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Differential diagnostic value of computed tomography
perfusion combined with vascular endothelial growth
factor expression in head and neck lesions
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Abstract. There are numerous types of head and neck
lesions (HNLs), and conventional computed tomography
(CT) has low specificity and sensitivity in the definitive and
differential diagnosis of HNLs. The aim of the present study
was to evaluate the value of perfusion CT (CTP) combined
with vascular endothelial growth factor (VEGF) expression
in the differentiation between malignant and benign HNLs.
In total, 41 HNLs, which were pathologically confirmed,
underwent CTP and VEGF expression analysis. All lesions
were divided into three groups: Group A, benign hypovas-
cular lesions; Group B, benign hypervascular lesions; and
Group C, malignant lesions. Time density curve (TDC) and
CTP parameters [maximum intensity projection (MIP), blood
volume (BV), blood flow (BF), mean transit time and capil-
lary permeability] were analyzed. The association between
perfusion measurements and VEGF was assessed using
Pearson's correlation. TDCs were classified into three types,
and type I was more frequently identified in benign tumors
(Groups A and B) compared with malignant tumors (Group
C) (P=0.003). Malignant tumors primarily had a TDC of
type II and III. MIP, BF and BV were all significantly higher
in Groups B and C compared to Group A (P<0.01). VEGF
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expression of malignant tumors was significantly higher
than benign tumors (P=0.007). No correlation was identified
between VEGF and any CTP parameter. The present findings
suggest that CTP combined with VEGF may differentiate
between malignant and benign HNLs, and between benign
hypovascular and hypervascular lesions.

Introduction

Tumor angiogenesis is the process of novel blood vessel
formation from existing vessels, which is critical for tumor
growth, progression and metastasis (1). Several studies have
revealed that tumor angiogenesis has prognostic value; there
is an association between angiogenesis and increased risk of
local regional recurrence, distant metastasis and decreased
survival in patients with head and neck cancer (2-4). Tradition-
ally, vascular endothelial cell growth factor (VEGF) staining
of tumor tissues has been used to evaluate angiogenesis (5,0).
It has been reported that VEGF is a prognostic factor for the
survival of patients with esophageal squamous cell carcinoma,
and positive expression of VEGF is associated with a poorer
prognosis (5,7,8).

Current advances in functional imaging techniques have
resulted in perfusion computed tomography (CTP), which is
an attractive technique to assess tumor vascularity and indi-
rectly reflects tumor angiogenesis (9-11). The development
of novel vessels leads to physiological changes, and tumor
angiogenesis is associated with increased perfusion, blood
volume and permeability, which alters contrast enhancement
during CTP. CTP quantifies these physiological changes and
identifies the extent of tumor angiogenesis in the head and
neck (12). In theory, the degree of neovascularity is different
between benign and aggressive lesions. Consequently, CTP
aids in the early detection of malignancy, assessment of
responses to therapy and differentiation between residual
or recurrent tumors and fibrous post-therapeutic altera-
tions (11,13-15). As a clinical tool, CTP has been a promising
technique in evaluating the angiogenesis of head and neck
lesions (HNLSs) in vivo and in differentiating malignant from
benign lesions (5,13,16,17).
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VEGF is an angiogenic molecular marker (7,8), and CTP
provides a quantitative measure of tumor perfusion, which
reflects tumor angiogenesis (9-11). Therefore, CTP findings
may be a predictive indicator of intratumoral VEGF. There have
been a few studies evaluating the use of CTP in the differential
diagnosis between benign and malignant HNLs (13,16,17).
However, to the best of our knowledge, there has been only
one study concerning the correlation of CTP with VEGF in
a group of HNLs, which demonstrated a positive correlation
between MTT and VEGF (17). The aim of the present study
was to prospectively study the correlation of CTP parameters
with VEGF expression, and determine the value of CTP
combined with VEGF in the differential diagnosis between
malignant and benign HNLSs.

