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Abstract Cholangiocarcinoma is a rare tumor originating
in the bile ducts, which, according to their anatomical loca-
tion, is classified as intrahepatic, extrahepatic and hilar.
Nevertheless, incidence rates have increased markedly in
recent decades. With respect to tumor biology, several
genetic alterations correlated with resistance to chemother-
apy and radiotherapy have been identified. Here, we high-
light changes in KRAS and TP53 genes that are normally
associated with a more aggressive phenotype. Also IL-6 and
some proteins of the BCL-2 family appear to be involved in
the resistance that the cholangiocarcinoma presents toward
conventional therapies. With regard to diagnosis, tumor
markers most commonly used are CEA and CA 19-9, and
although its use isolated appears controversial, their com-
bined value has been increasingly advocated. In imaging
terms, various methods are needed, such as abdominal
ultrasound, computed tomography and cholangiopancre-
atography. Regarding therapy, surgical modalities are the
only ones that offer chance of cure; however, due to late
diagnosis, most patients cannot take advantage of them.
Thus, the majority of patients are directed to other thera-
peutic modalities like chemotherapy, which, in this context,
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assumes a purely palliative role. Thus, it becomes urgent to
investigate new therapeutic options for this highly aggres-
sive type of tumor.
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Cholangiocarcinoma epidemiology

Cholangiocarcinoma (CC), with origin on the biliary tree
cells, is the second most frequent primary liver tumor [1, 2].
Anatomically, and according to its location, CC can be
classified into intrahepatic, extrahepatic and hilar. The
intrahepatic or peripheral CC is the one that originates in the
intrahepatic biliary tree, while extrahepatic CC arises
between the ampulla of Vater and the hepatic hilum and hilar
CC emerges due to the confluence of the right and left hepatic
channels [1, 3-6]. The hilar CCs normally cause premature
and obstructive jaundice and when detected are usually
small. On the other hand, extrahepatic CCs may be slightly
higher although, in most cases, they are detected with a small
size. Intrahepatic CCs frequently acquire large dimensions
before detection. Despite the differences mentioned, histo-
logically the three CC types are very similar [3, 5, 6].
Although being considered a rare tumor, the incidence
and prevalence of CC vary markedly worldwide and there
are places where it exceeds clearly hepatocellular carci-
noma (HCC) incidence. The lowest incidence rates can be
found in Australia and the highest in Southeast Asia where
this tumor is considered a public health problem [3, 5, 7].
In the northeast of Thailand, the region of the globe with
highest incidence of CC, this tumor represents 85 % of
primary liver tumors. Also within this country, there are
large differences in the incidence of this malignancy from
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region to region. While in the northeast the incidence rates
are about 85 new cases per 100,000 habitants, in the north,
center and south of the country the incidence rates are only
14.6 per 100,000, 14.4 per 100,000 and 5.7 per 100,000
habitants, respectively [8]. In general, CC incidence has
been increasing markedly in Western countries and,
although the reason for this increase is not clearly identi-
fied, it is known, for example, that there is a correlation
between the increased incidence in North America and the
migration of Asians to this region [3, 5, 7]. In Western
countries, the median age at diagnosis is about 65 years
and, with the exception of patients who have previously
developed primary sclerosing cholangitis, CC is rarely
diagnosed before the forties. It is also known that 60 to
70 % of cases of CC occur in males [3, 5, 9].

Currently, surgical therapies offer the only chance of
cure; however, at the time of diagnosis, the overwhelming
majority of patients no longer can benefit from surgical
resection and will die between 6 months to a year after
diagnosis. Thus, mortality rate almost completely accom-
panies the incidence rate. Death occurs primarily by hep-
atic insufficiency and/or infectious complications that go
along with advanced biliary obstruction [3, 5].

