
© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(4):2824-2837 | http://dx.doi.org/10.21037/tcr.2020.02.50

Introduction

Head and neck squamous cell carcinoma (HNSCC) is a 
common malignant tumor, its morbidity ranks sixth among 
all malignant tumors, and, worldwide, the number of new 
cases is exceeds 500,000 each year (1). Although some new 
functional surgeries have used recently and patient quality 
of life has improved greatly, the 5-year survival rate for 
some HNSCC patients (laryngeal and hypopharyngeal 
carcinoma patients) has not improved significantly in the 
last 40 years (2). The poor survival associated with the 

advanced stage at diagnosis for the majority of cases and 
the lack of individual treatment. Thus, understanding 
the molecular biology of laryngeal and hypopharyngeal 
carcinoma is important for early diagnosis and treatment, 
and may eventually provide new therapeutic targets for 
laryngeal and hypopharyngeal carcinoma.

Warburg and colleagues found that, compared with 
normal tissue under aerobic conditions, the glucose 
consumption and lactic acid production of tumor tissues 
were increased. Indeed, the metabolism of malignant 
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tumors uses aerobic glycolysis, which is now called 
the Warburg effect (3). GLUT is an important energy 
transporter that mediates the Warburg effect. The glucose 
transporter is a protein that mediates the transmembrane 
transport of glucose, which is a major reason for the 
increased glucose metabolism seen in malignant tumor 
cells. GLUT-1 is a representative protein of the GLUT 
family and is widely expressed in cells of many body tissues. 
GLUT-1 is overexpressed in many malignant tumors to 
meet the energy needs of malignant tumor cells, including 
head and neck, lung, brain, breast, cervical, bladder, 
colorectal, esophageal, gastric, hepatocellular, ovarian, 
renal cell, pancreatic, thyroid, penile, and uterine cancers 
(4-6). GLUT-1 overexpression has been correlated with 
various tumor characteristics, including enhanced invasive 
potential, proliferative activity, decreased patient survival 
(7-10), tumor differentiation (11), and tumor stage (12). 
Our previous study found that GLUT-1 overexpression 
was associated with lymph node metastasis, progression, 
and poor prognosis in head and neck cancer (13), and the 
expression of GLUT-1 may be an independent predictor 
of survival in laryngeal carcinomas (14). However, the 
relationships between the expression of GLUT-1, 
clinicopathological features and prognosis in laryngeal and 
hypopharyngeal carcinomas have rarely been examined.

Hypoxia is a common phenomenon in solid tumors 
and is associated with poor prognosis in several types of 
cancer, including laryngeal squamous cell carcinoma and 
ovarian, breast, gallbladder, and pancreatic cancers (15). 
GLUT-1 has been considered a possible intrinsic marker 
of hypoxia in malignant tumors, and GLUT-1 is one of 
the downstream genes of HIF-1. HIF-1 is an important 
hypoxia-inducible factor (16). HIF regulates several 
aspects of tumorigenesis, including tumor angiogenesis, 
cell proliferation, metabolism, metastasis, differentiation, 
and the response to radiotherapy, HIF is an important 
regulatory factor of the malignant phenotype (17,18). Many 
studies have shown that overexpression of HIF-1α played 
a role in tumor invasion, metastasis, angiogenesis, and 
resistance to chemotherapy (19), and was correlated with 
tumor stage and differentiation (20), as well as decreased 
disease-free survival and OS (21). Our previous work and 
other studies showed that the expression of HIF-1α was 
associated with lymph node metastasis, T stage, prognosis, 
and the radiation resistance of laryngeal squamous cell 
carcinomas (14,22). Thus, the expression of HIF-1α may 
be a predictor of laryngeal and hypopharyngeal carcinoma 
prognosis.

The Warburg effect has been demonstrated by the 
clinical application of positron emission tomography-
computed tomography (PET/CT), typically with the 
marker 18F-FDG, an analog of glucose. PET/CT has 
been used widely for early diagnosis of malignant tumors, 
evaluation of treatments, and monitoring of malignant 
tumor recurrence, metastasis, and residue after treatment. 
The 18F-FDG uptake mechanism is not entirely clear, 
but recently, more studies have focused on the effects of 
GLUT-1 and HIF-1α on the regulation of tumor cell 
18F-FDG uptake, but the results have been controversial. 
Some researchers have found that SUVmax was associated 
with prognosis, recurrence, and metastasis in some 
malignant tumors (23,24). A meta-analysis of 674 patients 
with HNSCC found that pretreatment 18F-FDG-PET 
SUVmax or SUVmean was associated with a poor prognosis in 
patients with head and neck cancer (25). However, whether 
18F-FDG SUV is a reliable prognostic factor in head and 
neck cancer remains controversial, Kitajima et al. found 
that the primary tumor SUVmax of laryngeal carcinoma 
was not associated with prognosis, but the nodal SUVmax 
was significantly associated with prognosis of laryngeal 
carcinoma (26). Some studies, including our previous 
study, found that 18F-FDG PET/CT SUVmax in laryngeal 
and oral squamous cell carcinoma was associated with the 
expression of GLUT-1 and HIF-1α (27,28). Yamada found 
that 18F-FDG uptake in oral squamous cell carcinoma at an 
early stage was correlated with the expression of GLUT-
1 and HIF-1α, but in later-stage tumors, 18F-FDG was not 
correlate with the expression of GLUT-1 or HIF-1α (28).  
Also, pretreatment 18F-FDG SUVmax in patients with 
laryngeal cancer was associated with survival, and may be a 
prognostic factor in these patients (27).

In this study, we explored relationships between 
the express ion of  GLUT-1 and HIF-1α ,  SUV max, 
clinicopathological factors, and prognosis in patients with 
laryngeal and hypopharyngeal carcinomas. Specifically, 
we analyzed correlations between GLUT-1 and HIF-1α 
expression and SUVmax. 

Methods

Ethics statement 

The studies have been approved by the appropriate 
institutional committee and have been performed in 
accordance with the ethical standards as laid down in the 
1964 Declaration of Helsinki and its later amendments 
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or comparable ethical standards. Informed consent was 
obtained from all individual participants included in the 
study.

Clinical data

This study involved 55 patients in whom laryngeal or 
hypopharyngeal carcinoma was confirmed histopathologically 
at our hospital between September 2010 and September 
2016. All patients underwent 18F-FDG PET/CT before 
operations (including biopsy surgery). None had received 
any previous chemotherapeutic or radiotherapeutic 
treatment. All patients were at their first tumor, they had 
full clinical data available. Additionally, 20 paraffin wax 
specimens of vocal cord polyps were selected randomly as 
the control group.

