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Abstract
In contrast to important advances in early diagnosis of primary
liver cancer, both hepatocellular carcinoma (HCC) and
cholangiocarcinoma (CCA), and the curative alternatives available to
treat these patients, the pharmacological strategies used in adjuvant
chemotherapy and in advanced tumors are poorly effective, whereas
similar regimes result in much better outcome in other types of cancer.
The reason for the marked refractoriness of liver cancer to antitumor
drugs, even the newest inhibitors of receptors with tyrosine kinase
activity (TKI), is the participation in the overall multidrug resistance
(MDR) phenotype of very different mechanisms that are yet poorly
understood. This justifies the effort that is being carried out to obtain a
complete picture of the question, which will allow us to identify the
precise genetic fingerprint accounting for the MDR phenotype present
in each tumor at each moment, from diagnosis to the end of
treatment. This information shall be valuable to prevent unnecessary
use of pharmacological regimes without expected beneficial effect but
with potential noxious consequences. Finally, a better understanding
of the molecular bases of the problem is also required to develop novel
strategies aimed to fight HCC and CCA chemoresistance.
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liver cancer is so highly refractory to chemotherapy? The response to
this question is complex. In the first place it should be considered that
liver cancer is diverse in origin as well as in biological and clinical
characteristics. The most frequent type of primary liver cancer is
hepatocellular carcinoma (HCC) - derived from hepatocytes - followed
at a considerable distance by cholangiocarcinoma (CCA) -derived
from epithelial cells of the biliary tree (cholangiocytes) -. Both tumors
share a frequent fatal prognosis together with a very poor response to
chemotherapy [1, 2]. The mechanisms accounting for the marked
multidrug resistance (MDR) phenotype of HCC and CCA are, in part,
similar, but there are also important differences between them
[3].During the last few years, several advances in the development of
novel drugs against cancer have been achieved. These include the
synthesis of a whole family of small molecules able to inhibit tyrosine
kinase activity of a variety of receptors involved in several aspects of
cancer biology, such as proliferation, angiogenesis, invasion and
metastasis [4]. Tyrosine kinase inhibitors (TKIs) have been shown to
be effective in the treatment of several types of tumors, but scarcely in
patients suffering from primary liver cancer [5, 6]. Nevertheless, the
only drug with recognized beneficial effect in these cases is one of
these TKIs, namely sorafenib, and this is only true for a very selected
population of HCC patients [7]. However, the beneficial effect of
treatment with chemotherapeutic regimes incorporating sorafenib is
restricted to prolong their survival only few months [7]. In addition,
the use of TKIs, even these (more than 20) approved so far by the US
Food and Drug Administration (FDA) and the European Medicines
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Agency (EMA), are not free of toxic side effects, including
hepatotoxicity, which determines close monitoring during tretament
[8]. Other TKIs have been evaluated to treat liver cancer with
disappointing results, particularly in phase III trials [7]. The rest of
antitumor drugs with different mechanisms of action that have been
previously assayed to treat advanced HCC and CCA have resulted in
even poorer outcome [1, 2].An important goal of modern
pharmacology is to characterize the molecular bases of the marked
refractoriness of liver cancer to chemotherapy in order to: i) predict
the failure of treatment with a given drug or regime and ii) develop
novel strategies to overcome this important limitation in the
management of these patients. At this respect, several recent studies
have shed some light on the question by identifying changes in the
expression or the presence of genetic variants in the proteins
accounting for liver cancer chemoresistance [9]. Thus, specific
transporters accounting for drug uptake have been involved in liver
cancer chemoresistance to TKIs. It should be considered that in
aqueous solution most TKIs are positively charged ions. This explains
why organic actions transporters (OCT) play a key role in TKI uptake,
which is required to reach the catalytic region of their target receptors
that is located intracellularly. Accordingly, tumor cells that reduce the
amount of OCT proteins at their plasma membrane or that express
either less functional genetic variants - due to mutations - or inactive
truncated forms - due to aberrant splicing - have higher chance of
survival under the pharmacological pressure of TKIs. These changes
involving OCT1 and OCT3 have been described in HCC and CCA,
which may determine a poor response of these tumors to sorafenib
[10]. On the other hand, organic anions transporting polypeptides
(OATP) are involved in the uptake of anionic drugs. Thus, impaired
expression and/or function of OATP1B1 and OATP1B3 in HCC and
OATP2A1 in CCA [3, 11] may contribute to reduce anticancer drug
uptake and hence result in poorer response to chemotherapy in these
tumors. High expression of pumps belonging to the ATP-binding
cassette (ABC) superfamily of proteins, such as P-glycoprotein or
multidrug-resistance protein 1 (MDR1) and several members of the
MRP family, are able to actively export a large variety of drugs, such as
doxorubicin, etoposide, paclitaxel and vinblastine [12, 13], and hence
play an important role in decreasing their intracellular levels. Since not
only drug concentrations are important, but also the proportion of
active molecules reaching tumor cells, mechanisms of chemoresistance
found in HCC and CCA include the decreased activation of prodrugs.
For instance, impaired activity and/or expression of enzymes involved
in the activation of 5’-fluorouracil (5’-FU) and gemcitabine may be
involved in the poor response of advanced CCA to the treatment with
these drugs [14, 15]. In the opposite direction, up-regulation of
enzymes accounting for drug inactivation, such as several isoforms of
glutathione-S-transferase (e.g., GSTP1) [16, 17], whose expression may
be stimulate by the pharmacological treatment, also results in reduced
response to chemotherapy. An important characteristic that may
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determine the efficacy of chemotherapy is the presence in HCC and
CCA cells of changes in the molecular targets for antitumor drugs.
This is particularly relevant in the case of TKIs, the appearance of
mutations that either induce constitutive activation of the receptors or
hinder the potential interaction of these proteins with TKIs, results in
the lose of activity of these drugs [6, 9]. Enhanced ability of tumor cells
to repair damaged macromolecules also results in chemoresistance.
For example, the major route to repair 5’-FU-induced
misincorporation of fluoronucleotides, i.e., base-excision repair
system, is activated in 5’-FU-resistant CCA cells [18]. In the case of
agents, such as cisplatin, whose mechanism of action is based on the
inactivation of tumor cell machinery for genome replication by the
formation of DNA adducts, the enhanced ability of these cells to repair
DNA damage permits them to overcome the pharmacological
challenge and hence escape apoptosis [19]. In fact, the goal of most
antitumor drugs is to stimulate cell death. Accordingly, enhanced
expression/function of pro-survival proteins, such as BIRC5, or
decreased activity of pro-apoptotic proteins, such as p53, may lead to
changes in the balance that determines the escaping of tumor cells
from drug-induced apoptosis.In sum, at present, there is a
considerable interest in elucidating all mechanisms accounting for
HCC and CCA chemoresistance. To obtain a complete picture of the
question will allow us to identify the precise genetic fingerprint
accounting for the MDR phenotype present in each tumor at each
moment from diagnosis to the end of treatment. This information
shall be valuable to prevent unnecessary use of regimes without
expected beneficial effect but with potential noxious consequences.
Finally, a better understanding of the molecular bases of the problem
is also required to develop novel strategies aimed to fight HCC and
CCA chemoresistance [20].
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