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Abstract: To evaluate the clinical efficacy of recombinant human endostatin combined with radiotherapy on brain 
metastases from non-small cell lung cancer and screen the patients who were eligible for this therapy. Eighty pa-
tients diagnosed with lung cancer with brain metastasis were randomly divided into the combination group (recom-
binant human endostatin combined with radiotherapy) and radiotherapy alone group (n=40 for each group). The 
short-term efficacy, overall survival time, cerebral edema index and adverse reactions were observed. In addition, 
the expression levels of vascular endothelial growth factor receptor 2 (VEGFR2) protein in primary lesions were 
detected by using immunohistochemical analysis. All these indexes were subject to subgroup analysis. Compared 
with alone radiotherapy group, the symptom of brain edema was significantly alleviated (t=4.9, P=0.000) and no 
severe adverse reactions were yielded in the combination group. The short-term clinical efficacy was enhanced in 
total population (n=80), whereas no statistical significance was noted (55% vs. 50%, χ2=3.11, P=0.07). However, 
there was statistical significance in the patients with positive VEGFR2 (93% vs. 67.7%, χ2=6.21, P=0.011) in terms 
of short-term clinical efficacy. Regarding overall survival time, there was no statistical significance in the total popu-
lation (n=80, P=0.35, 95% CI: 0.23-1.31) or in the patients with positive VEGFR2 (P=0.109, 95% CI: 0.44-1.35). No 
clinical benefits were obtained in terms of median survival time. Compared with radiotherapy alone, recombinant 
human endostatin combined with radiotherapy can relieve brain edema in the patients with lung cancer with brain 
metastasis and obtain better short-term clinical efficacy in the population with positive VEGFR2. 
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Introduction 

At present, whole brain radiotherapy (WBRT) 
remains the most common approach for treat-
ment of brain metastasis [1]. RTOG9805 find-
ings revealed that precise radiotherapy plus 
WBRT could enhance the survival of patients 
with simple metastasis, whereas the overall 
prognosis remains to be unsatisfactory [2]. 
Hypoxic tumor microenvironment and peritu-
moral edema are the primary causes of brain 
metastasis. Endostatin (ES), as an anti-angio-
genesis agent, can not only improve the hypoxic 
tumor microenvironment, but also alleviate 
peritumoral edema via inhibiting vascular endo-
thelial growth factor and its receptor 2 (VEGF-
VEGFR2) pathway.

The clinical efficacy of combined therapy with 
radiotherapy and whether VEGFR2 could serve 
as a biological marker remain elusive. In this 
study, endostatin administration in combina-
tion with radiotherapy was applied in the treat-
ment of lung cancer with brain metastasis and 
the screening of benefit population was con-
ducted as below. 

Methods

Study subjects

In total, 80 patients diagnosed with brain meta- 
stasis of non-small-cell lung carcinoma (NSCLC) 
by using MRI imaging between January 2011 
and January 2013 were enrolled in this clinical 
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trial. Detailed clinical data and grouping meth-
od were illustrated in Table 1. Until March 
2013, all patients completed the whole treat-
ment. The range of follow-up time was 1-53 
months (median follow-up: 12 months). No ca- 
ses were loss to follow-up with a follow-up rate 
of 100%. 

Inclusion, exclusion and withdrawal criteria: (1) 
Inclusion criteria: patients with brain metasta-
sis of NSCLC upon the first treatment (only lim-
ited to brain metastasis regardless of the num-
ber of metastasis and whether the primary lesi- 
on was treated or not); patients with significant 
nerve and/or mental symptoms; aged ≤75 ye- 
ars; KPS grading >60; estimated survival ≥3 
months; those patients who are willing to par-
ticipate in this study. Informed consents were 
obtained from all participants. This study has 

radiotherapy technique was adopted (Siemens 
Healthcare, Forchheim, Germany) using 6MV 
X-ray linear accelerator, 3 Gy/time, 5 times/
week for a total of 10 times. For a single lesion, 
topical 3D-CRT or IMRT was performed with a 
PTV dose of DTl0 Gy/5 times, 2 Gy/time, 5 
times a week. The radiotherapy plan and evalu-
ation of critical organ were mainly optimized by 
DVH images. (2) Administration of endostatin: 
the endostatin (Simcere, China) was transfused 
by infusion pump with a dosage of 7.5 mg/m/d, 
simultaneous to the delivery of radiotherapy. 

