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Abstract
Background: Head and neck squamous cell carcinoma (HNSCC) is a common and aggressive
malignancy with a high morbidity and mortality pro�le. Increased levels of expression of the tumor
hypoxia markers, hypoxia-inducible factor 1α (HIF-1α) and glucose transporter 1 (GLUT-1), are indicators
of poor prognosis in carcinoma.

Materials and methods: This study involved detection of HIF-1α and GLUT-1 expression with a mean
follow-up period of 10 years in 69 cases of HNSCC (23 cases of hypopharyngeal carcinoma and 46 of
laryngeal carcinoma) and 30 controls (15 cases of vocal cord polyps and 15 of leukoplakia). The χ2 test,
Fisher’s exact probability method, Pearson’s test, Kaplan–Meier method, Cox proportional hazards
regression model of SPSS version 22.0 was used. In all analyses, P < 0.05 was taken to indicate
statistical signi�cance.

Results: Compared with in�ammatory and precancerous lesion tissues, the levels of GLUT-1 and HIF-1α
expression were signi�cantly increased in HNSCC (P < 0.001). There was a positive correlation between
HIF-1α and GLUT-1 (r = 0.338, P = 0.004). GLUT-1 expression was signi�cantly associated with primary
tumor site (P = 0.032), clinical stage (P = 0.036), lymph node metastasis (P = 0.032), and distant
metastasis (P = 0.002). HIF-1α expression was signi�cantly related to recurrence (P = 0.013), distant
metastasis (P = 0.044), second primary cancer (P = 0.040), and overall survival (OS) (P = 0.029). The OS
of the 69 patients with HNSCC was signi�cantly associated with the primary tumor site (P = 0.024),
clinical stage (P = 0.041), and lymph node metastasis (P = 0.039).

Conclusion: The increased levels of GLUT-1 and HIF-1α expression may serve as molecular markers for
diagnosis of HNSCC. High GLUT-1 and HIF-1α expression, especially HIF-1α expression, may be indicators
of HNSCC aggressiveness and poor prognosis.

Background
Head and neck squamous cell carcinoma (HNSCC) is a common and aggressive malignancy with a high
morbidity and mortality pro�le, and includes laryngeal and hypopharyngeal carcinoma. The majority of
cases (90–95%) are squamous cell carcinomas [1]. Laryngeal carcinoma is a particularly aggressive
carcinoma type, and approximately 60% of patients present with locally advanced disease at diagnosis
[2]. As the anatomical location of hypopharyngeal carcinoma is hidden and the early symptoms are not
easy to detect, patients often arrive at the clinic in an advanced stage. Although hypopharyngeal
carcinoma only accounts for 3–5% of carcinomas of the head and neck, it has poorer prognosis than
other types [3]. It is important to explore the long-term survival and in�uencing factors of laryngeal and
hypopharyngeal carcinomas, which can help in the evaluation of treatment strategies and patient
education.

The exact cause of HNSCC remains unknown. However, some lifestyle behaviors, such as smoking,
excessive consumption of alcohol, and poor diet, are known to increase the risk of carcinoma [4]. HNSCC
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carcinogenesis is a multi-factor, multi-stage process. Various genes and other biomarkers are altered at
different stages of carcinoma progression [5]. Therefore, investigation of the mechanism of HNSCC
occurrence and development, as well as prognostic factors of HNSCC invasion and metastasis, are
important for the discovery of potential therapeutic targets.

Hypoxia is an inherent feature of solid tumors. When the tumor volume reaches 2 ml, the oxygen tension
can be close to 0 mmHg [6]. Hypoxia promotes the malignant transformation of tumors, induces
tolerance of tumor cells to radiotherapy and chemotherapy, promotes tumor invasion and metastasis,
and leads to poor prognosis. Following low oxygen treatment, laryngeal carcinoma cells exhibit strong
abilities for invasion and formation of colonies and spheres [7]. Hypoxia promotes the expression of
hypoxia-inducible factor (HIF), which plays an important role in the processes of in�ltration, recurrence,
and metastasis induced by hypoxia [8–9]. Previous studies also found that the expression of HIF-1α
increased and was related to some biological behaviors of laryngeal carcinoma [10–13]. There have been
few reports regarding the relationship between HIF-1α expression and the biological behavior of
hypopharyngeal carcinoma.

