
ONCOLOGY LETTERS  20:  271,  2020

Abstract. The aim of the present study was to analyze the 
characteristics of angiogenic factors in patients with hypo‑
pharyngeal cancer, and to study the effects of these factors 
on induction chemotherapy, patient prognosis and survival. 
Data from 60 eligible patients with hypopharyngeal cancer 
that were treated between January 2012 and December 2016 
were collected retrospectively. The differential expression 
of angiogenic factors in tumor and peritumoral tissues was 
analyzed retrospectively to assess the association between five 
differentially expressed genes, including interleukin (IL)‑1β, 
transforming growth factor (TGF)‑β, matrix metallopro‑
teinase‑9 (MMP‑9), angiopoietin‑2 and interferon‑inducible 
T‑cell α chemoattractant, and clinicopathological character‑
istics in different types of chemotherapy‑associated blood 
vessels within samples of poorly differentiated hypopharyngeal 
cancer. The χ2 test or t‑test was used to compare the frequency 
data, the Kaplan‑Meier method was used for survival analysis 
and the log‑rank test was used to compare the Kaplan‑Meier 
curves. P<0.05 was considered to indicate a statistically 
significant difference. The results of the present study demon‑
strated that there was a significant difference in the expression 
levels of vascular‑associated factors between hypopharyngeal 
carcinoma and peritumoral tissues. Additionally, the results 
revealed a significant difference in the overall survival and 
prognosis of patients with a decreased vascular classification 
compared with patients with an unchanged vascular classifica‑
tion, which was assessed using narrowband imaging (NBI) 
following induction chemotherapy (P<0.05). The results of 
single factor analysis indicated that IL‑1β, TGF‑β and MMP‑9 
were associated with decreased blood vessel classification 

(P<0.05). In conclusion, IL‑1β, TGF‑β and MMP‑9 may be 
used as predictors of the effect of induction chemotherapy 
on poorly differentiated hypopharyngeal cancer. Therefore, 
when patients with advanced hypopharyngeal cancer undergo 
chemotherapy, NBI vascular examination and screening for 
associated vascular factors should be performed before and 
after chemotherapy. Alterations in vascular classification, 
assessed using NBI, and abnormal expression of vascular 
factors may also be used as reference factors for prognosis.

Introduction

Hypopharyngeal cancer accounted for 3.0‑5.0% of head and 
neck cancer cases worldwide in 2009; however, it has one of 
the poorest prognoses among all types of head and neck squa‑
mous cell carcinoma (1). In recent years, although numerous 
studies have been performed, and advances in comprehensive 
treatment have been made that have increased the organ pres‑
ervation rate and local control rate, the 5‑year survival rate of 
patients with hypopharyngeal cancer has not improved signifi‑
cantly; 30‑40% compared with patients exhibiting the same 
stage of laryngeal cancer (2,3). This demonstrates that there is 
a considerable difference in survival rates between these two 
types of cancer.

A previous study has demonstrated that the type of treat‑
ment and degree of differentiation of head and neck squamous 
cell carcinoma can have a significant impact on patient 
prognosis (4). The rate of cervical lymph node metastasis in 
poorly differentiated hypopharyngeal carcinoma was signifi‑
cantly higher than that in the highly differentiated type, and 
the survival rate in poorly differentiated hypopharyngeal 
carcinoma was significantly lower than that in the highly 
differentiated type (5). Due to the location of hypopharyngeal 
cancer being well‑concealed, a surgical procedure is not the 
best option for the majority of patients. According to the 
National Comprehensive Cancer Network clinical guidelines 
for head and neck cancer (6), induction chemotherapy should be 
the first line of treatment for patients with advanced hypopha‑
ryngeal cancer, and subsequent treatment can be determined 
according to the results of the induction chemotherapy. In 
a previous study (7), it has been indicated that, before and 
after induction chemotherapy, the change in vascular clas‑
sification, as determined using narrow‑band imaging (NBI), 
is associated with prediction of prognosis, and this may be 
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associated with different angiogenic factors serving their 
respective roles in tumor angiogenesis. Additionally, a number 
of angiogenesis‑related factors, including interleukin (IL)‑1, 
transforming growth factor (TGF)‑β and matrix metallopro‑
teinase‑9 (MMP‑9), have been demonstrated to be associated 
with tumor development in solid tumors (8,9). For example, 
IL‑1 is involved in tumor angiogenesis and lymphangiogenesis 
together with vascular endothelial growth factor (VEGF) and 
fibroblast growth factor (FGF) (8). Expression of MMP‑9 and 
other angiogenesis‑associated factors also serves an important 
role in promoting tumor angiogenesis, invasion and metas‑
tasis (9). Therefore, the present study used a microarray of 
angiogenesis‑associated factors to screen the types of vascular 
factors that are differentially expressed.

In the present study, the clinical characteristics of hypopha‑
ryngeal carcinoma, the changes in blood vessel classification 
according to NBI and the differential expression of angiogenic 
factors were analyzed retrospectively to determine the role 
of angiogenesis factors in hypopharyngeal cancer and their 
predicted function in the prognosis of patients.