The causes for developing CC are, in most cases, still
unknown, considering that the majority of cases occur
sporadically; however, there are several conditions associ-
ated with biliary tract inflammation and cholestasis that
have been identified as risk factors for the development of
this neoplasm [3, 5, 10, 11]. Primary sclerosing cholangitis
(PSC) is considered the most common risk factor, and the
development of CC in patients suffering from this condition
usually occurs in the first two and a half years after diag-
nosis. Thus, it is extremely important to watch over patients
continuously diagnosed with PSC [3, 5, 11]. Liver infection
by parasites, mainly Opisthorchis viverrini and Clonorchis
sinensis species, has also been described as a risk factor for
CC development. This type of infection is most evident in
regions of Southeast Asia such as Thailand where poorly
cooked fish intake is a common practice and where a high
endemicity is reported. Currently, infection with these
worms is considered the main reason why there is so much
disparity in the incidence of this neoplasia in Thailand [3, 5,
11]. Another risk factor is the biliary lithiasis, usually cor-
related with chronic biliary infections and most commonly
found in Asia than in Western countries. At this point, it is
assumed that about 10 % of the patients with this condition
will subsequently develop CC [3, 5, 11].

It is also known that the congenital abnormalities of the
bile ducts, such as the cysts of the congenital bile ducts and
Caroli’s disease, are risk factors for the development of this
neoplasia, having these patients an increased risk of 10 to
15 % for CC development [3, 5, 11]. More recently,
infection with hepatitis B and C virus has also been
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considered risk factors for CC development, which may, in
part, explain the increased incidence of this neoplasia over
the last decades. Several other factors have been associated
with the CC development, and this list includes, for
example, alcoholic cirrhosis, smoking, obesity and
nitrosamines intake [5, 11, 12].

Molecular and genetic alterations

A wide range of oncogenic mutations were identified in
fragments of human CC, and their frequency depends on
ethnicity, etiology, tumor anatomical location and the stage
at which it is found [3, 7, 13-15]. Several studies have
demonstrated an abnormal expression of KRAS and TP53
being these genetic alterations associated with a more
aggressive phenotype of this malignancy. In addition, it has
been suggested that, in this type of tumor, alterations in P53
expression may mediate modifications in various intracel-
lular signaling cascades. Other tumor suppressor genes may
be inactivated in CC, including P16INK4a, PI4ARF, DPC4/
SMAD4 and APC, varying the correlation between these
markers and prognosis from study to study [3, 7, 13, 16].
Interleukin-6 (IL-6) seems like a critical signaling mole-
cule in the pathogenesis of various cancers and can be found
upstream or downstream of several other oncogenes [17-21].
In this context, the CC is no exception, and IL-6 is a key
cytokine in the pathogenesis of this neoplasm being its
proliferative effect confirmed (Fig. 1). High serum concen-
trations of IL-6 were detected in patients with CC, and
beyond that, the cells of this type of tumor generally over-
express the gp130 subunit of its receptor. It is also known that
of IL-6 production stimulation leads to an increased
expression of MCL-1 antiapoptotic protein, which makes CC
cells resistant to therapies [3, 7, 22]. It has also been shown in
this type of neoplasia that IL-6 induces an increase in
telomerase activity, resulting in the inhibition of the telom-
eres shortening with consequent evasion of cellular senes-
cence. In addition, IL-6 activates the P44/42 and P38
MAPKSs, two key components in the proliferation process.
Activated P38 MAPK decreases the cyclin-dependent kinase
inhibitor P21, a well-known cell cycle negative regulator.
Taking into account the importance that IL-6 has in CC
development, the search for targeted therapies to this inter-
leukin appears to be a promising option for CC [3, 7].
There is also a cross talk between IL-6 and other sig-
naling pathways. It is known, for example, that IL-6
mediates the overexpression of EGFR. Tyrosine kinases
receptors, such as EGFR, are overexpressed in CC, as well
as in other types of cancer, modulating the tumor biology.
Some studies have shown, in this neoplasm, that the inhi-
bition of EGFR signaling pathway could significantly
suppress cell growth. In this type of tumor, EGFR
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Fig. 1 Some molecular actions
of IL-6 in CC. IL-6 activates
P44/42 and P38 MAPKs,
mediates EGFR overexpression,
induces an increase in
telomerase activity and induces
an increase in MCL-1
expression
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phosphorylation results in the activation of kinases that are
downstream in some signaling pathways such as P42/44
MAPK and P38 MAPK which, in turn, increase the COX-2
expression. Still, COX-2 plays an important role in car-
cinogenesis of CC by inhibiting the process of apoptosis
and stimulation of cell growth [3, 7, 22, 23].