The institutional review board of The First Affiliated 
Hospital, College of Medicine, Zhejiang University 
(Hangzhou, Zhejiang, China) approved the present study. 
Informed consent was obtained from all participating 
patients.

PET/CT
18F-FDG was synthesized at the PET Center, The 
First Affiliated Hospital, College of Medicine, Zhejiang 
University. The patients fasted for 4–6 h before the 
18F-FDG injection. Serum levels of glucose were monitored 
immediately before the 18F-FDG injection (≤120 mg/dL). 
18F-FDG (5.5–7.4 MBq/kg) was administered intravenously. 
PET/CT scans were performed 1 h after 18F-FDG injection 
with a combined scanner (Biograph Sensation 16; Siemens 
Medical, Erlangen, Germany). PET/CT data acquisition 
was performed as described previously s (27). The 18F-FDG 
accumulation was analyzed semiquantitatively by calculating 
the standardized uptake value (SUV) in regions of interest 
(ROIs) placed over suspected lesions. SUVmax was calculated 
based on the amount of injected 18F-FDG and the body 
weight: SUVmax = maximum pixel value within the ROI 
(MBq/kg)/[injected dose (MBq)/body weight (kg)].

In addition, 12 cases diagnosed with other lesions of the 
throat (8 cases of chronic inflammation of the throat, 1 of 
papilloma, 1 of laryngeal leukemia, 1 of vocal cord polyp, 
and 1 of piriform granulation) on preoperative PET/CT 
data were included in the study. The SUVmax of these lesions 
were also calculated. Receiver operating characteristic 
(ROC) curve analysis was used to define the optimal cut-off 

SUVmax value to distinguish laryngeal and hypopharyngeal 
carcinomas from these non-tumor lesions.

Immunohistochemical staining

The expression of GLUT-1 and HIF-1 was detected 
by immunohistochemistry in 55 cases of laryngeal and 
hypopharyngeal carcinoma, and 20 cases of vocal cord 
polyps. Paraffin wax blocks of formalin-fixed biopsies 
specimens were obtained from the predominant lesions 
in each subject. Serial sections (4 µm) subjected to 
immunohistological staining were fixed with 3% H2O2 
to block endogenous peroxidase activity, and treated with 
antigen retrieval solution for 15 min. The sections were 
incubated with primary monoclonal anti-GLUT-1 (dilution, 
1:100; catalog no., ab14683; Abcam, Cambridge, UK) 
or monoclonal anti-HIF-1α (dilution, 1:200; catalog no., 
ab51608; Abcam) antibody for 30 min at 36−38 ℃, followed 
by incubation with a secondary antibody (K5007, Dako) 
for 15 min at 20−25 ℃. The final reaction product was 
developed by exposure to 0.03% diaminobenzidine, and the 
nuclei were counterstained with hematoxylin.

Evaluation of immunohistochemistry

Immunohistochemical analyses for GLUT-1 and HIF-
1 expression were performed independently by two 
experienced physicians who were unaware of the patients’ 
data. Protein analysis was performed in 10 random high-
magnification fields. The staining intensity was classified 
as 0, 1, 2, or 3 points for no staining, weak, moderate, and 
strong intensity, respectively. Moreover, the percentage of 
positive cells was rated as follows: 1 point, 0−25% positive 
cells, 2 points, 26−50% positive cells, 3 points, 51−75% 
positive cells, and 4 points, >75% positive cells. The 
expression levels of GLUT-1 and HIF-1 were assessed 
semi-quantitatively using the product of these scores 
(intensity × %positive): 0−5 points = negative (−) and 6− 
12 points = positive (+).

Follow-up

Survival data for patients were obtained by telephone. 
Survival was determined from the date of surgery until the 
death of patients. A follow-up examination was performed 
every month during the first year, every 3 months during 
the second year, and every 6 months during the third to 
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fifth years. In addition to routine physical examinations, 
patients underwent laryngoscopy, cervical CT or magnetic 
resonance imaging (MRI), or whole body PET/CT.

Statistical analysis

Statistical analyses were performed using the SPSS software 

(ver. 22.0; SPSS, Inc., Chicago, IL, USA). Categorical 
variables were assessed by χ2 or Fisher’s exact tests. 
Correlation analyses were performed using Spearman’s rank 
analysis. Survival curves were calculated using the Kaplan-
Meier method and compared with the results of the log-
rank test. The Cox proportional hazards regression model 
was used for multivariate analysis. P values <0.05 were 
considered to indicate statistical significance.

Results

Patient characteristics

Of the 55 patients with laryngeal and hypopharyngeal 
carcinoma (20 with laryngeal carcinoma, 35 with 
hypopharyngeal carcinoma), all patients had squamous 
cell carcinoma. Their mean age was 63.4 years (range, 
43−88 years). The clinical stage was classified according to 
the National Comprehensive Cancer Network (NCCN) 
guidelines. Patients were divided into two groups: 10 early 
stage (I−II) and 45 late stage (III−IV) cases. In a further 
stratification, laryngeal carcinoma patients were divided into 
early-stage (I−II stage, 9 cases) and late stage (III−IV stage, 
11 cases) cases. In hypopharyngeal carcinoma patients, 
there was only one early stage patient (II); thus, in the 
stratification, patients with hypopharyngeal carcinoma were 
divided stage II−III (5 cases), and stage IV (30 cases) groups. 
The other clinicopathological parameters of the patients are 
shown in Table 1.

The follow-up time was 1−44 months (median:  
13.7 months). We lost track of one patient during the 
observation period and 36 were alive at the last follow-up 
(March 2017). The mean survival was 27.5±3.0 months 
(Figure 1). 

Correlations between clinicopathological parameters, 
18F-FDG accumulation, and OS

Of the 55 patients with laryngeal and hypopharyngeal 
carcinoma, the OS of patients receiving radiotherapy was 
32.6±3.3 versus 17.4±3.8 months for the patients without 
radiotherapy. Kaplan-Meier curve analysis showed that 
patients receiving radiotherapy had a significantly longer 
OS than those without radiotherapy (log-rank test, P=0.004; 
Figure 2). 

The OS of patients with laryngeal and hypopharyngeal 
carcinoma with a tumor >4 cm was 14.5±1.7 months versus 
33.4±3.6 months for the patients with tumors <4 cm. 