Materials and methods

Clinical data. Data from 60 patients with poorly differenti‑
ated hypopharyngeal cancer diagnosed according to the 
World Health Organization diagnosis standard (10) who were 
treated at Beijing Tongren Hospital Affiliated to the Capital 
Medical University (Beijing, China) between January 2012 
and December 2016 were retrospectively collected. The 
patients selected for analysis were required to meet certain 
inclusion and exclusion criteria. The inclusion criteria 
were: i) Stage III‑IV hypopharyngeal cancer according to 
the American Joint Committee on Cancer TNM stage (11); 
ii) primary cases; iii) age <80 years; and iv) first treatment 
was induction chemotherapy, with NBI examination before 
and after treatment. The exclusion criteria were: i) Other 
head and neck tumors, such as laryngeal cancer; ii) stage I‑II 
hypopharyngeal cancer; iii) first treatment was not induc‑
tion chemotherapy; iv) cancer recurrence and metastasis 
or secondary cancer; v) patients who had already received 
surgery for this cancer; vi) distant metastasis at admis‑
sion; and vii) other serious systemic diseases, such as other 
advanced tumors or coronary heart disease, at admission. The 
present study screened all patients who met the criteria in 
the allotted range of 5 years to avoid bias. The present study 
was approved by the Ethics Committee of Beijing Tongren 
Hospital (Beijing, China), and patients provided written 
informed consent to participate in the present study.

Relevant standards of the treatment process. The diagnosis 
of hypopharyngeal cancer was based on the pathology of the 
patient at the time of admission, and the pathological diagnosis 
was performed by senior doctors. The chemotherapy plan was 
jointly formulated by the deputy chief physician of the Head 
and Neck Surgery and Oncology Department and the senior 
doctors following consultation. The chemotherapy plans 
included TPF (130 mg/m2 paclitaxel, D1; 30 mg/m2 cisplatin, 
D2‑4; 500 mg/m2 5‑FU, D2‑6, 21‑28 day repeat, 2 cycles) 
and TP (135 mg/m2 paclitaxel, D1; 70 mg/m2 cisplatin, D2‑4; 
21 day repeat, 2 cycles). After induction chemotherapy 

treatment, the senior doctors in the imaging department used 
image examination and stroboscopic laryngoscopy to jointly 
determine the efficacy of treatment, including complete remis‑
sion (CR), partial remission (PR), stable disease (SD) and 
progressive disease, and formulated the subsequent treatment 
plan. Before induction chemotherapy treatment and 2 weeks 
after induction chemotherapy treatment, the blood vessel clas‑
sification according to NBI was determined by senior doctors 
at the Head and Neck Surgery and Voice Center. In the present 
study, an NBI electronic fiber laryngoscope (model, Otv‑s190) 
manufactured by Olympus Corporation was used. The image 
system was OTV‑S7PRO (Olympus Corporation) and the cold 
light source system was CLV‑S40PRO (Olympus Corporation). 
The conversion between white light mode and NBI mode 
could be completed by pressing the down button. The method 
of classification was as follows: Type I (poly P), hard to see 
oblique branches, such as intrapapillary capillary loops (IPCL; 
A1‑A3); type II (laryngitis), enlarged, oblique branch‑like 
blood vessels (B1‑B3); type III (simple hyperplasia and mild 
atypical hyperplasia), IPCL covered by white mucosa (C1‑C3); 
type IV (mild‑to‑moderate atypical hyperplasia), spots clearly 
visible with a regular arrangement but low density (D1‑D3); 
type V (mild‑to‑severe atypical hyperplasia and invasive 
cancer) was divided into three subtypes (type V A, type V B 
and type V C), type V A exhibited bloated high density spots 
with various shapes (E1‑E3); type V B exhibited irregular 
twisted earthworm‑like IPCL (F1‑F3); type V C exhibited 
irregular twisted or spotted IPCL (G1‑G3) on the surface of 
the tumor, of which 100% of type V B and type V C indicated 
invasive cancer (Fig. 1) (12). The more obvious the neovascu‑
larization, the more likely the tumor is to be malignant and the 
more serious the disease (12). During induction chemotherapy, 
the NBI blood vessel classification changed from type V to 
type I‑IV or from type V B and V C to type V A, which was 
defined as a decrease in blood vessel classification. In this 
group, 30 cases exhibited a decrease in NBI blood vessel clas‑
sification and 30 cases were unchanged in NBI blood vessel 
classification.

Human angiogenesis antibody array. The RayBio® G‑Series 
Human Angiogenesis Antibody Array 1000 kit (RayBiotech, 
Inc.) was used. For tissue lysis, tumor and peritumoral tissues 
were collected via resection and frozen at ‑80˚C until further 
use. The tissues were then cut with surgical scissors into 
1‑3 mm3 cubes and transferred to a 2‑ml centrifuge tube. Cell 
lysate (150 µl) was added, and the mixture was stored at a 
low temperature on ice and homogenized for 5‑15 min. The 
mixture was then centrifuged at room temperature at 7.4 x g 
for 10 min and the supernatant was removed for subsequent 
use.

To measure protein concentration and dilution, following 
cell lysis, the protein concentration of the tissue lysate 
was determined using a Pierce BCA protein assay kit 
(cat. no. 23227; Pierce; Thermo Fisher Scientific, Inc.). A total 
of 100 µl 1X PBS as the sealing solution was added to each 
chip hole, and the mixture was incubated in a shaker at room 
temperature for 30 min.

