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Abstract: Metastatic bone disease is a frequent complication of advanced non-small cell lung cancer (NSCLC) and
causes skeletal-related events, which result in a poor prognosis. Currently, no standard method has been developed
to precisely assess the therapeutic response of bone metastases (BM) and the early efficacy of anti-angiogenic therapy, which does not conform to the concept of precision medicine. This study aimed to investigate the usefulness
of dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) for precise evaluation of the response to
chemotherapy with anti-angiogenic agents in NSCLC patients with BM. Patients were randomly assigned to a treatment group (vinorelbine + cisplatin [NP] + recombinant human endostatin [rh-endostatin]) or a control group (NP +
placebo). All patients were evaluated before treatment and after 2 cycles of treatment using DCE-MRI quantitative
analysis technology for BM lesions and chest computed tomography (CT). Correlations between changes in the
DCE-MRI quantitative parameters and treatment effect were analyzed. We enrolled 33 patients, of whom 28 were
evaluable (20 in the treatment group and 8 in the control group). The results suggested a higher objective response
rate (30% vs. 0%), better overall survival (21.44 ± 17.28 months vs. 7.71 ± 4.68 months), and a greater decrease
in the transport constant (Ktrans) value (60% vs. 4.4%) in the treatment group than in the control group (P < 0.05).
The Ktrans values in the “partial remission plus stable disease (PR + SD)” group were significantly lower after treatment (P < 0.05). Patients with a decrease of > 50% in the Ktrans value showed a significantly better overall survival
than those with a decrease of ≤ 50% (13.2 vs. 9.8 months, P < 0.05). Ktrans as a DEC-MRI quantitative parameter
could be used for the precise evaluation of BM lesions after anti-angiogenic therapy and as a predictor of survival.
In addition, we reconfirmed the anti-angiogenic effect of rh-endostatin in NSCLC patients with BM.
Keywords: DCE-MRI, quantitative parameters, non-small cell lung cancer, bone metastases, anti-angiogenic
therapy, recombinant human endostatin, therapeutic response

Introduction
Lung cancer is one of the most common malignant tumors, with non-small cell lung cancer
(NSCLC) accounting for about 85% of all cases
[1, 2]. The incidence of bone metastases (BM)
in advanced NSCLC is estimated to range from
30% to 40% [3]. Fifty percent of patients with
BM are vulnerable to skeletal-related events,
including severe bone pain, pathological frac-

tures, spinal cord compression, and hypercalcemia, which could lead to a shorter survival
time [4].
According to the World Health Organization
(WHO) criteria, BM are non-measurable lesions
[5]. In the recently revised Response Evaluation Criteria in Solid Tumors (RECIST) guidelines
(version 1.1), osteolytic or mixed lesions with
identifiable soft tissue components are consid-
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ered measurable lesions using computed tomography (CT) and magnetic resonance imaging (MRI). In contrast, osteoblastic lesions are
still considered non-measurable [6].

anti-angiogenic therapy in NSCLC patients with
BM.

Currently, the precision medicine concept is
widely used in oncology research, and targeted
therapy for lung cancer belongs to this category
[7]. The main targeted therapy for lung cancer
includes the use of inhibitors of epidermal
growth factor receptor (EGFR), vascular endothelial growth factor (VEGF), and other targets
identified recently [8, 9]. Anti-angiogenic therapy is a major research focus in the treatment
of NSCLC. It is based on the theory that tumor
growth over a certain volume needs a functional vascular system [10]. Endostar is a new
recombinant human endostatin (rh-endostatin)
developed by Chinese researchers that could
specifically inhibit the proliferation of vascular
endothelial cells and tumor growth by interfering with normal cell signaling pathways or
improving the sensitivity of tumor cells to other
treatments [11]. Rh-endostatin directly targets
new capillary endothelial cells around the
tumor, although it may not induce a significant
decrease in tumor volume; this leads to the
phenomenon in which the tumor volume changes later than the suppression of its blood supply [12-14].