Table 1 Patient characteristics

Patient characteristics Number

Age

>60 years 35

<60 years 20

Tumor location

Laryngeal carcinoma

Supraglottic carcinoma 7

Glottis carcinoma 12

Subglottic carcinoma 1

Hypopharyngeal carcinoma

Pyriform sinus carcinoma 25

Posterior pharyngeal wall carcinoma 4

Postcricoid area carcinoma 6

Tumor differentiation

Well 19

Moderately/poorly 36

Tumor size

≤4 cm 32

>4 cm 23

Lymph node metastasis

Present 39

Absent 16

Treatment method

With radiotherapy 39

Without radiotherapy 16

Tumor staging

I 2

II 8

III 6

IV 39
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Kaplan-Meier curve analysis showed that patients with a 
tumor size >4 cm had a significantly shorter OS than those 
with tumors <4 cm (log-rank test, P=0.002; Figure 2). 

However, age (P=0.929), clinical stage (P=0.249), lymph 
node metastasis (P=0.924), and tumor differentiation 
(P=0.875) showed no correlation with survival in laryngeal 
and hypopharyngeal carcinoma patients.

In a further stratified analysis, we found that of 
the 20 laryngeal carcinoma patients, those receiving 
radiotherapy had a significantly longer OS than those 

without radiotherapy (log-rank test, P=0.022; Figure 3). 
However, age (P=0.161), clinical stage (P=0.250), tumor 
location (P=0.500), lymph node metastasis (P=0.491), 
tumor differentiation (P=0.191), and tumor size (P=0.815) 
showed no relationship with survival in laryngeal carcinoma 
patients. 

In a stratified analysis of the 35 hypopharyngeal 
carcinoma patients, the patients receiving radiotherapy had 
a significantly longer OS than those without radiotherapy 
(log-rank test, P=0.039; Figure 3), and patients with a tumor 
>4 cm had a significantly shorter OS than those with a 
tumor <4 cm (log-rank test, P=0.007; Figure 3). However, 
age (P=0.676), clinical stage (P=0.120), tumor location 
(P=0.166), lymph node metastasis (P=0.887), and tumor 
differentiation (P=0.603) showed no relationship with OS in 
hypopharyngeal carcinoma patients.

The sensitivity and specificity for the detection of 
laryngeal or hypopharyngeal carcinoma at different cut-
off values of SUVmax were determined according to a ROC 
curve analysis (Figure 4). A cut-off SUVmax value of 4.985 
showed the highest Youden’s index, of 0.838, which was 
associated with optimal sensitivity (90.9%) and specificity 
(92.9%). The area under the ROC curve was 0.951±0.029 
(P<0.001). According to the cut-off value, the 55 patients 
with laryngeal and hypopharyngeal carcinoma were divided 
into two groups: high and low SUVmax groups. However, 
the OS of laryngeal and hypopharyngeal carcinoma patients 
with SUVmax >4.985 was not significantly shorter than those 

Figure 2 The survival analysis in patients with laryngeal and hypopharyngeal carcinoma. (A) the survival analysis in patients with 
radiotherapy group and patients without radiotherapy group with laryngeal and hypopharyngeal carcinoma; (B) the survival analysis in 
patients with tumor size larger than 4 cm group and patients with tumor size smaller than 4 cm group with laryngeal and hypopharyngeal 
carcinoma.
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Figure 1 The survival of 55 patients with laryngeal and 
hypopharyngeal carcinoma.
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Figure 3 The stratified survival analysis in patients with laryngeal or hypopharyngeal carcinoma. (A) The stratified survival analysis in 
patients with radiotherapy group and patients without radiotherapy group with laryngeal carcinoma. (B) the stratified survival analysis in 
patients with radiotherapy group and patients without radiotherapy group with hypopharyngeal carcinoma; (C) the survival analysis in 
patients with tumor size larger than 4cm group and patients with tumor size smaller than 4cm group with hypopharyngeal carcinoma.

Figure 4 Receiver operator characteristic curve for distinguishing 
laryngeal or hypopharyngeal carcinoma from non-tumor lesions.
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with SUVmax <4.985 (P=0.306). 

Prognostic significance of GLUT-1 and HIF-1α 
overexpression

The positive rate of GLUT-1 in laryngeal and hypopharyngeal 
carcinoma was 49.1% (27/55), and that of HIF-1α was 
56.4% (31/55). GLUT-1 and HIF-1α were negative 
expressed in vocal cord polyps, so GLUT-1 and HIF-1α 
expression levels were significantly higher than in vocal 
cord polyps (P<0.05; Figure 5). 

According to the expression of GLUT-1, the 55 laryngeal 
and hypopharyngeal carcinoma patients were divided into 

negative (n=28) and positive groups (n=27). However, the 
OS was not significantly different between the two groups 
(P=0.919).

According to the expression of HIF-1α, the 55 laryngeal 
and hypopharyngeal carcinoma patients were divided into 
negative (n=24) and positive groups (n=31). Again, the OS 
was not significantly different between the two groups 
(P=0.083).

Multivariate analysis demonstrated that treatment 
method (HR, 3.786; 95% CI, 1.185–12.095; P=0.025), 
tumor size (HR, 4.785; 95% CI, 1.495–15.152; P=0.008), 
GLUT-1 expression (HR, 4.282; 95% CI, 1.137–16.125; 
P=0.032), and HIF-1α expression (HR, 4.592; 95% CI, 
1.574–15.455; P=0.032) were correlated with OS in patients 
with laryngeal and hypopharyngeal carcinoma, however, 
tumor differentiation and SUVmax were not correlated 
with OS in patients with laryngeal and hypopharyngeal 
carcinoma. Further stratified analyses showed that GLUT-
1 and HIF-1α expression in laryngeal carcinoma patients 
did not correlate with survival (P=0.914 and 0.154, 
respectively). According to the expression of HIF-1α, 
patients with hypopharyngeal carcinoma were divided into 
negative (n=21) and positive groups (n=14). The survival 
of the negative group was 22.7±1.6 months and that of the 
positive group was 11.8±1.9 months; there was a significant 
difference between the survival of the two groups (P<0.001; 
Figure 6). However, GLUT-1 expression in hypopharyngeal 
carcinomas did not correlate with patient survival (P=0.291). 
A multivariate analysis demonstrated that tumor size (HR, 
11.405; 95% CI, 1.181–110.107; P=0.035) and HIF-1α 
expression (HR, 10.704; 95% CI, 1.313–87.224; P=0.027) 
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Figure 5 Glut-1 and HIF-1α protein were positive expressed in the laryngeal squamous cell carcinoma and hypopharyngeal squamous cell 
carcinoma by immunostaining, and were negative expression in vocal cord polyps. Glut-1 was mainly diffused on the cell membrane of the 
tumor cells, HIF-1α was diffused in the cytoplasm, in the graphs blue area represented the nuclei, brown area represented the target genes. 
(A) Positive expression of Glut-1 in laryngeal carcinoma (arrow); (B) positive expression of Glut-1 in hypopharyngeal carcinoma (arrow); (C) 
positive expression of HIF-1α in laryngeal carcinoma (arrow); (D) positive expression of HIF-1α in hypopharyngeal carcinoma (arrow); (E) 
negative expression of Glut-1 in vocal cord polyps. (F) negative expression of HIF-1α in vocal cord polyps (magnification, ×400). HIF-1α, 
hypoxia inducible factor-1α; Glut-1, glucose transporter protein-1.
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correlated with the OS of patients with hypopharyngeal 
carcinoma, however, treatment method and tumor size were 
not correlated with OS of the patients with hypopharyngeal 
carcinoma. 