Subsequently, the sealing solution (PBS) was removed, 
and 100 µl of the sample was added to each well and incu‑
bated overnight at 4˚C (the sample was centrifuged at room 
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temperature at 7.2 x g for 4 min; 0.5 mg/ml). A Wellwash Versa 
Microplate Washer (Thermo Fisher Scientific, Inc.) was used 
to clean the slides. A total of 70 µl biotin was added to each 
pore and the samples were incubated at room temperature for 
2 h. Subsequently, 70 µl streptavidin fluorescent agent (dilution, 
1,500) was added to each pore and samples were incubated for 
1‑2 h at room temperature in the dark. A laser scanner (Axon 
GenePix Microarray scanner; Molecular Devices, LLC) was 
used to detect the signal, and a Cy3 channel (excitation wave‑
length, 532 nm) was used to detect staining. Subsequently, the 
data of the relative expression levels were obtained by over 
density quantitative analysis and standardized calculation, 
and the Human Angiogenesis Array G1 (AAH‑ANG‑G1) 
and Human Angiogenesis Array G2 (AAH‑ANG‑G2) kits 
(RayBiotech, Inc.) were used for the data analysis according to 
the manufacturer's protocol.

Immunohistochemistry. A total of 1 cm3 of tissue was taken 
and fixed with 4% paraformaldehyde for 24 h at room 
temperature and dehydrated in different ethanol concentra‑
tions (50, 70, 80 and 95% for 2 h each, and 100% for 1 h at 
room temperature). Tissue samples were treated with xylene, 
embedded in paraffin at 52˚C and cut into 4‑µm‑thick 
sections. After paraffin‑embedded sections were dewaxed 
in xylene at room temperature and rehydrated in different 
ethanol concentrations (100, 85 and 75%) at room tempera‑
ture, the tissue sections were placed in a repair box filled with 
EDTA antigen repair buffer (pH 8.0), and then antigen was 
retrieved using a microwave oven. The samples were heated 
at boiling temperature for 9 min, stopped for 7 min and then 
at medium heat for 7 min. After natural cooling, the slides 
were placed in PBS (pH 7.4) and shaken on the decolor‑
izing shaker for 3 times (5 min each time). The slides were 
incubated with 3% hydrogen peroxide solution for 25 min at 
room temperature. The slides were placed in PBS (pH 7.4) 

and washed 3 times on a decolorizing shaker for 5 min each 
time. Slides were blocked with 3% BSA added into the histo‑
chemical circle to cover the tissue homogeneously for 30 min 
at room temperature. After shaking off the blocking solution 
gently, the slides were incubated with primary antibodies (all 
diluted 1:200 in PBS) against IL‑1 (cat. no. ab2105; Abcam), 
TGF‑β (cat. no. ab92486; Abcam), MMP‑9 (cat. no. ab58803; 
Abcam), angiopoietin‑2 (Ang‑2; cat. no. ab56301; Abcam) 
and interferon‑inducible T‑cell α chemoattractant (I‑TAC; 
cat. no. 70R‑IR053; Fitzgerald Industries) overnight at 4˚C. The 
slides were washed with PBS (pH 7.4) and were then covered 
with HRP‑labeled goat anti‑rabbit (1:200; cat. no. GB23303; 
Wuhan Servicebio Technology Co., Ltd.) or goat anti‑mouse 
(1:200; cat. no. GB23301; Wuhan Servicebio Technology Co., 
Ltd.) secondary antibodies and incubated at room temperature 
for 50 min. PBS replaced the primary antibody as the negative 
control, and the company (Abcam) provided a positive refer‑
ence to use as the positive control. Each step was performed 
according to the requirements of the 3,3'‑diaminobenzidine 
staining kit (cat. no. D7051; Beijing Solarbio Science & 
Technology, Co., Ltd.). Positive expression of the yellow‑brown 
reaction product was indicated in the nucleus or the cytoplasm. 
Cells in a total of five fields were randomly counted manually 
using a high power light microscope (magnification, x200). In 
total, 100 tumor cells were counted in each field. A number 
of positively stained cells >10% was considered to indicate a 
positive result. For the fixation of samples, the present study 
used a fixed time of 24 h. If the fixation time is too long, the 
antigenic determinants of cells will be covered and lost, due 
to the cross‑linking between formaldehyde and tissue protein, 
and this will affect their expression activity (13).

Follow‑up. Patient follow‑up was a combination of regular 
outpatient reviews and telephone follow‑up appointments. Up 
to the follow‑up time, no patient was lost, 46 patients survived 

Figure 1. Blood vessel classification by narrowband imaging from Type I to Type Vc. (A1‑3) Type I: Thin, oblique and arborescent vessels are interconnected 
and intraepithelial papillary capillary loops are almost invisible. (B1‑3) Type II: Diameter of oblique and arborescent vessels is enlarged, and intraepithe‑
lial papillary capillary loops are almost invisible. (C1‑3) Type III: Intraepithelial papillary capillary loops are obscured by white mucosa. (D1‑3) Type IV: 
Intraepithelial papillary capillary loops can be recognized as small dots. (E1‑3) Type Va: Intraepithelial papillary capillary loops appear as solid or hollow, 
with a brownish, speckled pattern and various shapes. (F1‑3) Type Vb: Intraepithelial papillary capillary loops appear as irregular, tortuous, line‑like shapes. 
(G1‑3) Type Vc: Intraepithelial papillary capillary loops appear as brownish speckles or tortuous, line‑like shapes with irregular distribution, scattered on the 
tumor surface (12). Panels A2‑G2 were imaged using white light, while panels A3‑G3 using narrowband imaging.