Materials and methods

Patients. The current prospective study was performed with
approval from the Institutional Review Board affiliated to the
Eye Ear Nose & Throat Hospital, Fudan University (Shanghai,
China), and informed written consent was obtained from
each patient prior to enrolment. In total, 41 patients (23 men
and 18 women; age range, 25-74 years; mean age + standard
deviation, 45.22+13.82 years) with HNLs were included
in this study, who underwent surgical resection for HNLs
from October 2008 and March 2010. Primary tumor sites
consisted of the parotid gland (n=20), temporal bone [n=11,
including external auditory canal (n=7), mastoid process
(n=3) and petrous portion (n=1)], parapharyngeal space (n=7),
infratemporal fossa (n=1), jugular foramen (n=1) and pterygo-
palatine fossa (n=1). All the histopathological diagnoses were
confirmed by surgical specimens.

CTP imaging. CT scans were performed with a 16-row
multi-slice CT scanner (Somatom 16, Sensation; Siemens
Healthcare, Erlangen, Germany). An unenhanced CT of the
neck was performed prior to CTP. On transverse CT images,
the slice revealing the maximal transverse tumor diameter was
selected to measure perfusion. Two adjacent 12-mm sections
were selected at the level of the tumor. A total of 50 ml
nonionic iodinated contrast agent (300 mg/ml; Ultravist 300;
Bayer Health Care, Whippany, NJ, USA) was injected at
4 ml/sec using a Optivantage power injector (Cincinnati, OH,
USA). At 4 sec into the injection, a continuous acquisition
was initiated using the following parameters: 80 kV, 100 mA,
2x12 mm sections, with a temporal resolution of 1 picture/sec
for a 40 sec duration. Following the completion of the perfu-
sion acquisition, dual-phase imaging (arterial and venous
acquisitions) was performed. Fixed delays of 25-30 sec for the
arterial phase and 90 sec for the venous phase were included.
To increase radiation protection, the volume acquisition was
reduced to the area of the lesion in the arterial phase. The
venous phase scanning (routine scanning) was between the
skull base and thoracic inlet. All the lesions were subdivided
into benign (Group A and B) and malignant lesions (Group C)
upon pathological examination (Table I). Subsequently, two
head and neck radiologists (Department of Radiology, Eye Ear
Nose & Throat Hospital, Shanghai, China; 25 years of experi-
ence in radiology) blindly reviewed the dual-phase images and
divided the benign lesions into two groups (Group A, benign

hypovascular lesions; Group B, benign hypervascular lesions)
(Table I). Imaging criteria for benign hypervascular lesions
consisted of arterial contrast enhancement and washout on
delayed images. For benign hypovascular lesions imaging
features were defined as delayed enhancement of the venous
phase, which had no obvious enhancement on the arterial
phase (18).

CTP imaging postprocessing. Quantitative evaluation of the
CTP data was performed in consensus by the two radiolo-
gists, using commercially available body perfusion software
(syngo® Volume Perfusion CT Body; Siemens Healthcare).
The Patlak approach was used for analysis (19). After the
CT data set was corrected for motion with an integrated
motion correction algorithm (20), a circular region of interest
(ROI) was placed in the input artery, either the ipsilateral
external or internal carotid artery, since there was substantial
anatomic variation, which rendered it challenging to use the
same artery in different patients. Subsequently, color coded
maps of maximum intensity projection (MIP), blood volume
(BV), blood flow (BF), mean transit time (MTT) and capil-
lary permeability (CP) were generated. A ROI was drawn
within the greatest dimension plane of the tumor (range,
19-1032 mm?). If homogeneous enhancement was identified,
the ROI was drawn to cover 250% of the tumor surface. If
heterogeneous enhancement was identified, the regions with
the highest enhancement were selected. Care was taken
to avoid regions of adjacent normal vasculature and those
that had no enhancement, including calcification and cystic,
necrotic and hemorrhagic components (21). Subsequently, the
time density curves (TDCs) and the five parametric values of
CTP (MIP, BV, BF, MTT and CP) were generated for selected
ROIs. For CTP imaging post-processing, the commercially
available body perfusion software (Syngo Volume Perfusion
CT Body, VA 40; Siemens Healthcare) was used.

