda, K.; Hashimoto,
M.; et al. Integrative Transcriptome Analysis Reveals Common Molecular Subclasses of Human Hepatocellular Carcinoma.
Cancer Res. 2009, 69, 7385–7392. [CrossRef] [PubMed]

62. Boyault, S.; Rickman, D.S.; de Reyniès, A.; Balabaud, C.; Rebouissou, S.; Jeannot, E.; Hérault, A.; Saric, J.; Belghiti, J.; Franco,
D.; et al. Transcriptome Classification of HCC is Related to Gene Alterations and to New Therapeutic Targets. Hepatology 2007, 45,
42–52. [CrossRef] [PubMed]

63. Calderaro, J.; Ziol, M.; Paradis, V.; Zucman-Rossi, J. Molecular and Histological Correlations in Liver Cancer. J. Hepatol. 2019, 71,
616–630. [CrossRef]

64. Calderaro, J.; Couchy, G.; Imbeaud, S.; Amaddeo, G.; Letouzé, E.; Blanc, J.-F.; Laurent, C.; Hajji, Y.; Azoulay, D.; Bioulac-Sage,
P.; et al. Histological Subtypes of Hepatocellular Carcinoma are Related to Gene Mutations and Molecular Tumour Classification.
J. Hepatol. 2017, 67, 727–738. [CrossRef]

65. Wang, Z.; Xu, J.; Zhang, S.; Chang, L. Expression of Cell Divisioncycle-Associated Genes and Their Prognostic Significance in
Hepatocellular Carcinoma. Int. J. Clin. Exp. Pathol. 2021, 14, 151–169.

66. Trevisan França de Lima, L.; Broszczak, D.; Zhang, X.; Bridle, K.; Crawford, D.; Punyadeera, C. The Use of Minimally Invasive
Biomarkers for the Diagnosis and Prognosis of Hepatocellular Carcinoma. Biochim. Biophys. Acta Rev. Cancer 2020, 1874.
[CrossRef] [PubMed]

http://doi.org/10.1186/1471-2407-13-52
http://doi.org/10.1016/j.pharmthera.2018.12.003
http://www.ncbi.nlm.nih.gov/pubmed/30521882
http://doi.org/10.1097/SLA.0000000000000743
http://www.ncbi.nlm.nih.gov/pubmed/24950264
http://doi.org/10.1111/hepr.12562
http://doi.org/10.1097/MCG.0b013e318293a825
http://doi.org/10.1002/jso.23976
http://doi.org/10.1007/s12032-012-0208-x
http://doi.org/10.17179/excli2020-1455
http://www.ncbi.nlm.nih.gov/pubmed/32636725
http://doi.org/10.1002/hep.29904
http://www.ncbi.nlm.nih.gov/pubmed/29603348
http://doi.org/10.1177/0300060520980646
http://doi.org/10.1089/dna.2019.5099
http://www.ncbi.nlm.nih.gov/pubmed/32069130
http://doi.org/10.3389/fgene.2020.614888
http://www.ncbi.nlm.nih.gov/pubmed/33391356
http://doi.org/10.1007/s00535-014-0933-3
http://doi.org/10.4143/crt.2016.066
http://doi.org/10.1002/hep.28710
http://www.ncbi.nlm.nih.gov/pubmed/27359084
http://doi.org/10.1007/s12094-020-02390-y
http://www.ncbi.nlm.nih.gov/pubmed/32462395
http://doi.org/10.1016/j.cell.2017.05.046
http://doi.org/10.1158/0008-5472.CAN-09-1089
http://www.ncbi.nlm.nih.gov/pubmed/19723656
http://doi.org/10.1002/hep.21467
http://www.ncbi.nlm.nih.gov/pubmed/17187432
http://doi.org/10.1016/j.jhep.2019.06.001
http://doi.org/10.1016/j.jhep.2017.05.014
http://doi.org/10.1016/j.bbcan.2020.188451
http://www.ncbi.nlm.nih.gov/pubmed/33065194


Cancers 2021, 13, 2708 18 of 22

67. Ahn, J.C.; Teng, P.-C.; Chen, P.-J.; Posadas, E.; Tseng, H.-R.; Lu, S.C.; Yang, J.D. Detection of Circulating Tumor Cells and Their
Implications as a Biomarker for Diagnosis, Prognostication, and Therapeutic Monitoring in Hepatocellular Carcinoma. Hepatology
2021, 73, 422–436. [CrossRef] [PubMed]

68. Mjelle, R.; Dima, S.O.; Bacalbasa, N.; Chawla, K.; Sorop, A.; Cucu, D.; Herlea, V.; Sætrom, P.; Popescu, I. Comprehensive
Transcriptomic Analyses of Tissue, Serum, and Serum Exosomes from Hepatocellular Carcinoma Patients. BMC Cancer 2019, 19,
1007. [CrossRef]

69. Amin, M.B.; Greene, F.L.; Edge, S.B.; Compton, C.C.; Gershenwald, J.E.; Brookland, R.K.; Meyer, L.; Gress, D.M.; Byrd, D.R.;
Winchester, D.P. The Eighth Edition AJCC Cancer Staging Manual: Continuing to Build a Bridge from a Population-Based to a
More “Personalized” Approach to Cancer Staging. CA Cancer J. Clin. 2017, 67, 93–99. [CrossRef]

70. De Jong, M.C.; Nathan, H.; Sotiropoulos, G.C.; Paul, A.; Alexandrescu, S.; Marques, H.; Pulitano, C.; Barroso, E.; Clary, B.M.;
Aldrighetti, L.; et al. Intrahepatic Cholangiocarcinoma: An International Multi-Institutional Analysis of Prognostic Factors and
Lymph Node Assessment. J. Clin. Oncol. 2011, 29, 3140–3145. [CrossRef]

71. Weber, S.M.; Ribero, D.; O’Reilly, E.M.; Kokudo, N.; Miyazaki, M.; Pawlik, T.M. Intrahepatic Cholangiocarcinoma: Expert
Consensus Statement. HPB 2015, 17, 669–680. [CrossRef]

72. Farges, O.; Fuks, D.; Boleslawski, E.; Le Treut, Y.-P.; Castaing, D.; Laurent, A.; Ducerf, C.; Rivoire, M.; Bachellier, P.; Chiche,
L.; et al. Influence of Surgical Margins on Outcome in Patients with Intrahepatic Cholangiocarcinoma: A Multicenter Study by
the AFC-IHCC-2009 Study Group. Ann. Surg. 2011, 254, 824–829. [CrossRef]

73. Komuta, M.; Govaere, O.; Vandecaveye, V.; Akiba, J.; van Steenbergen, W.; Verslype, C.; Laleman, W.; Pirenne, J.; Aerts, R.; Yano,
H.; et al. Histological Diversity in Cholangiocellular Carcinoma Reflects the Different Cholangiocyte Phenotypes. Hepatology
2012, 55, 1876–1888. [CrossRef]

74. Neuzillet, C.; Casadei Gardini, A.; Brieau, B.; Vivaldi, C.; Smolenschi, C.; Brandi, G.; Tougeron, D.; Filippi, R.; Vienot, A.; Silvestris,
N.; et al. Prediction of Survival with Second-Line Therapy in Biliary Tract Cancer: Actualisation of the AGEO CT2BIL Cohort and
European Multicentre Validations. Eur. J. Cancer 2019, 111, 94–106. [CrossRef] [PubMed]