Analysis using positron emission tomography (PET) con�rmed that malignant tumors grow rapidly,
require substantial amounts of energy, and have a high glucose metabolic rate. Increased absorption of
�uoro-2-deoxyglucose, a glucose analog, was also found in hypopharyngeal carcinoma by PET and
PET/computed tomography (CT) [14]. Glucose transporter (GLUT) plays an important role in this process.
Although 14 GLUT proteins have been discovered to date, GLUT-1 plays a leading role in glucose uptake
and transport in malignant tumor cells and is the subject of a great deal of research [15]. GLUT-1 is an
intrinsic marker of hypoxia in malignant tumors and a downstream regulator of HIF-1 [16]. Both HIF-1α
and GLUT-1 are markers of tumor hypoxia, and their co-expression is a marker of poor prognosis in
carcinoma [17]. There have been few reports regarding the correlation between combined HIF-1α and
GLUT-1 expression and biological behavior in HNSCC [11–13, 18]. Notably, there have been no such
reports regarding hypopharyngeal carcinoma.

In this study, the correlations between clinicopathological characteristics and survival of patients with
HNSCC were analyzed over a mean follow-up period of 10 years. The expression of HIF-1α and GLUT-1 in
benign lesions, precancerous lesions, and laryngeal and hypopharyngeal carcinoma tissues was detected
using immunohistochemistry. The relationships between HIF-1α and GLUT-1 expression, prognosis, and
clinicopathological characteristics of the patients were analyzed.

Materials And Methods
Patients

The experimental group consisted of 69 patients with HNSCC con�rmed by pathology (23 cases of
hypopharyngeal carcinoma and 46 of laryngeal carcinoma) who were admitted to the Department of
Otolaryngology of the First A�liated Hospital of Zhejiang University Medical College (Hangzhou, China)
and who underwent surgical resection between June 1, 2006, and January 1, 2012. All tissue samples
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were collected prior to chemotherapy and/or radiotherapy. The control group consisted of 15 cases of
pathologically con�rmed vocal cord polyps (VCP) and 15 cases of pathologically con�rmed vocal cord
leukoplakia (VCL). This study was approved by the institutional review board of The First A�liated
Hospital, College of Medicine, Zhejiang University (Hangzhou, China). Informed consent was obtained
from all patients.

Demographic data and clinical data

Data on sex, age, primary tumor site, tumor classi�cation, clinical stage, lymph node metastasis,
histological grade, recurrence, metastasis, and second primary carcinoma were collected for each HNSCC
patient. Patients were also evaluated with regard to age < 60 years and ≥ 60 years. Tumor classi�cation
stage was conducted according to the Tumor-Node-Metastasis grading and clinical staging criteria of the
International Union Against Carcinoma established in 2002 (Tis/T1/T2, T3/T4), clinical stage (early:
0/I/II, late: III/IV), and histological grade according to the pathological results (well-differentiated,
moderately differentiated, poorly differentiated) (Table 1).

Detection of HIF-1α and GLUT-1 protein expression by immunohistochemistry

Rabbit polyclonal antibody to human GLUT-1 (l:50 rabbit polyclonal; Santa Cruz Biotechnology, Santa
Cruz, CA) and rabbit polyclonal antibody to human HIF-1α (1:100; Santa Cruz Biotechnology) were used.
The results of immunohistochemistry were analyzed using ImagePro-Plus software (Media Cybernetics,
Inc., Rockville, MD). Phosphate-buffered saline (PBS) was used in place of primary antibody as a
negative control, with all other reaction conditions consistent with the experimental groups. The
specimens were observed under a light microscope. GLUT-1 and HIF-1α expression were detected in the
cell nucleus or cytoplasm. Evaluation of immunohistochemistry was carried out according to the
procedure reported previously [19]. Brie�y, the expression levels of GLUT-1 and HIF-1 were assessed
semiquantitatively using the product of these scores (staining intensity × % positive cells): 0–5 points = 
negative (−) and 6–12 points = positive (+).

Follow-up

Follow-up was performed as described in our previous report. Brie�y, the methods of follow-up included
physical examination, laryngoscopy, and CT/MRI. Follow-up examination was performed every month
during the �rst year after treatment, every 3 months in the second year, every 6 months in the third to �fth
years, and every year after the �fth year. The last follow-up was July 1, 2020. Survival time was
calculated from the date of patient discharge or end of radiation therapy to the patient’s death or the date
of the last follow-up or loss to follow-up.

Statistical analysis

The correlations between clinicopathological factors and HIF-1α and GLUT-1 were tested with the χ2 test
and Fisher’s exact probability method using SPSS version 22.0 for Windows (IBM Corp., Armonk, NY).
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Pearson’s test was used for correlation 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. In all analyses, P < 0.05 was taken to indicate statistical
signi�cance.

