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Abstract. Pancreatic cancer has a dire prognosis and will
represent the second leading cause of cancer death in the next
10 years. The multifactorial approach represents one of the
main issues in controlling the extension of this neoplasm. In
recent years, the characteristics of the tumor microenvironment,
metastasis mechanisms and the relationship between immune
system and neoplastic cells have been described, which has
made it possible to understand the pathophysiology of pancreatic
adenocarcinoma. Currently, there is a failure to provide an
effective preventive method or early detection, so patients
present with an advanced stage at the time of diagnosis. Despite
numerous efforts, little progress has been made in clinical
outcome and in improving survival in long term. Therefore, in
the recent years, diverse diagnostic tests, treatments and possible
approaches have been developed in the fields of radiotherapy,
chemotherapy and surgery to find a combination of them that
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improves life expectancy in patients diagnosed with pancreatic
cancer. At the moment, numerous clinical trials are being
conducted to evaluate preventive diagnostic procedures such
as serological markers or perfecting available imaging tests.
On the other hand, implementation of immunotherapy is being
studied in a neoplasm that has lagged in the application of this
procedure since present possible treatments do not substantially
improve quality of life. Therefore, the purpose of our study is
to summarize the main progresses that have been made in the
diagnosis, treatment and screening of this disease, explaining
the limitations that have been observed and analyzing future
prospects in the management of this illness.
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1. Introduction

In recent years, the incidence and mortality rates of pancreatic
cancer have been growing along with the global population.
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Currently, adenocarcinoma of the pancreas represents ~80%
of pancreatic cancer cases and is one of the main causes of
cancer-associated mortality (1). The increase in incidence and
mortality, and the difficulty in the development of effective
therapies led to pancreatic cancer being predicted as the
second highest cause of cancer-associated death in developed
countries by the year 2030. (2) One of the possible causes that
explain a rise in the number of cases of pancreatic cancer in
recent years could be related to an increase in the number of
people in the general population with predisposing factors
such as tobacco use, obesity or alcohol consumption; areas
that a number studies have highlighted as risk factors in the
appearance of premalignant lesions or chronic pancreatitis (3).
The presence of diabetes, a disease on the rise in recent years,
has been shown to be another important risk factor in the
etiopathogenesis of pancreatic adenocarcinoma. In diabetes
mellitus, a pro-inflammatory state is provoked where diverse
factors derived from insulin and tumor growth act to promote
neoplastic growth and alter numerous metabolic pathways in
tumor cells (4). Inreference toits incidence, there are differences
between developed and developing countries, affecting the
former to a greater extent, with a global incidence of ~5 patients
per 100,000 inhabitants (5). Despite the existence of various
types of approaches in treating pancreatic adenocarcinoma
(including laparoscopic surgery, chemotherapy, radiotherapy
and immunotherapy), the mortality rate has not decreased as
it has in other types of malignant neoplasms (6). This is due to
the difficulty of early diagnosis and effective treatment, which
means that most patients are at an advanced disease stage at
the time of diagnosis. Today, according to different studies,
the 5-year survival rate when the patient is diagnosed ranges
between 2 and 10%, with a mean survival time of 6 months,
given that most patients present with disseminated disease
with metastases in multiple organs (7-9). Several risk factors
have been described that increase the probability and worsen
the prognosis in these patients. Among them are obesity,
tobacco use, alcohol consumption and premalignant lesions,
which act in a multifactorial manner, but to date, there are
no screening programs in high-risk patients that have been
able to demonstrate effectiveness in decreasing mortality or
improving survival (10). The interaction between different
agents in other digestive tract neoplasms allows to support an
etiopathology that relates external agents with the appearance
of invasive neoplasia (e.g., processed red meat in colon cancer
and human papilloma virus in rectal cancer.). However, in
pancreatic adenocarcinoma, the risk factors described are
present in ~40% of the patients and genetic causes are present
in 10% of the patients, with a variety of mutations in the
BRCA genes, Lynch syndrome genes or familial adenomatous
polyposis genes (11). There are uncommon varieties of
pancreatic exocrine tumors, such as pancreatoblastoma,
where the risk factors described are mainly genetic, such as
Beckwith-Wiedemann syndrome or familial adenomatous
polyposis (12). Most of the studies that analyze the risk factors
present in exocrine tumors, including ductal adenocarcinoma,
which is the most studied due to its frequency, conclude that
risk factors prevalent in the population such as older age,
obesity or tobacco use are common in all different types of
pancreatic neoplasias, and they worsen the prognosis. However,
in pancreatic endocrine tumors (insulinoma, glucagonoma