75. Kondo, N.; Murakami, Y.; Uemura, K.; Sudo, T.; Hashimoto, Y.; Sasaki, H.; Sueda, T. Elevated Perioperative Serum CA 19-9 Levels
are Independent Predictors of Poor Survival in Patients with Resectable Cholangiocarcinoma. J. Surg. Oncol. 2014, 110, 422–429.
[CrossRef] [PubMed]

76. Cai, W.-K.; Lin, J.-J.; He, G.-H.; Wang, H.; Lu, J.-H.; Yang, G.-S. Preoperative Serum CA19-9 Levels is an Independent Prognostic
Factor in Patients with Resected Hilar Cholangiocarcinoma. Int. J. Clin. Exp. Pathol. 2014, 7, 7890–7898. [PubMed]

77. Loosen, S.H.; Roderburg, C.; Kauertz, K.L.; Koch, A.; Vucur, M.; Schneider, A.T.; Binnebösel, M.; Ulmer, T.F.; Lurje, G.; Schoening,
W.; et al. CEA but Not CA19-9 is an Independent Prognostic Factor in Patients Undergoing Resection of Cholangiocarcinoma. Sci.
Rep. 2017, 7, 16975. [CrossRef]

78. Harder, J.; Kummer, O.; Olschewski, M.; Otto, F.; Blum, H.E.; Opitz, O. Prognostic Relevance of Carbohydrate Antigen 19-9 Levels
in Patients with Advanced Biliary Tract Cancer. Cancer Epidemiol. Biomark. Prev. 2007, 16, 2097–2100. [CrossRef] [PubMed]

79. Gul, K.; Nas, S.; Ozdemir, D.; Gumus, M.; Ersoy, R.; Cakir, B. CA 19-9 Level in Patients with Type 2 Diabetes Mellitus and Its
Relation to the Metabolic Control and Microvascular Complications. Am. J. Med. Sci. 2011, 341, 28–32. [CrossRef]

80. Giannini, E.; Borro, P.; Botta, F.; Chiarbonello, B.; Fasoli, A.; Malfatti, F.; Romagnoli, P.; Testa, E.; Risso, D.; Lantieri, P.B.; et al.
Cholestasis is the Main Determinant of Abnormal CA 19-9 Levels in Patients with Liver Cirrhosis. Int. J. Biol. Mark. 2000, 15,
226–230. [CrossRef]

81. Tsen, A.; Barbara, M.; Rosenkranz, L. Dilemma of Elevated CA 19-9 in Biliary Pathology. Pancreatology 2018, 18, 862–867.
[CrossRef]

82. Lee, B.S.; Lee, S.H.; Son, J.H.; Jang, D.K.; Chung, K.H.; Paik, W.H.; Ryu, J.K.; Kim, Y.-T. Prognostic Value of CA 19-9 Kinetics
during Gemcitabine-Based Chemotherapy in Patients with Advanced Cholangiocarcinoma. J. Gastroenterol. Hepatol. 2016, 31,
493–500. [CrossRef]

83. Uenishi, T.; Yamazaki, O.; Tanaka, H.; Takemura, S.; Yamamoto, T.; Tanaka, S.; Nishiguchi, S.; Kubo, S. Serum Cytokeratin
19 Fragment (CYFRA21-1) as a Prognostic Factor in Intrahepatic Cholangiocarcinoma. Ann. Surg. Oncol. 2008, 15, 583–589.
[CrossRef] [PubMed]

84. Javle, M.; Bekaii-Saab, T.; Jain, A.; Wang, Y.; Kelley, R.K.; Wang, K.; Kang, H.C.; Catenacci, D.; Ali, S.; Krishnan, S.; et al. Biliary
Cancer: Utility of next-Generation Sequencing for Clinical Management. Cancer 2016, 122, 3838–3847. [CrossRef] [PubMed]

85. Nakamura, H.; Arai, Y.; Totoki, Y.; Shirota, T.; Elzawahry, A.; Kato, M.; Hama, N.; Hosoda, F.; Urushidate, T.; Ohashi, S.; et al.
Genomic Spectra of Biliary Tract Cancer. Nat. Genet. 2015, 47, 1003–1010. [CrossRef] [PubMed]

86. Nepal, C.; O’Rourke, C.J.; Oliveira, D.V.N.P.; Taranta, A.; Shema, S.; Gautam, P.; Calderaro, J.; Barbour, A.; Raggi, C.; Wennerberg,
K.; et al. Genomic Perturbations Reveal Distinct Regulatory Networks in Intrahepatic Cholangiocarcinoma. Hepatology 2018, 68,
949–963. [CrossRef] [PubMed]

87. Lowery, M.A.; Ptashkin, R.; Jordan, E.; Berger, M.F.; Zehir, A.; Capanu, M.; Kemeny, N.E.; O’Reilly, E.M.; El-Dika, I.; Jarnagin,
W.R.; et al. Comprehensive Molecular Profiling of Intrahepatic and Extrahepatic Cholangiocarcinomas: Potential Targets for
Intervention. Clin. Cancer Res. 2018, 24, 4154–4161. [CrossRef] [PubMed]

88. Yoshikawa, D.; Ojima, H.; Iwasaki, M.; Hiraoka, N.; Kosuge, T.; Kasai, S.; Hirohashi, S.; Shibata, T. Clinicopathological and
Prognostic Significance of EGFR, VEGF, and HER2 Expression in Cholangiocarcinoma. Br. J. Cancer 2008, 98, 418–425. [CrossRef]

http://doi.org/10.1002/hep.31165
http://www.ncbi.nlm.nih.gov/pubmed/32017145
http://doi.org/10.1186/s12885-019-6249-1
http://doi.org/10.3322/caac.21388
http://doi.org/10.1200/JCO.2011.35.6519
http://doi.org/10.1111/hpb.12441
http://doi.org/10.1097/SLA.0b013e318236c21d
http://doi.org/10.1002/hep.25595
http://doi.org/10.1016/j.ejca.2019.01.019
http://www.ncbi.nlm.nih.gov/pubmed/30826661
http://doi.org/10.1002/jso.23666
http://www.ncbi.nlm.nih.gov/pubmed/24889968
http://www.ncbi.nlm.nih.gov/pubmed/25550829
http://doi.org/10.1038/s41598-017-17175-7
http://doi.org/10.1158/1055-9965.EPI-07-0155
http://www.ncbi.nlm.nih.gov/pubmed/17932358
http://doi.org/10.1097/MAJ.0b013e3181f0e2a0
http://doi.org/10.1177/172460080001500304
http://doi.org/10.1016/j.pan.2018.09.004
http://doi.org/10.1111/jgh.13059
http://doi.org/10.1245/s10434-007-9650-y
http://www.ncbi.nlm.nih.gov/pubmed/17955299
http://doi.org/10.1002/cncr.30254
http://www.ncbi.nlm.nih.gov/pubmed/27622582
http://doi.org/10.1038/ng.3375
http://www.ncbi.nlm.nih.gov/pubmed/26258846
http://doi.org/10.1002/hep.29764
http://www.ncbi.nlm.nih.gov/pubmed/29278425
http://doi.org/10.1158/1078-0432.CCR-18-0078
http://www.ncbi.nlm.nih.gov/pubmed/29848569
http://doi.org/10.1038/sj.bjc.6604129