VEGF immunohistochemistry and assessment. All patients
underwent surgical resection as soon as possible following
the CTP scan. Two pathologists and two radiologists jointly
performed the processing of all surgical specimens and
matching with CT images. Subsequent to a 24 h fixation in
formalin (Sinopharm Chemical Reagent Co., Ltd, Shanghai,
China), the surgical specimens were sliced in the transverse
plane at the level of the maximal tumor diameter (range,
0.9-5.7 cm). The macroscopic appearance of the transversely
sliced surgical specimen was compared with the appearance
of the corresponding tumor plane on transverse CT images to
ensure maximal consistency of the regions subjected to patho-
logical examination with the ROIs selected on the CT images.
Subsequently a 3-5 mm thick slice was cut from the specimen
in this plane, and all tissue slices were embedded in paraffin.
From the paraffin, 4-um thick sections were cut and incu-
bated with phosphate-buffered saline (Sinopharm Chemical
Reagent Co., Ltd), 3% H,0, solution (Sinopharm Chemical
Reagent Co., Ltd) and citrate buffer (Sinopharm Chemical
Reagent Co., Ltd). The Histostain™ Plus Kit (Fuzhou Maixin
Biological Technology Development Co., Ltd., Fuzhou, China),
rabbit anti-VEGF polyclonal antibody (dilution, 1:100; catalog
no. ab46154; Abcam, Cambridge, MA, USA) and DAB Horse-
radish Peroxidase Color Development Kit (Fuzhou Maixin



3344

ONCOLOGY LETTERS 11: 3342-3348, 2016

Table I. Histopathological diagnosis, TDC types and CTP parameters in 41 patients with head and neck lesions.

TDC types, n CTP parameters
MIP, BY, BF, MTT, CP,
Histopathologic diagnosis Total,n 1 I 1 Hu ml/100 mI ml/100 ml/min ~ sec ml/100 ml/min
Benign lesions (G,,5) 29 14 4 11 7384341 6.7+72 73.7£51.1 94+4.1 26.6+23.1
Benign hypovascular lesions (G,) 16 12 0 4 553+£30.1 28+2.2 39.1+£199  99+42 17.6x11.3
Pleomorphic adenoma 9 6 0 3 590+£12.6 3.1+£25 4254237  8.6£33  20.6+8.9
Lymphoepithelial cyst 2 2 0 0 38.8 2.1 32.7 9.1 39
Branchial cleft cyst 2 2 0 O 25.6 2.7 38.6 119 247
Schwannoma 1 1 0 O 28.5 10 38.0 8.0 3.7
Venous hemangioma 1 1 0 O 48.5 0.6 19.5 13.6 4.0
Osteochondroma 1 0 O 1 147.8 5.6 43.6 17.8 312
Benign hypervascular lesions (Gg) 13 2 4 7 9654236 115484 11624451 8.7+4.1 37.7+289
Kimura's disease 3 0 0 3 79314 94452  101.5+458 8+3.9 35.3+0.9
Warthin's tumor 2 0o 2 0 108.7 23.1 1749 53 20.6
Papillary epithelioma 2 o 2 0 97.8 79 97.1 74 255
Intradermal nevus 1 0 O 1 759 22.1 164.8 17.7 119.7
Chondroblastoma 1 0 O 1 142.1 6.8 96.2 6.3 399
Glomus tumor 1 1 0 0 78.4 45 73.7 74 45.7
Granulosa cell tumor 1 0 O 1 779 3.8 444 13.3 22.8
Basal cell adenoma 1 0 O 1 1342 142 156.6 129 04
Giant cell granuloma 1 1 0 O 954 8.0 1272 6.7 64.4
Malignant lesions (G.) 12 0 6 6 79.1£25.1 129+125 1124+£76.6 84+£2.8 33.2+22.6
Rhabdomyosarcoma 2 o 2 0 779 18.7 1852 6.6 49.7
Adenoid cystic carcinoma 2 0 0 2 76.5 4.8 48.9 10.0 219
Malignant schwannoma 2 0 1 1 65.3 10.7 112.1 6.7 40.5
Mucoepidermoid carcinoma 1 0 1 0 145.7 459 2412 10.1 21.8
Squamous cell carcinoma 2 0o 2 0 88.1 13.7 120.6 12.1 415
WDC 1 0 o0 1 434 14 372 43 154
Epithelioid sarcoma 1 0 O 1 79.5 7.1 575 93 17.8
MEMT 1 0 o0 1 65.6 50 79.3 6.6 36.7

