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Abstract: Pancreatic cancer will be positioned by the year 2030 as the second cause of oncological
death after lung cancer. The pathophysiology of the most common variety, which involves the
adenocarcinoma of the pancreas, represents one of the main challenges for current oncology to
explain its tumorigenesis and create a targeted treatment. The tumor microenvironment, metastatic
capacity, and lack of early diagnosis lead patients to present advanced stages at the time of diagnosis.
Despite numerous efforts, little progress has been made in clinical outcomes and with respect to
the improved survival of these patients. For this reason, in recent years, numerous diagnostic tests,
treatments, and possible approaches in the fields of radiotherapy, chemotherapy, immunotherapy,
and surgery have been developed to find a combination of methods that improves life expectancy
in patients diagnosed with this disease. On the other hand, the scientific community has made
numerous advances in the molecular bases of pancreatic cancer since several oncogenetic pathways
have been described and the markers expressed by the tumor have proven to be useful in the
prognosis of pancreatic adenocarcinoma. These molecular alterations allow the study of possible
therapeutic targets that improve the prognosis of these patients, but even numerous tumor cell-
individual interactions must be explained to understand the underlying pathophysiology causing
the high mortality. Therefore, the purpose of our study is to examine the expression of markers such
as EGFR, Cyclin D1, andCDK4 in order to find a relationship with the possible long-term prognostic
factors of patients affected by pancreatic ductal adenocarcinoma. Our results show that there is a
prognostic role for ErbB2, EGFR, beta catenin, cyclin D1, and CDK4. Of these, we highlight the
clinical importance of ErbB2 in the survival rates of patients who overexpress this component.
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1. Introduction

Pancreatic cancer is a potentially lethal malignancy representing the seventh cause of
cancer-related deaths worldwide [1]. Pancreatic ductal adenocarcinoma is the most com-
mon type of pancreatic cancer, accounting for around 90% of total cases [2]. The incidence
of this cancer is increasing worldwide, with little or no improvements in overall survival [3].
Indeed, it is expected that, by 2030, pancreatic cancer will become the second cause of cancer
death, right after lung cancer while surpassing breast, prostate, and colorectal tumors [4]. A
potential explanation of this fact resides in the increased exposure of the general population
to some of the multiple risk factors associated with the development of this cancer, which
are, to a remarkable extent (66%), potentially modifiable [5], although non-modifiable and
genetic risk factors should also be considered here [6]. Tobacco smoking, heavy alcohol
drinking, a western dietary pattern (poor in vegetables and fruits), the presence of certain
comorbidities (obesity, type 2 diabetes, and chronic pancreatitis), and deficient oral hygiene
are some of the major risk factors more strongly associated with pancreatic cancer [7].
To the augmented incidence of this type of cancer, diagnostic difficulties—either in early
screening or clinical manifestations—along with unsuccessful therapies and limited op-
portunities were added, as most of the patients were diagnosed with advanced metastatic
disease [8–10]. Thus, emphasizing adequate preventative measurements andsearching for
effective and novel approaches arise as critical points to improve the clinical management
of pancreatic cancer, therefore limiting the negative impact of such a lethal disease.

In this context, advances in the field of molecular studies have fostered broader knowl-
edge in the biological tumorigenesis of pancreatic cancer, also aiding in the elaboration
of more accurate stratification and prognosis of patients with these tumors [11,12], in
diagnosis and detection [13], as well as supporting the basis for novel therapeutical ap-
proximations [14]. In this sense, different molecules have been studied in pancreatic cancer,
although further research is required to understand the role of these components and their
possible uses in the clinical management of pancreatic cancer. Epidermal growth factor
receptor (EGFR or ErbB1) is one of the best-characterized markers in pancreatic cancer.
Prominently, the EGFR-KRAS pathway appears to provide a potential target in pancreatic
cancer, leading to a plethora of altered cell processes and linking with the activation of
additional molecular pathways [15]. Compelling evidence has proven the relevance of Wnt
and its downstream effector β catenin in the malignization and therapeutic resistance of
pancreatic cancers [16]. Integrated genomic analysis has reported multiple mutations af-
fecting this pathway in pancreatic cancer [17]. Then, the aberrant activation of beta catenin
induces the activation of critical oncogenes such as c-Myc or cyclin-D1, with important
consequences in carcinogenic processes [18]. The last component, cyclin D1, is frequently
dysregulated in many human cancers, acting as an allosteric modulator of cyclin-dependent
kinase 4 and 6 (CDK4/CDK6) and regulating the transition of G1 to S phase [19]. ErbB2
(Also known as Her2/neu) is another member of the family of EGFR. Although its mu-
tations are notably lower than EGFR, previous research has identified this component
as a potential target to consider in some patients with pancreatic cancer [20]. Thus, the
biological and translational applications in pancreatic cancer of all these elements place
them as attractive molecular markers of study.

The aim of this article is to analyze the tissue expression of EGFR, Beta catenin, cyclin
D1, CDK4, and ErbB2 in pancreatic cancer in order to find their association with the
mortality and survival of patients with this tumor. Therefore, results are obtained in order
to assess their usefulness as prognostic markers.
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2. Patients and Methods
2.1. Samples Collection

In our study, we used paraffin-embedded sections of pancreatic tissue obtained from
41 patients diagnosed with ductal adenocarcinoma who underwent surgery (curative
resection of pancreatoduodenectomy), with patients being followed for 60 months. The
diagnosis followed the principles of Esposito et al. [21] The present study was designed as
an observational, analytical, and retrospective cohort study with longitudinal follow-up.
The paraffin blocks and the different details with extensive clinical information about the
patients and the follow-up data were retrospectively reviewed.