Results
Patient characteristics

A total of 69 para�n-embedded HNSCC tissue specimens were collected, including 23 cases of
hypopharyngeal squamous cell carcinoma and 46 cases of laryngeal carcinoma. The time interval from
symptom detection to diagnosis ranged from 1 month to 10 years. Symptoms included hoarseness,
sensation of a pharyngeal foreign body, pharyngeal pain, swallowing discomfort, swallowing di�culty,
recurrent sputum with blood, dysphagia, swallowing obstruction, etc. The study population consisted of
65 men (94.2%) and four women (5.8%) ranging in age from 32 to 81 years (mean age: 60.6 years). There
were 51 cases (73.9%) of T1/T2 and 18 cases (26.1%) of T3+T4+Tx. There were 37 cases (53.6%) in the
early clinical stage (I+II) and 32 (46.4%) in the late stage (III/IV). Twenty-three cases (33.3%) had lymph
node metastasis. The study population included 33 (47.9%), 21 (30.4%), and 15 (21.7%) cases with well,
moderately, and poorly differentiated lesions, respectively. Twenty-six cases (37.7%) had recurrence and
14 cases (20.3%) had metastasis (Table 1). The controls consisted of 15 cases of pathologically
con�rmed VCP and 15 cases of pathologically con�rmed VCL.

Results of follow-up of patients with HNSCC

The follow-up time ranged from four to 162 months (mean: 72 months). Of the 69 patients included in
the study, 41 died and nine were lost to follow-up. Nine cases (13.0%) developed a second primary
carcinoma. There were �ve cases in patients with laryngeal carcinoma, consisting of one cases of kidney
carcinoma, one of esophageal carcinoma, one of palatine arches carcinoma, and two of lung carcinoma.
There were four cases in patients with hypopharyngeal carcinoma, including one oropharyngeal
carcinoma and three of esophageal carcinoma.

The 3-, 5-, and 10-year overall survival (OS) rates of HNSCC were 68.0%, 46.0%, and 29.0%, respectively. In
laryngeal carcinoma, the 3-, 5-, and 10-year OS rates were 81.5%, 61.8%, and 43.6%, respectively. In
hypopharyngeal carcinoma, the 3-, 5-, and 10-year OS rates were 66.7%, 30.8%, and 15.4%, respectively.
The mean and median survival times of hypopharyngeal carcinoma were signi�cantly shorter than those
of laryngeal carcinoma (93.4 ± 7.6 and 66.1 ± 11.4 vs. 104.0 ± 25.4 and 47.0 ± 9.4, respectively, P = 
0.030).

Relationships between overall survival (OS) and clinicopathological parameters

First, we performed univariate analysis. The results indicated that the OS of the 69 patients with HNSCC
was signi�cantly related to the primary tumor site (P = 0.024), clinical stage (P = 0.041), and lymph node
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metastasis (P = 0.039) (Figures 1) (Table 1). OS of HNSCC was not signi�cantly associated with age (P = 
0.880), T stage (P = 0.267), histological grade (P = 0.352), recurrence (P = 0.115), metastasis (P = 0.710),
or second primary cancer (P = 0.561).

In strati�ed analysis of patients with laryngeal carcinoma, OS was not associated with age (P = 0.734), T
stage (P = 0.792), lymph node metastasis (P = 0.580), histological differentiation (P = 0.270), recurrence
(P = 0.068), distant metastasis (P = 0.985), clinical stage (P = 0.142), or second primary cancer (P = 
0.918). In patients with hypopharyngeal carcinoma, OS was signi�cantly related to histological grade (P 
= 0.002) and distant metastasis (P = 0.022) (Figure 2). However, age (P = 0.743), T stage (P = 0.916),
lymph node metastasis (P = 0.596), recurrence (P = 0.515), clinical stage (P = 0.678), and second primary
cancer (P = 0.542) showed no correlation with OS in hypopharyngeal carcinoma.

Next, we performed multi-factor Cox proportional hazards regression analysis. OS was shown to be
affected by various factors (χ2 = 22.365, P = 0.022). However, none of the factors examined showed a
signi�cant association with OS of HNSCCs. In strati�ed analysis of patients with laryngeal carcinoma,
none of the factors showed signi�cant associations with OS of laryngeal carcinoma. However, second
primary cancer (P = 0.040) was signi�cantly associated with OS of hypopharyngeal carcinoma (Table 2).

