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Introduction

	 Angiogenesis is the basis of the occurrence, 
development and metastasis of tumors which can grow 
fast and further invade the surrounding tissues and distant 
metastasis by entering blood circulation only after the 
formation of new vessels (Folkman, 2007). Vascular 
epithelial growth factor (VEGF) can be regarded as the 
target for inhibiting the growth of tumors and preventing 
tumor node metastasis (Andrea et al., 1999; Carmeliet et 
al., 2011). Endostatin is a kind of endogenous angiogenesis 
inhibiting factor, based on which recombinant human 
endostatin (rh-endostatin/endostar), a new artificially 
synthesized targeted drug for anti-angiogenesis, comes 
into being (Sun et al., 2007; Cao et al., 2011). Previous 
study has proven that rh-endostatin, which has synergistic 
effect when combined with chemotherapeutics, can 
improve the efficacy of chemotherapy for non-small cell 
lung cancer and has a good prospect of clinical application 
(Yang et al., 2005; Yang et al, . 2006). CT perfusion 
(CTP), as a technology of functional imaging marked by 
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Abstract

	 Objective: To observe the curative effects of rh-endostatin combined with DP regimen in treating patients 
with advanced esophageal cancer and analyze the correlation of CT perfusion (CTP) parameters and the 
expression of vascular endothelial growth factor (VEGF). Methods: Twenty patients with esophageal cancer 
confirmed pathologically were randomly divided into combined treatment (rh-endostatin+DP regimen) group 
and single chemotherapy group, 10 patients in each group, respectively. All patients were given conventional CT 
examination and CTP imaging for primary tumor. The level of VEGF, the size of tumor and CTP parameters 
(BF, BV, PS and MTT) before treatment and after 2 cycles of treatment were determined for the comparison and 
the correlation between CTP parameters and VEGF expression was analyzed. Results: the therapeutic effect of 
rh-endostatin+DP regimen group was superior to single chemotherapy group. VEGF level after treatment in rh-
endostatin +DP regimen group was obviously lower than single chemotherapy group (P<0.01). The expression of 
VEGF had positive correlation with BF and BV but negative correlation with MTT. Compared with treatment 
before for rh-endostatin +DP regimen group, BF, BV and PS decreased while MTT increased after treatment 
(P<0.05). However, there were no significant differences between treatment before and after treatment in single 
chemotherapy (P>0.05). Conclusions: Rh-endostatin can down-regulate the expression of VEGF in esophageal 
cancer, change the state of hypertransfusion and high permeability of tumor vessels and had the better curative 
effect and slighter adverse reactions when combined with chemotherapy. 
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fast, accuracy and non-invasive benefits, is available for 
the evaluating the blood flow perfusion status of living 
tissues and organs. Therefore, CTPI was used to observe 
and analyze the efficacy of rh-endostatin combined with 
chemotherapy in treatment of 20 patients with advanced 
esophageal cancer from August, 2010 to May, 2012 and 
the results are as follows.
 
Materials and Methods

Case selection
	 Inclusion criteria: Patients with esophageal cancer 
confirmed by pathology and/or cytology; patients who 
had objective measurable primary lesions; stage Ⅲb~Ⅳ 
before treatment according to criteria of Union for 
International Cancer Control (UICC) in 2009 (Chen, 
2010); generally Eastern Cooperative Oncology Group 
(ECOG) scores are 0~2. The examination indexes 
confirm to chemotherapeutic indications; no dysfunction 
of primary organs; drug discontinuance for more 
than 4 weeks because of the history of use of other 
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chemotherapeutics; the expected survival time≥3 months; 
patients who were willing to accepted this treatment plan, 
with good compliance.
	 Exclusion criteria: CTP failures; patients who had no 
measurable tumor lesions; pregnant and lactating women; 
patients with metastatic tumor of central nervous system 
who didn’t get effective control; patients who didn’t 
complete the treatment course of chemotherapy; patients 
who were not performed with CT examination.

General data
	 A total of 20 patients from August, 2010 to May, 
2012 were enrolled for forward-looking, randomized and 
controlled clinical trial and randomly divided into single 
chemotherapy group and rh-endostatin + DP regimen 
group according to the ratio of 1:1. However, 2 cases 
were excluded. Of which, one withdrew from the study 
after only completeness of 1-cycle treatment because of 
the presence of Ⅳdegree of digestive tract reaction after 
treatment. The other withdrew from the study because 
of the presence of Ⅳdegree of myelosuppression during 
the treatment course of the second cycle. Therefore, 
18 cases can be evaluated, and 8 were in rh-endostatin 
+ DP regimen group while 10 in single chemotherapy 
group. Age, sex, performance status, clinical stages, 
pathological pattern between 2 groups has good balance 
and comparability (P>0.05) (Table 1). 

