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Background: To observe the dynamic changes of blood perfusion with whole-tumor computed
tomography (CT) perfusion imaging using texture analysis in patients with unresectable stage IIIA/B nonsmall cell lung cancer (NSCLC) treated with recombinant human endostatin (Endostar).
Methods: This phase II clinical trial recruited 11 patients diagnosed with stage IIIA/B NSCLC.
Histological examination prior to treatment revealed squamous cell carcinoma in 4 cases and adenocarcinoma
in 7 cases. All patients underwent contrast-enhanced perfusion CT at baseline and a second CT scan 1 week
after treatment initiation with Endostar. CT perfusion images including blood flow (BF), blood volume
(BV), and permeability (PMB) were imported into OmniKinetics software to quantitatively assess the texture
features. Skewness, kurtosis, and entropy were calculated at baseline and after anti-angiogenic therapy.
Changes in tumor were analyzed using Wilcoxon signed-rank test. The association of parameters with
survival was evaluated using Cox proportional hazards regression model.
Results: There were no statistical differences in the mean values of BF, BV, and PMB before and after
treatment (P=0.594, 0.477 and 0.328, respectively). The skewness on BF images demonstrated significant
differences at baseline and after treatment (0.6±2.7 vs. 1.0±2.6, P=0.010), while skewness of BV and PMB
showed no significant variation (P=0.477 and 0.213, respectively). The kurtosis and entropy for BF, BV and
PMB showed no significant differences (all P>0.05). In adenocarcinoma, the mean BF showed no significant
differences at baseline and after treatment (76.5±25.7 vs. 101.2±46.4, P=0.398), while skewness for BF
was significantly higher after treatment than at baseline (−0.19±3.3 vs. 0.59±3.2, P=0.028). No significant
associations were found between perfusion CT imaging parameters and progression-free survival.
Conclusions: These results suggested that blood perfusion showed improvement with whole-tumor
perfusion CT using texture analysis in patients with stage IIIA/B NSCLC treated by Endostar.
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endostatin (rhES)
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Introduction
Lung cancer is the most common type of cancer in China in
terms of incidence and mortality (1). Currently, concurrent
chemoradiotherapy (CCRT) is considered as the standard
treatment for patients with locally advanced non-resectable
non-small cell lung cancer (NSCLC) (2,3) However, the
clinical outcomes of these patients still remain poor, with a
5-year survival rate of approximately 20% (4). At present,
several studies have indicated that anti-angiogenic therapies
can improve the effect of chemoradiotherapy, while the
potential underlying mechanism of this effect could be
related to the normalization of tumor vasculature, alleviating
tumor hypoxia (5). Therefore, anti-angiogenic therapy
combined with chemoradiotherapy has been considered as
a new generation treatment strategy for locally advanced
NSCLC patients. Recombinant human endostatin (rhES)
(Endostar), an endogenous inhibitor of angiogenesis, has
been proven to normalize the tumor vasculature, improve
the blood supply, and increase the sensitivity of radiation,
thus improving the response rate and survival in advanced
NSCLC patients (6,7).
Over the last decade, several studies have demonstrated
that lung tumor vascularity can be evaluated using perfusion
computed tomography (CT). According to Tacelli et al. (8),
the early changes in lung cancer vascularity under antiangiogenic chemotherapy may help predict therapeutic
response. Conventionally, perfusion CT has been performed
as an axial technique at a single anatomical level; however,
the tumor vasculature is heterogeneous both structurally
and functionally, and currently whole-tumor analysis
is available by sufficiently wide detectors. Ng et al. (9)
reported that the whole tumor perfusion CT measurement
was more repeatable, compared to conventional single
tumor level evaluations. CT texture analysis (CTTA) is an
image processing technique that can be applied to routinely
acquire images to provide quantitative information about
tumor heterogeneity that reflect the characteristics,
variation, and distribution within the tumor (10). This
allows for a more detailed and quantitative assessment
of the tumor features than visual analysis. A growing
amount of evidence has demonstrated the ability of texture
analysis to predict treatment response and survival as it can
quantitatively reflect tumor metabolism, angiogenesis, or
hypoxia in patients with NSCLC (11-14).
Hence, this study aimed to observe the dynamic changes
of blood perfusion with whole-tumor CT perfusion imaging
using texture analysis in patients with unresectable stage
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IIIA/B NSCLC treated with Endostar. Our hypothesis
was that whole-tumor CT perfusion imaging using texture
analysis can demonstrate the increasing tumor perfusion
in patients who undergo treatment with Endostar. To
our knowledge, this is the first study to explore the use of
texture analysis using whole-tumor perfusion CT to predict
the response of locally advanced unresectable NSCLC
treated with antiangiogenic therapy.
Methods
This study was approved by the ethics committee of
Cancer Hospital of Zhejiang Province and written
informed consent was obtained from all patients. This is a
multi-center phase II single-arm clinical trial, which was
registered with ClinicalTrials.gov (number NCT01733589).
Patient population
From May 2014 to May 2015, 11 patients diagnosed with
locally advanced unresectable NSCLC were recruited. All
patients underwent contrast-enhanced perfusion CT at
baseline and a second CT scan 1 week after anti-angiogenic
therapy (Endostar). Of these 11 cases, 9 were men and 2
were women, 4 had squamous cell carcinoma and 7 had
adenocarcinoma, and the median age was 57 years (ranging
from 31 to 67 years). According to the AJCC TNM
classification for NSCLC, 7 cases were stage IIIA and 4
cases were stage IIIB.
Treatment procedure
All patients received Endostar (7.5 mg/m 2 /24 h) by
continuous pumping into the vein for 5 days at weeks 1, 3,
5 and 7. Patients received thoracic 3D conformal radiation
at 60–66 Gy in 30–33 fractions for 6 to 7 weeks, concurrent
with 2 cycles of etoposide 50 mg/m2 on days 1–5 and 29–33
and cisplatin 50 mg/m2 on days 1, 8, 29 and 36.
Data acquisition
CT examinations were performed using a 64-slice CT
scanner (Somatom Definition Flash). Initially, a noncontrast chest scan was performed to localize the tumor.
On the basis of this scan, a fixed scan range of 100 mm
in the direction of z-axis was determined for perfusion
CT, covering the whole tumor. The following perfusion
parameters were applied: 80 kV, 60 mAs, with a slice
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Table 1 Comparison between baseline and after anti-angiogenetic treatment (rhES) regarding perfusion CT imaging (x ± s) (N=11)
Parameters

