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Abstract 

Background  We aimed to verify the role of hENT1 as a prognostic predictor for patients with resectable pancreatic 
ductal adenocarcinoma (PDAC) who underwent radical resection followed by intra-arterial infusion of gemcitabine-
based regimen.

Methods  We collected surgical samples from 102 patients with resectable PDAC who received radical resection 
followed by intra-arterial infusion of gemcitabine-based regimen. The hENT1 expression with the help of immunohis-
tochemistry was conducted using formalin-fixed and paraffin embedded tissues. The Kaplan–Meier analyses and Cox 
regression were used to evaluate the mortality hazard associated with the discrepancy between strong and weak of 
hENT1 expression. Patients’ clinical and pathological characteristics were compared between the two groups, then 
the role of hENT1 as a prognostic predictor was further explored.

Results  A total of 102 patients were included to assess the hENT1 expression. 50 patients were classified into high 
hENT1 expression group, the other 52 patients were attributed into low hENT1 expression group. High hENT1 expres-
sion was related to a significantly improved overall survival (OS) (p = 0.014) and disease-free survival (DFS) (p = 0.004). 
Both univariate (p = 0.001) and multivariate analyses (p < 0.001) indicated that high hENT1 expression was related to a 
decreased mortality.

Conclusions  High expression of hENT1 is positive prognostic factor for adjuvant intra-arterial gemcitabine-based 
chemotherapy in resectable PDAC.
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Background
As the fourth leading cause of cancer-related deaths 
worldwide, pancreatic cancer has a dismal outcome with 
5-year overall survival (OS) < 8% [1–3], despite the prom-
ising advances in basic and clinical researches. Although 
radical resection remains the only curative way to treat 
pancreatic cancer, there is still a high incidence rate of 
recurrence or metastases postoperatively [4]. The post-
operative adjuvant chemotherapy becomes the standard 
therapeutic approach to reduce the recurrence or metas-
tases after radical resection. Since the late 1990s, gem-
citabine, a deoxycytidine analogue that inhibits DNA 
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replication and repair, has become the first-line adjuvant 
chemotherapy for pancreatic cancer patients [5]. How-
ever, some patients are prone to recurrence and metas-
tasis due to their resistance to gemcitabine. In addition, 
conventional way of using systematic chemotherapy may 
increase the risk of severe side effects. So, some research-
ers suggest regional intra-arterial infusion of chemother-
apy (RIAIC) can be used as a new therapeutic strategy to 
deliver gemcitabine into the tumor tissues more selec-
tively, which is a potential treatment for pancreatic 
cancer with increased regional therapeutic effects and 
decreased whole-body side effects [6–8]. The efficient 
biomarkers of regional chemotherapy sensitivity will con-
tribute to select beneficiaries of this therapeutic strategy.

Because gemcitabine is strongly hydrophilic, it pen-
etrates the hydrophobic cellular membrane slowly [9]. 
Therefore, the efficient endocytosis of gemcitabine 
urgently needs specialized membrane transporter pro-
teins, among which human equilibrative nucleoside 
transporter 1 (hENT1) is a major one [10–12]. In  vitro 
study suggested that hENT1 gene expression was posi-
tively associated with gemcitabine chemosensitivity [13]. 
Several clinical studies indicated that pancreatic cancer 
patients with high hENT1 expression in primary tumors 
have a longer survival after gemcitabine-based chemo-
therapy than patients with low hENT1 expression (14–
17). However, other studies reported opposite results 
[18–20], in which they found that hENT1 levels did not 
predict prognosis in pancreatic cancer patients treated 
with gemcitabine-based chemotherapy. In addition, 
there is no report about the role of hENT1 expression on 
regional intra-arterial gemcitabine-based chemotherapy. 
So the role of hENT1 in gemcitabine chemosensitivity 
of pancreatic cancer needs to be verified, especially in 
regional intra-arterial infusion of chemotherapy.

In this study, we first verify the role of hENT1 as a 
prognostic predictor for pancreatic cancer patients who 
underwent radical surgery followed by intra-arterial infu-
sion of gemcitabine-based chemotherapy, in order to 
select beneficiaries of this chemo-therapeutic strategy.

