
Page 1/11

GLUT-1 as a predictor of worse prognosis in
pancreatic adenocarcinoma:
immunohistochemistry study showing the
correlation between expression and survival.
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Abstract
Background. Various parameters have been considered for predicting survival in pancreatic ductal
adenocarcinoma. Information about western population is missing. The aim of this study is to assess the
association between Glucose transporter type 1 (GLUT-1) expression and prognosis for patients with
PDAC submitted for surgical resection in a European cohort.

Methods. Retrospective analysis of PDAC specimens after pancreatoduodenectomy assessing GLUT-1
expression according to intensity (weak vs strong) and extension (low if <80% cells were stained, high if >
80%) was performed. Statistical analysis was performed using the exact Fisher test, Student t test or the
Mann-Whitney U test. Survival was analysed using the Kaplan-Meier method and compared with the Log-
rank test. The differences were considered signi�cant at a two-sided p value of < 0.05. All statistical
analyses were performed using SPSS® 23.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results. Our study consisted of 39 patients of which 58.9% presented with weak and 41.1% with strong
intensity. The median extension was 90%: 28.2% cases presented with a low extension and 71.8% with a
high extension. No signi�cant differences related to intensity were found. The high-extension group
showed a higher percentage of T3 PDAC (92.9% vs 63.6%, p=0.04) and LNR20 (35.7% vs 0%, p=0.03) as
well as shorter disease-free survival (17.58 vs 54.46 months; p=0.05).

Conclusions. Our �ndings suggest that GLUT-1 could be related to higher aggressivity in PDAC and could
be used as a prognostic marker, identifying patients with a worse response to current therapies who could
bene�t from more aggressive treatments.

Background
Pancreatic carcinoma is one of the most aggressive tumours in humans and is the fourth greatest cause
of cancer mortality in Europe(1). Surgical resection is the only chance of cure and long-term survival in
resectable tumours(2). However, only 15–20% of patients with carcinoma of the pancreas are
subsidiaries of curative resection and �ve-year survival remains low, compared with other digestive
tumours(3). In patients undergoing resection, various clinical and pathological prognostic parameters
such as tumour type and size, lymph node involvement, the radicality of resection, degree of
differentiation, lymphatic, vascular or perineural in�ltration, and speci�c oncogene mutations have been
considered as prognostic factors(4–6). In recent years, new molecular prognostic markers have been
investigated to optimise the reliability of prognostic information and select subgroups of patients who
could bene�t from speci�c treatment algorithms. An example of these are mutations in breast cancer
genes and greater sensitivity to combinations with chemotherapy(7,8). The Glucose Transporter type 1
(GLUT-1) is one of 14 in a family of facilitators of glucose transport in mammals; it is one of the most
ubiquitously distributed subtypes. They are passive transporters that use an independent energy system
to transport glucose through concentration gradients. Their expression and activity are regulated by
growth factors and oncogenes.



Page 3/11

Numerous studies have shown that GLUT-1 overexpression in tumours from different sites can suggest a
worse prognosis, such as in colorectal cancer(9), lung cancer(10), mesothelioma(11), head and neck
carcinoma(12), ovarian cancer(13), urothelial carcinoma(14), prostate cancer(15), esophagogastric
cancer(16,17) and sarcomas(18). The existing data on the prognostic signi�cance of the overexpression
of GLUT-1 in pancreatic ductal adenocarcinoma (PDAC) has been limited and not consistent, having
increased exponentially in recent years with positive results. The current study aims to explore the
association between GLUT-1 expression and prognosis in a European cohort of patients undergoing
pancreaticoduodenectomy (PD) for PDAC after a long-term follow-up.

Methods
We conducted a retrospective cohort study of patients diagnosed with PDAC undergoing PD in our centre
during the period 2006 to 2013 with subsequent follow-ups until November 2018.

Inclusion criteria.