Treatment methods
	 Single chemotherapy group received DP regimen: 
intravenous drip of docetaxel and cisplatin on the first day 
of each cycle, 75 mg/m2, respectively, repeated every 21 
d. Based on single chemotherapy plan, rh-endostatin+DP 
regimen group was given continuous intravenous drip of 
rh-endostatin for 14 d, 15 mg, repeated every 21 d. The 
above plan was completed at least 2 cycles.

VEGF detection method
	 Venous blood (10 mL) was drawn before treatment and 
after treatment. Then enzyme-linked immunosorbent assay 
(ELISA) was employed to detect the content of VEGF. 
The above procedures were completed by supervising 
technician according to the instruction under strict quality 
control. 

CT perfusion scan method
	 GE Light Speed 32-row CT scanner was applied with 
120 Kv, 150 mAs, 5 mm-thick layer, large scanning field 
and standard reconstruction method. Patients in supine 
position and under the state of eupnea were performed 
with conventional chest CT plain scan for determining the 
location and the largest layer of esophageal cancer, based 
on the center of which, 8 layers were selected as the scope 
of perfusion scan. 50 mL of contrast media (ioversol, 320 
mgl/mL) was infused through elbow vein by high pressure 
injector, with injection speed being 4 mL/s. Then after 
the delay of 5 s, the selected layers received continuous 
dynamic enhanced scan, with scanning time being 45 s. 
The second examination was done for 2 groups under the 
same situation within 1~10 d after the completeness of the 
first cycle. 

CTP image post-processing
	 CTP scanning primary images were deduced to 
Advantage Windows 4.3 (AW 4.3) work station, and 
analyzed by CT perfusion-3 tumor software package. 
Through the automatic processing of software package, 
color-coded graphs of time-desenty-curves (TDC), blood 
flow (BF), blood volume (BV), mean transit time (MTT), 
and permeability surface (PS) processed by contrast agent 
were obtained.

Observational indexes
	 The short-term efficacy of 2 groups was observed. 
Conventional CT examination and CTP imaging for 
primary tumor were performed. The level of VEGF, the 
size of tumor and CTP parameters (BF, BV, PS and MTT) 
before treatment and after 2 cycles of treatment were 
determined for the comparison and the correlation between 
CTP parameters and VEGF expression was analyzed.

Evaluation criterion
	 The size of tumor lesion was evaluated according to 
Response Evaluation Criteria in Solid Tumors (RECIST) 
(Yan, 2000) and divided into complete remission (CR), 
partial remission (PR), stability of disease (SD) and 
progression of disease (PD). The effective rate = CR+PR, 
and total stability rate = CR+PR+SD. CT examination 
was performed one week before chemotherapy and one 
week after the completeness of the second cycle. Security 
indexes were evaluated by WHO antitumor drug acute and 
subacute toxicity and grading standard (Sun, 2007). 

Statistical data analysis
	 SPSS15.0 software was used for data analysis. t test 
was for comparison of 2 groups and paired t test for the 
differences between treatment before and after treatment. 
The correlation between CT parameters and VEGF was 
analyzed by Pearson test. P<0.05 was considered to be 
statistically significant.

Results 

Short-term efficacy and safety
	 Short-term efficacy: There was no CR in patients of 
2 groups. Of 8 patients in rh-endostatin +DP regimen 

Table 1. Genral Data of Patients with Esophageal 
Cancer Between 2 Groups (n)
Clinical data           Rh-endostatin+DP  Single chemotherapy  P value
	            regimen group (n=8)     group (n=10)

Sex			   P>0.05
    male	 5	 3	
    female	 3	 7	
pathological pattern			   P>0.05
    adenocarcinoma	 0	 0	
    squamous carcinoma	 8	 10	
clinical stages			   P>0.05
    Ⅲb	 2	 3	
    Ⅳ	 6	 7	
ECOG score			   P>0.05
    0~1 score	 7	 9	
    2 score	 1	 1
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Table 3. CTP Parameters Before Treatment and After Treatment Between 2 Groups (x
_
±s)