Data are presented as the mean + standard deviation. TDC, time density curve; CTP, computed tomography perfusion; MIP, maximum intensity
projection; BV, blood volume; BF, blood flow; MTT, mean transit time; CP, capillary permeability; G,,, Groups A and B; G,, Group A; Gy,
Group B; G, Group C; WDC, well-differentiated chondrosarcoma; MEMT, metastatic epithelial malignant tumor.

Biological Technology Development Co., Ltd.) were used for
the detection of VEGF. VEGF expression was visualized using
a microscope (Eclipse Ci; Nikon Corporation, Tokyo, Japan).
In addition to histopathological analysis, routine tissue samples
for hematoxylin and eosin staining (Shanghai Honggiao Le
Xiang Medical Technology Co., Ltd, Shanghai, China) were
also obtained. All the immunohistochemical results were
evaluated by the two pathologists, and consensus was reached
when there was a discrepancy.

Assessment of VEGF. According to the criteria established
by Volm et al (22) for evaluating VEGF expression, a score
was designated corresponding to the sum of the following:
(a) Percentage of positive cells (0, 0% immunopositive cells;
1, <25% positive cells; 2, 26-50% positive cells; and 3,
>50% positive cells); and (b) Staining intensity (0, negative;
1, weak; 2, moderate; and 3, high). The sum of a + b had a

maximum score of 6. Scores between 0 and 2 were regarded
as negative, scores of 3 and 4 as weakly positive and scores
between 5 and 6 as strongly positive. At low magnification
(x40), 10 fields with the highest density of VEGF positive
expression in the tumor cells were initially determined. The
10 fields were composed of 6 counting regions in the central
portion and 4 in the peripheral portion; necrotic areas were
avoided. VEGEF staining extent and intensity were assessed
in each of 10 fields at high magnification (x400) for each
field. The total scores for 10 fields were averaged and
recorded as the final score of VEGF expression for each
tumor specimen.

Statistical analysis. SPSS version 16.0 (SPSS, Inc., Chicago,
IL, USA) was used for all statistical analysis. P<0.05 was
considered to indicate a statistically significant difference.
The Mann-Whitney test was used in the comparison of CT
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Figure 1. A 50-year-old female of Group A with pleomorphic adenoma in the left parotid. (A) Axial contrast-enhanced CT shows an irregular mass with
heterogeneous enhancement (arrow). (B-F) CT perfusion functional maps show that the lesion has relatively (B) increased MIP, and decreased (C) BV, (D) BF,
(E) CP and (F) MTT compared with the contralateral normal parotid gland. (G) Time density curve of type I; a steep ascending phase with no descending
phase. (H) Vascular endothelial growth factor expression is weakly positive; brown staining is observed in the tumour cytoplasm and cytomembrane (arrow;
magnification, x400). CT, computed tomography; MIP, maximum intensity projection; BV, blood volume; BF, blood flow; MTT, mean transit time; CP, capil-

lary permeability.