Cancers 2021, 13, 2708 19 of 22

89. Andersen, J.B.; Spee, B.; Blechacz, B.R.; Avital, I.; Komuta, M.; Barbour, A.; Conner, E.A.; Gillen, M.C.; Roskams, T.; Roberts,
L.R.; et al. Genomic and Genetic Characterization of Cholangiocarcinoma Identifies Therapeutic Targets for Tyrosine Kinase
Inhibitors. Gastroenterology 2012, 142, 1021–1031.e15. [CrossRef]

90. Zhou, Q.; Gong, Y.; Huang, F.; Lin, Q.; Zeng, B.; Li, Z.; Chen, R. Expression Levels and Significance of Nuclear Factor-KB and
Epidermal Growth Factor Receptor in Hepatolithiasis Associated with Intrahepatic Cholangiocarcinoma. Dig. Surg. 2013, 30,
309–316. [CrossRef]

91. Yang, X.; Wang, W.; Wang, C.; Wang, L.; Yang, M.; Qi, M.; Su, H.; Sun, X.; Liu, Z.; Zhang, J.; et al. Characterization of EGFR Family
Gene Aberrations in Cholangiocarcinoma. Oncol. Rep. 2014, 32, 700–708. [CrossRef] [PubMed]

92. Jusakul, A.; Cutcutache, I.; Yong, C.H.; Lim, J.Q.; Huang, M.N.; Padmanabhan, N.; Nellore, V.; Kongpetch, S.; Ng, A.W.T.; Ng,
L.M.; et al. Whole-Genome and Epigenomic Landscapes of Etiologically Distinct Subtypes of Cholangiocarcinoma. Cancer Discov.
2017, 7, 1116–1135. [CrossRef]

93. Jiao, Y.; Pawlik, T.M.; Anders, R.A.; Selaru, F.M.; Streppel, M.M.; Lucas, D.J.; Niknafs, N.; Guthrie, V.B.; Maitra, A.; Argani, P.; et al.
Exome Sequencing Identifies Frequent Inactivating Mutations in BAP1, ARID1A and PBRM1 in Intrahepatic Cholangiocarcinomas.
Nat. Genet. 2013, 45, 1470–1473. [CrossRef] [PubMed]

94. Goyal, L.; Govindan, A.; Sheth, R.A.; Nardi, V.; Blaszkowsky, L.S.; Faris, J.E.; Clark, J.W.; Ryan, D.P.; Kwak, E.L.; Allen, J.N.; et al.
Prognosis and Clinicopathologic Features of Patients with Advanced Stage Isocitrate Dehydrogenase (IDH) Mutant and IDH
Wild-Type Intrahepatic Cholangiocarcinoma. Oncologist 2015, 20, 1019–1027. [CrossRef] [PubMed]

95. Ahn, K.S.; Kang, K.J. Molecular Heterogeneity in Intrahepatic Cholangiocarcinoma. World J. Hepatol. 2020, 12, 1148–1157.
[CrossRef] [PubMed]

96. Al Ustwani, O.; Iancu, D.; Yacoub, R.; Iyer, R. Detection of Circulating Tumor Cells in Cancers of Biliary Origin. J. Gastrointest.
Oncol. 2012, 3, 97–104. [CrossRef]

97. Yang, J.D.; Campion, M.B.; Liu, M.C.; Chaiteerakij, R.; Giama, N.H.; Ahmed Mohammed, H.; Zhang, X.; Hu, C.; Campion, V.L.;
Jen, J.; et al. Circulating Tumor Cells are Associated with Poor Overall Survival in Patients with Cholangiocarcinoma. Hepatology
2016, 63, 148–158. [CrossRef]

98. Correa-Gallego, C.; Maddalo, D.; Doussot, A.; Kemeny, N.; Kingham, T.P.; Allen, P.J.; D’Angelica, M.I.; DeMatteo, R.P.; Betel, D.;
Klimstra, D.; et al. Circulating Plasma Levels of MicroRNA-21 and MicroRNA-221 are Potential Diagnostic Markers for Primary
Intrahepatic Cholangiocarcinoma. PLoS ONE 2016, 11, e0163699. [CrossRef]

99. Liang, Z.; Liu, X.; Zhang, Q.; Wang, C.; Zhao, Y. Diagnostic Value of MicroRNAs as Biomarkers for Cholangiocarcinoma. Dig.
Liver Dis. 2016, 48, 1227–1232. [CrossRef]

100. Fouassier, L.; Marzioni, M.; Afonso, M.B.; Dooley, S.; Gaston, K.; Giannelli, G.; Rodrigues, C.M.P.; Lozano, E.; Mancarella, S.;
Segatto, O.; et al. Signalling Networks in Cholangiocarcinoma: Molecular Pathogenesis, Targeted Therapies and Drug Resistance.
Liver Int. 2019, 39 (Suppl. 1), 43–62. [CrossRef]

101. Cheon, Y.K.; Cho, Y.D.; Moon, J.H.; Jang, J.Y.; Kim, Y.S.; Kim, Y.S.; Lee, M.S.; Lee, J.S.; Shim, C.S. Diagnostic Utility of Interleukin-6
(IL-6) for Primary Bile Duct Cancer and Changes in Serum IL-6 Levels Following Photodynamic Therapy. Am. J. Gastroenterol.
2007, 102, 2164–2170. [CrossRef]

102. Jørgensen, J.T.; Hersom, M. Companion Diagnostics-a Tool to Improve Pharmacotherapy. Ann. Transl Med. 2016, 4, 482. [CrossRef]
103. Cheng, A.-L.; Kang, Y.-K.; Chen, Z.; Tsao, C.-J.; Qin, S.; Kim, J.S.; Luo, R.; Feng, J.; Ye, S.; Yang, T.-S.; et al. Efficacy and Safety of

Sorafenib in Patients in the Asia-Pacific Region with Advanced Hepatocellular Carcinoma: A Phase III Randomised, Double-Blind,
Placebo-Controlled Trial. Lancet Oncol. 2009, 10, 25–34. [CrossRef]

104. Miyahara, K.; Nouso, K.; Tomoda, T.; Kobayashi, S.; Hagihara, H.; Kuwaki, K.; Toshimori, J.; Onishi, H.; Ikeda, F.; Miyake, Y.; et al.
Predicting the Treatment Effect of Sorafenib Using Serum Angiogenesis Markers in Patients with Hepatocellular Carcinoma. J.
Gastroenterol. Hepatol. 2011, 26, 1604–1611. [CrossRef]

105. Fornari, F.; Pollutri, D.; Patrizi, C.; La Bella, T.; Marinelli, S.; Casadei Gardini, A.; Marisi, G.; Baron Toaldo, M.; Baglioni, M.;
Salvatore, V.; et al. In Hepatocellular Carcinoma MiR-221 Modulates Sorafenib Resistance through Inhibition of Caspase-3-
Mediated Apoptosis. Clin. Cancer Res. 2017, 23, 3953–3965. [CrossRef] [PubMed]