and VIPoma, among others), a stronger genetic predisposition
and a history of gene mutations in multiple endocrine
neoplasms genes, such as in von Hipple-Lindau syndrome
or neurofibromatosis, are predominant risk factors (13). On
the other hand, in recent years, there have been numerous
advances in the approach to this disease. Multiple diagnostic,
microsurgery and radiochemotherapy methods have been
described and are being studied in order to be implemented in
daily clinical practice, in addition to pursuing the development
of new follow-up techniques for the early diagnosis of this
disease (14). In recent years, the study of possible therapeutic
targets has been promoted in order to be able to apply targeted
therapy against this type of tumor. Despite the advances made,
further efforts are required to improve the treatment and
early diagnosis of pancreatic cancer, which affects numerous
individuals fatally each year and has a poor prognosis at the
time of diagnosis.

Therefore, the purpose of the present review is to describe
the novelties, updates and future perspectives in the diagnosis,
treatment and management of patients affected by pancreatic
cancer.

2. Current problem and pathophysiology

In 2020, pancreatic cancer represented the 12th most common
cancer and the 7th leading cause of cancer-associated death in
the world (15). Numerous modifiable and non-modifiable risk
factors have been described. Among them, the most important
and relevant modifiable risk factors are age, since 90% of
patients are >50 years old, alcohol consumption, obesity,
being male, diabetes and tobacco use (16). The most frequent
histological variation is ductal adenocarcinoma of the pancreas,
located primarily in the head of the pancreas (17). In addition
to the ease of the tumor itself with regard to metastatic spread
and vascular invasion of the tumor, the location in the head of
the pancreas makes the surgical approach even more difficult,
since it causes the surgical intervention to be highly aggressive,
resulting in excessive mortality and morbidity rates (18,19). It
should be noted that there are several types of premalignant
lesions (such as pancreatic intraepithelial neoplasia, papillary
intraepithelial mucinous neoplasia and mucinous cystic
neoplasia) that act as an intermediate stage from the appearance
of mutations in the pancreatic mucosa to the appearance of a
true invasive neoplasm (20). In numerous cases, the choice of
surgical intervention is difficult, as most premalignant lesions,
~90%, do not lead to a true pancreatic malignancy, which is
why patients could be subjected to aggressive techniques that
are not exempt of risk (21). On the other hand, it cannot be
overlooked that although attempts have been made to propose
population screening measures, effective screening methods
have not been implemented due to the low incidence of the
disease (22). This low incidence is due to the lack of detection
markers that are directly related to invasive pancreatic
neoplasms, the fact that imaging tests do not detect tumors of
diminutive sizes and due to the large susceptible population
with multiple risk factors, making it difficult to screen for this
disease in the initial stages. Due to the complexity in diagnosis,
the lack of initial symptoms and the aggressiveness of this
type of tumor itself, the vast majority of patients are diagnosed
in advanced, unresectable and non-curative stages, undergoing
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considerably aggressive chemotherapy regimens that do not
substantially improve the life expectancy, and with a poor
prognosis from the time of diagnosis. In order to understand
the complexity of the treatment and the aggressiveness of
pancreatic adenocarcinoma, the underlying pathophysiology
of the tumor itself, which has been completely described,
cannot be ignored. In recent years, important advances have
been made in the discovery of diverse mutations, markers
and pathophysiological bases, which has allowed us to relate
histological, molecular and genetic alterations with the clinical
manifestations and the outcome of this disease (23). It must
be noted that numerous pathological types of pancreatic
cancer have been described (including insulinomas, acinar
cell carcinoma and hepatoid carcinoma); however, the present
review focuses on the oncogenesis of the most common type,
ductal adenocarcinoma. Ductal adenocarcinoma represents
>80% of pancreatic cancer cases and affects the mucous cells
of the pancreatic ducts (24). In the first instance, the multiple
exogenous toxic agents described, such as tobacco, alcohol or
other substances, cause mutations in the Kirsten rat sarcoma
virus (KRAS) gene and modify the expression of proteins
related to the RAS/MAPK pathway (25). The KRAS mutation
generates a series of modifications in cell repair mechanisms
and in growth regulation due to the interaction with different
growth factors (mainly transforming growth factor f§ and
fibroblast growth factor) and the signaling pathways, mostly
MAPK and PI3K/AKT, that promote the cell proliferation of
the tumor line (26,27). This lesion begins as a tissue dysplasia
known as pancreatic intraepithelial neoplasia. It is recognized
that the dysplastic lesion acquires different mutations (in p16,
p53, DPC4 and BRCA2, among others) and alterations in
differentiation, which eventually will turn it into an invasive
neoplastic lesion (28). Furthermore, tumor cells interact with
pancreatic stellate cells, which are myofibroblastic-like cells
with autocrine and paracrine functions that cause alterations
in the extracellular matrix, generating pancreatic fibrosis or
desmoplasia (29,30). All this microenvironment generated
around the neoplastic cells causes local immunosuppression,
as well as angioproliferation that favors vascular invasion and
therefore promotes extrapancreatic metastasis (31). At present,
this interaction between tumor cells and extracellular tissue is
still being described, and it has been observed that numerous
signaling pathways that determine tumor aggressiveness are
involved in their complex relationship (32). Tumor cells generate
chemoresistance against the main available therapeutic agent,
gemcitabine, which inhibits the effectiveness of one the main
treatment approaches for this cancer. These chemoresistance
mechanisms are produced by the tumor microenvironment,
by desmoplasia or by the invasive cells itself, and are based
on alterations in nucleoside transporters such as decreases in
human equilibrative nucleoside transporter 1, deoxycytidine
kinase or ribonucleotide reductase expression, therefore
decreasing entry of gemcitabine into the tumor cells (33,34).
Other alterations at the level of cellular expression, such as
epithelial-mesenchymal transition (EMT), generate changes
in the interaction of the tumor with the surrounding cells,
favoring its spread and hindering the action of the diverse
chemotherapeutic lines (35). The EMT alters from cell
metabolism to gene expression by producing different
transforming factors like SNAIL, PRRX or Twist and different
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types of microRNA, which are implicated in modifications of
various metabolic pathways like glycolysis, promoting the
Warburg effect or the tricarboxylic acid cycle causing the
tumor to act as a mesenchymal invasive and chemoresistance
tissue, so that even though the different antineoplastic drugs
are acting, the cell can continue to proliferate and invade
adjacent tissues (36,37).