Study design

Precision medicine includes not only precision
treatment but also accurate estimation of
therapeutic effects [15]. In clinical practice, it
is difficult to precisely evaluate the therapeutic
response of BM lesions and the early efficacy
of anti-angiogenic therapy. Thus, we applied
dynamic contrast-enhanced MRI (DCE-MRI)
quantitative analysis technology to achieve this
goal. DCE-MRI involves repeated imaging of the
distribution of an intravenous contrast agent,
which can be used to measure properties of
the tissue microvasculature [16, 17]. DCE-MRI
could provide vascular functional quantitative
parameters, such as the transport constant
(Ktrans), rate constant (Kep), and extravascular
extracellular volume fraction (Ve) using a twocompartment model, which can be used to
evaluate the physiological characteristics of
tumor blood vessels [18, 19]. Thus, DCE-MRI
technology contributes to the establishment of
objective criteria for the diagnosis and assessment of therapeutic effects. In this study, we
used DCE-MRI quantitative analysis to assess
the therapeutic response and early efficacy of
2891

Patients and methods

This phase IV, randomized, open, prospective,
double-blind, placebo-controlled study was
approved by the medical ethics committee of
the head unit of Shanghai Jiaotong University
Affiliated Sixth People’s Hospital. The clinical
trial was approved by the China State Food
and Drug Administration. China Clinical Trials
Registry No. chictr-ctr-09000569, October 22,
2009.
Inclusion criteria
Subjects included in this study were NSCLC
patients who: (1) had BM confirmed using pathological or cytological examinations; (2) had
imaging data that showed pelvic metastatic
lesions; (3) were aged 18 to 75 years; (4) had
an expected survival time of ≥ 3 months; (5) did
not receive taxane, bevacizumab, thalidomide,
rh-endostatin, or bisphosphonate therapy, and
evaluable BM were not treated with radiotherapy for 3 months before the study; (6) had normal routine blood examination results, liver and
kidney function, and electrocardiogram results;
(7) had no evidence of cardiovascular diseases, autoimmune diseases, vasculitis, severe
infections, diabetes, or other concomitant diseases; and (8) gave their informed consent.
Exclusion criteria
Patients who (1) received granulocyte colonystimulating factor or granulocyte-macrophage
colony-stimulating factor (GM-CSF) during chemotherapy; (2) could not tolerate adverse reactions; and (3) were allergic to contrast agents
were excluded from the study.
Endpoints
The primary endpoints were objective response
rate (ORR) and disease control rate (DCR). The
secondary endpoints included overall survival
(OS) and progression-free survival (PFS). The
exploratory endpoints were DCE-MRI quantitative parameters (Ktrans, Kep, and Ve), bone
metabolism markers, tumor markers, and angiogenesis-related genes.
Am J Cancer Res 2016;6(12):2890-2900
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Random assignment and blinding
The patients were randomly assigned to the
treatment or control groups at a ratio of 2:1, in
a double-blind fashion. Codes were generated
via a randomization method by an independent
biostatistician. According to these random
codes, therapeutic agents were numbered by
a nurse who was not involved in the trial.
Patients were enrolled in this program, and
agents were distributed in sequence. The trial
sponsor, investigators, and patients were blinded to the treatment assignment.
Treatment
Vinorelbine and cisplatin were obtained from
the Pierre Fabre pharmaceutical company and
Qilu Pharmaceutical Limited, respectively. Vinorelbine (25 mg/m2 on days 1 and 8) and cisplatin (75 mg/m2 on day 1) were administered. The
rh-endostatin injection was obtained from
Shandong Simcere-Medgenn Bio-Pharmaceuticals. The placebo was normal saline. The
patients received rh-endostatin (7.5 mg/m2/
day) or a placebo from days 1 to 14 of every
cycle. Rh-endostatin was dissolved in 250 mL
of normal saline and administered through
intravenous infusion for at least 3 hours. The
patients in both groups received 4 cycles of
treatment. If intolerable adverse events occurred, treatment was terminated. All patients
underwent an initial chest CT scan, DCE-MRI of
the pelvis, and blood sampling before treatment and after 2 cycles of treatment. After 2
cycles of chemotherapy, the patients were followed up once a month for the first 3 months,
then once every 3 months, and 1 year after that
they were followed up once every 6 months.
The follow-up examination included the following: routine blood analysis, liver and kidney
function, electrolytes, blood calcium level,
tumor markers, bone metabolites, and chest
CT. The follow-up continued until disease progression or death.
Pelvic DCE-MRI
All patients were evaluated twice using DCEMRI. The first evaluation was performed within
1 week before treatment, and the second evaluation was performed within 1 week after completion of 2 cycles of treatment. All MRI exami-
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nations were performed at Shanghai Sixth
People’s Hospital using the 3.0-T Siemens
Magnetom Avanto System (Siemens Healthcare, Erlangen, Germany) with a pelvic multichannel phased-array coil. Non-enhanced fastrecovery fast-spin echo T1-weighted images
(FSE T1WIs) were obtained on the axial, sagittal, and coronal planes (repetition time, 650800 ms; echo time, 7-10 ms; slice thickness,
5-8 mm/gap; field of view, 18-36 cm; acquisition matrix, 256 × 192; number of excitations
[NEX], 2; and flip angle, 40°), which covered the
entire pelvis. Axial, sagittal, and coronal fastrecovery fast-spin echo T2-weighted images
(FSE T2WIs) were obtained using the following
parameters: (repetition time, 4000-5000 ms;
echo time, 80-100 ms; slice thickness, 5-8
mm/gap; field of view, 18-36 cm; acquisition
matrix, 320 × 224; NEX, 2; flip angle, 40°).
DCE-MRIs were acquired after intravenous
injection of gadolinium-diethylenetriamine penta-acetic acid (Magnevist, Schering, Berlin,
Germany) at a dose of 0.1 mmol/kg of body
weight and a rate of 2 mL/s, followed by subsequent washing with 20 mL brine at the same
speed. Using a transverse three-dimensional
T1-weighted spoiled gradient-echo sequence
(repetition time, 4.1-5.6 ms; echo time, 1.2-1.4
ms; slice thickness, 5-8 mm/gap; field of view,
24 cm; acquisition matrix, 256 × 192; NEX, 1;
and flip angle, 20°).
Image analysis
The acquired MR images were analyzed by one
experienced radiologist who was blinded to the
patients’ treatment response and all clinical
data except the patients’ name, sex, and age. A
two-compartment model was used to analyze
the images to evaluate perfusion and vascular
permeability of pelvic metastases. Quantitative
parameters, such as Ktrans, Kep, and Ve, can
be derived from this model as imaging indicators. Regions of interest (ROI), which excluded
non-enhancing tissue, were drawn around the
whole lesion on the slice that demonstrated the
greatest contrast uptake (ROIwhole) [20]. For
each patient, an experienced radiologist manually selected the ROI on the pelvic metastatic
lesion on the DCE-MRI scans in order to guarantee that the patients’ ROI were the same size
before and after treatment. The ROI on the
remaining image can then be automatically
calibrated for maximum relevance.
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Figure 1. Flow chart of the study.