106. Gyöngyösi, B.; Végh, É.; Járay, B.; Székely, E.; Fassan, M.; Bodoky, G.; Schaff, Z.; Kiss, A. Pretreatment MicroRNA Level and
Outcome in Sorafenib-Treated Hepatocellular Carcinoma. J. Histochem. Cytochem. 2014, 62, 547–555. [CrossRef]

107. Vaira, V.; Roncalli, M.; Carnaghi, C.; Faversani, A.; Maggioni, M.; Augello, C.; Rimassa, L.; Pressiani, T.; Spagnuolo, G.; Di
Tommaso, L.; et al. MicroRNA-425-3p Predicts Response to Sorafenib Therapy in Patients with Hepatocellular Carcinoma. Liver
Int. 2015, 35, 1077–1086. [CrossRef] [PubMed]

108. Negri, F.V.; Dal Bello, B.; Porta, C.; Campanini, N.; Rossi, S.; Tinelli, C.; Poggi, G.; Missale, G.; Fanello, S.; Salvagni, S.; et al.
Expression of PERK and VEGFR-2 in Advanced Hepatocellular Carcinoma and Resistance to Sorafenib Treatment. Liver Int. 2015,
35, 2001–2008. [CrossRef] [PubMed]

109. Harding, J.J.; Nandakumar, S.; Armenia, J.; Khalil, D.N.; Albano, M.; Ly, M.; Shia, J.; Hechtman, J.F.; Kundra, R.; El Dika, I.; et al.
Prospective Genotyping of Hepatocellular Carcinoma: Clinical Implications of Next-Generation Sequencing for Matching Patients
to Targeted and Immune Therapies. Clin. Cancer Res. 2019, 25, 2116–2126. [CrossRef]

110. Arao, T.; Ueshima, K.; Matsumoto, K.; Nagai, T.; Kimura, H.; Hagiwara, S.; Sakurai, T.; Haji, S.; Kanazawa, A.; Hidaka, H.; et al.
FGF3/FGF4 Amplification and Multiple Lung Metastases in Responders to Sorafenib in Hepatocellular Carcinoma. Hepatology
2013, 57, 1407–1415. [CrossRef]

http://doi.org/10.1053/j.gastro.2011.12.005
http://doi.org/10.1159/000354341
http://doi.org/10.3892/or.2014.3261
http://www.ncbi.nlm.nih.gov/pubmed/24927194
http://doi.org/10.1158/2159-8290.CD-17-0368
http://doi.org/10.1038/ng.2813
http://www.ncbi.nlm.nih.gov/pubmed/24185509
http://doi.org/10.1634/theoncologist.2015-0210
http://www.ncbi.nlm.nih.gov/pubmed/26245674
http://doi.org/10.4254/wjh.v12.i12.1148
http://www.ncbi.nlm.nih.gov/pubmed/33442444
http://doi.org/10.3978/j.issn.2078-6891.2011.047
http://doi.org/10.1002/hep.27944
http://doi.org/10.1371/journal.pone.0163699
http://doi.org/10.1016/j.dld.2016.07.006
http://doi.org/10.1111/liv.14102
http://doi.org/10.1111/j.1572-0241.2007.01403.x
http://doi.org/10.21037/atm.2016.12.26
http://doi.org/10.1016/S1470-2045(08)70285-7
http://doi.org/10.1111/j.1440-1746.2011.06887.x
http://doi.org/10.1158/1078-0432.CCR-16-1464
http://www.ncbi.nlm.nih.gov/pubmed/28096271
http://doi.org/10.1369/0022155414537277
http://doi.org/10.1111/liv.12636
http://www.ncbi.nlm.nih.gov/pubmed/25040368
http://doi.org/10.1111/liv.12778
http://www.ncbi.nlm.nih.gov/pubmed/25559745
http://doi.org/10.1158/1078-0432.CCR-18-2293
http://doi.org/10.1002/hep.25956


Cancers 2021, 13, 2708 20 of 22

111. Horwitz, E.; Stein, I.; Andreozzi, M.; Nemeth, J.; Shoham, A.; Pappo, O.; Schweitzer, N.; Tornillo, L.; Kanarek, N.; Quagliata,
L.; et al. Human and Mouse VEGFA-Amplified Hepatocellular Carcinomas are Highly Sensitive to Sorafenib Treatment. Cancer
Discov. 2014, 4, 730–743. [CrossRef]

112. Raoul, J.-L.; Adhoute, X.; Gilabert, M.; Edeline, J. How to Assess the Efficacy or Failure of Targeted Therapy: Deciding When to
Stop Sorafenib in Hepatocellular Carcinoma. World J. Hepatol. 2016, 8, 1541–1546. [CrossRef] [PubMed]

113. Berhane, S.; Fox, R.; García-Fiñana, M.; Cucchetti, A.; Johnson, P. Using Prognostic and Predictive Clinical Features to Make
Personalised Survival Prediction in Advanced Hepatocellular Carcinoma Patients Undergoing Sorafenib Treatment. Br. J. Cancer
2019, 121, 117–124. [CrossRef] [PubMed]

114. Caputo, F.; Dadduzio, V.; Tovoli, F.; Bertolini, G.; Cabibbo, G.; Cerma, K.; Vivaldi, C.; Faloppi, L.; Rizzato, M.D.; Piscaglia, F.; et al.
The Role of PNI to Predict Survival in Advanced Hepatocellular Carcinoma Treated with Sorafenib. PLoS ONE 2020, 15, e0232449.
[CrossRef]

115. Finn, R.S.; Kudo, M.; Cheng, A.-L.; Wyrwicz, L.; Ngan, R.; Blanc, J.-F.; Baron, A.D.; Vogel, A.; Ikeda, M.; Piscaglia, F.; et al.
Analysis of Serum Biomarkers (BM) in Patients (Pts) from a Phase 3 Study of Lenvatinib (LEN) vs Sorafenib (SOR) as First-Line
Treatment for Unresectable Hepatocellular Carcinoma (UHCC). Ann. Oncol. 2017, 28, v617. [CrossRef]

116. Casadei Gardini, A.; Puzzoni, M.; Montagnani, F.; Marisi, G.; Tamburini, E.; Cucchetti, A.; Solaini, L.; Foschi, F.G.; Conti, F.;
Ercolani, G.; et al. Profile of Lenvatinib in the Treatment of Hepatocellular Carcinoma: Design, Development, Potential Place in
Therapy and Network Meta-Analysis of Hepatitis B and Hepatitis C in All Phase III Trials. Onco Targets Ther. 2019, 12, 2981–2988.
[CrossRef]

117. Zhu, A.X.; Park, J.O.; Ryoo, B.-Y.; Yen, C.-J.; Poon, R.; Pastorelli, D.; Blanc, J.-F.; Chung, H.C.; Baron, A.D.; Pfiffer, T.E.F.; et al.
Ramucirumab versus Placebo as Second-Line Treatment in Patients with Advanced Hepatocellular Carcinoma Following First-
Line Therapy with Sorafenib (REACH): A Randomised, Double-Blind, Multicentre, Phase 3 Trial. Lancet Oncol 2015, 16, 859–870.
[CrossRef]