Another molecule that induces COX-2 is the tyrosine
kinase erbB-2, which, in CC, is overexpressed and is
involved in the carcinogenesis and progression of this type
of cancer. The erbB-2 is an EGFR homolog, and its ability
to homodimerize or heterodimerize with other members of
the EGF family results in activation of the RAF/MAPK
signaling pathway [3, 7, 22, 23].

Also hepatocyte growth factor (HGF) and its receptor
c-Met are frequently overexpressed in CC [3, 7, 24]. HGF is
mitogenic, and the increase in its production, along with the
overexpression of its receptor, represents an autocrine
mechanism to stimulate cell growth and proliferation. Along
with the promotion of cellular signaling pathways that
stimulate cell proliferation, there is also in CC a decrease in
factors that inhibit cell proliferation. For example, in this
neoplasia, the response to TGF-B1 is aberrant, resulting in an
increase of proliferative index [3, 7].

In the recent years, it was shown in human biopsies of
intrahepatic CC that this type of tumor has increased
expression of sodium iodide symporter (NIS), a molecule
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that mediates the iodine uptake [25, 26]. These results were
then confirmed in in vitro studies, and a recent study in a
human extrahepatic CC cell line shows that these cells also
overexpress NIS [27, 28]. NIS has a key role in metabolic
radiotherapy, using iodine-131, for the treatment of thyroid
tumors, being also currently under active investigation for
the treatment of extrathyroidal tumors. This means that NIS
overexpression opens a new possibility of treatment for CC
[26, 28-31].

On the other hand, a recent study showed that glucose
transporter (GLUT-1) expression in CC is correlated with
poor prognosis and aggressive behavior, and according to the
authors, GLUT-1 might be a therapeutic target for CC [32].

In summary, there is a complex network of different
factors and signaling pathways that are involved in CC
development, growth and propagation.

CC is characterized as a chemo- and radioresistant
tumor, which underlies much of the discouraging results
obtained with currently available therapies [33, 34]. How-
ever, what are the mechanisms leading to this resistance?

Similar to what happens in the majority of cancers, in
CC, one of the main reasons that make this type of tumor
resistant to therapy is usually its intrinsic resistance to
apoptosis. As mentioned above, it is known that most cases
of CC have mutations in the TP53 gene; however, the role
that this gene and P53 have in the prognosis of this cancer
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is not yet fully understood [16]. Some studies have shown
that changes in the 7P53 gene or in the P53 protein may, in
this type of tumor, lead to changes in the underlying
intracellular signaling cascades, thereby inducing resis-
tance to therapies [16, 35]. Other studies also indicate that
MDM?2 gene is overexpressed in most cases of CC, which
can influence P53 expression and function. Therefore, the
inactivation of P53 by MDM2 plays an extremely impor-
tant role in the resistance to apoptosis [16, 35-37].

In addition to P53, there are several other tumor sup-
pressor genes whose expression is deregulated in CC, such as
the case of DPC4/SMAD4 that is underexpressed in most
cases of this tumor. On the other hand, P73 that induces
inhibition of cell growth and apoptosis through activation of
pS3-responsive genes seems to be overexpressed in a wide
variety of CCs. A loss in DPC4 (deleted in pancreatic car-
cinoma, locus 4) expression, a tumor suppressor gene that
regulates transduction of signals from TGF-f3 superfamily
was noted in 55 and 60 % of extrahepatic CCs [35, 38].