The study was carried out in accordance with the basic ethical principles of autonomy,
beneficence, non-maleficence, and distributive justice, and its development followed the
rules of Good Clinical Practice, the principles contained in the most recent Declaration of
Helsinki (2013), and the Convention of Oviedo (1997). The data and information collected
complied with the current legislation on data protection (Organic Law 3/2018 of Decem-
ber 5, Protection of Personal Data and Guarantee of Digital Rights and Regulation (EU)
2016/679).

2.2. Histopathological and Immunohistochemical Studies

Immunohistochemical studies were performed on paraffin-embedded pancreatic tis-
sue samples. The antibody recovery step was described in the protocol’s specifications
(Table 1). Antigen/antibody reactions were detected using the avidin-biotin (ABC) com-
plex method, with avidin-peroxidase, following the protocols of Ortega et al. [22]. After
incubation with the primary antibody (1 h 30 min), samples were incubated with a 3%
BSA blocker (Catalog # 37525; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and
PBS overnight at 4 ◦C. The samples were then incubated with biotin-conjugated secondary
antibody, diluted in PBS, for 90 min at room temperature (RT; Rabbit IgG (RG-96, 1:1000,
Sigma-Aldrich/Mouse IgG (F2012/045K6072) 1:300, Sigma-Aldrich, St. Louis, MI, USA).
The avidin-peroxidase conjugate ExtrAvidin®-Peroxidase (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) was used for 60 min at RT (1:200 dilution with PBS). Then, the level
of protein expression was determined using a Chromogenic Diaminobenzidine (DAB)
Substrate Kit (cat. no. SK-4100; Maravai LifeSciences, San Diego, CA, USA), which was
prepared immediately before exposure (5 mL of distilled water, two drops of buffer, four
drops of DAB, and two drops of hydrogen peroxide). The signal was developed with the
chromogenic peroxidase substrate for 15 min at RT; this technique allows the detection of a
brown stain. For the detection of each protein, sections of the same tissue were assigned as
negative controls, substituting incubation with the primary antibody for a blocking solution
(PBS). In all tissues, the contrast was performed with Carazzi hematoxylin for 15 min at RT.

Table 1. Primary antibodies used, together with the dilutions and those specified of the protocol.

Antígen Dilution Provider Protocol Specifications

CDK4 1:250 Vitro, MAD-000597QD-3/V -

Cyclin D1 1:500 Vitro, MAD-000630QD-3/V
Preincubation with Tris-EDTA Buffer pH9 and
incubation with 0.1% TTX (Triton × 100 in TBS)

for 5 min

Beta Catenin-1 1:250 Vitro, MAD-000699QD-3/V
Preincubation with Tris-EDTA Buffer pH9 and
incubation with 0.1% TTX (Triton × 100 in TBS)

for 5 min

EGFR 1:300 Vitro, MAD-000664QD-3/V -

ErbB2 1:500 Vitro, MAD-000308QD-3/V -
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2.3. Histopathological Assessment

Tissue sections were observed using a Zeiss Axiophot light microscope (Carl Zeiss,
Oberkochen, Germany) equipped with an AxioCam HRc digital camera (Carl Zeiss,
Oberkochen, Germany). Given the important role of the proteins studied, the histological
evaluation was carried out according to the intensity of expression for immunohisto-
chemical staining with Score. Therefore, histological samples from patients diagnosed
with pancreatic cancer were classified as negative expression (0), low/medium (1), and
high (3) using the IRS Score method [23]. For each established group of subjects, seven
randomly selected microscopy fields were examined in each of the five sections. The
individuals were classified as positive when the mean proportion of the labeled sample
was superior or equal to 5% of the total sample. This was performed by calculating the
total percentage of marked tissue in each microscopy field to obtain an average of the study
sample, as previously described by Ortega et al. [22]. The observation and quantification of
the samples were carried out independently by two researchers.

2.4. Statistical Analysis

First, a normality check of markers was carried out (Kolmogorov–Smirnoff, all p < 0.001).
As we observed that they do not have a normal distribution, it was necessary to describe the
results with medians and interquartile ranges by performing non-parametric tests. Mann–
Whitney U test was used. To evaluate the association between clinicopathological and immuno-
histochemical parameters, a logarithmic rank test and Kaplan–Meier curves were developed
for survival comparisons. In order to explore the correlation of the immunohistochemical
parameters studied and the established prognosis of the variables, a univariate analysis
and a Cox proportional hazards regression analysis were used. All statistical analyses were
performed using SPSS 22.0 software (SPSS Inc., Chicago, IL, USA). Values of p < 0.05 were
considered significant.

3. Results
3.1. Clinical and Sociodemographic Characteristics

The present study was designed as an observational, analytical, retrospective cohort
study with longitudinal follow-up. A total of 41 patients were analyzed, with a median age
of 72.00 (45.00–88.00) years, of which 65.85% were men (n = 27) and 34.15% were women
(n = 14). The clinical and sociodemographic characteristics are collected in Table A1. Tumor
Stage is collected in Supplementary Table S1. In global terms, the survival of patients with
a diagnosis of pancreatic cancer was 8.00 (2.98–13.02) months.

3.2. Patients with Higher Expression of CDK4, Cyclin-D1, B-Catenin, and EGFR Show Lower
Survival to Pancreatic Cancer

In the case of Cyclin-D1, immunohistochemical studies showed that 19.51% of patients
with pancreatic cancer did not show tissue expression for this component, while in the
case of patients with low/medium expression, it was 46.34%. In contrast, 34.15% showed
high levels of Cyclin-D1. In total, 80.49% of the patients showed expressions of Cyclin-D1
(Table 2 and Figure 1C,D).