Figure 2. A 50-year-old female of Group C with a mucoepidermoid carcinoma in the right parotid. (A) Axial contrast-enhanced CT shows an ill-defined mass
with heterogeneous enhancement (arrow). (B-F) CT perfusion functional maps show that the lesion has relatively increased (B) MIP, (C) BV and (D) BF, and
decreased (E) CP and (F) MTT compared with the contralateral normal parotid gland. (G) Time density curve of type II with a steep ascending phase and an
apparent descending phase. (H) VEGF expression is strongly positive; brown staining was observed in the tumour cytoplasm (arrow; magnification, x400). CT,
computed tomography; MIP, maximum intensity projection; BV, blood volume; BF, blood flow; MTT, mean transit time; CP, capillary permeability.

perfusion parameters and VEGF expression between any two
groups. Pearson's correlation coefficients were calculated to
assess the correlation between perfusion measurements (MIP,
BV, BF, MTT, CP) and VEGF.

Results

Characteristics of dynamic enhancement TDC. The
obtained TDCs were classified into three types on the
basis of the time to peak (TTP) and the washout ratio
(WR) (23). These TDC parameters were calculated using
the following equations: TTP = time required to reach
the enhancement density peak; WR (%) =[(density at
peak)-(density at 44 sec after the start of contrast medium
injection)] x 100 / [(density at peak)-(density at the start of
contrast medium injection)] (21). The three types of TDC
were classified as follows: Type I TDCs, TTP >30 sec and
no washout; type II, TTP <30 sec and WR >30%; type 111,

TTP <30 sec and WR <30%. Table I summarizes the various
types of TDC in the three groups.

TDC of type I (Fig. 1) was more frequently identified
in Group A compared with Groups B and C (P=0.003 and
P<0.001) respectively). Type II (Fig. 2) was only identified
in Groups B and C. There was no significant difference in
TDC of type III among the three groups. TDC of type I was
more frequently identified in benign tumors (Groups A and B)
compared with malignant tumors (Group C) (P=0.003). Malig-
nant tumors primarily had TDC of type II and III.

CTP parameters. The values of the CTP parameters for each tumor
are presented in Table I, and the differences between the CTP
parameters among the three groups are summarized in Table II.
MIP, BV and BF were all statistically increased in Groups B and
C compared with Group A (Table IT). CP was increased in Group
B compared with Group A (P=0.002). Group B had increased
MIP values compared with Group C (P=0.044).
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Table II. Comparison of computed tomography perfusion parameters and VEGF among the three groups of head and neck patients.

MIP, BV, BF, MTT, CP, VEGF

Group Hu ml/100 ml ml/100 ml/min sec ml/100 ml/min expression
A

Range 21.6-147.8 0.5-9.2 15.8-83.6 30-17.8 1.2-33.8 0-550

M 553 23 3538 9.8 16.0 34
B

Range 64.1-142.1 3.8-335 44.4-188.6 30-17.7 04-119.7 1.0-4.8

M 91.7 8.0 1052 7.6 345 3.7
C

Range 43.4-145.7 1.4-459 37.2-249.4 43-135 15.2-81.5 3.0-5.6

M 76.4 9.1 87.2 92 239 50
Avs.B

Z score -3.667 -3.946 -3.992 -1.323 -3.064 -0.256

P-value <0.001* <0.001* <0.001* 0.186 0.002* 0.798
Avs.C

Z score -2.693 -3.389 -3.296 -0.882 -1.811 -2.262

P-value 0.007* 0.001* 0.001* 0.378 0.070 0.024°
Bvs.C

Z score -2.013 -0.272 -0.761 -0.082 -0.870 -2.510

P-value 0.044° 0.786 0.446 0.935 0.384 0.012°
A+B vs.C

Z score -0.602 -1.948 -1.633 -0.501 -0.659 -2.713

P-value 0.547 0.051 0.102 0.616 0.510 0.007*

Mann Whitney U test used for statistical analysis. *P<0.01, "P<0.05. A, benign hypovascular lesions; B, benign hypervascular lesions; C,
malignant lesions; M, median; MIP, maximum intensity projection; BV, blood volume; BF, blood flow; MTT, mean transit time; CP, capillary
permeability; VEGF, vascular endothelial growth factor.