Expression of GLUT-1 and HIF-1α and their prognostic signi�cance

The positive rate of GLUT-1 expression in patients with HNSCC was 65.2% (45/69), which was
signi�cantly higher than those with VCP [0.0% (0/15), P < 0.001] or VCL [20.0% (3/15), P = 0.001] (Figures
3). There was no signi�cant difference in GLUT-1 expression between VCP and VCL (P = 0.224) (Table 3).
The OS of HNSCC was not signi�cantly associated with GLUT-1 expression (P = 0.115). In strati�ed
analysis, the rates of positivity for expression of GLUT-1 were 56.5% (26/46) in laryngeal carcinoma and
82.6% (19/23) in hypopharyngeal carcinoma. The level of GLUT-1 expression in laryngeal carcinoma was
signi�cantly lower than that in hypopharyngeal carcinoma (P = 0.032) (Table 4). The OS rates of
laryngeal carcinoma and hypopharyngeal carcinoma were not correlated with GLUT-1 expression (P = 
0.386 and P = 0.375, respectively). However, multi-factor Cox proportional hazards regression analysis
showed that GLUT-1 (P = 0.004) was signi�cantly associated with OS in hypopharyngeal carcinoma
(Table 2).

The positive rate of HIF-1α expression in patients with HNSCC was 71.0% (49/69), which was
signi�cantly higher than those with VCP [0.0% (0/15), P < 0.001] and VCL [13.3% (2/15), P < 0.001]. There
was no signi�cant difference in HIF-1α expression between VCP and VCL (P = 0.483). The OS of HNSCC
was signi�cantly associated with HIF-1α expression (P = 0.029) (Figures 1). In strati�ed analysis, the
positive rates of HIF-1α expression were 65.2% (30/46) in laryngeal carcinoma and 82.6% (19/23) in
hypopharyngeal carcinoma. The rate of HIF-1α expression in laryngeal carcinoma was lower than that in
hypopharyngeal carcinoma, but the difference was not signi�cant (P = 0.133). The OS of laryngeal
carcinoma and hypopharyngeal carcinoma were not correlated with HIF-1α expression (P = 0.071 and P 
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= 0.658, respectively). In addition, multi-factor Cox proportional hazards regression analysis showed the
same results.

Correlation between GLUT-1 and HIF-1α expression and clinicopathological factors of HNSCC

In the 69 cases of HNSCC included in this study, GLUT-1 expression was signi�cantly associated with
clinical stage (P = 0.036), lymph node metastasis (P = 0.032), and distant metastasis (P = 0.002).
However, age (P = 0.441), sex (P = 0.510), T (P = 0.468), histological differentiation (P = 0.314), recurrence
(P = 0.112), and second primary cancer (P = 0.396) showed no association with GLUT-1. In addition, HIF-
1α expression was signi�cantly associated with recurrence (P = 0.013), distant metastasis (P = 0.044),
and second primary cancer (P = 0.040), but not with age (P = 0.446), sex (P = 0.856), T (P = 0.180),
clinical stage (P = 0.081), lymph node metastasis (P = 0.133), or histological differentiation (P = 0.667)
(Table 4).

In strati�ed analysis of the 46 laryngeal carcinoma patients, GLUT-1 expression was signi�cantly
associated with recurrence (P = 0.049) and distant metastasis (P = 0.001), but not with age (P = 0.796),
sex (P = 0.714), T (P = 0.388), clinical stage (P = 0.065), lymph node metastasis (P = 0.133), histological
differentiation (P = 0.304), or second primary cancer (P = 0.262). On the other hand, in laryngeal
carcinoma, HIF-1α expression was correlated with clinical stage (P = 0.020), lymph node metastasis (P = 
0.025), recurrence (P = 0.023), and distant metastasis (P = 0.005), but not with age (P = 0.404), sex (P = 
0.957), T (P = 0.216), histological differentiation (P = 0.299), or second primary cancer (P = 0.084) (Table
5). In strati�ed analysis of the 23 hypopharyngeal carcinoma patients, neither GLUT-1 nor HIF-1α
expression were correlated with any of the clinicopathological factors examined (all P > 0.05).

Relationship between GLUT-1 and HIF-1α expression

Among the 69 patients with HNSCC included in the study, positivity for both GLUT-1 and HIF-1α was
detected in 37 cases. Pearson’s correlation analysis showed a correlation between the expression of the
two proteins (r = 0.338, P = 0.004).