The median survival months for patients with pancreatic cancer and negative for
the tissue expression of Cyclin-D1 was 14.00 (4.29–23.70) months. However, in the case
of patients with low-medium expression, it was 13.00 (9.44–16.55) months, falling to
5.00 (2.55–7.44) months in patients with high expression (Figure 2B). Global comparisons
showed that the significance value was p < 0.001, with its Hazard Ratio (HR) of
12.07 (3.76–38.67) in patients with high expressions of Cyclin-D1.
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Table 2. Percentage of positive expression for CDK4, Cyclin-D1, B-catenin, and EGFR in pan-
creatic cancer, classified according to tissue expression levels. E-Negative = negative expression;
E-Low/Medium = tissue expression classified as low/medium; E-High = tissue expression classified
as high.

CDK4
n (Ratio%)

Cyclin D1
n (Ratio%)

B-Catenin
n (Ratio%)

EGFR
n (Ratio%)

E-Negative 6 (14.63) 8 (19.51) 7 (17.08) 5 (12.19)

E-Low/medium 16 (39.02) 19 (46.34) 19 (46.34) 14 (34.15)

E-High 19 (46.35) 14 (34.15) 15 (36.58) 22 (53.66)
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Figure 1. Kaplan–Meier curves for survival time according to tumor expression (left) and images
showing the protein expression of CDK4 and Cyclin-D1 in patients diagnosed with pancreatic
cancer (right A–D). E-Low/Medium = tissue expression classified as low/medium; E-High = tissue
expression classified as high; 320× magnification. Histological samples from patients diagnosed with
pancreatic cancer were classified as negative expression (0), low/medium (1), and high (3) using the
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Next, immunohistochemical studies showed that 17.08% of patients with pancreatic
cancer did not show tissue expression for B-catenin, while in the case of patients with
low/medium expression, it was 46.34%. In contrast, 36.58% showed high levels of B-catenin.
In total, 82.92% of the patients showed B-catenin expression (Table 2 and Figure 2A,B).

The median survival months for patients with pancreatic cancer and negative for tissue
expression of B-catenin was 17.00 (12.46–21.54) months. However, in the case of patients with
low-medium expression, it was 6.00 (4.29–7.71) months, falling to 7.00 (4.66–9.34) months in
the case of patients with high expression (Figure 2). Global comparisons showed that the
significance value was p < 0.001, with its Hazard Ratio (HR) being 10.62 (3.42–32.94) in patients
with high B-catenin expression.
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Figure 2. Kaplan–Meier curves for survival time according to tumor expression (left) and images
showing the protein expression of beta catenin and EGFR in patients diagnosed with pancreatic
cancer (right A–D). E-Low/Medium = tissue expression classified as low/medium; E-High = tissue
expression classified as high; 320× magnification. Histological samples from patients diagnosed with
pancreatic cancer were classified as negative expression (0), low/medium (1), and high (3) using the
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In the case of EGFR, immunohistochemical studies showed that 12.19% of patients
with pancreatic cancer did not show tissue expression of the tumor for EGFR, while in the
case of patients with low/medium expression, it was 34.15%. In contrast, 53.66% showed
high EGFR levels. In total, 87.81% of the patients showed EGFR expression (Table 2 and
Figure 2C,D).

Median survival months for EGFR tissue-negative pancreatic cancer patients was
17.00 (8.41–25.59) months. However, in the case of patients with low-medium expression,
it was 16.00 (13.51–18.48) months, decreasing to 6.00 (3.70–8.29) months in the case of
patients with high expression (Figure 2). Global comparisons showed that the significance
value was p < 0.001, with its Hazard Ratio (HR) of 3.26 (1.18–9.02) in patients with high
EGFR expression.

3.3. ErbB2 Is a Central Marker Associated with Mortality

Immunohistochemical studies showed that 7.33% of patients with pancreatic can-
cer did not show tissue expression for ErbB2, while 36.58% correspond to patients with
low/medium expression it was. In contrast, 56.09% showed high levels of ErbB2. In total,
92.67% of the patients showed expression of ErbB2 (Figure 3A,B).

The median survival months for patients with pancreatic cancer and negative for tissue
expression of ErbB2 was 39.00 (11.79–66.21) months; however, in the case of patients with
low-medium expression, it was 16.00 (14.21–17.79) months, falling to 6.00 (4.43–7.56) months
for patients with high expression (Figure 3). Global comparisons showed that the signifi-
cance value was p < 0.001, with its Hazard Ratio (HR) being 27,280 (3.33–223.52) in patients
with high ErbB2 expression.
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4. Discussion

Molecular studies have aided in the understanding of pancreatic cancer tumorigenesis,
also supporting the clinical management of such a deadly malignancy. Our study has
provided a direct association between pancreatic cancer survival and the overexpression of
EGFR, beta-catenin, cyclin D1, CDK4, and ErbB2. Thus, the detection of these molecules in
the tissue could serve as indicators of poor prognosis in the affected patients.