118. Zhu, A.X.; Kang, Y.-K.; Yen, C.-J.; Finn, R.S.; Galle, P.R.; Llovet, J.M.; Assenat, E.; Brandi, G.; Pracht, M.; Lim, H.Y.; et al.
Ramucirumab after Sorafenib in Patients with Advanced Hepatocellular Carcinoma and Increased α-Fetoprotein Concentrations
(REACH-2): A Randomised, Double-Blind, Placebo-Controlled, Phase 3 Trial. Lancet Oncol 2019, 20, 282–296. [CrossRef]

119. Teufel, M.; Seidel, H.; Köchert, K.; Meinhardt, G.; Finn, R.S.; Llovet, J.M.; Bruix, J. Biomarkers Associated with Response to
Regorafenib in Patients with Hepatocellular Carcinoma. Gastroenterology 2019, 156, 1731–1741. [CrossRef]

120. Abuodeh, Y.; Naghavi, A.O.; Ahmed, K.A.; Venkat, P.S.; Kim, Y.; Kis, B.; Choi, J.; Biebel, B.; Sweeney, J.; Anaya, D.A.; et al.
Prognostic Value of Pre-Treatment F-18-FDG PET-CT in Patients with Hepatocellular Carcinoma Undergoing Radioembolization.
World J. Gastroenterol. 2016, 22, 10406–10414. [CrossRef]

121. Mateo, J.; Chakravarty, D.; Dienstmann, R.; Jezdic, S.; Gonzalez-Perez, A.; Lopez-Bigas, N.; Ng, C.K.Y.; Bedard, P.L.; Tortora, G.;
Douillard, J.-Y.; et al. A Framework to Rank Genomic Alterations as Targets for Cancer Precision Medicine: The ESMO Scale for
Clinical Actionability of Molecular Targets (ESCAT). Ann. Oncol. 2018, 29, 1895–1902. [CrossRef]

122. Brunetti, O.; Gnoni, A.; Licchetta, A.; Longo, V.; Calabrese, A.; Argentiero, A.; Delcuratolo, S.; Solimando, A.G.; Casadei-Gardini,
A.; Silvestris, N. Predictive and Prognostic Factors in HCC Patients Treated with Sorafenib. Medicina 2019, 55, 707. [CrossRef]
[PubMed]

123. El-Khoueiry, A.B.; Sangro, B.; Yau, T.; Crocenzi, T.S.; Kudo, M.; Hsu, C.; Kim, T.-Y.; Choo, S.-P.; Trojan, J.; Welling, T.H.; et al.
Nivolumab in Patients with Advanced Hepatocellular Carcinoma (CheckMate 040): An Open-Label, Non-Comparative, Phase
1/2 Dose Escalation and Expansion Trial. Lancet 2017, 389, 2492–2502. [CrossRef]

124. Zhu, A.X.; Finn, R.S.; Edeline, J.; Cattan, S.; Ogasawara, S.; Palmer, D.; Verslype, C.; Zagonel, V.; Fartoux, L.; Vogel, A.; et al.
Pembrolizumab in Patients with Advanced Hepatocellular Carcinoma Previously Treated with Sorafenib (KEYNOTE-224): A
Non-Randomised, Open-Label Phase 2 Trial. Lancet Oncol. 2018, 19, 940–952. [CrossRef]

125. Yau, T.; Kang, Y.-K.; Kim, T.-Y.; El-Khoueiry, A.B.; Santoro, A.; Sangro, B.; Melero, I.; Kudo, M.; Hou, M.-M.; Matilla, A.; et al.
Nivolumab (NIVO) + Ipilimumab (IPI) Combination Therapy in Patients (Pts) with Advanced Hepatocellular Carcinoma (AHCC):
Results from CheckMate 040. J. Clin. Oncol. 2019, 37, 4012. [CrossRef]

126. Kelley, R.K.; Abou-Alfa, G.K.; Bendell, J.C.; Kim, T.-Y.; Borad, M.J.; Yong, W.-P.; Morse, M.; Kang, Y.-K.; Rebelatto, M.; Makowsky,
M.; et al. Phase I/II Study of Durvalumab and Tremelimumab in Patients with Unresectable Hepatocellular Carcinoma (HCC):
Phase I Safety and Efficacy Analyses. J. Clin. Oncol. 2017, 35, 4073. [CrossRef]

127. Sia, D.; Jiao, Y.; Martinez-Quetglas, I.; Kuchuk, O.; Villacorta-Martin, C.; Castro de Moura, M.; Putra, J.; Camprecios, G.;
Bassaganyas, L.; Akers, N.; et al. Identification of an Immune-Specific Class of Hepatocellular Carcinoma, Based on Molecular
Features. Gastroenterology 2017, 153, 812–826. [CrossRef]

128. Sun, C.; Mezzadra, R.; Schumacher, T.N. Regulation and Function of the PD-L1 Checkpoint. Immunity 2018, 48, 434–452.
[CrossRef]

129. Liu, Z.; Zhang, Y.; Shi, C.; Zhou, X.; Xu, K.; Jiao, D.; Sun, Z.; Han, X. A Novel Immune Classification Reveals Distinct Immune
Escape Mechanism and Genomic Alterations: Implications for Immunotherapy in Hepatocellular Carcinoma. J. Transl. Med. 2021,
19, 5. [CrossRef] [PubMed]

130. Pinyol, R.; Sia, D.; Llovet, J.M. Immune Exclusion-Wnt/CTNNB1 Class Predicts Resistance to Immunotherapies in HCC. Clin.
Cancer Res. 2019, 25, 2021–2023. [CrossRef] [PubMed]

http://doi.org/10.1158/2159-8290.CD-13-0782
http://doi.org/10.4254/wjh.v8.i35.1541
http://www.ncbi.nlm.nih.gov/pubmed/28050234
http://doi.org/10.1038/s41416-019-0488-4
http://www.ncbi.nlm.nih.gov/pubmed/31182766
http://doi.org/10.1371/journal.pone.0232449
http://doi.org/10.1093/annonc/mdx440.022
http://doi.org/10.2147/OTT.S192572
http://doi.org/10.1016/S1470-2045(15)00050-9
http://doi.org/10.1016/S1470-2045(18)30937-9
http://doi.org/10.1053/j.gastro.2019.01.261
http://doi.org/10.3748/wjg.v22.i47.10406
http://doi.org/10.1093/annonc/mdy263
http://doi.org/10.3390/medicina55100707
http://www.ncbi.nlm.nih.gov/pubmed/31640191
http://doi.org/10.1016/S0140-6736(17)31046-2
http://doi.org/10.1016/S1470-2045(18)30351-6
http://doi.org/10.1200/JCO.2019.37.15_suppl.4012
http://doi.org/10.1200/JCO.2017.35.15_suppl.4073
http://doi.org/10.1053/j.gastro.2017.06.007
http://doi.org/10.1016/j.immuni.2018.03.014
http://doi.org/10.1186/s12967-020-02697-y
http://www.ncbi.nlm.nih.gov/pubmed/33407585
http://doi.org/10.1158/1078-0432.CCR-18-3778
http://www.ncbi.nlm.nih.gov/pubmed/30617138