Consecutive patients undergoing PD with a diagnosis of adenocarcinoma of the head of the pancreas,
who had su�cient histological material to make the stains, were included. Patients older than 18 years
old, in whom a multislice computed tomography (CT) was diagnostic of resectable PDAC, who had not
received preoperative chemotherapy or radiotherapy, and who had an American Society of
Anaesthesiologist classi�cation (ASA) of I, II, or III, were included. Patients with unresectable
intraoperative pancreatic tumours, in whom surgical resection was not performed or whose �nal
pathology was not adenocarcinoma were excluded.

Demographic and staging parameters.

For each patient, the following data were extracted from the institutional pancreas database:
demographic parameters (age, gender, body mass index [BMI], ASA, comorbidities and symptoms at
diagnosis), postoperative complications (reported as per the Clavien-Dindo classi�cation(19)), staging
parameters (tumour size [T], lymph node status [N], lymph node ratio 20 [LNR20], de�ned as the ratio
between affected and total retrieved lymph nodes being higher than 20%, tumour differentiation, stage,
vascular, perineural and lymphatic invasion, positive resection margin rate [R] and recurrence), and
survival parameters (disease-free survival [DFS] and overall survival [OS], measured from surgical
intervention to recurrence or death respectively).

Resectability criteria.

For all patients included in the study, prior to surgical intervention, the resectability of the tumour was
assessed during the Multidisciplinary Team Meeting of Digestive Surgery at our centre. All the patients
included in the study underwent a 64-slice CT (Siemens Somaton Sensation 64 ® - Siemens Healthcare ©
- Erlangen, Germany). The lesions were considered resectable in the absence of extended disease or
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vascular in�ltration (presence of fatty planes around the vessels) or contact with the superior mesenteric
vein or portal vein ≤ 180º in the absence of vein contour irregularity(20).

Surgical technique.

All patients underwent a classic Whipple procedure performed by experienced pancreatic surgeons. End-
to-side duct-to-mucosa pancreaticojejunostomy or dunking pancreaticojejunostomy was performed at the
surgeons’ discretion, depending on the pancreas consistency. End-to-side hepaticojejunostomy and
transmesocolic end-to-side, double layer gastrojejunostomy was the standard technique used in our unit.

Staining protocol.

Each surgical piece was assessed with a ultraView Universal DAB v1.02.0018 detection kit (Ventana
Medical Systems, Tucson, Arizona). For diagnostic purposes, 5 µm-thick para�n sections were stained
with hematoxylin and eosin. All the histological preparations were reviewed by two pathologists without
previous knowledge of the prognostic factors and/or clinical evolution. Our GLUT-1 protocol consisted of
heating the slides to 65ºC and incubating them for 12 minutes in a stove. Afterwards, dewaxing was
carried out at 72ºC for 8 minutes with xylene, 99º ethanol and 96ºC ethyl. Then cellular conditioning was
performed at 95ºC for 8 minutes. The buffer was subsequently washed at 36° for 4 minutes. After
washing, the sections were incubated with a drop of UV INHIBITOR (cell inhibitor) for 4 minutes at 36 °C,
then with a drop of GLUT-1 (rabbit polyclonal antibody, Roche) for 32 minutes and afterwards with a drop
of universal multimeric antibody for 8 minutes. Next, a drop of chromogen diaminobenzidine was used
as the substrate in the colour development reaction and incubated for 8 minutes. The sections were then
counterstained with hematoxylin and incubated for 12 minutes. Finally, a drop of Bluing reagent was
applied to the counterstained tile and incubated for 4 minutes.

Pathological analysis.

A sample corresponding to the surgical specimen after PD of each patient was analysed by two
independent investigators who were unaware of the outcome of the patients. The expression of GLUT-1
was considered positive when it was present in the membrane, the cytoplasm, or both. The erythrocytes
and perineurium were considered as internal positive controls for GLUT-1 staining. Each preparation was
evaluated at 4, 10, and 40 magni�cation. The staining was evaluated by two parameters: intensity and
extension. The intensity was classi�ed as weak or strong, de�ning strong as the same intensity as that of
the positive controls; the extension was de�ned by the percentage of cells that presented the strongest
staining (cytoplasmic, membranous, or both), which were subsequently grouped in low extension (< 80%
of cells stained) versus high extension (≥ 80% of cells stained), thus identifying two groups for later
comparison as reported previously in the literature.

