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Abstract
Pancreatic Adenocarcinomas (PACs) are highly aggressive 
neoplasms. To date, surgery remains the most effective 
treatment. Adjuvant Gemcitabine is commonly is used as a 
chemotherapeutic for resected PAC patients. Previous studies 
demonstrate that Gemcitabine is incorporated into cancer cells via 
the Equilibrative Nucleoside Transporter 1 (ENT1). Hence, ENT1 
expression has been proposed as a predictive biomarker in PAC. 
However, evidence supporting its use as a prognostic biomarker 
is still lacking. Here, we investigated the prognostic value of 
ENT1 in resected chemotherapy naïve PAC patients. A total of 
87 patients with resected PAC were retrospectively included 
(exploratory cohort). ENT1 expression was analyzed by tissue 
microarray and categorized as high (H-ENT1) or low (L-ENT1). 
Clinical-pathological characteristics analyzed survival rates. Our 
findings were validated in an independent, consecutively collected 
cohort of 50 patients.

ENT1 expression was higher in tumors with favorable prognostic 
factors and correlated with overall survival. ENT1 expression 
showed to be a better prognostic factor compared to pathological 
characteristics. H-ENT1 determined a higher risk of mortality 
in pT1–T2 (HR 2.32) and pN0 (HR 2.34) in our exploratory and 
validation cohorts. Finally, in a Cox proportional hazard backward-
model, L-ENT1 correlated to decreased survival probability (HR 
4.52).

To the best of our knowledge, this is the first evidence supporting 
ENT1 as a prognostic marker in resected, chemotherapy-naïve 
PAC patients. Based on our results, we speculate that ENT1 
expression is lost during the tumor progression process and could 
be incorporated into the PAC patient risk standard evaluation.

Introduction
Pancreatic Adenocarcinoma (PAC) is one of the most frequent 
gastrointestinal malignancies and currently ranks as the fourth 
leading cause of cancer death in developed countries [1]. Its 
incidence ranges between 8–12 in 100,000, and almost 50,000 
new cases are diagnosed in the United States every year [2]. 
Most patients are diagnosed at advanced stages. About 50% 
already have distant metastasis or display locally advanced 
disease. This entails a poor survival, close to 30% at one year, 
and only 6% at five years [3]. In recent decades, several clinical 
trials have aimed to improve clinical outcomes in PAC. Despite 
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this, surgery remains the most effective treatment; unfortunately, 
this is accomplished in < 15% of cases [4]. The ESPAC-3 study 
demonstrated that Gemcitabine was the most effective adjuvant 
treatment for resected PAC, displaying similar survival compared 
to 5-Fluorouracil (5-FU) but less toxicity [5]. More recently, the 
ESPAC-4 trial showed that Gemcitabine/Capecitabine combination 
improves median survival up to 28 months versus Gemcitabine 
alone, supporting its use as the new standard of care [6].

The discovery of “companion diagnostics” and biomarkers with 
predictive (i.e., associated with treatment response) and prognostic 
(i.e., associated with independent-to-treatment survival) utility to 
guide treatment and surveillance is an area of active research. 
Nucleosides are glycosylamines formed by a nitrogenous base 
and a five-carbon sugar (either ribose or deoxyribose). These 
molecules play a variety of cell functions serving as precursors for 
nucleic acids (DNA and RNA), mediators of energy metabolism (in 
the form of ATP or GTP), and as ligands for purinergic receptors 
(like adenosine or inosine). Some of these compounds are 
hydrophilic and rely on their entry to the intracellular space to exert 
their biological functions. There are two classes of nucleoside 
transporters: Equilibrative Nucleoside Transporters (ENTs) and 
Concentrative Nucleoside Transporters (CNTs). Among ENTs 
[7], the best-characterized are human transporters ENT1 and 
ENT2. Studies have demonstrated that ENTs control the access 
of nucleosides and regulate the influx of therapeutics into cells. 
Indeed, ENT1 is the main transporter incorporating Gemcitabine 
into cancer cells. As explained above, Gemcitabine is the 
chemotherapy of choice for PAC; consequently, ENT1 expression 
has been postulated as a predictive biomarker for Gemcitabine 
response in patients [7–9]. Accordingly, a retrospective analysis 
demonstrated that high immunohistochemical ENT1 expression 
was associated with to better survival in patients treated with 
adjuvant Gemcitabine (17.1 months versus 26.2 months in low 
or high ENT1, respectively) [10]. Nevertheless, the same study 
indicated that ENT1 was not prognostic for the observational 
group. To date, no evidence supporting the prognostic utility of 
ENT1 in PAC has been reported.