GUO et al:  VASCULAR‑ASSOCIATED FACTORS AND HYPOPHARYNGEAL CARCINOMA4

and 14 died. The date for follow‑up to death, or end of the 
study period, was October 2019.

Statistical analysis. SPSS software version 22.0 (IBM Corp.) 
was used for the statistical analysis. The χ2 test or unpaired 
Student's t‑test were used for categorical or continuous data, 
respectively. and Cox regression analysis were used for single 
factor analysis of clinical indicators. The Kaplan‑Meier 
method and the log‑rank test were used to analyze the differ‑
ence in Kaplan‑Meier curves between groups. The data are 
presented as the averages. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Differential expression of angiogenic antibody CHIP in 
tumors and peritumoral tissue. The log ratio of differen‑
tially expressed genes in tumor tissue and para‑cancerous 
tissue from each patient was determined. The genes included 
epithelial‑derived neutrophil‑activating protein 78, IL‑1β, 
phosphatidylinositol glycan anchor biosynthesis class F, 
urokinase‑type plasminogen activator, interferon‑inducible 
T‑cell α chemoattractant (I‑TAC), VEGF, MMP‑1, monocyte 
chemoattractant protein 3, VEGF‑D, inflammatory cytokine 
I‑309, IL‑4, LEPTIN, TIMP metallopeptidase inhibitor 1, 
insulin‑like growth factor 1, angiopoietin (Ang‑2), epidermal 
growth factor and MMP‑9. A total of five differentially 
expressed genes, including IL‑1β, TGF‑β, MMP‑9, Ang‑2 and 
I‑TAC, were selected using the Angiogenesis Antibody Array 
in the 60 patients (Table I).

Immunohistochemistry results. The expression levels of IL‑1β, 
TGF‑β, MMP‑9, Ang‑2 and I‑TAC in hypopharyngeal carci‑
noma were determined by immunohistochemistry (Fig. 2). 
The immunohistochemical results of each vascular factor were 
observed under a microscope.

Analysis of NBI, vascular factors and survival. The average 
age of the 60 patients was 61.5 years and the median follow‑up 
time was 35 months (Table II). In October 2019, 46 patients 
were still alive and 14 had died. A total of 38 patients had 
a history of smoking, 40 had a history of drinking and all 
60 patients were male. According to the American Joint 
Committee on Cancer TNM stage (11), 20 patients had 
stage III hypopharyngeal cancer and 40 patients had stage IV 

hypopharyngeal cancer. The subsites of tumor location were: 
Posterior area of cricoid cartilage (n=2); pyriform sinus 
(n=6); posterior wall of laryngopharynx (n=0); and multiple 
subsites (n=52). After induction chemotherapy, 8 patients had 
CR, 44 had PR and 8 patients had SD. Until October 2019, 
a total of 8 patients exhibited local recurrence, 36 exhibited 
lymph node metastasis and 20 exhibited distant metastasis 
(Table III).

The two groups with decreased or unchanged NBI vascular 
classification were analyzed for differences in clinicopatho‑
logical characteristics, including age, sex, history of tobacco 
and alcohol use, disease stage, induction chemotherapy plan, 
and response to induction chemotherapy. A χ2 or t‑test was 
used for statistical analysis, and the results are presented in 
Table II. The only statistically significant difference between 
the two groups was the change in NBI vascular classification 
before and after induction chemotherapy (P<0.001). A t‑test 
was performed to determine the differences in the expression 
levels of five vascular factors between the two groups, and the 
results indicated that the expression levels of MMP‑9, IL‑1β 
and TGF‑β were significantly different between the two groups 
(P<0.001). The expression levels were higher in the group with 
unchanged NBI vascular type (Table IV).

Single factor Kaplan‑Meier analysis was performed for 
factors that may affect the survival rate of the 60 patients, 
including age, sex, smoking and alcohol history, disease 
stage, induction chemotherapy plan, response to induction 
chemotherapy, treatment plan after chemotherapy, local 
recurrence, lymph node metastasis, distant metastasis, and 
decreased/unchanged NBI blood vessel classification. The 
effects of the five vascular factors on the survival and prog‑
nosis of patients were analyzed. As shown in Tables III and V, 
the factors that may affect the prognosis of patients were 
TNM stage, treatment plan after induction chemotherapy, 
local recurrence, lymph node metastasis, distant metastasis, 
decreased NBI blood vessel classification and expression 
levels of vascular factors MMP‑9, IL‑1β and TGF‑β.