Immunohistochemical test of VEGFR2: the sa- 
mples were collected from primary lung lesion 
surgery or puncture specimen for subsequent 
use of immunohistochemical detection. Evalua- 
tion criteria [3]: the percentage of positive cells 
≤10% was deemed as grade 0, 10%-50% as 

Table 1. Clinical data of 80 patients with lung cancer with brain metas-
tasis

Category Combined thera-
py Group (40)

Radiotherapy 
alone Group (40) P

Gender >0.05
    Male 21 22
    Female 19 18
Age (year) >0.05
    Range 57-75 59-75
    Median 67 64
Pathological type of primary cancer >0.05
    Adenocarcinoma 23 21
    Squamous cancer 17 19
Number of brain metastasis >0.05
    Multiple 19 21
    Simplex 21 19
Sites of brain metastasis >0.05
    Supratentorial 26 23
    Infratentorial 14 17
Clinical manifestations >0.05
    Intracranial hypertension 17 18
    Nervous targeted signs 33 35
    Psychiatric symptoms 7 5
Severity of brain edema >0.05
    Mild 11 11
    Moderate 15 13
    Severe 14 16
Control of primary lesions >0.05
    CR+PR 22 20
    SD 11 12
    PD 7 8
Median KPS 70 70 >0.05

been approved by the 
ethnic committee of our 
hospital. (2) Exclusion cr- 
iteria: patients present-
ing with other sites of 
metastasis; those com-
plicated with severe he- 
art disease and abnor-
mal electrocardiogram 
detection. (3) Withdraw- 
al criteria: during the tr- 
eatment, the patients 
presented with intolera-
ble toxicity and serious 
hemorrhage reaction. 

Methods 

Study design: it is a ran-
dom control and phase 
II clinical trial. A strati-
fied random control me- 
thod was utilized to as- 
sign all patients into the 
combined therapy and 
radiotherapy alone gro- 
ups. Local control rate 
of NSCLC patients with 
brain metastasis was re- 
garded as the end-point 
event. A total of 80 pati- 
ents were included.

Treatment method: (1) 
Radiotherapy: the radio-
therapy procedures we- 
re the same between 
two groups. Whole brain 
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grade I, 51%-79% as grade II and ≥80% as 
grade III; the staining coloring: no staining was 
regarded as grade 0; weak positive as grade I, 
slight yellow; positive staining as grade II, yel-
low; strong positive as grade III, dark-brown. 
Staining index counting method was employed. 
Staining index=classification of positive cell 
percentage × classification of staining intensi-
ty. Staining index ≥3 points was deemed as 
positive immune reaction.

Observation index: (1) Short-term efficacy: ba- 
sed upon the Response Evaluation Criteria in 
Tumors 1.0, the assessment criteria of short-
term efficacy can be divided into complete 
response (CR), partial response (PR), stable 
disease (SD) and progress disease (PD). The 
efficacy rate equals to the sum of CR and PR. 
The clinical efficacy between two groups was 

Immunohistochemical analysis of primary 
VEGFR2 

VEGFR2 was mainly expressed in tumor cells 
and the cytoplasm and cell membrane of blood 
vessel endothelial cells, which were stained as 
yellow-brownish or dark brown color. Immun- 
ohistochemical analysis revealed that the posi-
tive rate of VEGFR2 expression in lung cancer 
tissues was 76.2% (61/80) (Table 2). The posi-
tive rate in the combined therapy group was 
77.5% (31/40) and 75% in the radiotherapy 
alone group (30/40). The positive rate for males 
was 79% and 73% for female counterparts with 
no significant difference (P=0.52). The positive 
rate for squamous cancer patients achieved up 
to 80% and 72% for adenocarcinoma subjects 
(P=0.44). Patients with simple brain metasta-

Table 2. 61 patients with positive VEGFR2 analyzed by immu-
nohistochemistry
Category VEGFR2 positive rate (%) P
Groups 0.65
   Combined therapy group 77.5
   Radiotherapy alone group 75
Gender 0.52
   Male 79
   Female 73
Pathological type of primary cancer 0.44
    Adenocarcinoma 72
    Squamous cancer 80
Brain metastasis 0.43
    Multiple 80
    Simple 72
Sites of brain metastasis 0.84
    Supratentorial 76
    Infratentorial 77
Severity of brain edema 0.000
    Mild 41
    Moderate or severe 89
Control of primary lesions 0.003
    CR+PR 52
    SD+PD 81

evaluated at 4 weeks after res- 
pective treatment. (2) Overall sur-
vival (OS): the survival starting fr- 
om the time when random group-
ing to the final follow-up or death. 
The loss to follow-up was treated 
by truncated method. (3) Brain 
edema index [4]: on the basis of 
brain MRI, the edema index (EI) 
was calculated from the formula: 
EI=volume of edema and tumor/ 
volume of tumor. EI=1 denoted no 
peritumoral edema, 1<EI≤1.5 as 
slight degree of edema, 1.5<EI≤2 
as moderate degree of edema 
and EI>2 as severe degree of ed- 
ema. (4) Adverse reactions: the 
evaluation criteria of acute radia-
tion-induced injury by RTOG (radi-
ation therapy oncology group) we- 
re adopted in this study. (5) Gr- 
ading of quality of life was ass- 
essed by EORTC QLQ-LC43 [5, 6]. 