Discussion
Laryngeal carcinoma is a particularly aggressive type of carcinoma, with a 5-year OS rate of
approximately 50% [20]. The hypopharynx is located between the oropharynx and the esophagus, and
hypopharyngeal carcinoma has a reported 5-year OS rate of approximately 30–35% [21]. Our results were
similar to these previous studies, with 3-, 5-, and 10-year OS of 81.5%, 61.8%, and 43.6%, respectively, for
laryngeal carcinoma and 66.7%, 30.8%, and 15.4%, respectively, for hypopharyngeal carcinoma. The
survival time of hypopharyngeal carcinoma was signi�cantly shorter than that of laryngeal carcinoma.

In this study, the OS of HNSCC was related to the primary tumor site, clinical stage, and lymph node
metastasis. In patients with hypopharyngeal carcinoma, OS was signi�cantly related to histological grade
and distant metastasis. These observations were consistent with previous reports. Milan et al. analyzed
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387 patients with laryngeal carcinoma and found that 5-year survival rate was dependent on the
localization of the primary tumor and TNM stage [22]. Xu et al. followed up 264 cases of hypopharyngeal
carcinoma and reported that tumor classi�cation (P = 0.039) and lymph node metastasis (P = 0.009)
were correlated with survival [23]. However, in our previous study with 1–44 months (median:
13.7 months) of follow-up, the clinical stage (P = 0.249), lymph node metastasis (P = 0.924), and tumor
differentiation (P = 0.875) showed no correlation with survival in patients with laryngeal or
hypopharyngeal carcinoma [19]. These discrepancies may have been due to differences in follow-up time,
clinical stage, or sample size. On the other hand, multi-factor Cox proportional hazards regression
analysis in the present study showed that second primary cancer was signi�cantly associated with OS of
hypopharyngeal carcinoma. Xu et al. reported that second primary cancer accounted for 12.5% of deaths
among patients with hypopharyngeal cancer [23]. This suggested that second primary cancer was
correlated with the survival rate of hypopharyngeal cancer. Further studies in larger populations are
necessary to clarify these points.

As HNSCC has a very low survival rate, a better understanding of the molecular biology of this disease is
urgently required to support biomarker development and personalized care for patients [24]. There is a
need for an indicator that can be used to assess rates of HNSCC survival, carcinoma metastasis,
recurrence, and second primary carcinomas occurrence. In this study, HIF-1α and GLUT-1 expression in
HNSCC were signi�cantly increased in comparison with VCP and VCL (P < 0.01). This was consistent
with our previous research [25–26] and with other studies [11–13, 27]. In this respect, the expression
levels of HIF-1α and GLUT-1 were different in malignant, benign, and precancerous lesions suggesting
that they may serve as potential molecular markers for diagnosis of HNSCC.

In the present study, we found that the OS of laryngeal carcinoma and hypopharyngeal carcinoma were
not correlated with GLUT-1 expression. However, multi-factor Cox proportional hazards regression
analysis showed that GLUT-1 was signi�cantly associated with OS of hypopharyngeal carcinoma. In
addition, the OS of HNSCC was signi�cantly associated with HIF-1α expression. These observations were
consistent with the conclusions of other researchers. In our previous study, the positive expression of HIF-
1α was correlated with OS in patients with laryngeal carcinoma, while expression of GLUT-1 showed no
correlation with OS [28]. Mao et al. reported that expression of GLUT-1 was not correlated with survival
rate of laryngeal carcinoma [29]. In colorectal cancer, Yang et al. reported that GLUT-1 was not associated
with OS or disease-free survival rate [30]. Shen et al. and Bao et al. reported that GLUT-1 expression was
negatively correlated with survival [31–32]. Liang et al. reported that HIF-1α overexpression was closely
related to tumor prognosis [33]. In patients with papillary thyroid carcinoma [34], pancreatic
adenocarcinoma [35], pancreatic neuroendocrine tumors [36], epithelial ovarian cancer [37], and
osteosarcoma [38], GLUT-1 and HIF-1α expression were reported to be correlated with total survival or
disease-free survival rate. However, the relations between HIF-1α and GLUT-1 expression and survival rate
of patients remain controversial. Cabanillas et al. suggested that HIF-1α was not associated with the
prognosis of supraglottic laryngeal squamous cell carcinoma [39]. In cervical cancer, Iwasaki et al.
reported that HIF-1α and GLUT-1 expression were not correlated with disease-free survival [40]. These
discrepancies may have been due to differences in tumor type, clinical stage, and methods used for
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detection and evaluation of GLUT-1 and HIF-1α expression between studies. Our observations suggested
that OS was correlated with GLUT-1 and HIF-1α expression (especially HIF-1α expression) in patients with
laryngeal and hypopharyngeal carcinoma, but further studies are clearly warranted.