Relationship between GLUT-1 and HIF-1α expression, 
18F-FDG accumulation, and clinicopathological parameters

SUVmax and GLUT-1 expression in laryngeal  and 
hypopharyngeal carcinoma were not correlate with age, 
tumor size, clinical stage, tumor differentiation, treatment 
method, or lymph node metastasis (P>0.05). HIF-1α 
expression was not correlate with age, clinical stage, tumor 
differentiation, treatment method, or lymph node metastasis 
in laryngeal and hypopharyngeal carcinoma patients 
(P>0.05), but was correlated with tumor size (r=0.351, 
P=0.009). HIF-1α expression was correlated with GLUT-1 
expression (r=0.571, P<0.001) and GLUT-1 expression was 
correlated with SUVmax (r=0.495, P<0.001). However, HIF-
1α expression was not correlate with SUVmax (P=0.199).

Further stratified analysis revealed that SUVmax, GLUT-
1, and HIF-1α expression in laryngeal carcinoma were 
not correlate with age, tumor location, tumor size, clinical 
stage, tumor differentiation, therapeutic method, or lymph 
node metastasis (P>0.05). In laryngeal carcinoma, HIF-
1α expression was correlated with GLUT-1 expression 
(r=0.642, P=0.018). However, neither GLUT-1 nor HIF-1α 
expression was correlated with SUVmax (P=0.193 and 0.187, 
respectively).

In hypopharyngeal carcinoma, SUVmax was correlated 
with tumor size (r=0.380, P=0.028) and GLUT-1 
expression (r=0.649, P=0.001), but not with HIF-1α 
expression (P=0.363). SUVmax was not correlate with 
age, tumor location, clinical stage, tumor differentiation, 
treatment method, or lymph node metastasis (P>0.05). 
HIF-1α  expression was correlated with tumor size 
(r=0.560, P=0.001) and GLUT-1 expression (r=0.459, 
P=0.009), but not with age, tumor location, clinical stage, 
tumor differentiation, treatment method, or lymph node 
metastasis (P>0.05). GLUT-1 expression did not correlate 
with age, tumor location, tumor size, clinical stage, tumor 
differentiation, treatment method, or lymph node metastasis 
(P>0.05).

Discussion

Relationships between the expression of GLUT-1 and 
HIF-1α, clinicopathological features, and prognosis in 
patients with malignant tumors remain controversial. In 
this study, expression of HIF-1α was correlated with tumor 
size. However, neither HIF-1α nor GLUT-1 expression 
was correlated with age, stage, differentiation, treatment 
method, or lymph node metastasis in patients with laryngeal 
and hypopharyngeal carcinomas. HIF-1α expression was 
correlated with GLUT-1 expression in laryngeal and 
hypopharyngeal carcinomas. Univariate analyses showed 
that the treatment method and tumor size were correlated 
with survival in laryngeal and hypopharyngeal carcinoma. 
Multivariate analysis showed that the treatment method, 
tumor size, and expression of HIF-1α and GLUT-1 in 
laryngeal and hypopharyngeal carcinoma patients were 
correlated with OS. Further stratification analysis showed 
that treatment method of laryngeal or hypopharyngeal 
carcinoma was associated with survival, and HIF-1α 
expression in hypopharyngeal carcinomas was associated 
with survival. So, we hypothesis that inhibition of Glut-
1 and HIF-1α expression may improve the prognosis of 
patients with laryngeal and hypopharyngeal carcinoma, 
although this requires further studies. 

Some studies of ours and other authors had the 
controversial or similar results. In our previous study, we 
found that positive expression of HIF-1α was correlated 
with OS in patients with laryngeal carcinomas (P=0.018); 
however, expression of GLUT-1 was not correlated with 
OS (27). In another study, we found that expression of 
GLUT-1 was correlated with clinical stage (P=0.037) and 
tumor-node-metastasis (TNM) classification (P=0.02), 

Figure 6 The survival analysis in HIF-1α negative group and 
HIF-1α positive group with hypopharyngeal carcinoma. HIF-1α, 
hypoxia inducible factor-1α.
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but not with survival rate (29). Iwasaki et al. found that 
the expression of HIF-1α and GLUT-1 were significantly 
correlated with tumor stage and differentiation in cervical 
cancer, but the expression of HIF-1α was not correlate 
with the expression of GLUT-1, and the expression of 
HIF-1α and GLUT-1 were not correlated with disease-
free survival or tumor size (20). Lu et al. found that in 
pancreatic cancer, GLUT-1 expression was correlated with 
poor prognosis, tumor volume, clinical stage, lymph node 
metastasis, SUVmax, and Ki-67 value (30). Wigerup et al. 
found that HIF-1 overexpression was correlated with poor 
prognosis and relapse in cancer patients (31). Other studies 
also found that GLUT-1 and HIF-1α expression were 
correlated with total survival rate or disease-free survival in 
patients with papillary thyroid carcinoma (32), pancreatic 
adenocarcinoma (8), pancreatic neuroendocrine tumors (21),  
epithelial ovarian cancer (33), and osteosarcoma (34). 