Multivariate Cox regression analysis was also performed to 
identify potential factors associated with prognosis (Table VI). 
The results indicated that decreased NBI blood vessel clas‑
sification and distant metastasis were factors that affected the 
prognosis of patients, among which distant metastasis was a 
risk factor. Additionally, decreased NBI vascular classification 
was a protective factor for prognosis. The survival curve in 
Fig. 3 shows the association between decreased/unchanged 

Table I. Expression levels of tumor/peritumoral differential factors in 60 patients.

Factor Tumor (median) Peri‑tumor (median) Fold change T P‑value 95% CI

MMP‑9 6,550.40 855.55 6.30 17.72 <0.01 5,658.98‑7,082.86
TGF‑β 1,609.00 38.95 41.0 37.71 <0.01 1,411.900‑1,568.39
IL‑1β 48,499.55 745.00 64.00 27.89 <0.01 44,922.21‑51,790.29
Ang‑2 19,049.50 5,490.00 3.30 37.96 <0.01 13,145.55‑14,592.52
I‑TAC 3,510.50 360.50 10.00 232.69 <0.01 28,938.80‑3,317.82

Ang‑2, angiopoietin‑2; I‑TAC, interferon‑inducible T‑cell α chemoattractant; IL‑1β, interleukin‑1β; MMP‑9, matrix metalloproteinase‑9; 
TGF‑β, transforming growth factor‑β.
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NBI blood vessel classification and overall survival rate, 
revealing that unchanged NBI blood vessel classification was 
associated with a worse overall survival rate.

Discussion

Tumor angiogenesis refers to the process of tumor cell‑induced 
capillary growth and the establishment of tumor blood circula‑
tion, which serves an important role in tumor growth, invasion, 
diffusion and metastasis. This process is regulated by a variety 
of cytokines, among which angiogenesis factor is an important 
regulatory factor (14).

The abnormal secretion of angiogenic factors occurs in the 
early stages of tumor occurrence, assists in the formation of 
tumor neovascularization and promotes tumor occurrence (15). 
For example, Ang‑2, which was investigated in the present 
study, is an early angiogenic factor (15). The Ang family is asso‑
ciated with angiogenesis, and a large number of studies have 
confirmed that it serves an important role in the occurrence and 
development of human malignant tumors (15,16). Ang‑1 and 
Ang‑2 are the most well‑known members of the Ang family, 
and Ang‑2 belongs to the secretory proteins. In the pathological 

state, Ang‑2 is primarily expressed in areas of inflammation, 
tissue damage and metastasis, and is expressed most abundantly 
in the neovascular network (17). In the early stages of malignant 
tumor formation, Ang‑2 is expressed in endothelial cells when 
new blood vessels begin to develop, which destroys the stability 
of blood vessels and the original vascular network around the 
new tumor body, and forms the vascular co‑selection area, 
leading to the reconstruction of microvasculature.

To the best of our knowledge, no studies have investigated 
Ang‑2 in squamous cell carcinoma of the head and neck, but 
it has been indicated that high expression of Ang‑2 is an early 
event in esophageal cancer (18). Ang‑2 expression has been 
demonstrated to not be significantly increased in the middle 
or late stages of squamous cell carcinoma, to not be an inde‑
pendent factor for the prognosis of esophageal cancer (18) and 
to not be associated with the prognosis of patients with this 
disease. These results are consistent with the conclusions of 
the present study. In addition, Ang‑2 has been indicated to 
activate infiltration‑associated cytokines, including MMPs, 
and promote the invasion and progression of tumor cells (19). 
Furthermore, Ang‑2 has been demonstrated to improve the 
responsiveness and sensitivity of tumor cells and vascular 

Figure 2. Representative immunohistochemical images. (A) Immunohistochemical staining of interleukin‑1β observed under a microscope. Magnification, x200. 
(B) Immunohistochemical staining of matrix metalloproteinase‑9 observed under a microscope. Magnification, x200. (C) Immunohistochemical staining 
of angiopoietin‑2 observed under a microscope. Magnification, x200. (D) Immunohistochemical staining of interferon‑inducible T‑cell α chemoattractant 
observed under a microscope. Magnification, x200. (E) Immunohistochemical staining of transforming growth factor‑β observed under a microscope. 
Magnification, x200.
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endothelial cells to VEGF (19), and further participates in 
tumor angiogenesis and growth.

When a tumor reaches a certain size, the original blood 
vessels are not able to transport sufficient nutrients to the 
distant tumor (20,21). The rapid growth and apoptosis rate of 
the tumor are lower compared with normal tissue, which has a 
large demand for oxygen, and can cause vasospasm and oxygen 

deficiency in tissues; however, the tumor can mitigate this by 
regulating itself and promoting angiogenesis (20‑22). During 
hypoxia, tumor cells can adapt to the hypoxic microenviron‑
ment by expressing hypoxia inducible factor‑1 (HIF‑1) (23). 
HIF‑1 can promote the high expression of TGF‑β1 mRNA and 
the increased secretion of TGF‑β1 protein in esophageal squa‑
mous cell carcinoma by regulating VEGF, in order to regulate 

Table II. Summary of the association between the decreased/unchanged NBI blood vessel classification and the general situation 
of patients.