ErbB2 is the marker more clearly related to the clinical outcome in our study. Although
ErbB2 is commonly described in breast tumors [24], a growing number of studies are
starting to highlight the valuable role of this molecule as a biomarker in non-breast cancers.
However, the usefulness of ErbB2 in the prognosis of pancreatic cancer is still controversial.
Biologically, this molecule appears to be implicated in the progression and malignancy of
pancreatic cancer, collaborating with additional signaling molecules [25–27]. The protein
expression of ErbB2 is upregulated between 7 to 61% of patients with pancreatic cancer
and about 2 to 24% of patients show ErbB2 gene amplification [28]. Nonetheless, previous
studies demonstrated that ErbB2 exerts its oncogenic effect when it is overexpressed and not
only when it is amplificated [29], thereby supporting the value of studying this component
in the tissue and not only from a genetic perspective. On the one hand, some researchers did
not find any associations between ErbB2 overexpression and in clinical outcomes in patients
with pancreatic ductal adenocarcinoma [30–32]. Conversely, [33] claimed the relevance of
ErbB2 as an independent prognostic factor in patients with pancreatic cancer, associated
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with poorer outcomes. In the same line, a recent work conducted by [34,35] deepens the
prognostic value of ErbB2 in pancreatic cancer. They show that approximately 42% of
patients show tissue expression of this protein, with significant clinical consequences for
these individuals. In addition, not only those with high ErbB2 expression but also patients
with low or no expression of this component could be associated with poor outcomes and
reduced survival, due to the ErbB2 genetic heterogeneity identified in approximately in the
70% of patients studied. Hence, it could be concluded that either protein expression or gene
heterogeneity involving ErbB2 is a significant prognostic marker in pancreatic cancer. Our
results support the role of protein expression of this component in establishing survival and
anticipate clinical outcomes in patients with pancreatic tumors. Notwithstanding, the role
of ErbB2 in pancreatic cancer prognosis is well defined, and its therapeutical implications
are not as promising as expected. In this line, a phase II multicenter study evaluated the
toxicity and efficacy of combined trastuzumab plus capecitabine in patients with ErbB2
overexpressed, and it did not observe any significant improvement in this therapy versus
standard chemotherapy [36], showing the clinical difficulties of targeting this component.

EGFR is another ErbB receptor implicated in the development of multiple malignan-
cies [37]. EGFR is overexpressed in 30 to 95% according to previous studies, where its
expression correlated with advanced stages of the disease and the presence of metasta-
sis [38]. However, similarly to ErbB2, its clinical significance in the survival of patients with
this cancer is contradictory. Thus, some argue that EGFR is overexpressed in pancreatic
cancers, independently from histopathological features without predicting survival [39].
Other studies added that, rather than a marker of worse prognosis, EGFR is associated
with positive outcomes when coexpressed with one of its ligands: the epidermal growth
factor (EGF) [40]. Otherwise, some studies that observed a direct association between the
cytoplasmic expression of EGFR and shorter survival in comparison to patients with lower
expression [41,42] discussed that the higher expressions of both EGFR and CXCR4 are
associated with poor prognosis, as they might share some common synergic mechanisms.
In this line, our study shows that the combined use of all these markers might altogether
be implicated in the reduced survival observed in patients overexpressing these molecules.

Beta-catenin and one of its main downstream effectors, cyclin D1, are also augmented
in our study, being strongly correlated with a poorer prognosis in patients with pancreatic
cancer. Beta-catenin is activated by the Wnt signaling pathway, playing multiple roles in
pancreatic cancer biology. In this line, an altered expression of this component appears
to be associated with greater invasiveness [43] with the inflammatory environment [44],
drug resistance [16], and aberrant molecular pathways [45]. Because of that, we observed
a reduced survival in patients overexpressing this component. Our study is consistent
with previous research, where the nuclear overexpression of this component was asso-
ciated with poor clinical outcomes in patients with pancreatic cancer [46]. Furthermore,
Qiao et al. [47] demonstrated that increased cytoplasmic levels of beta-catenin and reduced
membrane detection were both linked with cyclin D1 overexpression and poor prognosis
in pancreatic cancer. The increased detection of cyclin D1 could also serve as a predictor
marker of poor prognosis in patients who undergo a surgery procedure [48]. Interestingly,
Bachmann et al. [49] reported different survival rates according to the polymorphic vari-
ants of the cyclin D1 gene (CCND1), finding that patients with the G870A variant were
associated with the increased protein expression of cyclin D1 and worse clinical outcomes.
Frequently, cyclin D1 forms a molecular complex with CDK4, another marker significantly
increased in our study. Previous research has described the role of cyclin D1 and CDK4
in augmented cell proliferation and poor prognosis in some types of cancer [50]. A wide
variety of oncogenic targets are regulated by this complex, and both elements are frequently
altered in pancreatic tumors, making them a profitable therapeutic approach for future
studies [19,51,52]. Although there are few studies evaluating the role of CDK4 as a prog-
nostic biomarker, its overexpression is associated with carcinogenic processes, regulating
inflammatory cytokine signaling and inducing a metastatic phenotype and cell growth [53].
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Hence, the increased detection of CDK4 could be associated with a malignant switch of
pancreatic cells, acting together with cyclin D1 and altering diverse molecular routes.

5. Conclusions

Our study has evidenced the prognostic role of a plethora of molecular markers,
including ErbB2, EGFR, beta-catenin, cyclin D1, and CDK4. Of them, we would like to
highlight the clinical significance of ErbB2 in the survival rates of patients overexpressing
this component. For all these reasons, the study of these molecules allows us to demonstrate
the importance of their implementation in the histological studies carried out in these
patients. All this can allow us to direct efforts and effectiveness in these patients for a
comprehensive and personalized diagnosis and treatment.
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Appendix A

Table A1. Clinical and sociodemographic characteristics of patients diagnosed with pancreatic cancer
included in the study. IQR = Interquartile range; n = number of patients.