Statistical analysis.

Descriptive data were expressed as counts and proportions for categorical variables; continuous
variables were presented as a median within an interquartile range. Statistical analysis was performed
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using the exact Fisher test for the comparison of categorical variables and the Student t test or the Mann-
Whitney U test for continuous variables. Survival was analysed using the Kaplan-Meier method and
compared with the Log-rank test. The differences were considered signi�cant at a two-sided p value of < 
0.05. All statistical analyses were performed using SPSS® 23.0 for Windows (SPSS Inc., Chicago, IL,
USA).

Results
Demographic and surgical parameters.

Our study sample consisted of 39 patients with an average age of 68.4 years. The distribution by sex
corresponded to 23 men and 16 women. The rest of the data are included in Table 1. End-to-side duct-to-
mucosa pancreaticojejunostomy anastomosis was performed on 35 patients and dunking on four. The
median surgical time was 420 minutes (360–535 minutes) and the median blood loss was 350 ml (200–
612 ml). Regarding complications data, 17 patients had an uneventful postoperative course, 11 patients
had Clavien-Dindo complications graded < 3, and 11 patients graded ≥ 3. There was a case of reoperation
with subsequent death. Thirty patients presented recurrence, with the most frequent location being the
liver with 13 patients (33.3%). The median follow-up was 16 months (9.7–39.2 months) and 25% of the
patients had a follow-up longer than 40 months. The median DFS was 8 months (5–20.5 months); 32
patients died during the follow-up. The median OS was 16 months (9.7–39.2 months).

Staining parameters.

GLUT-1 was overexpressed in all pancreatic cancer samples while there was no expression in adjacent
normal pancreatic tissue. According to the intensity of the samples, 23 patients presented weak staining
(58.9%) and 16 presented strong staining (41.1%). With regards to extension, the median was 90%, 11
patients (28.2%) had low-extension (< 80%) and 28 patients (71.8%) had high-extension (Fig. 1).

Comparison of GLUT-1 intensity with prognostic variables and survival analysis.

Patients were divided in weak versus strong intensity (same as the positive controls) for comparison
purposes. No signi�cant differences between the groups were found; nevertheless, strong staining
seemed to present a higher rate of N+ (62.5% vs 47.8%, p = 0.51), worse tumour differentiation (43.8% vs
13.6%, p = 0.06), higher rate of R1 (62.5% vs 47.8%, p = 0.51), and higher recurrence rate (87.5% vs 69.6%,
p = 0.26) as shown in Table 2. Regarding survival analysis, the results did not reach statistical
signi�cance, although both DFS and OS were shorter in the strong intensity group (23.54 vs 27.14
months, p = 0.30 and 37.57 vs 41.36 months, p = 0.62) (Fig. 2).

Comparison of GLUT-1 extension with prognostic variables and survival analysis.

Patients were divided into low versus high extension groups (cut off at 80% of stained cells). Regarding
demographic parameters, no differences between the groups were identi�ed. The high extension group
showed a higher percentage of T3 PDAC (92.9% vs 63.6%, p = 0.04), and higher LNR20 (35.7% vs 0%, p = 
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0.03). Moreover, the higher extension also correlated with a higher rate of N+ (64.3% vs 27.3%, p = 0.07),
worse tumour differentiation (42.9% vs 16.7%, p = 1), and higher recurrence rate (85.7% vs 54.5%, p = 
0.08) (Table 2). Regarding survival, the high extension group showed a signi�cant decrease in DFS (17.58
vs 54.46 months; p = 0.05). OS was also shorter in the high-extension group (32.26 vs 56.37 months; p = 
0.12), without reaching signi�cant differences (Fig. 2).