Overall, although the treatment of different malignant
neoplasms has progressed in recent years through
increasingly more precise diagnostic techniques, and more
targeted and less toxic treatments, the complexity of the
pathophysiology of pancreatic cancer forces the scientific
community to continue investigating new lines in prevention,
early diagnosis and therapeutic targets in order to improve the
prognosis in patients affected with ductal adenocarcinoma of
the pancreas.

3. Diagnostic imaging: New approaches

One of the primary diagnostic problems of pancreatic cancer
lies in the difficulty of an early diagnosis, and in cases in which
advanced disease is suspected, most of the time, imaging tests
such as computed tomography, magnetic resonance imaging,
cholangiopancreatography and intraductal ultrasound are used
without the need for histological confirmation (38). Another
problem in its follow-up is based on the difficulty of detecting
metastases in different organs, and the current techniques
usually do not offer substantial results when it comes to
detecting tiny lesions in order to allow an early treatment
approach (39). It should also be mentioned that in cases in
which premalignant lesions are suspected, the confirmation
of the neoplasia must be histological. Invasive tests using a
biopsy are not without risks and can have fatal consequences in
cases in which abdominal bleeding or pancreatitis is caused in
patients already compromised by their pancreatic neoplasia and
comorbidity (40,41). All this means that new techniques have
been developed for the diagnosis of early stages. For example,
in screening, a low-cost, reproducible and fast technique
with few possible complications, such as transabdominal
ultrasound, would be useful. Although this technique is not
very effective in detecting lesions <2 cm in diameter, the
radiological ultrasound reading of vascularization patterns
of pancreatic malignant lesions and the utility of ultrasound
with the application of contrast is being protocolized (42).
In reference to tomography, high-resolution multidetector
tomography scans have been used combined with different
algorithms in image reconstruction to improve the visualization
of the pancreatic parenchyma and its vascular perfusion, and
therefore to identify neoplastic lesions 1-2 cm in diameter (43).
It is worth bearing in mind that at the stromal level, the
desmoplastic and fibrotic changes surrounding the pancreatic
lesion have vascular perfusion characteristics that could be
visible on multislice tomography scans (44). It should also be
noted that when using magnetic resonance, new approaches
have been made, for example, using an anti-mesothelin
antibody. Mesothelin is an antigen overexpressed in pancreatic
tumor cells and it has been used as a possible therapeutic agent
combined with nanoimmunoliposome doxorubicin-delivery
particles to link iron oxide contrasts and chemotherapy for
magnetic resonance imaging and target therapy. This allows
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better visualization of the pancreatic lesion in this type of
imaging tests and could provide a new therapeutic perspective;
however, their clinical utility is still under study (45,46).
Similarly, novel advances have been described in the use of
tracers in positron emission tomography to highlight tumors
and metastatic tissues in these patients, and enable their
detection even in early stages, improving the staging of the
tumor, assessing recurrence, establishing the differential
diagnosis with inflammatory lesions and planning the biopsy
of the tissue that may be susceptible to histological study (47).
The approach that has shown the greatest sensitivity and
specificity to localize lesions <1 cm continues to be endoscopic
ultrasound (48). Although it is explorer-dependent, it is greatly
beneficial in cases of differential diagnosis between pancreatic
cystic neoplasms and malignant neoplasms, preventing
pancreatitis, hemorrhage, perforation or fever by using thinner
needles for aspiration purposes. The technique also permits the
acquisition of material such as DNA, mRNA or microRNA,
which can provide the analysis of diverse immunomarkers
such as KRAS, protein S-100 and insulin receptor substrate 4,
which plays an important role in the promotion of tumor
growth in different malignancies. This is an advantage for the
molecular diagnosis of pancreatic neoplasia in an obtained
sample (49-51). Another invasive test that is most used in
diagnosis is endoscopic cholangiopancreatography. Even
though it is a test with high sensitivity and specificity, the
greatest disadvantage of this technique is the risk of causing
pancreatitis (2-9% of patients), cholangitis or hemorrhage
that can compromise the patient (52). Smaller endoscopic
ultrasound devices are therefore being developed to decrease
the risk of complications during the procedure (53). It must
also be highlighted that even more sensitive and less invasive
diagnostic tests, such as intraductal ultrasound, have been
developed in recent years (54). This technique is performed
by endoscopy with markedly small probes and enables
the intrapancreatic ducts to be detected and most of the
intraluminal structures of the pancreas to be visualized to
discover all possible pancreatic neoplastic lesions (55). This
test is especially valuable when planning surgical intervention,
since wide tumor invasion of the ducts, which could not have
been visualized with conventional radiology techniques,
would contraindicate a curative resection (56). It should not
be forgotten that pancreatic cancer is a metastatic disease
that requires multiple diagnostic tests to clarify locoregional
invasion and metastatic tumor staging. As a consequence,
it would be especially effective to integrate different types
of tests that were least invasive with a high sensitivity and
specificity in the diagnosis of pancreatic cancer.

4. Serological markers and CA19-9

In recent years, numerous oncological markers, which are
usually glycoproteins released by the tumor or produced after
the interaction between the immune system and neoplastic
cells, have been described. These glycoproteins can be
measured in the peripheral fluids and assist the diagnosis of
a multitude of malignant neoplasms. Among the different
tumor markers, such as prostate-specific antigen in prostate
cancer, carbohydrate antigen CA15.3 in breast cancer and
CAI125 in ovarian cancer, it is worth highlighting the use of