Age (Median (IQR)) 72.00 (45.00–88.00)

Sex (n (Ratio%))

Men 27 (65.85)

Women 14 (34.15)

Smoking 18 (43.90)

Drinking 11 (26.83)

Obesity 2 (4.88)

Type II diabetes 15 (36.58)

Chronic pathologies 4 (9.76)

Prior malignant neoplasms 11 (26.83)

https://www.mdpi.com/article/10.3390/curroncol29040198/s1
https://www.mdpi.com/article/10.3390/curroncol29040198/s1


Curr. Oncol. 2022, 29 2451

References
1. Khalaf, N.; El-Serag, H.B.; Abrams, H.R.; Thrift, A.P. Burden of Pancreatic Cancer: From Epidemiology to Practice. Clin.

Gastroenterol. Hepatol. 2021, 19, 876–884. [CrossRef]
2. Adamska, A.; Domenichini, A.; Falasca, M. Pancreatic Ductal Adenocarcinoma: Current and Evolving Therapies. Int. J. Mol. Sci.

2017, 18, 1338. [CrossRef] [PubMed]
3. Huang, J.; Lok, V.; Ngai, C.H.; Zhang, L.; Yuan, J.; Lao, X.Q.; Ng, K.; Chong, C.; Zheng, Z.-J.; Wong, M.C. Worldwide Burden of,

Risk Factors for, and Trends in Pancreatic Cancer. Gastroenterology 2021, 160, 744–754. [CrossRef] [PubMed]
4. Rahib, L.; Smith, B.D.; Aizenberg, R.; Rosenzweig, A.B.; Fleshman, J.M.; Matrisian, L.M. Projecting cancer incidence and deaths

to 2030: The unexpected burden of thyroid, liver, and pancreas cancers in the United States. Cancer Res. 2014, 74, 2913–2921.
[CrossRef] [PubMed]

5. Maisonneuve, P.; Lowenfels, A.B. Risk factors for pancreatic cancer: A summary review of meta-analytical studies. Int. J. Epidemiol.
2015, 44, 186–198. [CrossRef] [PubMed]

6. Capasso, M.; Franceschi, M.; Rodriguez-Castro, K.I.; Crafa, P.; Cambiè, G.; Miraglia, C.; Barchi, A.; Nouvenne, A.; Leandro, G.;
Meschi, T.; et al. Epidemiology and risk factors of pancreatic cancer. Acta Biomed. 2018, 89, 141–146. [CrossRef] [PubMed]

7. Tsai, H.-J.; Chang, J.S. Environmental Risk Factors of Pancreatic Cancer. J. Clin. Med. 2019, 8, 1427. [CrossRef] [PubMed]
8. Singhi, A.D.; Koay, E.J.; Chari, S.T.; Maitra, A. Early Detection of Pancreatic Cancer: Opportunities and Challenges. Gastroenterology

2019, 156, 2024–2040. [CrossRef]
9. Loveday, B.P.; Lipton, L.; Thomson, B.N. Pancreatic cancer: An update on diagnosis and management. Aust. J. Gen. Pract. 2019,

48, 826–831. [CrossRef]
10. Becker, A.E.; Hernandez, Y.G.; Frucht, H.; Lucas, A.L. Pancreatic ductal adenocarcinoma: Risk factors, screening, and early

detection. World J. Gastroenterol. 2014, 20, 11182–11198. [CrossRef]
11. Collisson, E.A.; Bailey, P.; Chang, D.K.; Biankin, A.V. Molecular subtypes of pancreatic cancer. Nat. Rev. Gastroenterol. Hepatol.

2019, 16, 207–220. [CrossRef] [PubMed]
12. Regel, I. Complexity of molecular alterations impacts pancreatic cancer prognosis. World J. Gastrointest. Oncol. 2013, 5, 1–3.

[CrossRef] [PubMed]
13. Chu, L.; Goggins, M.G.; Fishman, E. Diagnosis and Detection of Pancreatic Cancer. Cancer J. 2017, 23, 333–342. [CrossRef] [PubMed]
14. Neoptolemos, J.P.; Kleeff, J.; Michl, P.; Costello, E.; Greenhalf, W.; Palmer, D.H. Therapeutic developments in pancreatic cancer:

Current and future perspectives. Nat. Rev. Gastroenterol. Hepatol. 2018, 15, 333–348. [CrossRef]
15. Grant, T.; Hua, K.; Singh, A. Molecular Pathogenesis of Pancreatic Cancer. Prog. Mol. Biol. Transl. Sci. 2016, 144, 241–275. [PubMed]
16. Makena, M.R.; Gatla, H.; Verlekar, D.; Sukhavasi, S.; Pandey, M.K.; Pramanik, K.C. Wnt/β-Catenin Signaling: The Culprit in

Pancreatic Carcinogenesis and Therapeutic Resistance. Int. J. Mol. Sci. 2019, 20, 4242. [CrossRef] [PubMed]
17. Bailey, P.; Chang, D.K.; Nones, K.; Johns, A.L.; Patch, A.-M.; Gingras, M.-C.; Miller, D.K.; Christ, A.N.; Bruxner, T.J.C.;

Quinn, M.C.; et al. Genomic analyses identify molecular subtypes of pancreatic cancer. Nature 2016, 531, 47–52. [CrossRef]
18. Shang, S.; Hua, F.; Hu, Z.-W. The regulation of β-catenin activity and function in cancer: Therapeutic opportunities. Oncotarget

2017, 8, 33972–33989. [CrossRef]
19. Qie, S.; Diehl, J.A. Cyclin D1, cancer progression, and opportunities in cancer treatment. Klin. Wochenschr. 2016, 94,