 Decreased NBI blood vessel Unchanged NBI blood vessel  
Factor classification (n=30) classification (n=30) χ2/T P‑value

Mean age ± SD, years 60.47±1.558 62.53±1.254 1.003 0.087
Median follow up, months 35 35 ‑ ‑
Sex   ‑ ‑
  Male 30 30  
  Female   0   0  
Smokinga   0.287 0.592
  Yes 20 18  
  No 10 12  
Drinkingb   1.200 0.273
  Yes 22 18  
  No   8 12  
TNM stage   5.293 0.507
  Stage III 10 10  
    T2N1M0   0   2  
    T3N0M0   9   7  
    T3N1M0   1   1  
  Stage IV 20 20  
    T2N2M0   6   2  
    T3N2M0 11 12  
    T4N0M0   2   4  
    T4N1M0   1   2  
Chemotherapy   1.667 0.197
  TPF 22 26  
  TP   8   4  
Chemotherapy response    14.100 <0.001
  CR   8   0  
  PR 22 22  
  SD   0   8  
  PD   0   0  
Subsite   ‑0.652 0.517
  Posterior area of cricoid cartilage   1   1  
  Pyriform sinus   4   2  
  Posterior wall of laryngopharynx   0   0  
  Multiple subsites 25 27  

a‘Smoking, Yes’ were those subjects who had smoked >100 cigarettes in their lifetime, whereas ‘smoking, No’ had smoked ≤100 or fewer. 
b‘Alcohol drinking, Yes’ were those individuals who drank alcoholic beverages at least once a week for >1 year, and the others were 
‘alcohol drinking, No’. TPF, 130 mg/m2 paclitaxel (D1), 30 mg/m2 cisplatin (D2‑4), 500 mg/m2 5‑FU (D2‑6), 21‑28 day repeat, 2 cycles; TP, 
135 mg/m2 paclitaxel (D1), 70 mg/m2 cisplatin (D2‑4), 21 day repeat, 2 cycles; CR, complete remission; PR, partial remission; SD, stable 
disease; PD, progressive disease; NBI, narrowband imaging.
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Table III. Analysis of single factors influencing the prognosis of patients.

Factor Total, n Event (death), n 95% CI χ2/T P‑value

Average age, years 61.50 61.48 ‑3.743‑5.793 20.229 0.210
Sex   39.325‑48.609 ‑ ‑
  Male 60 14   
  Female 0 0   
Smokinga    3.232 0.072
  Yes 38 6 38.654‑47.452  
  No 22 8 29.467‑47.076  
Drinkingb    0.334 0.563
  Yes 40 10 36.817‑48.883  
  No 20 4 36.227‑48.173  
TNM stage    20.789 0.002
  Stage III 20 6 21.299‑31.544  
    T2N1M0 2 0   
    T3N0M0 16 6   
    T3N1M0 2 0   
  Stage IV 40 8 30.989‑40.907  
    T2N2M0 8 0   
    T3N2M0 23 2   
    T4N0M0 6 4   
    T4N1M0 3 2   
Chemotherapy    0.525 0.469
  TPF 48 12 37.569‑48.431  
  TP 12 2 36.297‑49.370  
Chemotherapy response    0.007 0.996
  CR 8 2 30.048‑47.452  
  PR 44 10 38.034‑49.329  
  SD 8 2 27.799‑42.201  
Therapy after chemotherapy    10.107 0.006
  Surgery 38 8   
  Radiotherapy 10 6   
  Surgery + radiotherapy 12 0   
Local recurrence    4.547 <0.001
  Yes 8 8 9.857‑16.143  
  No 52 6 44.742‑52.719  
Lymph node metastasis    8.729 0.003
  Yes 36 4 45.657‑53.676  
  No 24 10 22.641‑36.525  
Distant metastasis    34.071 <0.001
  Yes 20 14   
  No 40 0   
Decreased NBI blood vessel classification    9.986 0.002
  Yes 30 2 48.231‑54.836  
  No 30 12 26.054‑39.546  

a‘Smoking, Yes’ were those subjects who had smoked >100 cigarettes in their lifetime, whereas ‘smoking, No’ had smoked ≤100 or fewer. 
b‘Alcohol drinking, Yes’ were those individuals who drank alcoholic beverages at least once a week for >1 year, and the others were ‘alcohol 
drinking, No’. TPF, 130 mg/m2 paclitaxel (D1), 30 mg/m2 cisplatin (D2‑4), 500 mg/m2 5‑FU (D2‑6), 21‑28 day repeat, 2 cycles; TP, 135 mg/m2 

paclitaxel (D1), 70 mg/m2 cisplatin (D2‑4), 21 day repeat, 2 cycles; CR, complete remission; PR, partial remission; SD, stable disease; NBI, 
narrowband imaging.
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the neovascularization of the tumor and control hypoxia (24). 
TGF‑β is a member of the TGF superfamily, which serves a 
role in the formation of tumor blood vessels, and in tumor 
invasion and metastasis (25).