Table 1. Baseline characteristics for all patients enrolled in the
trial
NP + rh-endostatin NP + Placebo
p
(N = 20)
(N = 8)
value
Sex
0.55
Male
9
4
Female
11
4
Age
0.80
Median ± SD
59.78 ± 4.73
61.29 ± 9.74
Pathologic type
0.45
Adenocarcinoma
11
4
Squamous cell carcinoma
2
2
Poor differentiated carcinoma
7
2
Character of BM
0.72
Lytic
10
4
Blastic
2
1
Mixed
8
3
With visceral metastases
0.48
Yes
9
4
No
11
4
Characteristic

P > 0.05.

Statistical analyses
All the statistical analyses were performed
using SPSS version 21.0 (SPSS Inc., Chicago,
IL, USA). P values of 0.05 were considered statistically significant. Data are expressed as
mean ± standard deviation. Ktrans, Kep, Ve,
bone metabolites, tumor markers, and tumor
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vascular growth-related factors before and after treatments were compared using a
paired t-test. Kaplan-Meier
survival analysis was used to
determine the correlation
between selected parameters
and PFS or OS. The difference
in Ktrans between the “partial
remission plus stable disease
(PR + SD)” group and the disease progression (PD) group
was tested using a chi-square
test.
Results
Patient characteristics

From January 1, 2009, to
February 1, 2011, 33 patients
with BM of advanced NSCLC
were enrolled in this study
and randomly assigned to the
treatment (n = 22) or control
groups (n = 11). After the first treatment cycle,
2 patients in the treatment group and 1 patient
in the control group who had third- or fourthdegree myelosuppression received GM-CSF.
Two patients in the control group refused
GM-CSF treatment. Three patients were excluded from the study because GM-CSF administration could promote the formation of new blood
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Table 2. Treatment response evaluation in the two groups
Response Evaluation
NP + Rh-endostatin
NP + Placebo

CR N (%) PR N (%) SD N (%) PD N (%)
0 (0%) 6 (30%) 10 (50%) 4 (20%)
0 (0%)
0 (0%) 6 (75%) 2 (25%)

Total N
20
8

(20%) experienced PD. The
PR, SD, and PD rates in the
control group were 0%, 75%,
and 25%, respectively. The
ORR in the treatment group
was 30% (6/18) compared
with 0% in the control group
(P < 0.001). The DCRs were
80% and 75% in the treatment and control groups,
respectively (P > 0.05; Table
2). After 2 treatment cycles, 1
patient underwent chest CT
and DEC-MRI; the quantitative analysis images of the
pelvic metastatic lesions showed PD in the efficacy evaluation (Figure 2).
Secondary endpoints

Figure 2. This is a male patient aged 60 with lung adenocarcinoma. A: Lung
lesions before treatment. B: After 2 cycles of treatment (NP + rh-endostatin),
the volume of lung lesion decreased significantly. C: Ktrans before treatment
was 0.649. D: After 2 cycles of treatment Ktrans dropped to 0.067.