Besides the evaluation of tumor suppressor genes, in
order to clarify the molecular mechanisms that confer
resistance to therapy, the gene and protein expression of
some members of the BCL-2 family of this neoplasm have
also been subject of study. Although the results are
sometimes a little contradictory, there are some studies
which indicate that the resistance to apoptosis, character-
istic of CC, may result from the overexpression of BCL-2,
BCL-XL and MCL-1 antiapoptotic proteins [39—41].

One of the other mechanisms that make the tumors
resistant to cell death and, consequently, to therapy is the
expression of transmembrane proteins such as the efflux
proteins of ABC family [42, 43]. This is also a common
characteristic in the primary liver tumors such as HCC and
CC [34, 44-47]. The majority of the cases of CC express
P-glycoprotein (PGP), and it was shown that the overex-
pression of this protein induces resistance to drugs used in
chemotherapy. In other words, also in CC the response to
chemotherapy is inversely correlated with PGP expression
[45, 46]. Likewise, overexpression of MRP1 (multidrug
resistance-related protein-1), another protein of the ABC
family of transporters, is associated with chemoresistance
in primary liver tumors and consequent poor prognosis [48,
49]. Consistent with this, a 2005 study of Tepsiri and
colleagues that evaluated in five human CC cell lines, the
expression of several genes involved in multidrug resis-
tance, found that all of them express MRP1 [50].

Diagnosis and treatment
In most cases, CC is a silent tumor, and symptoms only

occur in advanced stages of the disease. In addition, the
clinical signs are dependent on the location of the tumor
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and the growth pattern. Most patients with extrahepatic CC
present biliary tract obstruction with painless obstructive
jaundice, sometimes associated with cholangitis. In turn,
the intrahepatic formations present late symptoms, typical
of hepatic malignant, such as weight loss, anorexia and
abdominal pain [3, 11].

In terms of diagnosis, there are many studies, either
invasive or noninvasive, that can be used. Some serum
tumor markers, although not being specific to CC, can
provide important information, especially in patients with
underlying PSC. In this sense, the most commonly used
tumor markers are carcinoembryonic antigen (CEA) and
cancer antigen 19-9 (CA 19-9). The presence of both may
be increased in CC, although its employment alone is
questionable. However, recent studies have shown that the
combination of these two markers may be useful for the
diagnosis and management of CC [5, 11, 51].

Imaging studies are essential for diagnosis and staging
of this type of tumor, and there are several imaging
modalities that can provide useful information when there
is suspicion of CC. Usually, as an initial approach, patients
with jaundice undergo an abdominal ultrasound which,
although being a dependent operator technique, is a very
sensitive method for bile duct visualization. Computed
tomography (CT) is typically used to establish the lesion
location as well as to define the local spread and metasti-
zation. The use of this imaging technique in addition to
contrast is a quite sensitive method for the detection of
tumors of the biliary tract, also allowing to determine the
level of biliary obstruction and the presence of liver’s
atrophy [3, 5, 9].

Besides this technique, the magnetic resonance cholan-
giopancreatography (MRCP) may also be used. This
modality uses nuclear magnetic resonance to create a three-
dimensional image of the biliary tree, hepatic parenchyma
and vascular structures which is comparable to retrograde
endoscopic cholangiopancreatography in the detection of
malignant lesions in the biliary tract. An advantage of
MRCP is that it can identify the luminal involvement,
providing better information about the stage of the tumor.
This classification is extremely important, especially in
determining the resectability of the tumor [5, 9, 11].

Positron emission tomography (PET) using '*F-FDG has
also shown a great sensitivity in the diagnosis of this type
of tumors. However, we must not forget that in the
inflammatory processes of the biliary tract, as for example
in patients with PSC, PET can provide false positives,
which limits the use of this methodology. However, this
imaging technique remains an extremely important tool in
the detection of distant metastasis as well as recurrence
after resection [5, 11].