Our group previously showed that ENT1 expression is a prognostic 
marker for pT2 gallbladder cancer patients [11]. Indeed, the 
median survival for low-ENT1 or high-ENT1 was 17.3 months or 
28.7 months, respectively. To the best of our knowledge, these 
results are the first evidence supporting ENT1 as a prognostic 
biomarker in oncology.

Here, we expanded our studies and assessed the prognostic value 
of ENT1 expression in two independent cohorts of PAC patients 
with resectable disease, naïve to any adjuvant treatment following 
surgery. Our data suggest that ENT1 is a predictive marker for 
Gemcitabine response and a prognostic marker in PAC.

Materials and Methods
Patients and Samples: This study adhered to all relevant 

reporting recommendations for tumor marker prognostic studies 
(REMARK) [12]. Ethics Committees of all participating institutions 
(Pontificia Universidad Católicade Chile (PUC), Hospital Dr. Sótero 
del Río (HDSR), Hospital de Valdivia (HBV) and Fundación Arturo 
Lopez Perez (FALP)) approved an ethical request for waiving the 
Informed Consent, preserving the patients’ anonymity. Tumor 
samples were retrospectively obtained from patients with PAC 
who underwent surgery between 2003 and 2015 in one of the 
four aforementioned centers. We included patients with biopsy-
confirmed diagnosis, age of 18 years or older, resectable disease, 
full clinical and pathological record, and tumor sample available 
for Tissue Microarray (TMA) study. Exclusion criteria were neo-
adjuvant and/or adjuvant treatment and death within the first 30 
days after surgery. An exploratory cohort of 87 patients was used 
to perform preliminary analyses. An independent cohort of 50 
consecutively collected patients was used to validate the results.
Tumor samples were fixed in 4% neutral buffered formaldehyde 
and embedded in paraffin. The clinical-pathological features were 
obtained from records of each center and reviewed by a centralized 
pathologist at PUC. Clinical and pathological data were integrated 
in a central database, and each patient was randomly assigned 
with a code to maintain anonymity. 

Tissue Microarray: Paraffin blocks for TMA were built using 
three representative cores from each patient sample. Sections of 
thickness 4 µm were cut and transferred to poly-L-lysine-coated 
glass slides. Blocks were deparaffinized with Histo-Clear (National 
Diagnostics, Atlanta, GA, USA), and rehydrated through an ethanol 
gradient. Heat-induced antigen retrieval was performed by 
immersing TMA slides in Tris-buffered saline containing EDTA (10 
mM Tris, 1 mM EDTA, pH 9.0) for 20 mins at 99°C. Endogenous 
peroxidase activity was suppressed with phosphate-buffered 
saline containing 3% H2O2 for 20 min. Samples were incubated 
with a protein solution for 30 min to prevent non-specific staining 
and then incubated with a rabbit monoclonal antibody against 
human ENT1 (clone SP120; Spring Bioscience, Pleasanton, CA, 
USA; 1:100 dilution) for 45 min at room temperature. According 
to the manufacturer’s instructions, the primary antibody was 
detected with the VECTA-STAIN Elite ABC Reagent and Vector 
NovaRED (Vector Laboratories, Burlingame, CA, USA). Sections 
were rinsed and counterstained with hematoxylin, dehydrated 
through air exposure and Histo-Clear rinses, and cover-slipped.

Two independent, blinded pathologists with a large experience 
in pancreatic pathology assessed and quantified the immuno-
reactivity for ENT1. The percentage of ENT1 positive cells and 
ENT1 staining were scored, and finally, the H-Score was calculated 
as previously described [13].

Statistical Analysis: A samples size of 73 patients was calculated 
for the exploratory cohort, considering the accuracy of 95%, power 
of 80%, the estimated ratio of 0.66 between samples with high 
ENT1 (H-ENT1) and low ENT1 (L-ENT), and an estimated relative 
hazard of 2.00 by following a previously described method [14]. 
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Both the ratio between analysis groups and the relative hazard 
were estimated based on previous preliminary analysis. An 
adjusted power of 90% and a relative hazard of 3.00 was set after 
the exploratory analysis to calculate the validation cohort sample 
size in 36.

The best H-Score cut-off value to classify ENT1 expression as 
high (H-ENT1) or low (L-ENT1) was obtained from a simulated 
survival analysis performed on a randomly selected subgroup of 
44 samples from the exploratory cohort by considering different 
H-Score thresholds. The simulation was 10-fold cross-validated 
on the remaining 43 samples from the exploratory cohort. Chosen 
H-Score was based on both the best survival discrimination and 
the least variability between the cross-validations. The Mann-
Whitney test performed an analysis of differences in H-Score. 
Kaplan-Meier survival curves were plotted for patients grouped 
by their clinical-pathological characteristics and ENT1 expression. 
Overall survival was defined as the time from the date of surgery 
to death. The log-rank analysis was used to test the differences 
between survival curves.