1313–1326. [CrossRef]
20. Chou, A.; Waddell, N.; Cowley, M.J.; Gill, A.J.; Chang, D.K.; Patch, A.-M.; Nones, K.; Wu, J.; Pinese, M.; Johns, A.L.; et al. Clinical

and molecular characterization of HER2 amplified-pancreatic cancer. Genome Med. 2013, 5, 78. [CrossRef]
21. Esposito, I.; Konukiewitz, B.; Schlitter, A.M.; Klöppel, G. Pathology of pancreatic ductal adenocarcinoma: Facts, challenges and

future developments. World J. Gastroenterol. 2014, 20, 13833–13841. [CrossRef]
22. Ortega, M.A.; Fraile-Martínez, O.; Pekarek, L.; Alvarez-Mon, M.A.; Asúnsolo, Á.; Sanchez-Trujillo, L.; Coca, S.; Buján, J.;

Álvarez-Mon, M.; García-Honduvilla, N.; et al. Defective expression of the peroxisome regulators PPARα receptors and lyso-
genesis with increased cellular senescence in the venous wall of chronic venous disorder. Histol. Histopathol. 2021, 36, 547–558.
[CrossRef] [PubMed]

23. Ortega, M.; Saez, M.A.; Asúnsolo, Á.; Romero, B.; Bravo, C.; Coca, S.; Sainz, F.; Álvarez-Mon, M.; Buján, J.; García-Honduvilla, N.
Upregulation of VEGF and PEDF in Placentas of Women with Lower Extremity Venous Insufficiency during Pregnancy and Its
Implication in Villous Calcification. BioMed Res. Int. 2019, 2019, 5320902. [CrossRef] [PubMed]

24. Krishnamurti, U.; Silverman, J.F. HER2 in Breast Cancer: A Review and Update. Adv. Anat. Pathol. 2014, 21, 100–107.
[CrossRef] [PubMed]

25. Li, Z.; Shao, C.; Liu, X.; Lu, X.; Jia, X.; Zheng, X.; Wang, S.; Zhu, L.; Li, K.; Pang, Y.; et al. Oncogenic ERBB2 Aberrations and KRAS
Mutations Cooperate to Promote Pancreatic Ductal Adenocarcinoma Progression. Carcinogenesis 2019, 41, 44–55. [CrossRef]

26. Shibata, W.; Kinoshita, H.; Hikiba, Y.; Sato, T.; Ishii, Y.; Sue, S.; Sugimori, M.; Suzuki, N.; Sakitani, K.; Ijichi, H.; et al. Overexpression
of HER2 in the pancreas promotes development of intraductal papillary mucinous neoplasms in mice. Sci. Rep. 2018, 8,
1–10. [CrossRef]

27. Gore, J.; Imasuen-Williams, I.E.; Conteh, A.M.; Craven, K.E.; Cheng, M.; Korc, M. Combined targeting of TGF-β, EGFR and HER2
suppresses lymphangiogenesis and metastasis in a pancreatic cancer model. Cancer Lett. 2016, 379, 143–153. [CrossRef]

http://doi.org/10.1016/j.cgh.2020.02.054
http://doi.org/10.3390/ijms18071338
http://www.ncbi.nlm.nih.gov/pubmed/28640192
http://doi.org/10.1053/j.gastro.2020.10.007
http://www.ncbi.nlm.nih.gov/pubmed/33058868
http://doi.org/10.1158/0008-5472.CAN-14-0155
http://www.ncbi.nlm.nih.gov/pubmed/24840647
http://doi.org/10.1093/ije/dyu240
http://www.ncbi.nlm.nih.gov/pubmed/25502106
http://doi.org/10.23750/ABM.V89I9-S.7923
http://www.ncbi.nlm.nih.gov/pubmed/30561407
http://doi.org/10.3390/jcm8091427
http://www.ncbi.nlm.nih.gov/pubmed/31510046
http://doi.org/10.1053/j.gastro.2019.01.259
http://doi.org/10.31128/AJGP-06-19-4957
http://doi.org/10.3748/wjg.v20.i32.11182
http://doi.org/10.1038/s41575-019-0109-y
http://www.ncbi.nlm.nih.gov/pubmed/30718832
http://doi.org/10.4251/wjgo.v5.i1.1
http://www.ncbi.nlm.nih.gov/pubmed/23355925
http://doi.org/10.1097/PPO.0000000000000290
http://www.ncbi.nlm.nih.gov/pubmed/29189329
http://doi.org/10.1038/s41575-018-0005-x
http://www.ncbi.nlm.nih.gov/pubmed/27865459
http://doi.org/10.3390/ijms20174242
http://www.ncbi.nlm.nih.gov/pubmed/31480221
http://doi.org/10.1038/nature16965
http://doi.org/10.18632/oncotarget.15687
http://doi.org/10.1007/s00109-016-1475-3
http://doi.org/10.1186/gm482
http://doi.org/10.3748/wjg.v20.i38.13833
http://doi.org/10.14670/HH-18-322
http://www.ncbi.nlm.nih.gov/pubmed/33645625
http://doi.org/10.1155/2019/5320902
http://www.ncbi.nlm.nih.gov/pubmed/31886225
http://doi.org/10.1097/PAP.0000000000000015
http://www.ncbi.nlm.nih.gov/pubmed/24508693
http://doi.org/10.1093/carcin/bgz086
http://doi.org/10.1038/s41598-018-24375-2
http://doi.org/10.1016/j.canlet.2016.05.037


Curr. Oncol. 2022, 29 2452

28. Omar, N.; Yan, B.; Salto-Tellez, M. HER2: An emerging biomarker in non-breast and non-gastric cancers. Pathogenesis 2015, 2,
1–9. [CrossRef]