CA19-9 in pancreatic cancer (57-59). The increase in CA19-9
by values >300 U/I drives its positive predictive value to 90%
(that is, if a patient tests positive there is a 90% chance that
they in fact have pancreatic cancer) (60). The sensitivity of
80% and the specificity of ~90% is one of the main problems
of this marker; although a priori it seems to be useful, it is
also expressed in other types of malignant processes such as
colon, esophageal and liver cancer, or non-malignant disease
processes such as chronic pancreatitis, liver cirrhosis and
cholangitis (61). Furthermore, a percentage of the general
population (5-10%) does not possess the Lewis antigen and
as a result, CA19-9 is not expressed in these patients when
pancreatic cancer is present (62). All this means that only
<65% of patients with pancreatic ductal adenocarcinoma
susceptible to curative resection have elevated values of this
marker (63). Therefore, the low sensitivity of CA19-9 to detect
pancreatic malignant neoplasms is relegated to the follow-up
of recurrence, to analyze the response to chemotherapy or to
be used as a diagnostic orientation in conjunction with imaging
tests (64). That is why in recent years an attempt has been
made to identify new biomarkers for early diagnosis that can
also be used in screening programs in patients with various
risk factors. For example, different tumor growth markers have
been described for use in pancreatic juice (carcinoembryonic
antigen, Duke pancreatic monoclonal antigen type 2, cathepsin
E and KRAS), saliva (KRAS, methyl-CpG binding domain
protein 3 like 2 and dolichyl-phosphate mannosyltransferase
subunit 1, catalytic), fecal matter (KRAS mutated, CA19-9
or CA242) or in combinations between them to improve the
sensitivity and specificity, but none of them have been put
into clinical practice or evaluated in large population studies
to assess their positive predictive value (65-68). There are a
number of reasons for this. On the one hand, the incidence
of pancreatic cancer is not high enough to demonstrate
effectiveness in daily clinical practice. On the other hand,
taking such samples as pancreatic juice is not without risks
since the sample is taken by cholangiopancreatography. It must
be added that all the genetic, metabolic and tissue changes
produced in tumor cells cause patients to present a great
variety of molecular alterations, mutations and aberrations in
the expression of different antigens. These variations make it
even more difficult to validate a single marker or battery of
markers in the diagnosis of pancreatic cancer (69). The ideal
scenario would be the combination of other markers that allows
us to detect initial stages. Numerous studies have assessed the
simultaneous measurement of diverse markers, combining
CA19-9 and others to detect those 5-10% patients with
negative CA19-9 or improve the positive predictive value. A
number of these studies have been used to compare individuals
with pancreatic cancer versus healthy controls, early versus
advanced stages of cancer, or invasive versus non-invasive
disease, obtaining promising receiver operating characteristic
(ROC) curves (70,71). It should be considered that the ROC
curve measures the validity of a diagnostic test by assessing
its sensitivity and specificity, with 1 being the maximum
value (72,73). The results of these studies are encouraging in the
early diagnosis of the disease. For example, the combination of
cell migration-inducing and hyaluronan-binding protein with
CA19-9 made it possible to obtain values of 0.94 in the ROC
curves (74). Another example is the use of thrombospondin 1
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and 2 together with CA19-9 in the blood, where ROC curves of
0.96 and 0.86 were obtained, respectively (75,76). In addition,
markers can not only be measured in blood, but in other
samples too; for example, the use of markers such as lymphatic
vessel endothelial hyaluronan receptor 1, islet of Langerhans
regenerating protein and trefoil factor 1 in urine demonstrated
ROC curve values of 0.93 for the diagnosis of early stages of
pancreatic adenocarcinoma (77). At present, these markers are
still under study in order for them to be used in the high-risk
population or in those patients with dysplastic lesions of the
pancreas. Also, their cost/benefit balance is being evaluated to
determine if they would benefit the numerous patients who are
in the initial disease stages and may be candidates for curative
resection.