After a median follow-up of
33.8 months, the mean PFS
times were 6.55 ± 2.93 and
5.28 ± 2.28 months (P >
0.05) in the treatment and
control groups (Figure 3A),
respectively, and the OS times
were 21.44 ± 17.28 months
and 7.71 ± 4.68 months (P =
0.008; (Figure 3B), respectively. The OS in the treatment
group was longer than that in
the control group.

vessels in vivo. GM-CSF administration could
have an impact on our results. This view has
been confirmed by in vitro studies [21, 22],
although these studies are relatively rare. In
the efficacy analysis, 28 cases in the treatment
(n = 20) and control groups (n = 8) were included. The basic clinical parameters were not
significantly different between the 2 groups,
which showed good uniformity at baseline. In
the treatment group, 7 patients completed 2
cycles of chemotherapy and 13 patients completed 4 cycles. The study procedure is shown
in Figure 1. Data regarding patient characteristics are shown in Table 1.

Exploratory endpoints

Primary endpoints

Further analysis of the data in comparison with
that at baseline showed that patients with a
decrease of > 50% in the Ktrans value showed
a significantly longer OS (13.2 vs. 9.8 months)

In the treatment group, 6 patients (30%)
achieved PR; 10 (50%) achieved SD; and 4
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Quantitative analysis of DCE-MRI data revealed
that Ktrans decreased from 0.60 ± 0.94/min at
baseline to 0.24 ± 0.43/min (P = 0.02) in the
treatment group, and from 2.51 ± 5.55/min to
2.40 ± 5.02/min (P > 0.05) in the control group.
The decrease in Ktrans value in the treatment
group was significantly greater than that in the
control group. The other parameters, including
Kep, Ve, bone metabolism, tumor markers, and
angiogenesis-related genes, were not significantly different between the 2 groups before
and after treatment (Table 3).
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Figure 3. PFS and OS in the two groups. A: The PFS between the two groups was not significantly different (P =
0.153). B: The OS was significantly different in the two groups (P = 0.008).

Table 3. Various parameters change of two groups before and after treatment
DCI-MRI parameters

Kep (min-1)
Ve
Bone metabolites

Before treatment

After treatment

p value

0.60 ± 0.94

0.24 ± 0.43

0.02

NP + Placebo

2.51 ± 5.55

2.40 ± 5.02

0.65

NP + Rh-endostatin

1.08 ± 1.17

0.87 ± 1.21

0.56

NP + Placebo

2.94 ± 5.22

2.01 ± 2.92

0.46

NP + Rh-endostatin

1.06 ± 2.24

0.83 ± 0.95

0.64

NP + Placebo

2.55 ± 3.66

0.81 ± 0.50

0.27

327.47 ± 431.04

330.24 ± 395.65

0.08

71.08 ± 32.97

74.16 ± 37.11

0.87

1369.5 ± 1347.0

1320.7 ± 1188.9

0.78

Ktrans (min-1) NP + Rh-endostatin

PINP (ng/mL)

NP + Rh-endostatin
NP + Placebo

CTX (ng/L)
Tumor markers

CEA (ng/mL)

NP + Rh-endostatin
NP + Placebo

551.60 ± 68.53

397.80 ± 332.80

0.38

NP + Rh-endostatin

331.97 ± 587.10

309.53 ± 508.30

0.55

NP + Placebo

453.01 ± 502.44

706.33 ± 277.34

0.22

50.15 ± 37.18

38.90 ± 22.87

0.47

CA125 (U/mL) NP + Rh-endostatin
NP + Placebo
Vascular growth related genes

VEGF (pg/ml)