Group 							       BF	            BV	          PS	                  MTT

Rh-endostatin +DP regimen group	 Treatment before(n=10)	 119.67±50.01	 7.88±2.09	 13.44±7.56	 6.08±2.74
	 After treatment(n=8)	 71.01±45.33*#	 4.24±2.11**#	 4.80±6.01*#	 8.95±2.30*
Single chemotherapy group	 Treatment before(n=10)	 113.53±41.46	 7.67±3.78	 12.87±8.52	 6.09±3.64
	 After treatment(n=10)	 105.45±20.76	 6.88±2.96	 11.44±7.02	 7.48±2.56

Notes: BV unit: ml/100g; BF, PS: ml/(min·100g); MTT: s; Compared with treatment before, *P<0.05, or **P<0.01; Compared with 
single chemotherapy group, #P<0.05

Table 2. The Comparison of the Level of VEGF 
Between 2 Groups (x

_
±s)

Group			   n	               VEGF (pg/ml)

rh-endostation +	 Treatment before(n=10)	 646.58±100.75
DP regimen group	 After treatment(n=8)	 485.34±95.23**#

single chemotherapy	 Treatment before (n=10)	 658.13±105.66
group	 After treatment (n=10)	 576.98±87.46**

Compared with treatment before, **P<0.01; compared with single 
chemotherapy group, #P<0.05

Table 4. The Correlation Between CTP Parameters 
and the Expression of VEGF
			       VEGF

		      R			    P

BF	 0.436	 0.013*
BV	 0.513*	 0.041*
MTT	 -0.308	 0.035*
PS	 0.283	 0.098

*P<0.05

Figure 1. Esophageal Differentiated Squamous 
Carcinoma CTP Images. A) CTP ROI selected figure. 
“1” refers to the ROI of input artery; “2” refers to the ROI 
of tumor. B) Curve 1 (purple): the TDC of the ROI of tumor; 
curve 2 refers to the TDC of the ROI. C) BF figure. BF value is 
(100.25±36.52) mL/100g/min. Green color can be seen in the 
center and red in the margin of tumor, showing high blood flow 
in the margin and low blood flow in the center of tumor. D) BV 
figure. BV value is (6.99±3.78) mL/100g. Red can be seen in 
the center and green in most of the margin of tumor, suggesting 
larger blood volume in the center of tumor. E) MMT figure. 
MTT value is (8.38±3.81) s. Green can be seen in the center 
and orange in the margin, showing shorter MTT in the margin 
of tumor. F) PS figure. PS value is (9.76±2.65) s. Red can be 
seen in a small part of the margin and green and yellow in the 
rest of area, indicating low vascular permeability of tumor while 
relatively high in the margin

A							       B

C							       D

E							       F

group, 4 cases were PR, 2 SD and 2 PD and remission 
rate was 50.0% (4/8), total stability rate was 75.0% (6/8); 
there were 3 PR, 3 SD, 4 PD in single chemotherapy 
group and remission rate was 30% (3/10), total stability 
rate was 60.0% (6/10). Remission rate and stability rate 
of rh-endostatin +DP regimen group were higher than 
single chemotherapy group but there were no significant 
differences (P>0.05).  
	 Safety evaluation: Adverse reactions of 20 patients 
can be evaluated and were mainly manifested with 

myelosuppression and gastrointestinal reaction, but 
there were no significant differences between two 
groups (P>0.05). In addition, there were 4 cases of 
electrocardiogram (ECG) changes marked by T wave 
change, slighter degree of ST-segment depression and 
nodal tachycardia. One T wave change happened in 
single chemotherapy group and the other three happened 
in rh+endostatin plan group, but the symptoms returned 
to normal after drug discontinuance or symptomatic 
treatment.

Comparison of the level of VEGF between 2 groups
	 There were no statistical differences before treatment 
between 2 groups (P>0.05). The level of VEGF after 
treatment in both 2 groups significantly decreased 
(P<0.01). Rh-endostation +DP regimen group was 
obviously lower than single chemotherapy group 
(P<0.05). (Table 2). 