However, other studies have found that GLUT-1 and HIF-
1α expression were not correlate with tumor prognosis 
or clinical stage; different papers have reported different 
results, even for the same types of tumor (35-38). Fujino 
et al. found that high expression of GLUT-1 in pancreatic 
endocrine carcinoma was associated with lymph node 
metastasis (21). Schlößer et al. found that GLUT-1 
expression in gastric cancer was associated with T stage (37). 
Kobayashi et al. found that in esophageal squamous cell 
carcinoma, GLUT-1 expression was correlated with tumor 
stage (12). However, de Andrade Barreto et al. found that the 
expression of HIF-1α in esophageal cancer was not correlate 
with patient clinicopathological features (39). Davis-Yadley 
et al. found that GLUT-1 expression was not correlate 
with tumor differentiation in pancreatic cancer (8). A meta-
analysis of 486 patients with osteosarcoma revealed that 
HIF-1 overexpression was correlated with poor prognosis; 
OS in patients with high expression of HIF-1 was shorter 
than in patients with lower expression (40). A meta-analysis 
of 2,077 patients with colorectal cancer found that GLUT-
1 was not associated with OS or disease-free survival, but 
subgroup analysis showed that in rectal cancer, GLUT-
1 expression was associated with disease-free survival (41). 
In different tumors and with different investigators, the 
relationships between the expression of GLUT-1 and HIF-
1α and the prognosis of patients are different. This may be 
the result of differences in tumor type, clinical stage, and 
methods for the detection and evaluation of GLUT-1 and 
HIF-1α expression.

In recent years,  many authors have studied the 
relationship between 18F-FDG uptake in malignant tumors 

and the prognosis of patients, but the results have been 
controversial. In this study, we sought to find the correlation 
between 18F-FDG uptake and the prognosis of the patients, 
and to guide individual treatment based on the preoperative 
18F-FDG uptake. However, we found that the preoperative 
SUVmax of patients with laryngeal and hypopharyngeal 
carcinoma were not correlated with clinicopathological 
factors and prognosis. In our previous study, we found that 
shorter OS in patients with laryngeal cancer was correlated 
with higher SUVmax (SUVmax>11.2; P=0.043), but SUVmax 
was not correlated with the pathological type, TNM stage, 
tumor differentiation, or tumor location (27). Other studies 
found that 18F-FDG SUVmax was correlated with tumor 
differentiation and tumor stage in bone and soft tissue 
sarcomas (42), head and neck squamous cell carcinomas (11), 
esophageal squamous cell cancer (12), and anal cancer (43).  
Deantonio et al. found that SUVmax was not correlated 
with treatment method or survival rate in patients with 
anal cancer (43). In the study of Nguyen et al., disease-free 
survival in non-small cell lung cancer was correlated with 
SUVmax (7), Ki-67 (25%), tumor size (3 cm), and tumor 
differentiation. There was a correlation between any two 
of GLUT-1, Ki-67, and SUVmax, but disease-free survival 
was not correlated with gender, tumor stage, or lymph node 
metastasis (44). These differences in relationships between 
SUVmax, and prognosis in patients with malignant tumors 
may be due to differences in treatment, the range of SUV 
cut-off values, and the heterogeneity of tumors (45-47). 

SUV may also be an underestimate of 18F-FDG uptake 
when the tumor size is <20 mm, due to the partial volume 
effect (48). Furthermore, certain factors affect FDG uptake, 
including hypoxia, cell density, and expression of glycolysis-
associated proteins (49,50). 

The 18F-FDG uptake mechanism is not entirely clear, 
but recently, more studies have focused on the effects of 
GLUT-1 and HIF-1α on the regulation of tumor cell 
18F-FDG uptake. This study found that GLUT-1 expression 
correlated with SUVmax in patients with laryngeal and 
hypopharyngeal carcinoma, but HIF-1α did not. However, 
our previous study indicated that 18F-FDG SUVmax was 
associated with GLUT-1 and HIF-1 expression in laryngeal 
carcinoma patients (27). This discrepancy may be due to the 
sample size, the different patients and the different methods 
for the detection and evaluation of GLUT-1 and HIF-1α 
expression. Other studies found that GLUT-1 expression 
was correlated with 18F-FDG uptake in bone and soft tissue 
sarcomas (42), thymic epithelial tumors (51), esophageal 
squamous cell cancer (12), malignant melanoma (52),  
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and diffuse large B-cell lymphoma (53). Mees et al. found 
that 18F-FDG uptake in an HT29 xenograft tumor was 
correlated with the expression of HIF-1α (54). Yamada 
found that 18F-FDG uptake in oral squamous cell carcinoma 
at an early stage was correlated with the expression of 
GLUT-1 and HIF-1α, but in later-stage tumors, 18F-FDG 
was not correlated with the expression of GLUT-1 or HIF-
1α (28). Jo found that in endometrial carcinoma, 18F-FDG 
uptake was correlated with GLUT-1 expression, but not 
with HIF-1α expression (55). Other studies found that 
SUVmax was not correlate with GLUT-1 expression in non-
small cell lung cancer (56), head and neck squamous cell 
carcinomas (11), or central nervous system lymphomas (57). 

So, the relationship between18F-FDG uptake and GLUT-1 
or HIF-1α expression were not specific, and it need further 
research.

In summary, we found that the treatment method 
(with or without radiotherapy) and GLUT-1 and HIF-
1α expression were correlated with OS of patients with 
laryngeal and hypopharyngeal carcinoma. GLUT-1 and 
HIF-1α may be indicators of tumor aggressiveness.

This study had several limitations. First, we used a 
retrospective design with a small sample size and a short 
follow-up time. Second, we did not use multiple indicators 
to assess 18F-FDG accumulation in the laryngeal and 
hypopharyngeal carcinomas. Because the measurement of 
SUVmax is both relatively easy and observer-independent, 
it is used widely. SUVmax measures the highest pixel value 
within a region of interest, which might represent the 
metabolic activity of the most aggressive cells in a tumor (58). 
However, SUVmax may not reflect the biologic characteristics 
of the entire tumor. Metabolic tumor volume (MTV) 
seems to reflect the volume of high metabolic but does not 
estimate the degree of metabolic activity occurring above 
certain thresholds. Total lesion glycolysis (TLG) indexes 
both volume and metabolic activity; thus, TLG is a more 
comprehensive indicator that may better reflect the level of 
tumor metabolism (59). Some studies found that SUVmax of 
head and neck tumors was correlated with prognosis (60-62),  
however, others found that SUVmax of head and neck 
tumors was not correlated with the prognosis or treatment 
response (63,64). SUVmax does not reflect the biological 
characteristics of the whole tumor, so many authors have 
instead assessed MTV or TLG (65). Some studies found 
that the higher the MTV of non-small cell lung cancer, 
the shorter the survival of patients, but survival was not 
correlated with SUV (66). Park et al. also found that MTV 
was more predictive of survival rate than SUVmax (67).  

Age, SUVmax, MTV, and TLG in oropharyngeal and 
hypopharyngeal cancer were correlated with disease-free 
survival (68). MTV and TLG in cervical cancer patients 
were associated with disease-free survival and OS, whereas 
SUVmax was not (69). It has also been found that 18F-FDG 
PET/CT Deauville scores (DSs) of tumors, during or after 
treatment, were associated with prognosis, and that DS is a 
better predictive factor than SUVmax (70,71). Thus, we will 
assess the use of TLG and DS in a future study to quantify 
the uptake of 18F-FDG in tumors.