Discussion
There has been little progress in pancreatic cancer treatment compared to cancers in other locations
during recent decades(4,21). With such a background, it seems clinically important to �nd markers that
can identify subgroups of patients who may bene�t from aggressive therapy in an attempt to improve
survival(22). A variety of clinical and pathological factors have been reported(23); however, there is still
controversy over which ones can be used as independent predictors and the signi�cance of their
in�uence on patient survival(24). Regarding pancreatic carcinoma, an immunohistochemical
overexpression of GLUT-1 has been described as being associated with a worse prognosis. Our study
correlates with the �ndings of previous studies because patients with a higher percentage of stained cells
had signi�cantly larger tumours and greater lymph node involvement. Tumour differentiation and
recurrence also showed a positive trend in the high-intensity and extension groups. DFS was signi�cantly
shorter in the high-extension group and both DFS and OS seemed to be shorter in both analyses, despite
not reaching signi�cance.

The study by Lyshchik et al.(24) was one of the �rst to investigate the immunoreactivity of tumour cells
marked with GLUT-1. The researchers divided patients into �ve groups, assigning points based on the
percentages of stained cells; this was a negative study and the results did not show any signi�cant
correlation between GLUT-1 expression and patient survival. Another study(3), in which patients were
divided using similar criteria, found signi�cant differences regarding histological grade. Moreover, in the
multivariate analysis, the stage and GLUT-1 expression were prognostic factors when stratifying the
extension into < or > 50%. In this study, expression in preneoplastic lesions was also analysed; it was
negative in PANIN 1 but positive in 27.8% and 43.8% of PANIN 2 and 3, respectively. Similarly, no
expression was seen in low-grade IPMN while 60% of high-grade IPMN presented strong expression.
These results were corroborated by Basturk et al.(2), whose study again showed a progressive increase in
the expression of GLUT-1 as they analysed higher graded lesions and that not only the histological grade
but also tumour size correlated to higher expression of GLUT-1. Similar results were found in two recent
retrospective studies(21,25) and one metanalysis(26) regarding bigger tumour size, a further advanced
stage, lymphatic metastases, and shorter OS. It was also seen that in multivariate analysis GLUT-1
expression was an independent prognostic factor. Finally, Kurahara et al.(27) presented the �rst study
including patients with neoadjuvant therapy whose results also support our �ndings, showing that those
with low GLUT-1 expression displayed a better therapeutic response to neoadjuvant chemotherapy, thus, a
better prognosis. However, the limitation of this study, is that chemotherapy used is only available in
Japan and the population recruited in the study was Asian, which could make those results non-
transposable to western countries. Due to the time the patients were initially treated, our study does not
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include patients with neoadjuvant treatment but a long follow-up, uncommon in this type of study, is
applied in a western population and is a homogeneous sample of patients with adenocarcinoma of the
head of the pancreas only, thus eliminating confounding factors.

Limitations.

The authors recognise some limitations of this study. Due to its retrospective nature and the time frame
between the initial treatment and the current era, great developments and experience have been gained in
the different �elds, namely intensive care management, surgery, and oncology. These changes in
management could have modi�ed patient survival. Besides, a small number of patients were enrolled and
for a high number of advanced cases (most of them were T3, N1, IIB, poorly differentiated, and had high
extension) it could have been di�cult to obtain signi�cant differences. Moreover, subtypes other than
GLUT-1 were not included. Therefore, further studies, on larger populations and with more types of GLUTs
and other metabolic markers, could help to elucidate the role of these immunodiagnostic tools and the
molecular mechanism underlying in the carcinogenesis of pancreatic cancer.

Conclusion
Our study demonstrated that overexpression of GLUT-1 was related to bigger tumours and increased
percentage of N + PDAC. In terms of survival, the OS did not reach signi�cant differences but patients
with more extensive staining were found to have signi�cantly shorter DFS. Our �ndings suggest that
GLUT-1 could be related to higher aggressivity in PDAC, therefore, our paper supports previous studies
con�rming the already known idea that GLUT-1 could be a prognostic marker, identifying patients with a
worse response to current therapies who could bene�t from more aggressive treatments. Further
prospective studies are warranted to con�rm our results.
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Figures

Figure 1

A. Weak (left) and strong (right) staining. B. Intraneural (left) & perineural invasion (right). C. Lymph node
invasion.
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Figure 2

Comparison of GLUT-1 intensity and extension and survival analysis.
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