Methods
Clinicopathological data
From January 2015 to December 2018, 136 patients with 
radical resection of pancreatic cancer were retrospec-
tively reviewed in the Shanghai Sixth People’s Hospital 
and Huashan Hospital. The inclusion criteria: pancre-
atic ductal adenocarcinoma (PDAC) patients who had 
received radical surgery and postoperative intra-arterial 
infusion of chemotherapy; the diagnosis had been con-
firmed by postoperative pathology. The exclusion cri-
teria: patients who had received preoperative adjuvant 
chemotherapy (n = 3) or other postoperative adjuvant 

therapy (n = 2), and those who had incomplete clinical 
data (n = 2), including one patient who was lost to follow 
up. Finally, a total of 102 patients were recruited into the 
analytical pool. All the clinicopathological characteristics 
were obtained from a periodically updated clinical data-
base. The study was approved by the Ethics Committee of 
Shanghai Sixth People’s Hospital. Informed consent was 
obtained from all individual participants included in the 
study.

Adjuvant chemotherapy
For the 102 patients, we performed a regional intra-
arterial infusion to complete the postoperative chemo-
therapy. Briefly, chemotherapeutic agents were infused 
via a transfemorally placed catheter into the celiac axis 
and superior mesenteric artery. These patients received 
gemcitabine-based chemotherapy once every 28  days 
and treated three to five times. A single-drug regimen 
[gemcitabine (1000  mg/m2)] or a two-drug regimen 
[gemcitabine (1000 mg/m2) with oxaliplatin (85 mg/m2) 
or lobaplatin (50  mg/m2) or cisplatin (75  mg/m2)] was 
used. When the catheter came into the celiac axis, half of 
the dose were infused within 15 min. When the catheter 
came into the superior mesenteric artery, the other half 
of the dose were infused within 15 min.

hENT1 immunohistochemistry
The primary tumor tissues from each patient were fixed 
by formalin and embedded by paraffin, then the immuno-
histochemistry (IHC) dyeing for hENT1 was conducted 
based on the standard protocol in previous reports [5, 
21]. Concisely, the tissue slides de-paraffinized and auto-
claved in citrate buffer at 95  °C for 40 min for unmask-
ing antigens. The tissue slides were then incubated with 
a rabbit monoclonal hENT1 antibody (10D7G2, Abnova 
Co., Taipei, Taiwan) at 4 °C for 13 h, followed by dyeing 
with an avidin–biotin system (Shanghai High-tech Inc, 
Shanghai, China). All the nuclei were counterstained 
with hematoxylin.

The hENT1 expression was present within the islets 
of Langerhans cells and lymphocytes, which was used as 
internal references. Within in tumoral cells, hENT1 dye-
ing was major seen in the cytoplasm and cytomembrane 
area. The hENT1 dyeing analysis was assessed blindly 
by two experienced observers, and the final judgement 
was made by a third observer if there was any discrep-
ancy. The hENT1 immunolabeling score was categorized 
as reported before [17]: the staining intensity for hENT1 
expression was assigned a score from 0 to 3 based on 0+, 
no staining; 1+, weakly positive; 2+, moderately posi-
tive; and 3+, strongly positive. The percentage of positive 
tumor cells was scored as follows: 0+, no positive tumor 
cells; 1+, < 50% positive cells; 2+, 50–80% positive cells; 
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and ≥ 81% positive cells. A composite score was obtained 
by calculating the sum of the above scores. The compos-
ite score ranges from 0 to 3 was assigned as low hENT1 
expression and score ranges from 4 to 6 as high hENT1 
expression.

Follow up
The methods for follow-up included centers for disease 
control, outpatient service, electronic communication, 
etc. The OS and disease-free survival (DFS) were defined 
as the time period from operation to disease-specific 
death, and from operation to the development of either 
local recurrence or distant metastases, respectively. The 
expiry date of follow-up was December 30th, 2020.

Statistical analysis
The Pearson’s X2 test or Fisher’s exact probability test was 
applied to compare the clinicopathological character-
istics of patients with high and low level of hENT1. For 
survival analysis, the Kaplan–Meier method, log-rank 
test and Cox regression analysis were used to assess the 
risk of mortality associated with the level of hENT1. All 
the statistical calculations were performed using SPSS 
software (version 23.0; IBM Inc., New York, NY, USA). A 
P < 0.05 was statistically significant.

Results
Patient’ clinical and pathological characteristics
The 102 patients consisted of 62 males and 40 females 
aged 44–82  years. Their detailed clinicopathologi-
cal characteristics are presented in Table  1. They were 
divided into two groups according to the hENT1 expres-
sion level: the low hENT1 expression group (n = 52, 51%) 
(Fig. 1A) and the high hENT1 expression group (n = 50, 
49%) (Fig. 1B). No significant differences in the basic data 
and risk factors including age, gender, tumor size, nodal 
status, tumor location, resection margin and dosing regi-
men were observed between the low hENT1 expression 
group and high hENT1 expression group.