Conclusions

The expression of GLUT-1 and HIF-1α in laryngeal 
and hypopharyngeal carcinoma was significantly higher 
than that in vocal cord polyps. The expression of HIF-1α 
was correlated with tumor size. GLUT-1 expression was 
correlated with HIF-1α expression and SUVmax. Multivariate 
analysis showed that treatment method, tumor size, and 
GLUT-1 and HIF-1α expression were correlated with the 
prognosis of patients with laryngeal and hypopharyngeal 
carcinoma. We hypothesis that inhibition of Glut-1 and 
HIF-1α expression may improve the prognosis of patients 
with laryngeal and hypopharyngeal carcinoma, although 
this requires further studies. In the future, we will enroll 
more patients in our study, and take the prospective study 
to get the more accurate and reliable results. 

Acknowledgments

We acknowledge the assistance of all those who participated 
in this project, especially the technologists in the Pathology 
department of the First Affiliated Hospital, College of 
Medicine, Zhejiang University.
Funding: This study was supported by the National 
Natural Science Foundation of China (No. 81172562 and 
81372903). 

Footnote

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at http://dx.doi.
org/10.21037/tcr.2020.02.50). The authors have no conflicts 
of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 

http://dx.doi.org/10.21037/tcr.2020.02.50
http://dx.doi.org/10.21037/tcr.2020.02.50


2834 Shen et al. Relationships between expression of GLUT-1 and HIF-1α in cancers

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(4):2824-2837 | http://dx.doi.org/10.21037/tcr.2020.02.50

appropriately investigated and resolved. The institutional 
review board of The First Affiliated Hospital, College 
of Medicine, Zhejiang University (Hangzhou, Zhejiang, 
China) approved the present study (2017-423). Informed 
consent was obtained from all participating patients 

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Conway DI, Hashibe M, Boffetta P, et al. Enhancing 
epidemiologic research on head and neck cancer: 
INHANCE - The international head and neck cancer 
epidemiology consortium. Oral Oncol 2009;45:743-6.

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. 
CA Cancer J Clin 2016;66:7-30.

3. Warburg O. On the origin of cancer cells. Science 
1956;123:309-14.

4. Godoy A, Ulloa V, Rodríguez F, et al. Differential 
subcellular distribution of glucose transporters GLUT1-6 
and GLUT9 in human cancer: ultrastructural localization 
of GLUT1 and GLUT5 in breast tumor tissues. J Cell 
Physiol 2006;207:614-27.

5. Macheda ML, Rogers S, Best JD. Molecular and cellular 
regulation of glucose transporter (GLUT) proteins in 
cancer. J Cell Physiol 2005;202:654-62.

6. Ganapathy V, Thangaraju M, Prasad PD. Nutrient 
transporters in cancer: relevance to Warburg hypothesis 
and beyond. Pharmacol Ther 2009;121:29-40.

7. Szablewski L. Expression of glucose transporters in 
cancers. Biochim Biophys Acta 2013;1835:164-9.

8. Davis-Yadley AH, Abbott AM, Pimiento JM, et al. 
Increased Expression of the Glucose Transporter Type 
1 Gene Is Associated With Worse Overall Survival 
in Resected Pancreatic Adenocarcinoma. Pancreas 
2016;45:974-9.

9. Deron P, Vermeersch H, Mees G, et al. Expression and 
prognostic value of glucose transporters and hexokinases in 
tonsil and mobile tongue squamous cell carcinoma. Histol 
Histopathol 2011;26:1165-72.

10. Eckert AW, Lautner MH, Taubert H, et al. Expression 
of Glut-1 is a prognostic marker for oral squamous cell 
carcinoma patients. Oncol Rep 2008;20:1381-5.

11. Li SJ, Guo W, Ren GX, et al. Expression of Glut-1 in 
primary and recurrent head and neck squamous cell 
carcinomas, and compared with 2-[18F]fluoro-2-deoxy-D-
glucose accumulation in positron emission tomography. Br 
J Oral Maxillofac Surg 2008;46:180-6.

12. Kobayashi M, Kaida H, Kawahara A, et al. The 
relationship between GLUT-1 and vascular endothelial 
growth factor expression and 18F-FDG uptake in 
esophageal squamous cell cancer patients. Clin Nucl Med 
2012;37:447-52.

13. Zhou S, Wang SQ, Wu QL, et al. Expression of glucose 
transporter-1 and -3 in the head and neck carcinoma-
-the correlation of the expression with the biological 
behaviors. ORL J Otorhinolaryngol Relat Spec 
2008;70:189-94.

14. Wu XH, Chen SP, Mao JY, et al. Expression and 
significance of hypoxia-inducible factor-1alpha and 
glucose transporter-1 in laryngeal carcinoma. Oncol Lett 
2013;5:261-6.

15. Finger EC, Giaccia AJ. Hypoxia, inflammation, and the 
tumor microenvironment in metastatic disease. Cancer 
Metastasis Rev 2010;29:285-93.

16. Roh JL, Cho KJ, Kwon GY, et al. The prognostic value 
of hypoxia markers in T2-staged oral tongue cancer. Oral 
Oncol 2009;45:63-8.

17. Isa AY, Ward TH, West CM, et al. Hypoxia in head and 
neck cancer. Br J Radiol 2006;79:791-8.

18. Rankin EB, Giaccia AJ. The role of hypoxia-
inducible factors in tumorigenesis. Cell Death Differ 
2008;15:678-85.

19. Xie J, Li DW, Chen XW, et al. Expression and significance 
of hypoxia-inducible factor-1alpha and MDR1/
P-glycoprotein in laryngeal carcinoma tissue and hypoxic 
Hep-2 cells. Oncol Lett 2013;6:232-8.

20. Iwasaki K, Yabushita H, Ueno T, et al. Role of hypoxia-
inducible factor-1alpha, carbonic anhydrase-IX, glucose 
transporter-1 and vascular endothelial growth factor 
associated with lymph node metastasis and recurrence in 
patients with locally advanced cervical cancer. Oncol Lett 
2015;10:1970-8.

21. Fujino M, Aishima S, Shindo K, et al. Expression 
of glucose transporter-1 is correlated with hypoxia-
inducible factor 1alpha and malignant potential 
in pancreatic neuroendocrine tumors. Oncol Lett 
2016;12:3337-43.