Statistical analysis: SPSS 17.0 sta- 
tistical software was employed for 
data analysis. Enumeration data 
and group comparison were con-
ducted by chi-square test. Mea- 
surement data were expressed as 
means ± SD. The mean values am- 
ong groups were statistically com-
pared by using t-test. P<0.05 was 
considered as a level of statistical 
significance.

Results 

Table 3. Comparison of short-term clinical efficacy (CR+PR) 
between two groups (%)

Category
Combined 

therapy 
Group (%)

Radiotherapy 
alone  

Group (%)
P

80 patients 55 50 0.803
61 patients with positive VEGFR2 93 67.7 0.012
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sis had a positive rate of 72% and 80% for 
those with multiple metastasis (P=0.43). The 
positive rate in patients with supratentorial 
metastasis was 76% and 77% for those with 
infratentorial metastasis (P=0.84). The positive 
rate in patients with moderate or severe degree 
brain edema was 89%, significantly higher com-
pared with 41% in those with slight degree of 
brain edema (P=0.000). The positive rate for 
patients with SD+PD was up to 81%, signifi-
cantly higher than 52% in their counterparts 
with CR+PR (P=0.003) (Table 2). 

Comparison of short-term clinical efficacy be-
tween two groups 

Among 80 patients, the overall efficacy (CR+ 
PR) in the combined therapy group was 55% 
and 50% in the radiotherapy alone group with 
no statistical significance (χ2=3.11, P=0.07) (Ta- 

ble 3). Among the 61 patients with positive 
VEGFR2, the overall efficacy in the combined 
group was 93% and 67.7% in the radiotherapy 
alone group with a statistical significance 
(χ2=6.31, P=0.012) (Table 3). 

Comparison of EI and OS before and after 
treatment between two groups 

Among 80 patients, the EI before treatment in 
the combined group was 2.39±1.25 and 
1.22±0.34 in the radiotherapy alone group 
(t=5.64, P=0.001); the EI after therapy in the 
combined therapy group was 2.37±1.14 and 
2.02±0.98 in the radiotherapy alone group 
(t=1.44, P=0.13) (Figure 1A). The median sur-
vival in the combined therapy group was 9 
months and 7 months in the radiotherapy alone 
group (P=0.35, HP=0.777, 95% CI: 0.25-1.30) 
(Figure 1B). Among 61 patients with positive 

Figure 1. A: Among 80 patients, comparison of EI before treatment between the combined therapy and radiotherapy 
alone groups, d: P<0.05 versus c (t=5.67); d: P< 0.05 versus b (t=4.9). B: Total population (n=80), survival curve 
between two groups (OS, P=0.35, HP=0.777, 95% CI: 0.25-1.30). C: Among 61 patients with positive expression of 
VEGFR2, comparison of EI after treatment between two groups. d: P<0.05 versus c (t=5.8); d: P<0.05 versus b (t= 
4.17). D: Among 61 patients with positive expression of VEGFR2, survival curve between two groups (OS, P=0.109, 
HP=0.875, 95% CI: 0.40-1.34). 
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expression of VEGFR2, the EI before treatment 
in the combined group was 2.7±1.25 and 
1.22±0.34 in the (t=5.81, P=0.000); the EI 
after therapy in the combined therapy group 
was 2.34±1.08 and 2.06±0.98 in the radio-
therapy alone group (t=1.07, P=0.28) (Figure 
1C). The median survival in the combined ther-
apy group was 8 months and 7 months in the 
radiotherapy alone group (P=0.109, HP=0.875, 
95% CI: 0.40-1.34) (Figure 1D).

Quality of life and toxic reaction 

The patients in the combined therapy group 
were not affected. The incidence of toxic events 
did not significantly differ between two groups 
(P>0.05), as illustrated in Table 4.