Table III. Pearson's correlation for computed tomography perfusion parameters and VEGF.

MIP, BV, BF, MTT, CP,
Hu ml/100 ml ml/100 ml/min sec ml/100 ml/min
VEGF
expression r r P r P r P r P
++ 0.292 0.312 0.283 0.327 0.408 0.148 -0.466 0.100 0.100 0.734
+ 0.106 0.640 0.048 0.830 0.019 0.933 0.108 0.600 0.170 0.448
- -0.498 0.393 -0.002 0.998 0.004 0.996 0.349 0.600 -0.129 0.837

++, strong positive; +, weakly positive; -, negative; P, P-value; r, correlation coefficient; MIP, maximum intensity projection; BV, blood
volume; BF, blood flow; MTT, mean transit time; CP, capillary permeability; VEGF, vascular endothelial growth factor.

VEGF expression and its association with CTP parameters.
The results of VEGF expression in the three groups are
presented in Table II. The Mann-Whitney test revealed a
significant difference of VEGF expression in Group C vs. A
(P=0.024) and Group C vs. B (P=0.012). VEGF expression
of malignant tumors (Group C) was significantly higher
compared with benign tumors (Groups A + B; P=0.007).
The correlation between perfusion parameters and VEGF is
presented in Table III. VEGF expression was not correlated
with any CTP parameters (P>0.05).

Discussion

CTP is performed to evaluate blood flow patterns of lesions,
and the various appearances of the TDCs of HNLs primarily
represent the differences in blood perfusion (17). In the present
study, TDC of type I was more frequently identified in Group A
(benign hypovascular lesions) compared with Group B (benign
hypervascular lesions) (P=0.003), which indicated that TDC of
type I may be used to distinguish between benign hypovas-
cular and hypervascular lesions. In addition, TDC of type I
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was more frequently identified in benign tumors (Groups A
and B) compared with malignant tumors (Group C) (P=0.003).
This may be due to the decreased blood supply and intact
vascular wall observed benign tumors, particularly in benign
hypovascular lesions (17). Consequently, TDC of type I may
aid in the differentiation between benign and malignant HNLs.
Additionally in the present study, malignant tumors primarily
were TDC type II and III, and type II was only identified in
Groups B and C. In malignant tumors in the present study,
due to the abundant novel vessels, loosely interconnected
endothelium and immature basement membrane (17), the
contrast agent dispersed quickly following injection. There-
fore, these were classified as TDC of type II, and may be used
to differentiate Group A from Groups B and C. In addition,
certain tumors in Group B, including Warthin's tumors and
papillary epitheliomas, also had TDC of type II, which may be
attributed pathologically to their extensive capillary networks
and numerous leaky blood vessels (24). Therefore, the various
types of TDC may reflect the alterations in blood microcir-
culation and may aid in distinguishing between benign and
malignant HNLs, and between benign hypovascular and
hypervascular lesions.

There are three main differences in CTP parameters in
the differentiation of malignant and benign HNLs (13,16,17).
Rumboldt er al (16) demonstrated that benign head and neck
lesions had a lower BF and longer MTT compared with malig-
nant lesions. Conversely, Bisdas et al (13) reported that the BV
and BF of benign parotid tumors were significantly higher than
those of malignant tumors. In the present study, MIP, BV and
BF were all statistically higher in Groups B and C compared
with Group A (P<0.01). As MIP may reflect the overall level
and average degree of perfusion, its increase in Groups B and
C may reveal more abundant angiogenesis than Group A.
A significantly high BV in Groups B and C may reflect an
increased vascular bed in the process of angiogenesis (the
growth of novel vessels from pre-existing ones), while a high
BF may reflect the formation of a number of arteriovenous
shunts in tumor angiogenesis. Therefore, MIP, BV and BF
reflect the extent of tumor angiogenesis in HNLs and may be
of great value in the differentiation of Group A from Groups B
and C. However, there were no significant differences in BV
and BF between Group B and Group C (P>0.05). This may be
due to the numerous microvessels and high cellularity-stromal
grade observed in benign hypervascular lesions, which results
in a high WR (13), followed by MIP, BV and BF increases.
Additionally in the present study, the necrotic regions of
malignant tumors had an apparent affect on CTP parameters,
which could reduce MIP, BV and BF. Furthermore, CP was
higher in Group B than in Group A (P=0.002), and this may
aid in differentiating between benign hypovascular and hyper-
vascular lesions. The difference may be due to the leaky blood
vessels of certain tumors in Group B, including Warthin's
tumors and papillary epitheliomas (24), which has led to the
capillary permeability increase.