2835Translational Cancer Research, Vol 9, No 4 April 2020

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(4):2824-2837 | http://dx.doi.org/10.21037/tcr.2020.02.50

22. Moon SY, Chang HW, Roh JL, et al. Using YC-1 to 
overcome the radioresistance of hypoxic cancer cells. Oral 
Oncol 2009;45:915-9.

23. Maemura K, Takao S, Shinchi H, et al. Role of positron 
emission tomography in decisions on treatment strategies 
for pancreatic cancer. J Hepatobiliary Pancreat Surg 
2006;13:435-41.

24. Yang HJ, Xu WJ, Guan YH, et al. Expression of Glut-
1 and HK-II in Pancreatic Cancer and Their Impact 
on Prognosis and FDG Accumulation. Transl Oncol 
2016;9:583-591.

25. Zhang B, Geng J, Nie F, et al. Primary tumor standardized 
uptake value predicts survival in head and neck squamous 
cell carcinoma. Oncol Res Treat 2015;38:45-8.

26. Kitajima K, Suenaga Y, Kanda T, et al. Prognostic value 
of FDG PET imaging in patients with laryngeal cancer. 
PLoS One 2014;9:e96999.

27. Zhao K, Yang SY, Zhou SH, et al. Fluorodeoxyglucose 
uptake in laryngeal carcinoma is associated with the 
expression of glucose transporter-1 and hypoxia-inducible-
factor-1alpha and the phosphoinositide 3-kinase/protein 
kinase B pathway. Oncol Lett 2014;7:984-90.

28. Yamada T, Uchida M, Kwang-Lee K, et al. Correlation 
of metabolism/hypoxia markers and fluorodeoxyglucose 
uptake in oral squamous cell carcinomas. Oral Surg Oral 
Med Oral Pathol Oral Radiol 2012;113:464-71.

29. Mao ZP, Zhao LJ, Zhou SH, et al. Expression and 
significance of glucose transporter-1, P-glycoprotein, 
multidrug resistance-associated protein and glutathione 
S-transferase-pi in laryngeal carcinoma. Oncol Lett 
2015;9:806-10.

30. Lu K, Yang J, Li DC, et al. Expression and clinical 
significance of glucose transporter-1 in pancreatic cancer. 
Oncol Lett 2016;12:243-9.

31. Wigerup C, Pahlman S, Bexell D. Therapeutic targeting 
of hypoxia and hypoxia-inducible factors in cancer. 
Pharmacol Ther 2016;164:152-69.

32. Chai YJ, Yi JW, Oh SW, et al. Upregulation of SLC2 
(GLUT) family genes is related to poor survival 
outcomes in papillary thyroid carcinoma: Analysis 
of data from The Cancer Genome Atlas. Surgery 
2017;161:188-94.

33. Cho H, Lee YS, Kim J, et al. Overexpression of glucose 
transporter-1 (GLUT-1) predicts poor prognosis in 
epithelial ovarian cancer. Cancer Invest 2013;31:607-15.

34. Kubo T, Shimose S, Fujimori J, et al. Does expression 
of glucose transporter protein-1 relate to prognosis and 
angiogenesis in osteosarcoma? Clin Orthop Relat Res 

2015;473:305-10.
35. Higashi K, Yamagishi T, Ueda Y, et al. Correlation of 

HIF-1alpha/HIF-2alpha expression with FDG uptake in 
lung adenocarcinoma. Ann Nucl Med 2016;30:708-15.

36. Sadlecki P, Bodnar M, Grabiec M, et al. The 
role of Hypoxia-inducible factor-1 alpha, glucose 
transporter-1, (GLUT-1) and carbon anhydrase 
IX in endometrial cancer patients. Biomed Res Int 
2014;2014:616850.

37. Schlößer HA, Drebber U, Urbanski A, et al. Glucose 
transporters 1, 3, 6, and 10 are expressed in gastric cancer 
and glucose transporter 3 is associated with UICC stage 
and survival. Gastric Cancer 2017;20:83-91.

38. Xiong Y, Xiong YY, Zhou YF. Expression and significance 
of beta-catenin, Glut-1 and PTEN in proliferative 
endometrium, endometrial intraepithelial neoplasia and 
endometrioid adenocarcinoma. Eur J Gynaecol Oncol 
2010;31:160-4.

39. de Andrade Barreto E, de Souza Santos PT, 
Bergmann A, et al. Alterations in glucose metabolism 
proteins responsible for the Warburg effect in 
esophageal squamous cell carcinoma. Exp Mol Pathol 
2016;101:66-73.

40. Ouyang Y, Li H, Bu J, et al. Hypoxia-inducible factor-1 
expression predicts osteosarcoma patients' survival: a meta-
analysis. Int J Biol Markers 2016;31:e229-34.

41. Yang J, Wen J, Tian T, et al. GLUT-1 overexpression 
as an unfavorable prognostic biomarker in patients with 
colorectal cancer. Oncotarget 2017;8:11788-96.

42. Tateishi U, Yamaguchi U, Seki K, et al. Glut-1 expression 
and enhanced glucose metabolism are associated 
with tumour grade in bone and soft tissue sarcomas: 
a prospective evaluation by [18F]fluorodeoxyglucose 
positron emission tomography. Eur J Nucl Med Mol 
Imaging 2006;33:683-91.

43. Deantonio L, Milia ME, Cena T, et al. Anal cancer FDG-
PET standard uptake value: correlation with tumor 
characteristics, treatment response and survival. Radiol 
Med 2016;121:54-9.

44. Nguyen XC, Lee WW, Chung JH, et al. FDG uptake, 
glucose transporter type 1, and Ki-67 expressions in non-
small-cell lung cancer: correlations and prognostic values. 
Eur J Radiol 2007;62:214-9.

45. Bae JS, Roh JL, Lee SW, et al. Laryngeal edema 
after radiotherapy in patients with squamous cell 
carcinomas of the larynx and hypopharynx. Oral Oncol 
2012;48:853-8.

46. Haerle SK, Schmid DT, Ahmad N, et al. The value of (18)



2836 Shen et al. Relationships between expression of GLUT-1 and HIF-1α in cancers

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(4):2824-2837 | http://dx.doi.org/10.21037/tcr.2020.02.50

F-FDG PET/CT for the detection of distant metastases 
in high-risk patients with head and neck squamous cell 
carcinoma. Oral Oncol 2011;47:653-9.

47. Schinagl DA, Span PN, Oyen WJ, et al. Can FDG PET 
predict radiation treatment outcome in head and neck 
cancer? Results of a prospective study. Eur J Nucl Med 
Mol Imaging 2011;38:1449-58.