It was already mentioned that most cases of CC are
diagnosed in an advanced stage of the disease, when this
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type of tumor is considered to be devastating, having the
patients a median survival of <24 months [5, 6]. The
prognosis is, therefore, extremely poor, and survival rate is
5-10 % [5, 6]. Surgical treatments are the only ones that
offer curative options; however, due to the late diagnosis,
these are not applicable to the vast majority of patients [,
11, 52]. In the case of surgical resection of CC, this aims to
perform a complete excision with negative margins. There
are, however, four different factors that determine the
possibility of performing a resection by partial hepatec-
tomy. They are the tumor extension within the biliary tree,
the vascular invasion, the lobar hepatic atrophy and the
metastatic disease. Although hepatic resection is consid-
ered as the only curative therapy, the survival rate after
surgery where resection is considered successful is only of
25-30 % [5, 11]. Liver transplantation as a therapeutic
alternative in CC is controversial. Due to the high recur-
rence rate reported by several authors, some institutions
have abandoned this therapeutic strategy for this type of
tumor. Nevertheless, some successful cases have been
described [5, 11].

Considering that the vast majority of CCs at diagnosis
are unresectable, patients are subjected to other therapeutic
modalities with minimal success [5, 11, 53]. Therefore,
chemotherapy is only used to control the disease and
improve the quality of life in patients with unre-
sectable CC, in patients with tumor recurrence and meta-
static CC. The chemotherapeutic agents most widely used
in the treatment of CC are 5-fluorouracil and gemcitabine
either alone or in combination with other drugs. These
cytostatics have been associated with a wide variety of
other drugs such as cisplatin, oxaliplatin, docetaxel,
paclitaxel, mitomycin-C, doxorubicin, epirubicin and
interferon-o; however, all combinations tested until now
showed low response rates, and there is not currently any
randomized study which shows a clear benefit of any
chemotherapeutic regimen in this type of tumors. When
comparing the survival time, after 5 years, of patients who
underwent only to surgery or a combined regime of surgery
and chemotherapy, there were no significant differences,
which makes urgent to find pharmacological alternatives to
assist in the treatment of this neoplasia [3, 5, 54].

The use of radiotherapy, either external or brachyther-
apy, for CC treatment has been explored; however, benefits
have not been observed. Nevertheless, some studies indi-
cate that patients with positive surgical margins can benefit
from adjuvant radiotherapy. However, the role of this type
of treatment in resected patients with negative margins is
less clear, and there are studies demonstrating no occur-
rence of benefits [5, 9, 11]. Due to these disappointing
results, the local recurrence after surgical resection is usual
and many authors have proposed the use of radiotherapy,
either alone or in combination with chemotherapy

(chemoradiotherapy), as a local control strategy. Given the
radiosensitizer potential of 5-fluorouracil, theoretically, it
would be expected that the use of this drug in combination
with radiotherapy was more effective than any of the
therapeutic approaches alone. However, and although there
are no randomized studies of this combination therapy, the
retrospective analysis shows no increase in survival as
compared to radiotherapy alone [5, 9, 55].

Once the use of the available therapeutic strategies has
shown completely disappointing results, it is imperative to
search for new molecules and therapeutic targets to combat
this neoplasia. Some drugs that act on specific signaling
pathways, essential for the pathogenesis of CC, are already
approved for clinical use in other types of cancer. These
include EGFR inhibitors (gefitinib, cetuximab and erloti-
nib), RAF kinase inhibitors (sorafenib), VEGF-directed
inhibitors (bevacizumab and sorafenib) and HER-2-di-
rected inhibitors (lapatinib and trastuzumab) [3, 56]. There
are already some clinical trials which aim at evaluating the
effect of celecoxib, a COX-2 inhibitor, and the tyrosine
kinase receptor inhibitors, sorafenib, erlotinib and beva-
cizumab alone or in combination with other drugs for the
treatment of CC [3, 56]. Another strategy that has been
considered is the sensitization of the CC cells to apoptosis
mediated by TRAIL through MCL-1 downregulation
using, for example, sorafenib. These are some approaches
of targeted therapies that can be applied to the treatment of
CC. The promising role that sorafenib has for acting in
several areas simultaneously, i.e., being an inhibitor of
RAF kinase, VEGFR, tyrosine kinase receptors as well as
be able to induce the apoptosis mediated by TRAIL [3, 56],
should be noted.