TGF‑β has been indicated to exhibit a two‑way effect on 
tumors, causing inhibition of cell canceration in early stage 
tumors and promotion of invasion and metastasis in advanced 
stage tumors (25). In the early stages of tumor growth, TGF‑β 
is primarily associated with the regulation of the cell cycle 

and the induction of cell apoptosis to prevent cell carcino‑
genesis (26). In the advanced stages of tumor growth, TGF‑β 
promotes tumor cell invasion and metastasis by stimulating 
the proliferation of the extracellular matrix, and promoting 
angiogenesis and immunosuppression (26). This has been 
demonstrated in a previous study that focused on esophageal 
squamous cell carcinoma. In the early stages (stage I) of 
esophageal cancer formation, TGF‑β expression increases 
due to its inhibitory effect in the early tumor, while in the late 

Table IV. Association between decreased/unchanged NBI blood vessel classification and vascular factors.

 Decreased NBI Unchanged NBI
 blood vessel blood vessel
 classification classification
Vascular factor (average) (average) T P‑value 95% CI

MMP‑9 782.957 7,177.387 12.478 <0.001 5,368.633‑7,420.228
TGF‑β 39.785 1,590.558 29.226 <0.001 144.558‑1,656.988
IL‑1β 804.127 49,095.463 19.523 <0.001 43,340.072‑53,242.600
Ang‑2 6,630.833 8,109.133 1.179 0.243 ‑1,032.613‑3,989.214
I‑TAC 2567.676 2,408.063 ‑0.265 0.792 ‑1,363.993‑1,044.768

Ang‑2, angiopoietin‑2; I‑TAC, interferon‑inducible T‑cell α chemoattractant; IL‑1β, interleukin‑1β; MMP‑9, matrix metalloproteinase‑9; 
TGF‑β, transforming growth factor‑β; NBI, narrowband imaging.

Table V. Association between vascular factor expression and survival.

Factor Survival (average) Death (average) χ2 df P‑value

MMP‑9 4,086.329 4,308.548 141.847 46 <0.001
TGF‑β 815.172 883.353 132.630 47 <0.001
IL‑1β 24,949.795 26,235.434 146.498 56 <0.001
Ang‑2 7,969.983 7,974.060 116.868 58 0.737
I‑TAC 2,387.869 2,399.797 102.252 53 0.837

Ang‑2, angiopoietin‑2; I‑TAC, interferon‑inducible T‑cell α chemoattractant; IL‑1β, interleukin‑1β; MMP‑9, matrix metalloproteinase‑9; 
TGF‑β, transforming growth factor‑β.

Table VI. Multivariate Cox regression analysis.

Variable B SE Wald P‑value HR 95% CI

TNM stage ‑1.457 1.006 2.097 0.148 0.233 0.032‑1.674
Decreased NBI blood vessel classification ‑18.105 8.526 4.509 0.034 0.000 0.000‑0.248
Lymph node metastasis ‑6.320 3.833 2.719 0.099 0.002 0.000‑3.295
Distant metastasis 27.078 12.414 4.758 0.029 3.163 0.660‑15.164
Local recurrence ‑4.363 3.009 2.102 0.147 0.013 0.000‑4.642
Therapy after chemotherapy ‑7.187 3.884 3.425 0.064 0.001 0.000‑1.530
MMP‑9 0.000 0.000 0.053 0.817 1.000 1.000‑1.001
TGF ‑0.001 0.002 0.071 0.790 0.999 0.995‑1.004
IL1 0.000 0.000 0.134 0.714 1.000 1.000‑1.000

IL1, interleukin‑1; MMP‑9, matrix metalloproteinase‑9; TGF, transforming growth factor; NBI, narrowband imaging; HR, hazard ratio; 
CI, confidence interval.
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stage of tumor invasion, TGF‑β expression increases due to 
its promotive effect on the advanced tumor, but decreases in 
the middle stage (stage II) of tumor growth (18). In the present 
study, the majority of patients with decreased NBI vascular 
type were classified as V‑type to IV‑type, from the late stage 
to the middle and late stages. Compared with the unchanged 
NBI vascular type, the expression of TGF‑β decreased in the 
decreased NBI vascular type, which was statistically signifi‑
cant and consistent with the conclusions drawn in a previous 
study (27).

TGF‑β has also been indicated to interact with a variety of 
vascular factors. Dang et al (28) revealed that when TGF‑β1 
was added to scc9 and myofibroblasts, the expression levels of 
MMP‑3 and MMP‑9 were increased. Additionally, the MMP 
family is an important factor in tumor angiogenesis (29), since 
it can degrade the extracellular matrix, destroy the structure of 
the basement membrane and interact with basic FGF, TGF and 
other cytokines in the process of vascular remodeling (30). This 
interaction means that the front‑end endothelium of neovas‑
cularization continues to proliferate, whereas the back‑end 
endothelium forms a close connection and subsequently forms 
a complete lumen structure to enable blood supply to tumor 
cells (30). MMP‑9 is an important component of MMPs, 
and as a gelatinase, and it mainly degrades collagen IV (31). 
Furthermore, it has been indicated that MMP‑9 is an important 
angiogenic factor in promoting the transformation of tumor 
epithelial stroma (32). According to experimental findings for 
oral squamous cell carcinoma, TGF‑β can regulate MMP‑9 by 
enhancing the expression of the transcription factor Snail/ETS 
proto‑oncogene 1, transcription factor (33), and thus promoting 
the development of oral cancer. Therefore, MMP‑9 and other 
angiogenesis‑associated factors may be associated with the 
transformation of the tumor epithelial stroma. Overexpression 
of MMP‑9 can lead to the exposure of hidden functional 
sites in the normal state, which is associated with basement 
membrane degradation, extracellular mechanism remodeling 

and cell migration, and can accelerate the formation of blood 
vessels (31). In the present study, MMP‑9 expression decreased 
with decreased NBI blood vessel classification, which also 
demonstrated that MMP‑9 expression was higher in stages IV 
or V according to the NBI vascular classification. In addition, 
MMP‑9 has been revealed to be associated with the invasion 
and cervical lymph node metastasis of tongue squamous cell 
carcinoma exhibiting different invasion modes (34).