Multivariate Cox Proportional Hazard analysis was used to 
estimate the effects of clinical-pathological variables, including 
gender, residual disease, differentiation, vascular invasion, neural 
permeations, pathologic T (pT), and N (pN) according to the AJCC 
classification. Finally, a backward selection was run to select the 
least number of variables needed to obtain a significant survival 
discrimination-function.

Statistical tests were two-tailed, and a p-value lower than 0.05 
was considered statistically significant. Statistical analyses were 
performed in GraphPad Prism 6 (GraphPad, San Diego, CA, USA) 
and SPSS 20.0 (SPSS, Chicago, IL, USA).

Results
Cohort description: A total of four centers participated in this 
study and contributed with patients in similar proportions (PUC: 
26%, HDSR: 28%, HBV: 24%, FALP: 22%). For the exploratory 
cohort, the median age at diagnosis was 64 years (IQ range 53–
71). The median time of follow-up was 49 months. Only seven 
patients (8%) were alive at the end of the follow-up, with a median 
survival of 14 months (IQ range 7.3–29.4). Exploratory and 
validation cohorts did not display significant differences. Similarly, 
no differences in overall survival were found for sex, residual 
disease, tumor differentiation (well versus moderately/poorly 
differentiated), vascular invasion, neural permeations, pathologic 
T stage (pT1–T2 versus pT3–T4) or pathologic N stage is neither 
the exploratory nor the validation cohort.

Low ENT1 expression is associated with aggressive pathological 
characteristics: When analyzing patients grouped by individual 
clinical-pathological characteristics, ENT1 showed a differential 
expression for tumor differentiation (Figure 1A), vascular invasion 
(Figure 1B), and neural permeations (Figure 1C). ENT1 expression 
was higher in well-differentiated samples (H-score 46, 95% CI 

Figure 1: H-Score for ENT1 expression comparing: A. well-differentiated (N = 10) 

versus moderately/poorly differentiated (N = 77) tumors; B. tumors with negative (N 

= 30) versus positive (N = 57) vascular invasion; and C. tumors with negative (N = 16) 

versus positive (N = 71) neural permeations. Bars represents the average H-Score +/- 

standard deviation. 

1.68–90.32) versus moderately/poorly differentiated (H-score 
12, 95% CI 4.47–19.19) (p-value 0.0239). Furthermore, samples 
with negative vascular invasion showed an H-Score of 28 (95% CI 
10.62–44.38) versus 10 (95% CI 0.92–18.21) in those positive for 
vascular invasions (p-value 0.0002). Finally, ENT1 expression was 
higher in samples with negative neural permeations (H-score 36, 
95% CI 4.45–66.80) compared to those with positive permeations 
(H-score 11, 95% CI 4.00–18.53) (p-value 0.0165).



Clinical Oncology Journal

Page 4Infact Publications LLC

ISSN: 2766-9882

ENT1 expression modifies the pathological-dependent 
prognosis: Samples with an H-Score ≥ 10 were classified as 
H-ENT1 (32.2%), and those with H-Score < 10 were classified 
as L-ENT1 (67.8%), selecting the cut-off value as described in 
methods. The representative immunohistochemistry images of 
H-ENT1 and L-ENT1 tumors are shown in (Figure 1).

An analysis of the entire exploratory cohort (Figure 2) showed that 
patients with H-ENT1 or L-ENT1 had a median survival of 17.1 
months or 13.5 months, respectively (HR 1.57, 95% CI 1.00-2.47, 
p-value 0.0385). Clinical-pathological characteristics and ENT1 
expression were analyzed using a Multivariate Cox regression 
in order to weigh the independence of ENT1 in a survival model. 
Remarkably, none of the variables were individually significant 
(Table 1), suggesting that the prognostic value of ENT1 might 
depend on other clinical-pathological variables.

Consequently, a survival analysis, comparing H-ENT1 and L-ENT1, 
was performed in patients grouped by their clinical-pathological 
characteristics. Interestingly, when subgroups were analyzed by 
pT stage (Figure 3A), patients with pT1–T2 + L-ENT1 tumors had 
a similar survival (median survival 13.2 months) than those with 
pT3–T4 tumors (median survival 13.5 months), but together they 
had the worst prognosis than pT1–T2 + H-ENT1 tumors (median 
survival 33.8 months, HR 2.00, 95% CI 1.08–3.72, p-value 0.0284). 