29. Meyers, N.; Gérard, C.; Lemaigre, F.P.; Jacquemin, P. Differential impact of the ERBB receptors EGFR and ERBB2 on the initiation
of precursor lesions of pancreatic ductal adenocarcinoma. Sci. Rep. 2020, 10, 5241. [CrossRef]

30. Stoecklein, N.H.; Luebke, A.M.; Erbersdobler, A.; Knoefel, W.T.; Schraut, W.; Verde, P.E.; Stern, F.; Scheunemann, P.; Peiper, M.;
Eisenberger, C.F.; et al. Copy Number of Chromosome 17 but Not HER2 Amplification Predicts Clinical Outcome of Patients with
Pancreatic Ductal Adenocarcinoma. J. Clin. Oncol. 2004, 22, 4737–4745. [CrossRef]

31. Sharif, S.; Ramanathan, R.K.; Potter, D.; Cieply, K.; Krasinskas, A.M. HER2 Gene Amplification and Chromosome 17
Copy Number Do Not Predict Survival of Patients with Resected Pancreatic Adenocarcinoma. Am. J. Dig. Dis. 2008, 53,
3026–3032. [CrossRef]

32. Aumayr, K.; Soleiman, A.; Sahora, K.; Schindl, M.; Werba, G.; Schoppmann, S.F.; Birner, P. HER2 Gene Amplification and Protein
Expression in Pancreatic Ductal Adenocarcinomas. Appl. Immunohistochem. Mol. Morphol. 2014, 22, 146–152. [CrossRef]

33. Komoto, M.; Nakata, B.; Amano, R.; Yamada, N.; Yashiro, M.; Ohira, M.; Wakasa, K.; Hirakawa, K. HER2 overexpression correlates
with survival after curative resection of pancreatic cancer. Cancer Sci. 2009, 100, 1243–1247. [CrossRef]

34. Han, S.-H.; Ryu, K.; Kwon, A.-Y. The Prognostic Impact of HER2 Genetic and Protein Expression in Pancreatic Carcinoma—HER2
Protein and Gene in Pancreatic Cancer. Diagnostics 2021, 11, 653. [CrossRef]

35. Ortega, M.A.; Pekarek, L.; Garcia-Montero, C.; Fraile-Martinez, O.; Saez, M.A.; Asúnsolo, A.; Alvarez-Mon, M.A.; Monserrat, J.;
Coca, S.; Toledo-Lobo, M.V.; et al. Prognostic role of IRS-4 in the survival of patients with pancreatic cancer. Histol. Histopathol.
2022, 9, 18432. [CrossRef]

36. Harder, J.; Ihorst, G.; Heinemann, V.; Hofheinz, R.; Moehler, M.; Buechler, P.; Kloeppel, G.; Röcken, C.; Bitzer, M.; Boeck, S.; et al.
Multicentre phase II trial of trastuzumab and capecitabine in patients with HER2 overexpressing metastatic pancreatic cancer. Br.
J. Cancer 2012, 106, 1033–1038. [CrossRef]

37. Sigismund, S.; Avanzato, D.; Lanzetti, L. Emerging functions of the EGFR in cancer. Mol. Oncol. 2018, 12, 3–20. [CrossRef]
38. Oliveira-Cunha, M.; Newman, W.G.; Siriwardena, A.K. Epidermal Growth Factor Receptor in Pancreatic Cancer. Cancers 2011, 3,

1513–1526. [CrossRef]
39. Bloomston, M.; Bhardwaj, A.; Ellison, E.C.; Frankel, W.L. Epidermal Growth Factor Receptor Expression in Pancreatic Carcinoma

Using Tissue Microarray Technique. Dig. Surg. 2006, 23, 74–79. [CrossRef]
40. Uegaki, K.; Nio, Y.; Inoue, Y.; Minari, Y.; Sato, Y.; Song, M.; Dong, M.; Tamura, K. Clinicopathological Significance of Epi-dermal

Growth Factor and Its Receptor in Human Pancreatic Cancer—PubMed. Anticancer Res. 1997, 17, 3841–3847.
41. Ueda, S.; Ogata, S.; Tsuda, H.; Kawarabayashi, N.; Kimura, M.; Sugiura, Y.; Tamai, S.; Matsubara, O.; Hatsuse, K.; Mochizuki, H.

The Correlation Between Cytoplasmic Overexpression of Epidermal Growth Factor Receptor and Tumor Aggressiveness: Poor
Prognosis in Patients with Pancreatic Ductal Adenocarcinoma. Pancreas 2004, 29, e1–e8. [CrossRef]

42. Wu, H.; Zhu, L.; Zhang, H.; Shi, X.; Zhang, L.; Wang, W.; Xue, H.; Liang, Z. Coexpression of EGFR and CXCR4 Predicts Poor
Prognosis in Resected Pancreatic Ductal Adenocarcinoma. PLoS ONE 2015, 10, e0116803. [CrossRef]

43. Nan, J.N.; Kim, O.R.; Lee, M.A. β-Catenin expression is associated with cell invasiveness in pancreatic cancer. Korean J. Intern.
Med. 2019, 34, 618–625. [CrossRef]

44. Ren, R.; Yu, J.; Zhang, Y.; Wang, S.-F.; Guo, X.; Shen, M.; Xu, M.-D.; Jiang, M.; Zhi, Q.; Chen, K.; et al. Inflammation
Promotes Progression of Pancreatic Cancer Through WNT/β-Catenin Pathway-Dependent Manner. Pancreas 2019, 48,
1003–1014. [CrossRef]

45. Harmston, N.; Lim, J.Y.S.; Arqués, O.; Palmer, H.G.; Petretto, E.; Virshup, D.M.; Madan, B. Widespread Repression of Gene
Expression in Cancer by a Wnt/β-Catenin/MAPK Pathway. Cancer Res. 2021, 81, 464–475. [CrossRef]