5. Surgery is becoming less and less invasive

Despite all the advances that have been made in the
chemoradiotherapy treatment of pancreatic cancer, the
only curative treatment that exists in this type of tumor is
surgical resection. Since the neoplasm is diagnosed in late
stages, only 10-20% of patients are candidates for curative
resection (78,79). It should be noted that although the size
of the tumor is not important, the presence of metastasis or
the invasion of peripancreatic vessels (including the common
hepatic artery, mesenteric vein and portal vein, among
others) significantly limits the possibility of intervention (80).
Currently, the intervention being performed is a cephalic
duodenopancreatectomy, which in the past was characterized
as an aggressive surgical approach that produced high
mortality with little expectation of improvement in survival
prognosis (81). For a long time, this technique was unused
due to its high mortality rate (up to 30%), but it is currently
performed by expert surgeons with a postoperative mortality
of 3-5%. However, in the postoperative period, the infection
rate of the surgical wound, anastomotic dehiscence and
various complications are common (82). The technique
is not without risks, which is why new minimally invasive
techniques have been developed. For years, this has included
the use of laparoscopy in distal pancreatectomy in lesions
in the tail of the pancreas, which has reduced intraoperative
bleeding, although it has not been able to improve the
long-term prognosis (83). On the other hand, the use of robotics
with minimally invasive interventions has been studied and
its results have been compared with laparoscopy, with very
different outcomes according to the different studies. (84,85)
In some of them, a greater number of complications (fistula,
hemorrhage and perforation) were observed with the robotic
intervention; however, it must be remembered that there are
few specialists trained in this type of technique and that this
type of approach requires a high level of training that may
not be available at a number of centers (86,87). Likewise,
it cannot be overlooked that the greatest limitation when
considering surgical intervention is vascular invasion. Thus,
the vascular approach is as important as the surgical resection
itself. Usually, pancreatic lesions diagnosed by imaging tests
with vascular invasion greater than circumferential 180° of
the superior mesenteric vein, portal vein, common hepatic
vein or its branches contraindicate surgery (88,89). Thanks to
advances in vascular radiology for detecting tumor invasion
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of the different vascular territories, combined arterial or
venous reconstruction therapies are being developed in the
segments affected by the tumor. In recent years, some of
the main surgical improvements that have been developed
to increase the number of patients susceptible to a curative
option are the numerous surgical techniques for approaching
venous invasion of the pancreatic adenocarcinoma. For
example, venorrhaphy, patch closure, interposition conduit
and primary anastomosis have been used in the vascular
approach of venous invasion (90). These techniques have made
it possible to change the prognosis of patients with pancreatic
adenocarcinoma, allowing the patient to become a candidate
for a surgical option (91). It is true that there are currently no
biological therapies, such as angiogenesis inhibitors, that are
used in pancreatic adenocarcinoma, so it would be notable
to study this therapeutic option in this type of neoplasia.
Even so, in recent years, the therapies that act on the vascular
invasion of adenocarcinoma have multiplied and numerous
approaches with complex vascular techniques are being
developed. Different studies have shown that both venous
and arterial reconstruction improve survival compared with
palliative surgeries or chemoradiotherapy (92,93). In recent
years, palliative techniques have been developed to limit the
duodenal-biliary obstruction that causes locoregional tumor
invasion. Possible approaches, including external biliary
drainage, surgical biliary diversions or metal stents, are
useful in cases where survival time is limited to 3-6 months,
and these approaches permit obstructive symptoms such as
jaundice or pancreatic insufficiency to be decreased in the
final stages of disease for these patients (94-96). It should
also be noted that the invasion of the nerve plexuses generates
neuropathic pain of great intensity that may be resistant to
drug treatment with analgesics (97). A celiac plexus neurolysis
can therefore be performed by endoscopic ultrasound, which
can be considered an optimal analgesic treatment (98).
Therefore, even though surgery plays a very relevant role in