Cancers 2021, 13, 2708 21 of 22

131. Ang, C.; Klempner, S.J.; Ali, S.M.; Madison, R.; Ross, J.S.; Severson, E.A.; Fabrizio, D.; Goodman, A.; Kurzrock, R.; Suh, J.; et al.
Prevalence of Established and Emerging Biomarkers of Immune Checkpoint Inhibitor Response in Advanced Hepatocellular
Carcinoma. Oncotarget 2019, 10, 4018–4025. [CrossRef]

132. Pfister, D.; Núñez, N.G.; Pinyol, R.; Govaere, O.; Pinter, M.; Szydlowska, M.; Gupta, R.; Qiu, M.; Deczkowska, A.; Weiner, A.; et al.
NASH Limits Anti-Tumour Surveillance in Immunotherapy-Treated HCC. Nature 2021, 592, 450–456. [CrossRef] [PubMed]

133. Sirica, A.E. Role of ErbB Family Receptor Tyrosine Kinases in Intrahepatic Cholangiocarcinoma. World J. Gastroenterol. 2008, 14,
7033–7058. [CrossRef]

134. Miyamoto, M.; Ojima, H.; Iwasaki, M.; Shimizu, H.; Kokubu, A.; Hiraoka, N.; Kosuge, T.; Yoshikawa, D.; Kono, T.; Furukawa,
H.; et al. Prognostic Significance of Overexpression of C-Met Oncoprotein in Cholangiocarcinoma. Br. J. Cancer 2011, 105, 131–138.
[CrossRef] [PubMed]

135. Sia, D.; Hoshida, Y.; Villanueva, A.; Roayaie, S.; Ferrer, J.; Tabak, B.; Peix, J.; Sole, M.; Tovar, V.; Alsinet, C.; et al. Integrative
Molecular Analysis of Intrahepatic Cholangiocarcinoma Reveals 2 Classes That Have Different Outcomes. Gastroenterology 2013,
144, 829–840. [CrossRef]

136. Carpino, G.; Cardinale, V.; Folseraas, T.; Overi, D.; Grzyb, K.; Costantini, D.; Berloco, P.B.; Di Matteo, S.; Karlsen, T.H.; Alvaro,
D.; et al. Neoplastic Transformation of the Peribiliary Stem Cell Niche in Cholangiocarcinoma Arisen in Primary Sclerosing
Cholangitis. Hepatology 2019, 69, 622–638. [CrossRef]

137. Komuta, M.; Spee, B.; Vander Borght, S.; de Vos, R.; Verslype, C.; Aerts, R.; Yano, H.; Suzuki, T.; Matsuda, M.; Fujii, H.; et al.
Clinicopathological Study on Cholangiolocellular Carcinoma Suggesting Hepatic Progenitor Cell Origin. Hepatology 2008, 47,
1544–1556. [CrossRef] [PubMed]

138. Kendall, T.; Verheij, J.; Gaudio, E.; Evert, M.; Guido, M.; Goeppert, B.; Carpino, G. Anatomical, Histomorphological and Molecular
Classification of Cholangiocarcinoma. Liver Int. 2019, 39 (Suppl. 1), 7–18. [CrossRef]

139. Arai, Y.; Totoki, Y.; Hosoda, F.; Shirota, T.; Hama, N.; Nakamura, H.; Ojima, H.; Furuta, K.; Shimada, K.; Okusaka, T.; et al.
Fibroblast Growth Factor Receptor 2 Tyrosine Kinase Fusions Define a Unique Molecular Subtype of Cholangiocarcinoma.
Hepatology 2014, 59, 1427–1434. [CrossRef]

140. Borger, D.R.; Tanabe, K.K.; Fan, K.C.; Lopez, H.U.; Fantin, V.R.; Straley, K.S.; Schenkein, D.P.; Hezel, A.F.; Ancukiewicz, M.;
Liebman, H.M.; et al. Frequent Mutation of Isocitrate Dehydrogenase (IDH)1 and IDH2 in Cholangiocarcinoma Identified
Through Broad-Based Tumor Genotyping. Oncologist 2012, 17, 72–79. [CrossRef]

141. Graham, R.P.; Barr Fritcher, E.G.; Pestova, E.; Schulz, J.; Sitailo, L.A.; Vasmatzis, G.; Murphy, S.J.; McWilliams, R.R.; Hart, S.N.;
Halling, K.C.; et al. Fibroblast Growth Factor Receptor 2 Translocations in Intrahepatic Cholangiocarcinoma. Hum. Pathol. 2014,
45, 1630–1638. [CrossRef]

142. Kipp, B.R.; Voss, J.S.; Kerr, S.E.; Barr Fritcher, E.G.; Graham, R.P.; Zhang, L.; Highsmith, W.E.; Zhang, J.; Roberts, L.R.; Gores,
G.J.; et al. Isocitrate Dehydrogenase 1 and 2 Mutations in Cholangiocarcinoma. Hum. Pathol. 2012, 43, 1552–1558. [CrossRef]

143. Valle, J.W.; Lamarca, A.; Goyal, L.; Barriuso, J.; Zhu, A.X. New Horizons for Precision Medicine in Biliary Tract Cancers. Cancer
Discov. 2017, 7, 943–962. [CrossRef] [PubMed]

144. Boileve, A.; Baiev, I.; Dinicola, C.; Horick, N.K.; Tazdait, M.; Zhu, A.X.; Hollebecque, A.; Goyal, L. Clinical and Molecular Features
of Patients with Cholangiocarcinoma Harboring FGFR Genetic Alterations. J. Clin. Oncol. 2019, 37, 4084. [CrossRef]

145. Pignochino, Y.; Sarotto, I.; Peraldo-Neia, C.; Penachioni, J.Y.; Cavalloni, G.; Migliardi, G.; Casorzo, L.; Chiorino, G.; Risio, M.;
Bardelli, A.; et al. Targeting EGFR/HER2 Pathways Enhances the Antiproliferative Effect of Gemcitabine in Biliary Tract and
Gallbladder Carcinomas. BMC Cancer 2010, 10, 631. [CrossRef]

146. Vogel, A.; Kasper, S.; Bitzer, M.; Block, A.; Sinn, M.; Schulze-Bergkamen, H.; Moehler, M.; Pfarr, N.; Endris, V.; Goeppert, B.; et al.
PICCA Study: Panitumumab in Combination with Cisplatin/Gemcitabine Chemotherapy in KRAS Wild-Type Patients with
Biliary Cancer-a Randomised Biomarker-Driven Clinical Phase II AIO Study. Eur. J. Cancer 2018, 92, 11–19. [CrossRef] [PubMed]

147. Lee, J.; Park, S.H.; Chang, H.-M.; Kim, J.S.; Choi, H.J.; Lee, M.A.; Jang, J.S.; Chang, J.S.; Jeung, H.C.; Kang, J.H.; et al. Gemcitabine
and Oxaliplatin with or without Erlotinib in Advanced Biliary-Tract Cancer: A Multicentre, Open-Label, Randomised, Phase 3
Study. Lancet Oncol. 2012, 13, 181–188. [CrossRef]