Although in clinical practice sorafenib is not used in CC
treatment, currently there are several studies which indicate
that this drug has a promising role in the CC treatment [57-
60]. Mutations in the MAPK signaling pathway are one of
the most common genetic alterations in CC, present in
approximately 60 % of cases of human tumors. Within this
signaling pathway, mutations in the RAS are described in
about 56 % of these tumors and B-RAF mutations in about
22 %, which makes sorafenib a promising therapeutic
weapon for CC treatment [57]. Indeed, there have been
already performed in vitro studies that emphasize the
potential effect of sorafenib on CC therapy. In 2007,
Huther et al. demonstrated that this drug inhibits the pro-
liferation of human CC cell lines in a time- and dose-
dependent manner. This antiproliferative effect was cor-
related with the induction of cell death by apoptosis and
cell cycle arrests in the GO/G1 phase [57]. In this experi-
mental work, the authors were not able to draw more
accurate conclusions about the mechanisms by which sor-
afenib induced the cell cycle’s blockade and apoptosis;
however, in 2005, another study had already provided some
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useful information [61]. In fact, in this study, conducted in
several tumor cell lines, it was found that in the CC cells, a
downregulation of antiapoptotic MCL-1 protein occurred
in response to sorafenib [61]. Later, in 2011, Sugiyama
et al. tested sorafenib in eight human CC cell lines and also
performed in vivo studies. From the in vitro studies, the
treatment with sorafenib led to inhibition of cell prolifer-
ation and induction of apoptosis through the inhibition of
the RAF/MEK/MAPK signaling pathway, reduction in
phosphorylation and consequent activation of STAT3 and
downregulation of MCL-1. In in vivo studies, the authors
found that oral administration of sorafenib significantly
inhibited tumor growth of heterotopic xenografts [58].
Other in vitro study has shown the existence of synergy in
the combined use of sorafenib with doxorubicin and
gemcitabine in CC treatment [62].

In 2011, a 70-year-old male patient diagnosed with
unresectable intrahepatic CC and no indication for any
treatment regimen was treated with 400 mg of sorafenib
daily. It was found that this treatment led to a significant
improvement of symptoms, improving liver function and a
decrease in the levels of tumor markers. The patient started
the treatment in March 2008 and in March 2010 and was
still alive presenting some quality of life [63].

In 2013, another case was reported. It was a 51-year-old
patient diagnosed with CC. After diagnosis, the patient
began systemic chemotherapy and several chemothera-
peutic schemes have been tested, such as GEMOX and the
association of capacitabine with 5-fluorouracil, but the
disease continued to progress. At this point, sorafenib
became the fourth-line agent managing to extend patient
life for four more years [59].

Thus, although the use of sorafenib for the treatment of
CC is not yet been adopted, some evidence suggest that the
use of this drug in the treatment of CC may have a
promising future.

Conclusions

Nowadays, the treatment of CC is only available for a very
small number of patients because this tumor is asymp-
tomatic in the early stages of the disease. Actually, in the
majority of the cases, at the time of diagnosis, the patients
can no longer take advantage of the surgical options which
are currently the only chance of cure. Since this kind of
tumor is highly radio- and chemoresistant, conventional
therapies such as chemotherapy and radiotherapy are gen-
erally used only with palliative purposes. Concerning this
type of tumor, it has several genetic alterations that can
explain, at least in part, the high resistance to radiotherapy
and chemotherapy. In this context, changes in the expres-
sion of KRAS and TP53 genes should be highlighted.
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Changes in IL-6 production and in the expression of some
transporters such as GLUT-1 and NIS as well as the pro-
teins of the BCL-2 family should also be mentioned. Since
this tumor incidence has grown markedly in recent years
and the treatment options are minor, it is urgent to inves-
tigate new therapeutic approaches to combat it.
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