Table 1: Multivariate Cox Regression analysis.

Variable p-value OR 95% CI

Sex 0.2191 1.36 (0.83–2.21)

Residual Disease 0.6079 1.17 (0.65–2.09)

Tumor Differentiation 0.8938 1.06 (0.45–2.51)

Vascular Invasion 0.4619 0.80 (0.44–1.45)

Neural Permeations 0.3123 1.42 (0.72–2.78)

pT Stage (AJCC 8th Edition) 0.5757 1.11 (0.77–1.60)

pN Stage (AJCC 8th Edition) 0.2598 1.37 (0.79–2.35)

ENT1 expression 0.3198 1.12 (0.89–1.31)

Figure 2: Kaplan-Meier curves at 5-years of follow-up for patients with PAC, grouped by ENT1 expression. Overall survival (y-axis) is expressed in percentage, and survival in 

months (x-axis). Patients were grouped by ENT1 expression as H-ENT1 (high expression) and L-ENT1 (low expression). 

Consistently, this result was similar in the validation cohort (Figure 
3B), where pT1–T2 + H-ENT1 tumors had an improved survival 
(median survival 21.6 months) compared to pT1–T2 + L-ENT1 
and pT3–T4 tumors (median survival 11.1 months, HR 2.32, 95% 
CI 1.07-5.03, p-value 0.0334).

When analyzing patients by the pN stage, the survival for pN0 
+ H-ENT1 patients (Figure 3C) was markedly superior (median 
survival 40.4 months) compared to those with pN0 + L-ENT1 and 
pN1 (median survival 11.7 months, HR 2.28, 95% CI 1.36–3.82, 
p-value 0.0014). As observed by pT stage analysis, this result 
was validated in the 50-patient independent cohort (Figure 3D), 
in which pN0 + H-ENT1 patients showed an improved survival 
(median survival 28.6 months) when compared to pN0 + L-ENT1 
and pN1 patients (median survival 11.6 months, HR 2.34, 95% CI 
1.18–4.64, p-value 0.0142). In summary, ENT1 expression impacts 
the risk of mortality in patients with pT1–T2 or pN0 tumors.

ENT1 expression determines survival in PAC: A backward 
selection by a Multivariate Cox Proportional Hazard analysis 
delivered ENT1 as the only significant variable to be associated 
with long-term survival. The survival probability obtained from the 
Cox Hazard model (including only ENT1 expression) was strongly 
correlated with real survival (R-Spearman 0.98) (Figure 4). 
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Figure 3: Kaplan-Meier curves at 5-years of follow-up for patients with PAC, grouped by ENT1 expression and clinical-pathological characteristics. Overall survival (y-axis) 

is expressed in percentage, and survival in months (x-axis). A and B. Survival analysis (A: exploratory cohort, B: exploratory cohort) in tumors classified as pT3–T4 (dashed 

yellow line) or pT1–T2 + L-ENT1 (continuous yellow line) versus pT1–T2 + H-ENT1 (continuous blue line). Two-sided P was calculated by comparing pT1–T2 + H-ENT1 with 

the remaining tumors. C and D.Survival analysis (C: exploratory cohort, D: exploratory cohort) in tumors classified as pN1 (dashed yellow line) or pN0 + L-ENT1 (continuous 

yellow line) versus pN0 + H-ENT1 (continuous blue line). Two-sided P was calculated by comparing pN0 + H-ENT1 with the remaining tumors.

Figure 4: Spearman´s rank correlation between the Cox´s survival probability (x-axis, 

obtained from a backward selection model in a multivariate Cox proportional 

hazard analysis) and the survival expressed in months (y-axis). The correlation was 

performed on the 87 patient exploratory cohort.

More importantly, high-risk patients (survival probability lower than 
0.5) had a median survival of 7.3 months, while low-risk patients 
(survival probability equal or greater than 0.5) had a median 
survival of 29.4 months (HR 5.64, 95% CI 16.94-54.29, p-value 
< 0.0001) (Figure 5A), which was reproduced in the validation 
cohort (HR 4.52, 95% CI 6.49-23.35, p-value < 0.0001) (Figure 5B).

Discussion
Despite the significant advances for several malignancies in 
recent decades, long-term survival for PAC patients has remained 
at about 6%, making it one of the most aggressive neoplasms [2]. 
Understanding the biological basis of PAC development may bring 
novel therapeutic options for patients. Studies have previously 
demonstrated that ENT1 expression is a robust predictive 
biomarker for Gemcitabine-based chemotherapy response [7–9]. 
Herein, we report the first evidence supporting the role of ENT1 
as a prognostic marker for chemotherapy-naïve resected PAC 
patients.
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Figure 5: Kaplan-Meier curves at 5-years of follow-up for patients with PAC, grouped 

as high risk (survival probability lower than 0.5) and low risk (survival probability equal 

or greater than 0.5) according the Cox proportional hazard analysis by backward 

selection. A. Exploratory cohort of 87 patients. B. Validation cohort of 50 patients.