148. Malka, D.; Cervera, P.; Foulon, S.; Trarbach, T.; de la Fouchardière, C.; Boucher, E.; Fartoux, L.; Faivre, S.; Blanc, J.-F.; Viret, F.; et al.
Gemcitabine and Oxaliplatin with or without Cetuximab in Advanced Biliary-Tract Cancer (BINGO): A Randomised, Open-Label,
Non-Comparative Phase 2 Trial. Lancet Oncol. 2014, 15, 819–828. [CrossRef]

149. Chen, J.S.; Hsu, C.; Chiang, N.J.; Tsai, C.S.; Tsou, H.H.; Huang, S.F.; Bai, L.Y.; Chang, I.C.; Shiah, H.S.; Ho, C.L.; et al. A KRAS
Mutation Status-Stratified Randomized Phase II Trial of Gemcitabine and Oxaliplatin Alone or in Combination with Cetuximab
in Advanced Biliary Tract Cancer. Ann. Oncol. 2015, 26, 943–949. [CrossRef]

150. Rizvi, S.; Borad, M.J.; Patel, T.; Gores, G.J. Cholangiocarcinoma: Molecular Pathways and Therapeutic Opportunities. Semin. Liver
Dis. 2014, 34, 456–464. [CrossRef]

151. Silkin, S.V.; Startsev, S.S.; Krasnova, M.E.; Raskin, G.A.; Mitiushkina, N.V.; Iyevleva, A.G.; Sokolenko, A.P.; Imyanitov, E.N.
Complete Clinical Response of BRAF-Mutated Cholangiocarcinoma to Vemurafenib, Panitumumab, and Irinotecan. J. Gastrointest.
Cancer 2016, 47, 502–505. [CrossRef] [PubMed]

152. Hyman, D.M.; Puzanov, I.; Subbiah, V.; Faris, J.E.; Chau, I.; Blay, J.-Y.; Wolf, J.; Raje, N.S.; Diamond, E.L.; Hollebecque, A.; et al.
Vemurafenib in Multiple Nonmelanoma Cancers with BRAF V600 Mutations. N. Engl. J. Med. 2015, 373, 726–736. [CrossRef]

http://doi.org/10.18632/oncotarget.26998
http://doi.org/10.1038/s41586-021-03362-0
http://www.ncbi.nlm.nih.gov/pubmed/33762733
http://doi.org/10.3748/wjg.14.7033
http://doi.org/10.1038/bjc.2011.199
http://www.ncbi.nlm.nih.gov/pubmed/21673683
http://doi.org/10.1053/j.gastro.2013.01.001
http://doi.org/10.1002/hep.30210
http://doi.org/10.1002/hep.22238
http://www.ncbi.nlm.nih.gov/pubmed/18393293
http://doi.org/10.1111/liv.14093
http://doi.org/10.1002/hep.26890
http://doi.org/10.1634/theoncologist.2011-0386
http://doi.org/10.1016/j.humpath.2014.03.014
http://doi.org/10.1016/j.humpath.2011.12.007
http://doi.org/10.1158/2159-8290.CD-17-0245
http://www.ncbi.nlm.nih.gov/pubmed/28818953
http://doi.org/10.1200/JCO.2019.37.15_suppl.4084
http://doi.org/10.1186/1471-2407-10-631
http://doi.org/10.1016/j.ejca.2017.12.028
http://www.ncbi.nlm.nih.gov/pubmed/29413685
http://doi.org/10.1016/S1470-2045(11)70301-1
http://doi.org/10.1016/S1470-2045(14)70212-8
http://doi.org/10.1093/annonc/mdv035
http://doi.org/10.1055/s-0034-1394144
http://doi.org/10.1007/s12029-015-9792-2
http://www.ncbi.nlm.nih.gov/pubmed/26687137
http://doi.org/10.1056/NEJMoa1502309


Cancers 2021, 13, 2708 22 of 22

153. Lavingia, V.; Fakih, M. Impressive Response to Dual BRAF and MEK Inhibition in Patients with BRAF Mutant Intrahepatic
Cholangiocarcinoma—2 Case Reports and a Brief Review. J. Gastrointest. Oncol. 2016, 7, E98–E102. [CrossRef] [PubMed]

154. Loaiza-Bonilla, A.; Clayton, E.; Furth, E.; O’Hara, M.; Morrissette, J. Dramatic Response to Dabrafenib and Trametinib Combi-
nation in a BRAF V600E-Mutated Cholangiocarcinoma: Implementation of a Molecular Tumour Board and next-Generation
Sequencing for Personalized Medicine. Ecancermedicalscience 2014, 8. [CrossRef]

155. Wainberg, Z.A.; Lassen, U.N.; Elez, E.; Italiano, A.; Curigliano, G.; de Braud, F.G.; Prager, G.; Greil, R.; Stein, A.; Fasolo, A.; et al.
Efficacy and Safety of Dabrafenib (D) and Trametinib (T) in Patients (Pts) with BRAF V600E–Mutated Biliary Tract Cancer (BTC):
A Cohort of the ROAR Basket Trial. J. Clin. Oncol. 2019, 37, 187. [CrossRef]

156. Drilon, A.; Laetsch, T.W.; Kummar, S.; DuBois, S.G.; Lassen, U.N.; Demetri, G.D.; Nathenson, M.; Doebele, R.C.; Farago, A.F.;
Pappo, A.S.; et al. Efficacy of Larotrectinib in TRK Fusion-Positive Cancers in Adults and Children. N. Engl. J. Med. 2018, 378,
731–739. [CrossRef]

157. Boilève, A.; Verlingue, L.; Hollebecque, A.; Boige, V.; Ducreux, M.; Malka, D. Rare Cancer, Rare Alteration: The Case of NTRK
Fusions in Biliary Tract Cancers. Expert. Opin. Investig. Drugs 2021, 1–9. [CrossRef]

158. Patel, M.; Siena, S.; Demetri, G.; Doebele, R.; Chae, Y.; Conkling, P.; Garrido-Laguna, I.; Longo, F.; Rolfo, C.; Sigal, D.; et al. O-3
Efficacy and Safety of Entrectinib in NTRK Fusion-Positive Gastrointestinal Cancers: Updated Integrated Analysis of Three
Clinical Trials (STARTRK-2, STARTRK-1 and ALKA-372-001). Ann. Oncol. 2020, 31, 232–233. [CrossRef]

159. Spizzo, G.; Puccini, A.; Xiu, J.; Goldberg, R.M.; Grothey, A.; Shields, A.F.; Arora, S.P.; Khushman, M.; Salem, M.E.; Battaglin,
F.; et al. Molecular Profile of BRCA-Mutated Biliary Tract Cancers. ESMO Open 2020, 5. [CrossRef] [PubMed]

160. Golan, T.; Hammel, P.; Reni, M.; van Cutsem, E.; Macarulla, T.; Hall, M.J.; Park, J.-O.; Hochhauser, D.; Arnold, D.; Oh, D.-Y.; et al.
Maintenance Olaparib for Germline BRCA-Mutated Metastatic Pancreatic Cancer. N. Engl. J. Med. 2019, 381, 317–327. [CrossRef]
[PubMed]