58.88 ± 37.65

49.88 ± 31.55

0.60

NP + Rh-endostatin

166.58 ± 127.74

192.18 ± 127.11

0.70

NP + Placebo

723.82 ± 107.28

688.26 ± 200.3

0.72

than patients with a decrease of ≤ 50% (P =
0.026; Figure 4A). A decrease of > 50% in the
Ktrans value was associated with a median
PFS of 6.25 months. The median PFS was 6.15
months when the decrease in Ktrans was ≤
50%. The difference in PFS between the 2
groups was not statistically significant (P >
0.05; Figure 4B).

disease progression (PD) group was defined
as group B. In group A (n = 20), the Ktrans value
decreased from 1.29 ± 3.28/min at baseline
to 0.96 ± 2.96/min (P = 0.03). In group B (n =
8), the Ktrans value decreased from 0.33 ±
0.33/min to 0.20 ± 0.25/min (P = 0.44; Figure
5).

The “partial remission plus stable disease (PR
+ SD)” group was defined as group A, and the

The concept of precision medicine is that individual variability should be taken into account
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Discussion
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Figure 4. PFS and OS between the decreased Ktans > 50% group and the decreased Ktrans ≤ 50% group. A: The
OS between the two groups (P = 0.026). B: The PFS in the two groups (P = 0.446).

Figure 5. Ktrans change of group A and group B
before and after treatment. Before and after treatment the changes of Ktrans in the group A were significantly different. *P < 0.05. NS, non-significant.

when considering disease prevention and treatment strategies. Individualized medicine is an
important component of precision medicine.
Accurate assessment of treatment effects is
needed to better guide subsequent therapies.
DCE-MRI quantitative analysis technology can
provide accurate individualized therapeutic
evaluation for patients. It can accurately evaluate the therapeutic effect in BM lesions, as well
as the efficacy of anti-angiogenic therapy.
BM are typically located in irregularly shaped
bones and are difficult to measure with rulers.
The RECIST guidelines, updated at the end of
2008, define most BM as unmeasurable lesions [23]. Therefore, the therapeutic response
of BM lesions is difficult to precisely assess.
2896

Many studies have used DCE-MRI qualitative
analysis methods to accurately evaluate the
therapeutic response of malignancies [24-26].
However, only a few research studies have
used it to evaluate the effect of treatment on
BM lesions. Therefore, we investigated the
possibility of applying the technology to BM
lesions. With DCE-MRI, a series of quantitative
parameters such as Ktrans, Kep, and Ve, which
could reflect blood perfusion and be used to
evaluate the physiological characteristics of
tumor blood vessels, were obtained using a
two-compartment model. Bäuerle et al found
that amplitude and Kep decreased significantly
after administration of zoledronic acid and
sunitinib malate monotherapy for treatment of
bone metastases [27]. In our study, when the
enrolled patients were divided into groups A
and B according to the RECIST guidelines, we
found that the Ktrans value in group A significantly decreased after the treatment, but was
not significantly different from that in group B.
This may indicate that decreased Ktrans
reflects treatment efficacy in BM lesions.
Some previous studies also showed that DCEMRI quantitative parameters can predict the
prognosis of NSCLC patients with BM. For
instance, in metastatic renal carcinoma and
colorectal liver metastases, a higher baseline
Ktrans value and a significant reduction in the
Ktrans value after treatment were associated
with better PFS [28, 29]. However, studies on
Am J Cancer Res 2016;6(12):2890-2900
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Table 4. Comparison of adverse reaction rate between two groups
Treatment
Control
Incidence
Incidence
group
group
P value
rate (%)
rate (%)
(n = 22)
(n = 11)
Myelosuppression
8
36.4
4
36.4
> 0.05
First or Second degree
6
27.3
3
27.3
> 0.05
Third or fourth degree
2
9.1
1
9.1
> 0.05
Nausea and Vomiting
9
40.9
4
36.4
> 0.05
Liver disfunction
7
31.8
3
27.3
> 0.05
Renal disfunction
2
9.1
1
9.1
> 0.05
ECG ST-T change
1
4.5
0
0.00
> 0.05
Anemia
2
9.1
1
9.1
> 0.05
Neurotoxicity
1
4.5
0
0.00
> 0.05
Hypertension
0
0.0
0
0.00
> 0.05
Thrombosis
0
0.0
0
0.00
> 0.05
Group

be because the treatment
group included 2 patients
who subsequently underwent targeted therapy for EGFR
mutations. Initial studies of
NSCLC indicated improved
response rates and prognosis in patients expressing or
overexpressing EGFR [33].
Both of these patients had a
longer survival time than
the others. Moreover, no
signiﬁcant difference in the
incidence of adverse reactions was found between
the 2 groups (Table 4).