Discussion 

The combined therapy of anti-angiogenesis ag- 
ents and radiotherapy is a newly proposed con-
cept in recent years. It has been traditionally 
suggested that the use of anti-angiogenesis 
drugs may worsen the hypoxic severity in tumor 
tissues, which suppresses the efficacy of radio-
therapy. However, multiple studies have dem-
onstrated that administration of anti-angiogen-
esis agents can increase the efficacy of radio-
therapy upon various types of malignant tu- 
mors, normalize the vascular system of tumors, 
prevent the effusion of hemostasis catheter, 
alleviate tumor tissue edema, ease tumor hy- 
poxia, thereby enhancing the tumor sensitivity 
towards radiotherapy [7-9]. In this study, albeit 
the use of endostatin could increase the short-
term efficacy in treatment of lung cancer with 
brain metastasis, but no statistical significance 
was observed. However, the patients with posi-
tive expression of VEGFR2 obtained benefits 
from administration of endostatin, suggesting 
that endostatin is probably beneficial to certain 

population. The synergistic mechanism is pos-
sibly associated with VEGFR2. 

Endostatin is a small molecule protein with 
multiple target sites. It plays a role in the regu-
lation of angiogenesis mainly via blocking the 
phosphorylation of VEGFR2 tyrosine kinases on 
endothelial cells [10]. Endostatin is mainly dis-
tributed within blood vessel endothelial cells. 
Recent studies revealed that VEGFR2 is equally 
expressed in malignant tumor cells, especially 
NSCLC [11] and breast cancer cells [12], etc. In 
this study, immunohistochemical test detected 
that the positive rate of VEGFR2 expression in 
the lung cancer tissues was 76.2%, which is not 
only expressed in cytoplasm, but also on the 
cell membrane. The positive rate found in our 
study is significantly higher compared with the 
findings from previous studies [13], probably 
because the subjects enrolled in this study are 
in advanced stage. By stratified analysis, the 
positive rate is not correlated with patients’ 
gender, pathologic type and number and sites 
of metastasis, which is consistent with previ-
ous reports [14]. The positive rate is associated 
with the severity of brain edema and the con-
trol of primary tumors instead, hinting that posi-
tive expression of VEGFR2 might be correlated 
with the malignancy of tumors. 

Is the VEGFR2 expression correlated with brain 
edema? Recent studies found that brain metas-
tasis complicated with brain edema is mainly 
associated with VEGFR2 besides VEGF [15]. 
VEGFR2 within the tumor cells bind with foreign 
VEGF. It not only reacts with its receptors, but 
also with the receptors located on the tumor 
blood vessel endothelial cells, leading to in- 
creased permeability of blood vessels, which is 
the first leading cause of edema of brain metas-
tasis tumors [16]. In this study, EI was adopted 
to evaluate the clinical efficacy of brain edema. 

Table 4. Comparison of toxic reaction between the combined therapy and radiotherapy alone groups

Adverse reactions
Combined therapy group (n) Radiotherapy alone group (n)

0 I II III 0 I II III
Arrhythmia 32 8 0 0 40 0 0 0 >0.05
Heart function 40 0 0 0 40 0 0 0  >0.05
Risk of bleeding 40 0 0 0 40 0 0 0 >0.05
Neutropenia 30 8 2 0 36 2 2 0 >0.05
Thrombocytopenia 36 2 2 0 38 2 0 0 >0.05
Anemia 40 0 0 0 40 0 0 0 >0.05
Note: I, II, III denotes the classification criteria of common toxic responses of NCIC-CTG agents.
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For patients with positive VEGFR2, the severity 
of brain edema was significantly alleviated after 
use of endostatin compared with their counter-
parts in the radiotherapy alone group. However, 
the median survival of patients with high level 
of VEGFR2 was only 8 months, lower compared 
with 9 months of the overall population, sug-
gesting that patients with high expression of 
VEGFR2 have poor prognosis, which is a factor 
resistant to the radio- and chemo-therapy. 
These findings are consistent with previous evi-
dence [11]. A variety of confounding factors 
affect OS, especially GPA classification. In this 
study, the sample size is relatively small, prob-
ably leading to statistical error. A larger sample 
size study is urgently required. 

Taken together, endostatin in combination with 
radiotherapy is able to significantly enhance 
the clinical efficacy in treatment of lung cancer 
with brain metastasis for a specific population, 
obviously alleviate brain edema, enhance sh- 
ort-term efficacy, whereas yield no severe com-
plications and toxic reaction. However, the long-
term survival rate is not significantly enhanced, 
which remains to be further explored. The pop-
ulation with high expression of VEGFR2 protein 
within tumor cells may be suitable for the com-
bined therapy of endostatin and radiotherapy. 
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