46. Sano, M.; Driscoll, D.R.; DeJesus-Monge, W.E.; Quattrochi, B.; Appleman, V.A.; Ou, J.; Zhu, L.J.; Yoshida, N.; Yamazaki, S.;
Takayama, T.; et al. Activation of WNT/β-Catenin Signaling Enhances Pancreatic Cancer Development and the Malignant
Potential Via Up-regulation of Cyr61. Neoplasia 2016, 18, 785–794. [CrossRef]

47. Qiao, Q.; Ramadani, M.; Gansauge, S.; Gansauge, F.; Leder, G.; Beger, H.G. Reduced membranous and ectopic cytoplasmic
expression of β -catenin correlate with cyclin D1 overexpression and poor prognosis in pancreatic cancer. Int. J. Cancer 2001, 95,
194–197. [CrossRef]

48. Kornmann, M.; Ishiwata, T.; Itakura, J.; Tangvoranuntakul, P.; Beger, H.G.; Korc, M. Increased Cyclin D1 in Human Pancreatic
Cancer Is Associated with Decreased Postoperative Survival. Oncology 1998, 55, 363–369. [CrossRef]

49. Bachmann, K.; Neumann, A.; Hinsch, A.; Nentwich, M.F.; El Gammal, A.T.; Vashist, Y.; Perez, D.; Bockhorn, M.; Izbicki, J.R.;
Mann, O. Cyclin D1 is a strong prognostic factor for survival in pancreatic cancer: Analysis of CD G870A polymorphism, FISH
and immunohistochemistry. J. Surg. Oncol. 2015, 111, 316–323. [CrossRef] [PubMed]

50. Dong, Y.; Sui, L.; Sugimoto, K.; Tai, Y.; Tokuda, M. Cyclin D1-CDK4 Complex, a Possible Critical Factor for Cell Proliferation and
Prognosis in Laryngeal Squamous Cell Carcinomas. Int. J. Cancer 2001, 95, 209–215. [CrossRef]

51. Pishvaian, M.J.; Bender, R.J.; Halverson, D.; Rahib, L.; Hendifar, A.E.; Mikhail, S.; Chung, V.; Picozzi, V.J.; Sohal, D.; Blais, E.M.;
et al. Molecular Profiling of Patients with Pancreatic Cancer: Initial Results from the Know Your Tumor Initiative. Clin. Cancer
Res. 2018, 24, 5018–5027. [CrossRef] [PubMed]

http://doi.org/10.1016/j.pathog.2015.05.002
http://doi.org/10.1038/s41598-020-62106-8
http://doi.org/10.1200/JCO.2004.05.142
http://doi.org/10.1007/s10620-008-0267-1
http://doi.org/10.1097/PAI.0b013e31828dc392
http://doi.org/10.1111/j.1349-7006.2009.01176.x
http://doi.org/10.3390/diagnostics11040653
http://doi.org/10.14670/HH-18-432
http://doi.org/10.1038/bjc.2012.18
http://doi.org/10.1002/1878-0261.12155
http://doi.org/10.3390/cancers3021513
http://doi.org/10.1159/000093497
http://doi.org/10.1097/00006676-200407000-00061
http://doi.org/10.1371/journal.pone.0116803
http://doi.org/10.3904/kjim.2017.155
http://doi.org/10.1097/MPA.0000000000001386
http://doi.org/10.1158/0008-5472.CAN-20-2129
http://doi.org/10.1016/j.neo.2016.11.004
http://doi.org/10.1002/1097-0215(20010520)95:3&lt;194::AID-IJC1033&gt;3.0.CO;2-M
http://doi.org/10.1159/000011879
http://doi.org/10.1002/jso.23826
http://www.ncbi.nlm.nih.gov/pubmed/25470788
http://doi.org/10.1002/1097-0215(20010720)95:4&lt;209::AID-IJC1036&gt;3.0.CO;2-R
http://doi.org/10.1158/1078-0432.CCR-18-0531
http://www.ncbi.nlm.nih.gov/pubmed/29954777


Curr. Oncol. 2022, 29 2453

52. Franco, J.; Witkiewicz, A.K.; Knudsen, E.S. CDK4/6 inhibitors have potent activity in combination with pathway selective
therapeutic agents in models of pancreatic cancer. Oncotarget 2014, 5, 6512–6525. [CrossRef] [PubMed]

53. Dai, M.; Boudreault, J.; Wang, N.; Poulet, S.; Daliah, G.; Yan, G.; Moamer, A.; Burgos, S.A.; Sabri, S.; Ali, S.; et al. Differential
Regulation of Cancer Progression by CDK4/6 Plays a Central Role in DNA Replication and Repair Pathways. Cancer Res. 2021,
81, 1332–1346. [CrossRef] [PubMed]

http://doi.org/10.18632/oncotarget.2270
http://www.ncbi.nlm.nih.gov/pubmed/25156567
http://doi.org/10.1158/0008-5472.CAN-20-2121
http://www.ncbi.nlm.nih.gov/pubmed/33372040

	Introduction 
	Patients and Methods 
	Samples Collection 
	Histopathological and Immunohistochemical Studies 
	Histopathological Assessment 
	Statistical Analysis 

	Results 
	Clinical and Sociodemographic Characteristics 
	Patients with Higher Expression of CDK4, Cyclin-D1, B-Catenin, and EGFR Show Lower Survival to Pancreatic Cancer 
	ErbB2 Is a Central Marker Associated with Mortality 

	Discussion 
	Conclusions 
	Appendix A
	References