Role of hENT1 as a prognostic predictor
102 patients were all followed (100%) with a median 
follow-up time of 30 months. Generally, all 102 patients 
had a median OS of 19 months and DFS of 14 months; 
the high hENT1 expression group had a median OS of 
28 months and a median DFS of 19 months while the low 
hENT1 expression group had a median OS of 15 months 
and a median DFS of 6  months. Figure  2 demonstrated 
that high hENT1 expression in tumor cells was associ-
ated with significantly prolonged OS (p < 0.001) and DFS 
(p < 0.001). Notably, although the number of patients 
in the high hENT1 expression group was less than the 
other group (50 vs 52) initially, for every survey point 

after surgery, there were more patients alive in the high 
hENT1 expression group.

Univariate and multivariate Cox regression analyses 
of overall survival
Univariate Cox regression analysis revealed that the fol-
lowing parameters were associated with increased mor-
tality: low hENT1 expression in the primary tumor (HR 
2.27; 95% CI 1.42–3.64; p = 0.001), positive lymph node 
(HR 1.78; 95% CI 1.12–2.83; p = 0.015), and poor tumor 
differentiation (HR 2.50; 95% CI 1.48–4.24; p = 0.001). 
The multivariate Cox regression analysis showed that low 
hENT1 expression in the primary tumor (HR 2.14; 95% 
CI 1.33–3.49; p = 0.002), positive lymph node (HR 1.97; 
95% CI 1.23–3.16; p = 0.005), and poor tumor differentia-
tion (HR 2.58; 95% CI 1.47–4.51; p = 0.001) as independ-
ent prognostic factors still retained their negative impact 
on survival (Table 2).

Discussion
Gemcitabine must be transported across the plasma 
membrane as the first step to its conversion into active 
drugs, but it is strongly hydrophilic and associated with 
slow passive diffusion through hydrophobic cellular 
membranes. Therefore, the membrane permeability of 
tumor cells should be an important indicator to predict 
the efficacy of gemcitabine. Compared to systematic 
chemotherapy, this permeability may be more predictive 
in regional perfusion chemotherapy, because regional 
perfusion chemotherapy avoids systemic metabolism 
and directly acts in the local region. Efficient permeation 
of gemcitabine across cell membranes requires special-
ized integral membrane transporter proteins. Among 
these transporters, the hENT1 is the major mediator of 
gemcitabine uptake into human cells [22–26]. Cells lack-
ing hENT1 are highly resistant to gemcitabine [26]. The 
hENT1 protein, which localizes in plasma and mitochon-
drial membranes, mediates the majority of gemcitabine 
transport in preclinical models [27–29]. The nucleoside 
transport inhibitors nitrobenzyl thioinosine or dipyrida-
mole reduced sensitivity to gemcitabine by 39- to 1800-
fold [26]. These data of basic research laid the foundation 
for hENT1 to become a biomarker for the chemotherapy 
sensitivity of gemcitabine, which needs to be further con-
firmed by clinical studies especially in regional intra-arte-
rial infusion chemotherapy.

Most clinical studies including systematic reviews and 
meta-analyses reached the conclusion that high hENT1 
expression is predictive of gemcitabine sensitivity in the 
systematic chemotherapy of PDACpatients [30–34]. 
Especially in adjuvant chemotherapy, a number of stud-
ies already reported the hENT1 is a strong independ-
ent prognostic factor in PDAC patients who receive 
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gemcitabine-based chemotherapy after surgery. Com-
pared to the above studies, our study first investigates 
the role of hENT1 expression in regional intra-arterial 
infusion of gemcitabine after radical resection in resect-
able PDACpatients. The results showed that high hENT1 
expression in tumor cells is associated with a significantly 
increased OS and DFS. These data that high hENT1 
expression in PDAC is an important sensitive marker of 
gemcitabine-based chemotherapy, including systematic 
and local chemotherapy.