48. Groheux D, Giacchetti S, Moretti JL, et al. Correlation 
of high 18F-FDG uptake to clinical, pathological and 
biological prognostic factors in breast cancer. Eur J Nucl 
Med Mol Imaging 2011;38:426-35.

49. Huang T, Civelek AC, Li JL, et al. Tumor 
microenvironment-dependent 18F-FDG, 
18F-fluorothymidine, and 18F-misonidazole uptake: a 
pilot study in mouse models of human non-small cell lung 
cancer. J Nucl Med 2012;53:1262-8.

50. Jiang J, Tang YL, Liang XH. EMT: a new vision of 
hypoxia promoting cancer progression. Cancer Biol Ther 
2011;11:714-23.

51. Nakajo M, Kajiya Y, Tani A, et al. FDG PET for 
grading malignancy in thymic epithelial tumors: 
significant differences in FDG uptake and expression 
of glucose transporter-1 and hexokinase II between low 
and high-risk tumors: preliminary study. Eur J Radiol 
2012;81:146-51.

52. Park SG, Lee JH, Lee WA, et al. Biologic correlation 
between glucose transporters, hexokinase-II, Ki-67 and 
FDG uptake in malignant melanoma. Nucl Med Biol 
2012;39:1167-72.

53. Hirose Y, Suefuji H, Kaida H, et al. Relationship 
between 2-deoxy-2-[(18)F]-fluoro-d-glucose uptake 
and clinicopathological factors in patients with 
diffuse large B-cell lymphoma. Leuk Lymphoma 
2014;55:520-5.

54. Mees G, Dierckx R, Vangestel C, et al. Pharmacologic 
activation of tumor hypoxia: a means to increase tumor 
2-deoxy-2-[18F]fluoro-D-glucose uptake? Mol Imaging 
2013;12:49-58.

55. Jo MS, Choi OH, Suh DS, et al. Correlation 
between expression of biological markers and [F]
fluorodeoxyglucose uptake in endometrial cancer. Oncol 
Res Treat 2014;37:30-4.

56. Suzawa N, Ito M, Qiao S, et al. Assessment of factors 
influencing FDG uptake in non-small cell lung cancer 
on PET/CT by investigating histological differences in 
expression of glucose transporters 1 and 3 and tumour size. 
Lung Cancer 2011;72:191-8.

57. Takahashi Y, Akahane T, Yamamoto D, et al. 

Correlation between positron emission tomography 
findings and glucose transporter 1, 3 and L-type 
amino acid transporter 1 mRNA expression in primary 
central nervous system lymphomas. Mol Clin Oncol 
2014;2:525-9.

58. Kim TM, Paeng JC, Chun IK, et al. Total lesion glycolysis 
in positron emission tomography is a better predictor 
of outcome than the International Prognostic Index 
for patients with diffuse large B cell lymphoma. Cancer 
2013;119:1195-202.

59. Dibble EH, Alvarez AC, Truong MT, et al. 18F-FDG 
metabolic tumor volume and total glycolytic activity 
of oral cavity and oropharyngeal squamous cell 
cancer: adding value to clinical staging. J Nucl Med 
2012;53:709-15.

60. Soret M, Bacharach SL, Buvat I. Partial-volume effect in 
PET tumor imaging. J Nucl Med 2007;48:932-45.

61. Suzuki H, Kato K, Fujimoto Y, et al. 18F-FDG-PET/
CT predicts survival in hypopharyngeal squamous cell 
carcinoma. Ann Nucl Med 2013;27:297-302.

62. Kawakita D, Masui T, Hanai N, et al. Impact 
of positron emission tomography with the use 
of fluorodeoxyglucose on response to induction 
chemotherapy in patients with oropharyngeal and 
hypopharyngeal squamous cell carcinoma. Acta 
Otolaryngol 2013;133:523-30.

63. Inohara H, Enomoto K, Tomiyama Y, et al. Impact 
of FDG-PET on prediction of clinical outcome after 
concurrent chemoradiotherapy in hypopharyngeal 
carcinoma. Mol Imaging Biol 2010;12:89-97.

64. Seol YM, Kwon BR, Song MK, et al. Measurement of 
tumor volume by PET to evaluate prognosis in patients 
with head and neck cancer treated by chemo-radiation 
therapy. Acta Oncol 2010;49:201-8.

65. Rahim MK, Kim SE, So H, et al. Recent Trends in PET 
Image Interpretations Using Volumetric and Texture-
based Quantification Methods in Nuclear Oncology. Nucl 
Med Mol Imaging 2014;48:1-15.

66. Kurtipek E, Ayci M, Düzgün N, et al. (18)F-FDG PET/
CT mean SUV and metabolic tumor volume for mean 
survival time in non-small cell lung cancer. Clin Nucl Med 
2015;40:459-63.

67. Park GC, Kim JS, Roh JL, et al. Prognostic value of 
metabolic tumor volume measured by 18F-FDG PET/CT 
in advanced-stage squamous cell carcinoma of the larynx 
and hypopharynx. Ann Oncol 2013;24:208-14.

68. Pak K, Cheon GJ, Kang KW, et al. Prognostic value 
of SUVmean in oropharyngeal and hypopharyngeal 



2837Translational Cancer Research, Vol 9, No 4 April 2020

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(4):2824-2837 | http://dx.doi.org/10.21037/tcr.2020.02.50

cancers: comparison with SUVmax and other 
volumetric parameters of 18F-FDG PET. Clin Nucl 
Med 2015;40:9-13.

69. Leseur J, Roman-Jimenez G, Devillers A, et al. Pre- and 
per-treatment 18F-FDG PET/CT parameters to predict 
recurrence and survival in cervical cancer. Radiother Oncol 
2016;120:512-8.

70. Jiang C, Su M, Kosik RO, et al. The Deauville 5-Point 
Scale Improves the Prognostic Value of Interim FDG 

PET/CT in Extranodal Natural Killer/T-Cell Lymphoma. 
Clin Nucl Med 2015;40:767-73.

71. Kim SJ, Choi JY, Hyun SH, et al. Risk stratification on 
the basis of Deauville score on PET-CT and the presence 
of Epstein-Barr virus DNA after completion of primary 
treatment for extranodal natural killer/T-cell lymphoma, 
nasal type: a multicentre, retrospective analysis. Lancet 
Haematol 2015;2:e66-74.

Cite this article as: Shen LF, Zhou SH, Yu Q. Relationships 
between expression of glucose transporter protein-1 and 
hypoxia inducible factor-1α, prognosis and 18F-FDG uptake in 
laryngeal and hypopharyngeal carcinomas. Transl Cancer Res 
2020;9(4):2824-2837. doi: 10.21037/tcr.2020.02.50