The incidence of adverse reaction rate was not statistically different between the two
groups (P > 0.05).

lung cancer are relatively limited. In our study,
we found that patients with a decrease of >
50% in the Ktrans value had a longer OS, which
demonstrated that the Ktrans may correlate
with the prognosis of NSCLC patients with BM
to some extent.
DCE-MRI is a reproducible, noninvasive technique to evaluate tumor vascularization [30].
DCE-MRI quantitative analysis technology can
reflect the treatment effect through changes in
quantitative parameters. Thus, we aimed to
precisely evaluate the therapeutic response
and predict the early efficacy of anti-angiogenic
therapy in NSCLC patients with BM using
DCE-MRI.
The efficacy of rh-endostatin has been previously confirmed in many clinical trials. Rh-endostatin with chemotherapy attained a higher
tumor response rate without increasing toxicity
in breast cancer patients and can significantly
prolong the survival time of postoperative
NSCLC patients [31, 32]. In our clinical trial,
we found that the ORR in the treatment group
was 30% (6/18), compared with 0% in the control group, suggesting that rh-endostatin could
synergize the antitumor effect of vinorelbineand cisplatin-based chemotherapy in NSCLC
patients with BM. However, the difference in
DCR between the 2 groups was not significant.
This is mainly because most of the patients in
the treatment or control group achieved SD.
The OS in the treatment group was significantly
longer than that in the control group. This may
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The current criteria for evaluating anti-angiogenic efficacy are insufficient, as
tumor shrinkage occurs after blood perfusion
decreases [34]. DCE-MRI quantitative parameters have also been used widely in many clinical
trials to precisely evaluate the early effects of
anti-angiogenic therapy. For example, a murine
xenograft model of human lung cancer was
used to evaluate in vivo vascular functions, and
in locally advanced breast cancer patients, the
DCE-MRI quantitative analysis method was
used to evaluate the anti-angiogenic and antitumor effects of rh-endostatin combined with
docetaxel and epirubicin [35, 36]. In our study,
the decrease in Ktrans value in the treatment
group (P = 0.02) was significantly greater than
that in the control group (P = 0.65). Thus, we
believe that Ktrans can be used to evaluate the
efficacy of early anti-angiogenic therapy.
Bevacizumab is an internationally accepted
first-line anti-angiogenic drug, and its antiangiogenic effect has been confirmed in many
clinical trials [37, 38]. In China, rh-endostatin
has been widely used in patients with stage
IV NSCLC [39, 40]. It has several anti-angiogenic mechanisms [41, 42]. Vascular endothelial
growth factor-2 (VEGF-2) is a known endothelial
target expressed in NSCLC tumor cells [43].
Rh-endostatin can play a major antiangiogenic
role by specifically acting on VEGF-2 of tumorassociated neovascular endothelial cells, inhibiting cell migration, and inducing cell apoptosis.
However, in this study, the values of the DCEMRI quantitative parameters Kep and Ve, bone
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metabolism, values of the tumor markers, and
expression levels of angiogenesis-related genes in serum were not significantly different
before and after treatment in the 2 groups,
which suggests that they lack sensitivity to
evaluate the therapeutic response in the
NSCLC patients with BM. These results may be
due to the limited number of patients enrolled
in our study. Larger clinical trials are required to
validate whether or not a relationship exists
between the changes in these indicators and
the response of BM lesions to antivascular
treatment.
The limitations of this study should be considered, including its relatively small number of
patients and the fact that it is a single-center
clinical study. Thus, more multicenter clinical
trials are needed to further confirm our study
results. We will also apply this approach to
other anti-angiogenic drugs for further verification of whether DCE-MRI can be used to assess
early anti-angiogenic effects and the therapeutic response of BM lesions.

ease control rate; PR, partial remission; SD,
stable disease; PD, disease progression; WHO,
World Health Organization; RECIST, Response
Evaluation Criteria in Solid Tumors; MRI, magnetic resonance imaging; Ktrans, volume of
transport constant; Kep, rate constant; Ve,
extravascular extracellular volume fraction; OS,
overall survival; PFS, progression-free survival;
FSE T1WI, fast spin-echo T1-weighted image;
FSE T2WI, fast spin-echo T2-weighted image;
ROI, region of interest; EGFR, epidermal growth
factor receptor; VEGF, vascular endothelial
growth factor; VEGFR-2, vascular endothelial
growth factor 2.
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Moreover, we reconfirmed that rh-endostatin
could improve the treatment response in
NSCLC patients with BM.
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