Accurate methods and procedures of tumor sam-
ple detection are crucial to judge the predictive value 
of hENT1. Attention should be paid to the following 
aspects: (1) Selection of specific antibody. It has been 
reported that the expression level of hENT1 detected 
by the specific antibody used in our study has a strong 

predictive value, while other antibodies have poor speci-
ficity and predictive value [35].  (2) Selection of samples 
from targeted localizations. There are differences of 
hENT1 expression between samples from primary locali-
zations and metastatic localizations, as well as between 
simultaneous and metachronous metastases [35]. (3) 
Selection of samples taken before chemotherapy. Stud-
ies were considered eligible if they met the criteria: 
measurement of pretreatment values and evaluation of 
the potential association between pretreatment hENT1 
and the survival outcome. For example, a retrospective 
study reported hENT1 level did not predict prognosis 
in PDACpatients treated with neoadjuvant chemoradia-
tion including gemcitabine, in which hENT1 expression 
was evaluated in the surgical sample after neoadjuvant 
chemoradiation [18]. This contradictory result might 

Table 1  Clinicopathologic characteristics of 102 patients with pancreatic ductal adenocarcinoma

SD, standard deviation; DM, diabetes mellitus; †χ2 test, except; ‡t test

Characteristics Low hENT1 expression group High hENT1 expression group p value†

(n = 52) (n = 50)

No % No %

Age 0.29‡

 Mean ± SD 62.19 ± 8.93 64.32 ± 8.15

Gender 0.33

 Male 34 65.4% 28 56.0%

 Female 18 34.6% 22 44.0%

Karnofsky performance status Score 1.00‡

 Mean ± SD 75 ± 10 75 ± 10

Tumor size 0.15

 ≥ 3 cm 40 76.9% 32 64.0%

 < 3 cm 12 23.1% 18 36.0%

Nodal status 0.86

 N0 30 57.7% 28 56.0%

 N1 22 42.3% 22 44.0%

Tumor location 0.17

 Head 36 69.2% 28 56.0%

 Body/tail 16 30.8% 22 44.0%

Resection margin 0.47

 R0 34 65.4% 36 72.0%

 R1 18 34.6% 14 28.0%

DM 0.16

 With 14 26.9% 20 40.0%

 Without 38 73.1% 30 60.0%

Jaundice 0.17

 With 16 30.8% 22 44.0%

 Without 36 69.2% 28 56.0%

Dosing regimen 0.33

 Single-drug regimen 31 59.6% 25 50.0%

 Two-drug regimen 21 40.4% 25 50.0%
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be explained by the potential preferential eradication of 
tumor cells with high expression of hENT1 by the neoad-
juvant treatment. (4) Selection of IHC analysis. Although 
the predictive value of hENT1 expression measured by 
IHC are similar to polymerase chain reaction (PCR), IHC 
analysis is used widely for evaluating molecular mark-
ers in clinical tissue specimens [30, 31, 35]. Several more 
sophisticated methods, such as cDNA microarray, fluo-
rescence in  situ hybridization and quantitative reverse 
transcriptase PCRare still impractical in routine clinical 
settings. (5) Selection of surgically resected specimens. 
The predictive value of hENT1 expression level detected 
in needle biopsy specimens is inferior to the surgically 
resected specimens [36]. Thus, the studies of predictive 
value of hENT1 in palliative and neoadjuvant chemother-
apy often draw negative conclusions, as needle biopsy 
samples are often used to detect hENT1 expression level 
[19, 20]. However, obtaining surgical resection specimen 

is convenient for the detection of hENT1 expression 
before postoperative adjuvant chemotherapy. Therefore, 
the conclusions of our study are reliable under the prem-
ise of following the above procedures. In our study, mul-
tivariate analyses showed that low hENT1 expression in 
the primary tumor is an independent prognostic factor 
for the regional intra-arterial infusion of gemcitabine in 
PDACpatients after radical resection.

Conclusions
In summary, our study shows that the PDACpatients with 
high hENT1 expression may benefit from regional intra-
arterial infusion chemotherapy of gemcitabine. hENT1 
becomes an available biomarker for the chemotherapy 
sensitivity of gemcitabine in the treatment of PDACpa-
tients, especially in postoperative regional intra-arterial 
infusion chemotherapy. Future investigation of hENT1’s 

Fig. 1  Immunohistochemical analysis of hENT1 expression in pancreatic ductal adenocarcinoma tissues. Representative immunohistochemical 
results of low hENT1 expression (A) and high hENT1 expression (B). Magnification × 200

Fig. 2  Kaplan–Meier survival curves of 102 patients with pancreatic ductal adenocarcinoma. A Patients with low hENT1 expression had significantly 
shorter median overall survival (OS) than those with high hENT1 expression (15 mon vs 28 mon, P < 0.001). B Patients with low hENT1 expression 
had significantly shorter median disease-free survival (DFS) than those with high hENT1 expression (6 mon vs 19 mon, P < 0.001)
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role in this type of treatment, if possible, could shed light 
on performing a randomized controlled trial.
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