Many previous studies showed that GLUT-1 is expressed at high levels in laryngeal carcinoma and is
involved in the development of radioresistance [31–32, 41]. Its expression was positively correlated with
lymphatic metastasis. Inhibition of GLUT-1 using GLUT-1 antisense oligonucleotide and GLUT-1 small
interfering RNA may enhance the radiosensitivity of laryngeal carcinoma cells [21–32, 41–42]. The
results of this study showed that GLUT-1 was signi�cantly correlated with the primary tumor site, clinical
stage, lymph node metastasis, and metastasis. In a strati�ed analysis of the 46 laryngeal carcinoma
patients, GLUT-1 expression was signi�cantly associated with recurrence and distant metastasis. In
addition, the results showed that the expression of GLUT-1 in hypopharyngeal carcinoma was higher than
that recorded in laryngeal carcinoma. There have been no previous studies comparing the expression of
GLUT-1 in laryngeal and hypopharyngeal carcinoma.

HIF-1α is overexpressed in a variety of solid tumors, such as breast, prostate, ovary, and primary glioma
[33, 43–44], suggesting that it is closely related to tumor progression and metastasis. HIF-1α is also
highly expressed in some precancerous lesions [45], but low or absent in a variety of benign tumors [46].
Chen et al. reported that the expression level of HIF-1α differs with the degree of tumor differentiation and
the ability to in�ltrate and metastasize [47]. Therefore, the study of HIF-1α is of great signi�cance for
tumor growth, invasion, and metastasis, as well as treatment. The results of this study showed that the
increased expression of HIF-1α was signi�cantly correlated with recurrence and metastasis of HNSCC. In
laryngeal carcinoma, HIF-1α expression was correlated with clinical stage, lymph node metastasis,
recurrence, and distant metastasis, consistent with previous observations [33]. Yu et al. reported that HIF-
1α was associated with lymph node metastasis in laryngeal carcinoma [48]. Cabanillas et al. reported a
signi�cant positive correlation between HIF-1α and tumor classi�cation [39], and their results were
consistent with those of the present study. In summary, we found that GLUT-1 and HIF-1α expression were
correlated with clinicopathological factors and prognosis of patients with laryngeal and hypopharyngeal
carcinoma. GLUT-1 and HIF-1α may be indicators of tumor aggressiveness and poor prognosis.

HIF-1α and GLUT-1 are used as markers of intrinsic hypoxia in tumor tissues [26]. There is a signi�cant
positive correlation between HIF-1α and GLUT-1 [11 – 13]. Hayashi et al. proposed the following
mechanism of hypoxia-induced GLUT-1 expression: in the case of hypoxia, the expression of HIF-1α
increases sharply, and the enhancer sequence at the 5′-terminus of GLUT-1 is activated, thereby
increasing the expression of GLUT-1, and subsequently increased glucose transport and glucose
degradation contribute to the tolerance of tissue cells to ischemia and hypoxia [27]. The results of the
present study showed that HIF-1α expression was positively correlated with GLUT-1 expression in HNSCC.
However, Schrijvers et al. reported that the results of immunohistochemical analysis in glottic laryngeal
carcinoma did not show a signi�cant correlation between HIF-1α and GLUT-1 expression, which was
inconsistent with our observations [49]. Further studies regarding this issue are therefore required.
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Conclusion
Based on a mean follow-up period of 10 years, the survival rate of hypopharyngeal carcinoma was
signi�cantly lower than that of laryngeal carcinoma. The OS of HNSCC was related to the primary tumor
site, clinical stage, and lymph node metastasis. In patients with hypopharyngeal carcinoma, OS was
signi�cantly related to histological grade and distant metastasis. Second primary cancer was suggested
to be correlated with the survival rate of hypopharyngeal cancer. The increased expression of GLUT-1 and
HIF-1α may serve as potential molecular markers for HNSCC diagnosis. The OS of patients with laryngeal
and hypopharyngeal carcinoma were correlated with GLUT-1 and HIF-1α expression (especially HIF-1α
expression). There was a signi�cant positive correlation between HIF-1α and GLUT-1, and both GLUT-1
and HIF-1α expression were correlated with clinicopathological factors and prognosis of patients with
laryngeal and hypopharyngeal carcinoma. GLUT-1 and HIF-1α may be indicators of tumor aggressiveness
and poor prognosis. Further studies with larger sample sizes and additional experiments are required to
verify these results.
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Table 1
Correlation of the survival of patients with HNSCC, clinicopathological characteristics

and expression of GLUT-1 and HIF-1α.
Characteristics No. (%) Means of survival time χ2 P value