Our data show decreased ENT1 expression in PAC tumors with 
moderately/poorly differentiation, vascular invasion, and neural 
permeations suggesting ENT1 loss as the tumor increases its 
aggressiveness. We speculate that fast-growing tumors display 
larger necrotic areas as a result of hypoxia [15], which decreases 
ENT1 mRNA levels [16] as a compensatory mechanism. Hence, 
ENT1 transcriptional repression may increase extracellular levels 
of adenosine [17], a potent vasodilator that reduces tumor hypoxia 
[18]. As a secondary mechanism, the ENT1 promoter contains 
several putative binding sites for a number of transcription factors 
(which may act as repressors in malignancy), including SP-1 and 
an Estrogen Response Element (ERE) [19]. These transcription 
factors can respond to pro-oncogenic pathways, such as Src and 
MAPK. Particularly, SP-1 is a downstream effector of growth-factor 
receptors [20,21] and Src-related pathways [22]. Also, ERE can be 
regulated by membrane-associated tyrosine kinases receptors 
[23]. Finally, TGF-β1 is a known activator of the Epithelial to 
Mesenchymal Transition (EMT) that also inhibits ENT1 expression 
and activity [24]. Studies demonstrate that EMT is a characteristic 
feature of highly aggressive malignancies. Interestingly, a recent 
study on a modified PAC cell line (KPC) demonstrates that ENT1 
expression is increased in Snail and Twist (genetic regulators of 
EMT) knock-outs [25].

Our results showed a strong association between lower ENT1 
expression and poorer median survival rates in PAC patients. 
As explained, ENTs have the ability to regulate the transport of 
nucleosides, nucleobases, and therapeutics, an ability that has 
far reaching implications. For example, it is well documented 
that a decrease in nucleoside transporters [26] results in an 
increase in adenosine concentration [27] in cancer tissues. 
Adenosine has a wide range of biological effects in multiple 
organ systems determined by its interaction with adenosine 
receptors. Regarding tumor aggressiveness, adenosine regulates 
at least four key processes: First, activation of A1 receptors 
promotes cell proliferation by down-regulation of p27 (a CDK 
inhibitor) and up-regulation of CDK4 [28]. Second, adenosine can 
induce angiogenesis via an endothelium-dependent mechanism 
(expression of A2A receptors on endothelial cells is increased 
during early stages of lung cancer) [29] and an endothelium-
independent mechanism (by increasing the macrophage-derived 
VEGF via A2A receptors) [30]. Studies demonstrate that blocking 
of adenosine receptor signaling reduces blood vessel density in 
the tumor parenchyma [31]. Third, adenosine seems to foster 
the immune evasion by increasing alternative macrophage-
activation toward an M2-phenotype [32], as well as promoting the 
expansion of Myeloid-derived Suppressor Cells (MDSC) through 
A2B receptors [33]. Both M2-like cells and MDSC facilitate the 
transformation of pre-malignant cells and promote tumor growth 
and metastasis by suppressing immune surveillance [34]. Fourth, 
adenosine could activate EMT. In a cell-model of low-adenosine 
breast cancer, the cells showed a reduced adhesion to the 
extracellular matrix and low migratory proficiency, while a forced 
adenosine production conferred an increased invasive potential 
and adhesion [35,36]. Finally, signaling by A2B receptors reduces 
the development of cell-to-cell adhesions, increasing the potential 
for cell spread [37]. 

In summary, we speculate the association of low ENT1 expression 
with high-risk pathological factors and poorer prognosis could 
result from more aggressive disease. This could also serve as a 
driver for a cell transformation into a more invasive phenotype via 
an EMT. Evidently, more in vitro studies are required to elucidate 
the mechanisms supporting this hypothesis, including the 
modulation of ENT1 as a novel potential therapeutic target. To the 
best of our knowledge, this is the first evidence supporting the role 
of ENT1 as a prognostic marker in PAC patients with the resected, 
chemotherapy-naïve disease. Our results suggest that ENT1 
expression could be incorporated into the standard risk evaluation 
of PAC patients. Ultimately, we expect that this work can help, 
in the future, to a better understanding of PAC pathophysiology, 
improving clinical outcomes on this devastating disease.
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