CTP parameters before treatment and after treatment 
between 2 groups
	 There were no statistical differences before treatment 
between 2 groups (P>0.05). Compared wth before 
treatment, BF, BV and PS after treatment in rhendostatin 
+DP regimen group reduced and MTT increased (P<0.05, 
or P<0.01). BF, BV and PS after treatment in single 
chemotherapy group decreased and MTT increased, but 
there were no significant differences (P>0.05). There were 
statistical differences in BF, BV and PS after treatment 
between 2 groups (P<0.05) but no differences in MTT 
(P>0.05) (Table 3). Example of CTP pcolor was as shown 
in Figure 1. 
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The correlation between CTP parameters and the 
expression of VEGF
	 Pearson analysis showed the expression of VEGF 
had positive correlation with BF and BV but negative 
correlation with MTT (P<0.05). PS had no correlation 
with the expression of VEGF (P>0.05) (Table 4). 
 
Discussion

At present, esophageal cancer ranks the 8th of the 
incidence of malignant tumors all over the world and 
patients with esophageal cancer in China takes up more 
than 50% of the world, with the mobility and cancer 
related mortality ranking the 4th, highly occurring in Lin 
County and Anyang City, Hennan Province (Yuan et al., 
2014; Malik et al., 2014; Yang et al., 2014; Somi et al., 
2014; Zheng et al., 2014). About 50% of patients were 
found with the advanced period of esophageal cancer 
when diagnosed, with unfavorable prognosis, about 6~8 
months of natural course, 5%~7% five-year survival rate 
(; Liu et al., 2014; Mai et al., 2014; Zhao et al., 2014; 
Jiang et al., 2014; Wang et al., 2014; Stefani et al., 2014). 
Additionally, even though patients accepted surgical 
treatment, there still exists postoperative recurrence and 
metastasis in nearly 90% of patients. 50% of patients in 
early stage recurs within 5 years and the autopsy confirmed 
that there appeared distant metastasis in 50% patients with 
local advanced esophageal cancer in the clinic (Liu et al., 
2009). Therefore, chemotherapy plays an important role 
in the treatment of esophageal cancer, with the intention 
to control the metastasis of tumor. In last decade, large-
scale randomized controlled trials about esophageal cancer 
have proved that chemotherapy could improve long-term 
5-year survival rate and targeting therapy started the new 
age of the treatment of esophageal cancer.    

Domestic and foreign researches proved that tumor 
angiogenesis played an important role in the occurrence, 
development, surrounding infiltration, lymphatic 
metastasis and distant metastasis of solid tumor, markedly 
influences the treatment and prognosis of patients with 
tumors, so blocking the formation of tumor blood vessels 
can slow down the speed of the growth of tumor and 
improve the prognosis of the patients (Mizobuchi et al., 
2008). Since 1993 Kim found blocking the expression of 
VEGF acting in blood vascular system could significantly 
inhibit the growth of tumor, an increasing number of 
researches showed that the level of VEGF reflexed the 
proliferation, migration and blood vessel construction of 
tumor endothelial cell and directly reflected the growth 
speed and metastasis of tumor (Bondestam et al., 2000). 
Shan et al (Shan et al., 2004) suggested that the positive 
expression rate of VEGF in esophageal cancer tissues was 
70.9% and the expression of VEGF was associated with 
pathology classification, depth of invasion and lymphatic 
metastasis, which provide the theoretical foundation 
for the treatment of esophageal cancer by blocking the 
expression of VEGF. The related studies were reported 
abroad (Inoue et al., 1997; Kozlowski et al., 2010) 

Rh-endostatin is recombinant human endostatin with 
multiple target points, developed by our country and its 
mechanism is to influence the transduction pathway of 

VEGF and the activity of proteolytic enzyme, inhibit 
the migration of endothelial cells and induce the cell 
apoptosis, thus achieving the purpose of anti-tumor 
angiogenesis (Wang et al., 2003; Liang et al., 2005). 
During the course of treatment, rh-endostatin may play 
an important role in inhibiting angiogenesis which gives 
rise to the inhibition of the growth of tumor because of 
ischemia and anoxemia of tumor tissues during the course 
of inhibiting angiogenesis. Moreover, rh-endostatin can 
down-regulate the level of MMP-7 and MMT-14 by rh-
endostatin inhibiting the level of VEGF. Experiments 
have revealed that rh-endostatin, which is more widely 
used, has multiple effects on anti-tumor (Shao et al., 2014; 
Feng, 2014).  Huang et al (Huang et al., 2009) reported 
a randomized study of Shenyi Capsule plus gemcitabine 
combined with cis-platinum in the treatment of advanced 
esophageal cancer and found there were no significantly 
differences in overall response rate between 2 groups, 
but combined group was obviously lower than control 
group in the level of VEGF after treatment (P<0.05), 
which was consistent with the results of this study. 
This study showed that remission rate and stability rate 
of rh-endostatin +DP regimen group were higher than 
single chemotherapy group but there were no significant 
differences (P>0.05). The level of VEGF after treatment 
in both 2 groups significantly decreased (P<0.01). rh-
endostation +DP regimen group was obviously lower than 
single chemotherapy group (P<0.05). 