Gender        

Male 65(94.2) 92.1 ± 7.5 5.185 0.023

Female 4(5.8) 37.0 ± 0.58    

Age        

< 60 33(47.8) 87.32 ± 10.41 0.023 0.880

≥ 60 36(52.2) 89.29 ± 9.78    

Primary tumor site        

Larynx 46(66.7) 93.39 ± 7.57 5.127 0.024*

Hypopharynx 23(33.3) 66.09 ± 11.39    

Tumour classi�cation        

T1+ T2 51(73.9) 93.41 ± 8.31 1.232 0.267

T3+ T4 + Tx 18(26.1) 76.23 ± 14.20    

Clinical stage        

I + II 37(53.6) 103.20 ± 9.13 4.163 0.041*

III + IV 32(46.4) 71.28 ± 10.56    

Lymph node metastasis        

No 46(66.7) 96.48 ± 8.17 4.262 0.039*

Yes 23(33.3) 71.36 ± 13.08    

Histological grade        

Well differentiated 33(47.9) 101.05 ± 9.75 2.089 0.352

Moderately differentiated 21(30.4) 74.17 ± 10.50    

Poorly differentiated 15(21.7) 73.38 ± 17.56    

Recurrence        

yes 26(37.7) 72.38 ± 10.65 2.481 0.115

GLUT-1, glucose transporter 1; HIF-1α, hypoxia inducible factor 1α.

* denotes statistical differences (P < 0.05).
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Characteristics No. (%) Means of survival time χ2 P value

no 43(62.3) 95.99 ± 9.01    

Metastasis        

yes 14(20.3) 79.47 ± 15.59 0.138 0.710

No

Second primary cancer

Yes

No

55(79.7)

9(13.0)

60(87.0)

90.83 ± 7.98

87.22 ± 12.48

90.00 ± 8.27

0.337 0.561

HIF-1α        

Negative 20(29.0) 106.16 ± 11.21 4.781 0.029*

Positive 49(71.0) 78.96 ± 8.32    

GLUT-1        

Negative 24(34.8) 102.80 ± 10.25 2.480 0.115

Positive 45(65.2) 79.95 ± 9.31    

GLUT-1, glucose transporter 1; HIF-1α, hypoxia inducible factor 1α.

* denotes statistical differences (P < 0.05).
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Table 2
Cox proportional hazards regression model results of survival of patients with hypopharyngeal

carcinoma (Enter-method).

  B SE Wald df Sig. Exp(B) 95.0% CI for
Exp(B)

  Lower Upper Lower Upper Lower Upper Lower Upper

HIF1α .851 1.361 0.391 1 .532 2.342 .163 33.716

GLUT-1 5.790 1.986 8.502 1 .004* 327.025 6.674 16025.0

Tumour
classi�catin

2.031 1.380 2.165 1 .141 7.618 .510 113.879

Clinical stage .597 1.531 .152 1 .697 1.816 .090 36.499

Lymphnode
metastasis

− .002 1.251 .000 1 .999 .998 .086 11.589

Histological grade − .3.019 1.788 2.651 1 .091 .049 .001 1.624

Recurrence − .080 1.301 .004 1 .951 .923 .072 11.819

Metastasis -1.830 1.432 1.633 1 .201 0.160 .010 2.656

Second primary
cancer

-3.334 1.624 4.214 1 .040* .036 .001 0.860

GLUT-1, glucose transporter 1; HIF-1α, hypoxia inducible factor 1α;

* denotes statistical differences (P < 0.05).

Table 3
Expression of GLUT-1 and HIF-1α in VCP, VCL and HNSCC.

Disease Total number GLUT-1 χ2 P value HIF-1α χ2 P value

+ - + -

VCP 15 0 15 Fisher 0.000▲ 0 15 Fisher 0.000▲

VCL 15 3 12 10.287 0.001 2 13 17.187 0.000

HNSCC 69 45 24     49 20    

▲ represents a comparison between vocal cord polyps and HNSCC

 represents a comparison between vocal cord leukoplakia and HNSCC.