The importance of angiogenesis in tumor growth is
well-established (14). Although there are numerous types of
vascular growth factors, VEGF is crucial in tumor angiogenesis
due to its specialized role in promoting tumor karyokinesis (25).
Yang et al (17) demonstrated that high VEGF expression was
significantly different between malignant and benign HNLs.

In the present study, there were no significant differences in
VEGF expression between Group A and Group B. However, the
VEGF expression in Group C was significantly higher than that
Groups A and B (P=0.024 and P=0.012, respectively), which
indicated that VEGF expression may be useful to differentiate
between malignant and benign HNLs.

CTP assesses tumor vascularity quantitatively in vivo with
vascular parameters, including BV, BF, MTT and CP, and
it has been used as a tool for the assessment of antivascular
chemotherapy (15,26). Therefore, the vascular parameters of
CTP may be an appropriate surrogate for angiogenesis and
may have certain correlations with histological measures of
angiogenesis, including VEGF.

Different results to the present study, have been demonstrated
in prior studies that focused on the correlation between CTP
parameters and VEGF expression. Zhang et al (27) revealed that
there was a positive correlation between BV, BF, PS and VEGF,
and a negative correlation between MTT and VEGF in a malig-
nant rabbit VX2 liver tumor model. In addition, Yang et al (17)
reported a significant correlation between VEGF expression and
MTT in HNLs. In the present study, no correlation was observed
between VEGF expression and any CTP measurements in
all three groups, in accordance with the findings of previous
studies where no association was demonstrated between the
expression levels of VEGF and any perfusion CT parameter in
colorectal cancer (28), gastric adenocarcinoma (29), and renal
cell carcinoma (30). Although VEGF is a key stimulatory factor
that promotes tumor angiogenesis (31), it is not the only factor
that influences tumor angiogenesis. Other factors, including
platelet-derived endothelial cell growth factor, cyclooxygenase-2
and interleukin-8, also participate in tumor angiogenesis, which
may lead to alterations in CTP parameters (31). Furthermore,
VEGEF expression is upregulated according to alterations in
the microenvironment, including hypoxia and a decrease in
pH (31), without an obvious impact on the results of tumor CTP.
Consequently, it is possible that there is no correlation between
VEGF expression and CTP measurements in HNLs; however,
this requires validation.

The present study had certain limitations. First, due to the
small sample size and overlap in the CTP data among the three
groups, a larger scale trial is required to validate the differen-
tial diagnostic value of CTP in HNLs. Second, the perfusion
scanning time (40 sec) was not long enough in the present
study, and prolonged scans may provide more information in
the differential diagnosis of HNLs. Third, the CTP studies
were performed on a 16-row multi-slice CT scanner, and more
precise data would be acquired with thinner slices and a larger
scanning area on a more advanced multidetector CT.

In conclusion, the present study suggests that CTP may
differentiate between malignant and benign HNLSs and between
benign hypovascular and hypervascular HNLs. In addition,
VEGF may differentiate between benign and malignant HNLs.
Overall, CTP combined with VEGF may be beneficial for the
differentiation, and reflect the angiogenesis, of HNLs.
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