Response evaluation criteria in solid tumors (RECIST) 
is currently the general international standard for 
evaluating the efficacy of solid tumor. It used the 
maximum diameter instead of double path. The most 
content excerpts from revised tumor efficacy judgment 
standard made by WHO. hypoxic cell, necrotic tissue, 
non-cellular constituent (such as tumor stroma), which 
account for most of tumor in volume, are poorly sensitive 
to chemotherapy while active tissue of tumor takes up 
small part of the volume of tumor and get smaller as the 
tumor become bigger. Therefore, when the volume of 
tumor shrinks through radiology and chemotherapy, the 
actual number of active cells which are killed could exceed 
the proportion. Similarly, when the tumor grows bigger, 
the actual number of active cells increases many times, 
even more. Therefore, based on RECIST, the judgment 
is not consistent with clinical fact.    

Therefore, the condition of tumor angiogenesis before 
treatment and after treatment is the important index of 
molecular biology for judging the activity of tumor. At 
present, in clinical practice, micro-vessel density (MVD) 
and VEGF in biopsy tissue of tumor are commonly used 
to reflex the state of angiogenesis. However, they don’t 
become the ideal examination methods because of their 
traumatic, separated defects and non-functional evaluation. 
If the prognosis can be evaluated through certain methods 
before the examination, the proper treatment method will 
be chosen timely for clinical application, consequently 
relieving the pain and the financial burden of the patients 
and reduce waste of medical resources. imaging method 
is used to conduct vascular quantitative and functional 
examination in recent year and detecting instruments 
includes color doppler ultrasound, CT, magnetic resonance 
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and PET-CT. CT perfusion imaging (CTPI) is considered 
as a functional imaging technique which can evaluate 
microcirculation condition of living tissues, reflect 
physiological and metabolic changes of tissues and organs 
and reflex the clinical features before tumor morphology 
do not change or change a little. Blood supply of tumor is 
used to be the predictive index for evaluating the efficacy 
of the treatment of tumor, which provide the new methods 
for clinical diagnosis and treatment of tumor.  

Tumor blood vessels were manifested as high perfusion 
and high permeability in CTPI. Compared with normal 
tissue, BV, BF, PS and MTT increased but “vascular 
normalization” after treated with chemotherapeutics and 
anti-angiogenesis drugs was manifested as decreased PS, 
BF and BV and increased MTT (Zhang et al., 2006). CTP 
parameters analysis in another study related to esophageal 
cancer showed that BF, BV and PS after chemotherapy 
decreased more obviously than treatment before (Bellomi 
et al., 2007; Wu et al., 2009). In this study, Compared 
wth before treatment, BF, BV and PS after treatment 
in rhendostatin +DP regimen group reduced and MTT 
increased (P<0.05, or P<0.01) and there were statistical 
differences in BF, BV and PS after treatment between 
2 groups (P<0.05), showing the feature of “vascular 
normalization” .

Correlation analysis in this study showed that BV and 
BF had positive correlation with the expression of VEGF 
while MTT had negative correlation with the expression 
of VEGF. BV can reflect dynamic infusion state and blood 
volume of blood flow in local tissues, so with the increase 
of VEGF in tissue of esophageal cancer, MVD and blood 
circulation increased and BV value also rise, which 
showing BV had positive correlation with the expression 
of VEGF. BF value of CTP increased in the early stage, but 
decreased gradually with the progression of the treatment, 
the expression of VEGF also down-regulated. 
In conclusion, rh-endostatin can enhance the efficacy of 

patients with esophageal cancer, reduce the adverse 
reactions and change the state of high perfusion and 
high permeability of tumor vessels. Further study 
can be still done to analyze the relation between 
survival rate and the changes of CTP parameters 
through using other imaging methods (such as PET-
CT or dynamic MRI control), long-term followup, 
and large-scale sample as well as new standard for 
judging the clinical efficacy.   
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