GLUT-1, glucose transporter 1; HIF-1α, hypoxia inducible factor 1α; HNSCC, head and neck squamous
cell carcinoma; VCP, vocal cord polyps; VCL, vocal cord leukoplakia
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Table 4
Correlation between GLUT-1 and HIF-1α expression and clinicopathological factors of HNSCC

Factors Case GLUT-1 χ2 P value HIF-1α χ2 P value

+ - + -

age                  

60 33 20 13 0.593 0.441 22 11 0.581 0.446

≥ 60 36 25 11     27 9    

sex                  

Male 65 43 22 0.433 0.510 46 19 0.033 0.856

Female 4 2 2     3 1    

Primary tumor site                  

Larynx 46 26 20 4.600 0.032* 30 16 2.253 0.133

Hypopharynx 23 19 4     19 4    

Tumour classi�catin                  

T1+ T2 51 32 19 0.527 0.468 34 17 1.795 0.180

T3+ T4a + Tx 18 13 5     15 3    

Clinical stage

I + II

III + IV

37

32

20

25

17

7

4.383 0.036* 23

26

14

6

3.037 0.081

Lymph node metastasis                  

No 46 26 20 4.600 0.032* 30 16 2.253 0.133

Yes 23 19 4     19 4    

Histological grade                  

Well differentiated 33 19 14 2.314 0.314 23 10 0.809 0.667

Moderately differentiated 21 14 7     14 7    

Poorly differentiated 15 12 3     12 3    

Recurrence                  

GLUT-1, glucose transporter 1; HIF-1α, hypoxia inducible factor 1α; HNSCC, head and neck squamous
cell carcinoma

* denotes statistical differences (P < 0.05).
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Factors Case GLUT-1 χ2 P value HIF-1α χ2 P value

+ - + -

Yes 26 20 6 2.520 0.112 23 3 6.170 0.013*

No 43 25 18     26 17    

Metastasis                  

Yes 14 14 0 9.367 0.002* 13 1 4.071 0.044*

No 55 31 24     36 19    

Second primary cancer                  

Yes 9 7 2 0.720 0.396 9 0 4.224 0.040*

No 60 38 22     40 20    

GLUT-1, glucose transporter 1; HIF-1α, hypoxia inducible factor 1α; HNSCC, head and neck squamous
cell carcinoma

* denotes statistical differences (P < 0.05).
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Table 5
Correlation between GLUT-1 and HIF-1α expression and clinicopathological factors of laryngeal

carcinoma.
Factors Case GLUT-1 χ2 P value HIF-1α χ2 P value

+ - + -

age                  

60 22 12 10 0.067 0.796 13 9 0.698 0.404

≥ 60 24 14 10     17 7    

sex                  

Male 43 24 19 0.134 0.714 28 15 0.003 0.957

Female 3 2 1     2 1    

Tumour classi�catin                  

T1+ T2 39 21 18 0.747 0.388 24 15 1.529 0.216

T3+ T4a + Tx 7 5 2     6 1    

Clinical stage

I + II

III + IV

30

16

14

12

16

4

3.409 0.065 16

14

14

2

5.370 0.020*

Lymph node metastasis                  

No 34 17 17 2.256 0.133 19 15 5.007 0.025*

Yes 12 9 3     11 1    

Histological grade                  

Well differentiated 21 11 10 2.382 0.304 12 9 2.417 0.299

Moderately differentiated 13 6 7     8 5    

Poorly differentiated 12 9 3     10 2    

Recurrence                  

Yes 19 14 5 3.880 0.049* 16 3 5.148 0.023*

No 27 12 15     14 13    

GLUT-1, glucose transporter 1; HIF-1α, hypoxia inducible factor 1α; HNSCC, head and neck squamous
cell carcinoma

* denotes statistical differences (P < 0.05).
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Factors Case GLUT-1 χ2 P value HIF-1α χ2 P value

+ - + -

Metastasis                  

Yes 11 11 0 11.121 0.001* 11 0 7.710 0.005*

No 35 15 20     19 16    

Second primary cancer                  

Yes 5 4 1 1.258 0.262 5 0 2.992 0.084

No 41 22 19     25 16    

GLUT-1, glucose transporter 1; HIF-1α, hypoxia inducible factor 1α; HNSCC, head and neck squamous
cell carcinoma

* denotes statistical differences (P < 0.05).

Figures
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Figure 1

Survival analysis in patients with HNSCC. HNSCC, head and neck squamous cell carcinoma; HIF-1α,
hypoxia-inducible factor-1α.
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Figure 2

Survival analysis in patients with hypopharyngeal carcinoma.
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Figure 3

On immunostaining analysis, GLUT-1 and HIF-1α protein expression were positive in laryngeal carcinoma
and hypopharyngeal carcinoma, locally or weakly positive in vocal cord leukoplakia, and negative in
vocal cord polyps.