the cure of pancreatic cancer, few patients can benefit from
this type of intervention, which is also not exempt of risks
and complications.

6. New chemotherapy treatment guidelines

Classically, chemotherapy treatment has been the basis
of the approach in metastatic disease of pancreatic cancer
since most patients (90%) are not considered suitable
for curative surgical intervention. The present reference
scheme for chemotherapy treatment has been the use of
gemcitabine (99). Although the use of gemcitabine has been
tested in combination with different chemotherapeutics,
such as 5-fluorouracil, capecitabine and taxane, these
have failed to demonstrate an increase in median survival
rate (100,101). That is why new combinations of different
regimens were investigated, included current use of first-line
FOLFIRINOX and Abraxane (102). FOLFIRINOX is based
on the union of folinic acid, 5-fluorouracil, irinotecan and
oxaliplatin, all of them with broad antineoplastic activity in
pancreatic cancer and whose combination has been shown
to improve survival compared with the use of gemcitabine
alone in patients with a good baseline state, with scores of
0-1 on the Eastern Cooperative Oncology Group (ECOG)
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scale (103,104). One of the problems generated by the results
of the clinical trials with FOLFIRINOX was an increase
in toxicity compared with use of gemcitabine alone. For
example, severe neutropenia, thrombocytopenia, diarrhea,
vomiting and peripheral neuropathy were reported in up
to 51.6% of the patients treated with FOLFIRINOX (105).
It should be noted that this scheme has been studied in
patients with few comorbidities, who also had a good
baseline state (with an ECOG score of 0-1). In daily clinical
practice, the large majority of patients do not present with
a baseline state good enough to be treated with aggressive
regimens (106). Therefore, FOLFIRINOX competes with
the combination of nab-paclitaxel plus gemcitabine as as
the front-line treatment, thereby two possible options to
treat metastatic disease (107). Nab-paclitaxel is a molecule
composed of the union of albumin with paclitaxel where
albumin participates in endothelium caveolae transcytosis
of plasma components. In vitro, it has been shown that the
presence of albumin promotes the transport of paclitaxel
through pancreatic tumor cells, allowing paclitaxel to act
on the tumor cells (108-110). It should be noted that one of
the difficulties in the treatment of pancreatic cancer is the
difficulty of the chemotherapeutic agent to act at the level of
the tumor parenchyma. The combination of nab-paclitaxel
with gemcitabine in patients with metastatic disease has
been shown to improve survival compared with the use of
gemcitabine alone, and it also confers fewer adverse effects
compared with FOLFIRINOX (111). In addition, this therapy
is useful in patients with comorbidities or with an ECOG
score greater than 1 who are not candidates for the use of
FOLFIRINOX (112,113). Currently, gemcitabine as a single
treatment could be used as an non-aggressive treatment in
those patients who have metastatic disease with poor general
condition in which other chemotherapy regimens have not
shown progress (ECOG =2) (114). Despite the fact that a
number of improvements have been made in terms of the
toxicity of the different chemotherapeutic lines, currently,
first-line combinations are not able to generate mean
survival rates of more than 12 months (115). In recent years,
there have been numerous clinical trials where the use of
neoadjuvant chemotherapy in the treatment of pancreatic
cancer has been analyzed. With neoadjuvant therapy, doses
of FOLFIRINOX or gemcitabine are given to decrease tumor
size and reduce the probability of presenting with undetected
micrometastases caused by pancreatic neoplasia, and thus
reinforce the elimination of all neoplastic dissemination
after a surgical intervention (116). In this sense, neoadjuvant
therapy was evaluated in a meta-analysis of 38 studies
performed for this purpose and it was found that the use
of neoadjuvant chemotherapy enhanced overall survival.
However, the rates of surgical resection were lower than in
those patients treated directly with surgery or patients with
borderline tumors (117). One of the possible causes is that
patients who are candidates for neoadjuvant treatment have
lesions that affect the edges of resection or patients could
have tumors that are difficult to approach due to invasion or
previous comorbidities of the patient themselves. Therefore,
the patients are initially candidates for neoadjuvant treatment
with subsequent surgery, but during the application of
chemotherapy regimens and prior to the intervention, tumor