161. Ricci, A.D.; Rizzo, A.; Bonucci, C.; Tober, N.; Palloni, A.; Mollica, V.; Maggio, I.; Deserti, M.; Tavolari, S.; Brandi, G. PARP
Inhibitors in Biliary Tract Cancer: A New Kid on the Block? Medicines 2020, 7, 54. [CrossRef]

162. Tan, E.S.; Cao, B.; Kim, J.; Al-Toubah, T.E.; Mehta, R.; Centeno, B.A.; Kim, R.D. Phase 2 Study of Copanlisib in Combination with
Gemcitabine and Cisplatin in Advanced Biliary Tract Cancers. Cancer 2020. [CrossRef]

163. Silva, V.W.K.; Askan, G.; Daniel, T.D.; Lowery, M.; Klimstra, D.S.; Abou-Alfa, G.K.; Shia, J. Biliary Carcinomas: Pathology and the
Role of DNA Mismatch Repair Deficiency. Chin. Clin. Oncol. 2016, 5, 62. [CrossRef]

164. Diaz, L.A.; Le, D.; Maio, M.; Ascierto, P.A.; Geva, R.; Motola-Kuba, D.; André, T.; van Cutsem, E.; Gottfried, M.; Elez, E.; et al.
Pembrolizumab in Microsatellite Instability High Cancers: Updated Analysis of the Phase II KEYNOTE-164 and KEYNOTE-158
Studies. Ann. Oncol. 2019, 30, v475. [CrossRef]

165. Marcus, L.; Lemery, S.J.; Keegan, P.; Pazdur, R. FDA Approval Summary: Pembrolizumab for the Treatment of Microsatellite
Instability-High Solid Tumors. Clin. Cancer Res. 2019, 25, 3753–3758. [CrossRef] [PubMed]

166. Marabelle, A.; Fakih, M.; Lopez, J.; Shah, M.; Shapira-Frommer, R.; Nakagawa, K.; Chung, H.C.; Kindler, H.L.; Lopez-Martin, J.A.;
Miller, W.H.; et al. Association of Tumour Mutational Burden with Outcomes in Patients with Advanced Solid Tumours Treated
with Pembrolizumab: Prospective Biomarker Analysis of the Multicohort, Open-Label, Phase 2 KEYNOTE-158 Study. Lancet
Oncol. 2020, 21, 1353–1365. [CrossRef]

167. Jain, A.; Shroff, R.T.; Zuo, M.; Weatherly, J.; Meric-Bernstam, F.; Isaacs, R.; Ali, S.M.; Bekaii-Saab, T.S.; Javle, M.M. Tumor
Mutational Burden (TMB) and Co-Existing Actionable Mutations in Biliary Tract Cancers (BTC). J. Clin. Oncol. 2017, 35, 4086.
[CrossRef]

168. Valero, C.; Lee, M.; Hoen, D.; Zehir, A.; Berger, M.F.; Seshan, V.E.; Chan, T.A.; Morris, L.G.T. Response Rates to Anti-PD-1
Immunotherapy in Microsatellite-Stable Solid Tumors with 10 or More Mutations per Megabase. JAMA Oncol. 2021. [CrossRef]

169. Abdel-Wahab, R.; Ali, S.M.; Borad, M.J.; Shroff, R.T.; Kwong, L.; Vauthey, J.-N.; Koay, E.J.; Zuo, M.; Rashid, A.; Schrock, A.B.; et al.
Variations in DNA Repair Genomic Alterations and Tumor Mutation Burden in Biliary Tract Cancer (BTC) Subtypes. J. Clin.
Oncol. 2018, 36, 263. [CrossRef]

170. Piha-Paul, S.A.; Oh, D.-Y.; Ueno, M.; Malka, D.; Chung, H.C.; Nagrial, A.; Kelley, R.K.; Ros, W.; Italiano, A.; Nakagawa, K.; et al.
Efficacy and Safety of Pembrolizumab for the Treatment of Advanced Biliary Cancer: Results from the KEYNOTE-158 and
KEYNOTE-028 Studies. Int. J. Cancer 2020, 147, 2190–2198. [CrossRef] [PubMed]

171. Peixoto, R.D.; Renouf, D.; Lim, H. A Population Based Analysis of Prognostic Factors in Advanced Biliary Tract Cancer. J.
Gastrointest. Oncol. 2014, 5, 428–432. [CrossRef]

172. Tella, S.H.; Kommalapati, A.; Borad, M.J.; Mahipal, A. Second-Line Therapies in Advanced Biliary Tract Cancers. Lancet Oncol.
2020, 21, e29–e41. [CrossRef]

173. Solimando, A.G.; Summa, S.D.; Vacca, A.; Ribatti, D. Cancer-Associated Angiogenesis: The Endothelial Cell as a Checkpoint for
Immunological Patrolling. Cancers 2020, 12, 3380. [CrossRef] [PubMed]

http://doi.org/10.21037/jgo.2016.09.13
http://www.ncbi.nlm.nih.gov/pubmed/28078132
http://doi.org/10.3332/ecancer.2014.479
http://doi.org/10.1200/JCO.2019.37.4_suppl.187
http://doi.org/10.1056/NEJMoa1714448
http://doi.org/10.1080/13543784.2021.1896703
http://doi.org/10.1016/j.annonc.2020.04.056
http://doi.org/10.1136/esmoopen-2020-000682
http://www.ncbi.nlm.nih.gov/pubmed/32576609
http://doi.org/10.1056/NEJMoa1903387
http://www.ncbi.nlm.nih.gov/pubmed/31157963
http://doi.org/10.3390/medicines7090054
http://doi.org/10.1002/cncr.33364
http://doi.org/10.21037/cco.2016.10.04
http://doi.org/10.1093/annonc/mdz253
http://doi.org/10.1158/1078-0432.CCR-18-4070
http://www.ncbi.nlm.nih.gov/pubmed/30787022
http://doi.org/10.1016/S1470-2045(20)30445-9
http://doi.org/10.1200/JCO.2017.35.15_suppl.4086
http://doi.org/10.1001/jamaoncol.2020.7684
http://doi.org/10.1200/JCO.2018.36.4_suppl.263
http://doi.org/10.1002/ijc.33013
http://www.ncbi.nlm.nih.gov/pubmed/32359091
http://doi.org/10.3978/j.issn.2078-6891.2014.081
http://doi.org/10.1016/S1470-2045(19)30733-8
http://doi.org/10.3390/cancers12113380
http://www.ncbi.nlm.nih.gov/pubmed/33203154

	Introduction 
	Main Prognostic Biomarkers in Hepatocellular Carcinoma and in Biliary Tract Cancer 
	In Hepatocellular Carcinoma 
	Classical Biomarkers 
	Emerging Biomarkers 

	In Biliary Tract Cancers 
	Classical Biomarkers 
	Emerging Biomarkers 
	Circulating Tumor Cells 


	Predictive Markers of Treatment Response 
	In Hepatocellular Carcinoma 
	Angiogenesis Inhibitors 
	Immunotherapies 

	In Biliary Tract Cancers 
	Targeted Therapies 
	Immunotherapies 


	What is Useful in Clinical Practice? 
	Conclusions 
	References