Tumor development is also affected by the tumor microen‑
vironment, which can change tumor angiogenesis by regulating 
the tumor immune microenvironment and releasing cytokines. 
The inflammatory microenvironment can increase the mutation 
rate of cells and provide support for tumor initiation (24,35). It 
has been indicated that the IL family can upregulate MMP‑9 
expression through the infiltration and recruitment of Th 
helper 17 cells to inflammatory cells, thus promoting tumor 
angiogenesis and serving an important role in the process 
of tumor invasion and metastasis (36). Other factors, such as 
IL‑6, are involved in the transformation of epithelial stroma, 
and can influence the occurrence and development of tumors 
by reacting to alterations in the tumor microenvironment (37). 
These factors are highly associated with poor patient prognosis 
and the early recurrence of oropharyngeal squamous cell carci‑
noma and esophageal squamous cell carcinoma (38). Via the 
Janus kinase/STAT3 signaling pathway, epithelial‑to‑mesen‑
chymal transition (EMT) is also mediated, and angiogenesis 
and lymphangiogenesis are enhanced by VEGF, promoting 
tumor progression (38). For the IL‑1 that was used in the present 
study, the relevant literature (8,39) indicates that IL‑1, together 
with VEGF and FGF, is associated with tumor angiogenesis 
and lymphangiogenesis. In addition, studies by Paik et al (40) 
and Cui et al (41) have revealed that the concentration of 
IL‑6 secreted by fibroblasts is increased 13 times after 24 h 
of IL‑1 stimulation. IL‑1β can promote the production of IL‑6 
in fibroblasts and promote tumor angiogenesis, metastasis and 
invasion through EMT, which is induced by IL‑6 (40,41). The 
results of the present study also indicated that IL‑1β expres‑
sion decreased with decreased NBI vascular classification, and 
increased in the later stage.

I‑TAC was also used in the present study. In 1998, the role 
of the chemokine I‑TAC in the migration of chemotactic cells 
was revealed for the first time (42). Cells were observed to 
migrate to the source of the chemokine along the signal of 
increased chemokine concentration (42). Subsequently, it was 
demonstrated that chemokines, as key signaling molecules in 
the tumor microenvironment, serve an important role in tumor 
invasion and metastasis. In terms of angiogenesis, I‑TAC can 
be used as a factor of angiogenesis or anti‑angiogenesis, and 
I‑TAC can also interact with VEGF (43). Cancer cells can 
produce I‑TAC directly, or release I‑TAC to regulate angio‑
genesis by regulating the surrounding inflammatory cells (44). 
I‑TAC is a novel tumor microcirculation mode that is different 
from the classic tumor angiogenesis and does not depend on 
endothelial cells; however, no significant differential expres‑
sion of I‑TAC was observed in the present study. Therefore, 
the role of chemokines in the angiogenesis of head and neck 
squamous cell carcinoma requires further study.

The present study revealed that in patients with hypopha‑
ryngeal cancer, changes in NBI vascular classification before 
and after induction chemotherapy reflected the therapeutic 

Figure 3. Association between decreased/unchanged NBI blood vessel clas‑
sification and survival prognosis. NBI, narrowband imaging; N, no; Y, yes.



GUO et al:  VASCULAR‑ASSOCIATED FACTORS AND HYPOPHARYNGEAL CARCINOMA10

effects of chemotherapy and were associated with the prognosis 
of patients. IL‑1β, TGF‑β and MMP‑9, as angiogenesis‑asso‑
ciated factors, were significantly different in patients with 
differing NBI vascular classifications, although they were not 
independent factors of survival prognosis. However, in terms 
of chemotherapy and pre‑treatment of patients, they may serve 
a role in guiding patient treatment.

It was hypothesized that IL‑1β, TGF‑β and MMP‑9 
can be used as predictors of the effect of induction chemo‑
therapy on poorly differentiated hypopharyngeal carcinoma. 
Therefore, when patients with advanced hypopharyngeal 
cancer undergo induction chemotherapy, NBI examination 
and screening for associated vascular factors should be 
performed before and after chemotherapy, as changes in 
vascular classification and abnormal expression of vascular 
factors can be used as important reference factors. In 
addition, the lack of quantitative immunohistochemistry 
analysis may be a limitation of the present study. A more 
comprehensive understanding of the mechanism of tumor 
angiogenesis will help to inform the clinical application of 
anti‑angiogenesis. Although a variety of anti‑angiogenic 
drugs combined with chemotherapy have been introduced in 
clinical applications or have been entered into clinical trials, 
they do not completely resolve tumor angiogenesis, and the 
treatment therefore requires further improvement.
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