progression is presented (118). Despite receiving neoadjuvant
therapy, patients are later rejected for surgical intervention,
which would explain why patients who are candidates for
neoadjuvant treatment do not end up being operated on
and why treatment is based only on chemotherapy. Another
possible cause is that nowadays neoadjuvant chemotherapy
regimens are not well defined, and the clinical studies
performed have not found an optimal chemotherapy
association to be used as neoadjuvant therapy (119).

7. Advances in radiotherapy treatment

Another possible approach to pancreatic cancer includes the
use of radiation therapy. The use of radiation therapy to treat
pancreatic cancer has long been relegated to the background.
This is due to the inability to give effective doses in the
pancreatic territory caused by the resistance of the tissue itself,
the intraperitoneal location and the presence of underlying
organs, which generates a very wide target volume for the use
of radiotherapy. Radiotherapy also has important adverse side
effects, including intraperitoneal fibrosis and damage to vital
organs (120,121). In recent years, therapies have been developed
that allow the target volume to be reduced thanks to the use
of stereotactic radiotherapy. External stereotactic radiotherapy
makes it possible to limit the amount of irradiated tissue in
a very precise way, while administering very high doses of
radiotherapy without increasing the damage to peripheral
organs (122). Although current evidence is limited, various
authors from the American Radiology Oncology Association
have proposed an updated guideline on the use of radiation
therapy in pancreatic cancer (123). For example, benefits have
been found when using stereotactic radiotherapy as adjunctive
treatment in high-risk patients with affected margins after
surgical resection or with extensive lymphatic invasion (124).
Likewise, the usefulness of radiotherapy as a neoadjuvant
treatment has been demonstrated together with the use of
chemotherapy in patients with borderline tumors that affect
the resection border (125). Despite being a technique that has
reduced the risk of injury to adjacent organs or the presence
of pseudoaneurysms, this procedure has been associated with
numerous gastrointestinal adverse effects such as nausea,
vomiting and diarrhea, although they are usually temporary
and are directly related to the radiation therapy sessions (126).
It must be remembered that this approach currently has
numerous clinical trials underway to assess both radiotherapy
doses and assess improved long-term survival benefits. For this
reason, it is necessary to continue investigating the new options
that radiotherapy can provide in order to reduce recurrence of
the disease and control the metastatic progression.

8. Current strategies with immunotherapy

In recent years, immunotherapy has taken on a relevant role in
the treatment of various solid tumors and has made it possible to
improve survival in these patients by creating targeted therapies
that act on a wide variety of therapeutic targets. In some cases,
immune cell activity against programmed death-ligand 1
(PDL1) is promoted, such as in non-small cell lung cancer,
cell division is blocked, such as BRAF in melanoma, or cell
proliferation is limited, such as when using the tyrosine kinase
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inhibitor imatinib in chronic myeloid leukemia (127). For this
strategy to be effective, the immune system must recognize
tumor neoantigens, which differ from normal cells, to initiate
an immune response and be able to act in a directed manner
against the tumor without affecting healthy cells (128). The
larger the variability of these neoantigens the greater the
immunogenicity and the higher the immune response. In the
specific case of pancreatic cancer, one of the main problems
encountered in recent years is the low variability of tumor
antigens compared with that in other tumors (129). While some
tumors such as colon and lung tumors present with 100-1,500
neoantigens, pancreatic cancer presents with 10-60 (130,131).
Furthermore, the histological changes in mesenchymal tissue
and the desmoplastic reaction further limit the immune
system-tumor cell interaction since the immunosuppression
generated by the presence of local regulatory lymphocytes
is favored (132). This has led to the fact that single treatment
with immunotherapies such as anti-CTLA4 or -PDLI have not
shown benefits according to different clinical trials comparing
the treatments with classical gemcitabine regimens (133,134).
On the other hand, the association of immunotherapy with
chemoradiotherapy has been studied, finding partial responses
with the use of gemcitabine and ipilimumab (135). Different
studies have proposed that the combination of immunotherapy
with chemoradiotherapy promotes immunogenicity due to a
decrease in immunoregulatory lymphocytes. It has been shown
in pancreatic cancer that regulatory lymphocytes are present and
are responsible for localized immunosuppression, and therefore
limit the immune reaction (136-138). Moreover, another of the
strategies proposed in recent years is the use of vaccines, where
tumor antigens from neoplastic cells are used. For example,
one of the best-studied vaccines, the GVAX vaccine against
allogeneic antigens from neoplastic pancreatic cells irradiated to
promote an immune interaction, has been shown in combination
with immunochemiradiotherapy to increase survival time
in preliminary results of different clinical trials, such as
NCTO03161379 or NCT02648282, that are still ongoing (139).

Numerous agents such as viruses, bacteria and fungi are
also being used to continue exploring new mechanisms that
facilitate the exposure of tumor antigens to the immune system
through the use of vaccines (140). In the same way, immune
cell therapies are being used such as chimeric antigen receptor
therapy in which T lymphocytes are genetically modified to
express the chimeric antigen receptor that recognizes a specific
tumor antigen (141). This procedure involves the extraction of
T lymphocytes from the patient and the subsequent reinfusion
of modified cells, although it is still under study since it is not a
risk-free technique, as it causes immune hyperstimulation that
can be fatal in some cases (142).

Various therapeutic agents are being developed whose
targets are different points of the disease. For example, studies
have been conducted the efficacy of olaparib, which affects the
repair of the tumor cell DNA by inhibiting the enzyme poly
ADP ribose polymerase, pamrevlumab, which plays a role by
inhibiting the proliferation of the extracellular matrix, and
tyrosine kinase inhibitors such as devimistat that acts different
mitochondrial metabolic pathways of the tumor cells (143-145).
All these therapies are currently under study, although
preliminary results show that the combination of most of these
approaches together with polychemoradiotherapy improves
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survival and tumor resectability, and decreases the recurrence
of pancreatic adenocarcinoma.

9. Conclusions

Numerous limitations have been discovered over time with
regard to the treatment, diagnosis and prevention of different
tumors. Stereotactic radiotherapy, immunotherapy, cell therapy
or inhibitors of metabolic pathways are all now used in daily
clinical practice, and these innovative approaches represent
one of the main advances in the multidisciplinary management
of cancer patients. Even though a wide variety of therapeutic
agents have been developed, which have substantially improved
the quality of life and prognosis of most patients with tumors,
pancreatic cancer research continues to be one of the leading
frontiers in terms of improving patient life expectancy with
new therapies. The main limitation in performing clinical trials
in pancreatic cancer is based on the low incidence and high
mortality rates of this disease. Significant conclusions cannot
be reached in a population where great variability is found in
different disease factors, such as numerous tumor markers or
multiple therapeutic approaches, and where every individual has
to be carefully studied. However, in recent years, the numerous
biomedical research advances on pathophysiology, and molec-
ular and therapeutic targets represent a glimmer of hope in these
patients whose disease continues to have a poor prognosis.
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