Baseline

After treatment

P value*

BF (mL/100 mL/min)

83.9±32.3

98.4±43.4

0.594

BV (mL/100 mL)

93.6±37.2

103.7±26.2

0.477

PMB (mL/100 mL/min)

19.3±5.9

18.1±6.0

0.328

*, Wilcoxon signed-rank test. rhES, recombinant human endostatin; CT, computed tomography; BF, blood flow; BV, blood volume; PMB,
permeability.

thickness of 3 mm. Forty-five mL of iopromide (370 mg/mL
iodine) was injected with a flow rate of 5 mL/s, followed by
a flush of 45 mL NaCl at 5 mL/s. Whole-tumor perfusion
CT acquisition started with a 2 s delay after the injection,
and a total of 30 scans with 1.5 s temporal sampling was
done. Images were reconstructed at a slice thickness of
3 mm with a 2 mm increment. Re-examination of perfusion
CT was repeated and the data were compared 1 week after
treatment initiation with Endostar.
Data analysis
All CT images were anonymized and then transferred
to a post-processing workstation equipped with Volume
Perfusion CT Body software (VPCT) (Siemens Healthcare,
Germany). For the arterial input function (AIF), a region
of interest (ROI) was drawn inside the aorta. Each slice
along the z-axis of the entitled tumor was evaluated by
freehand outlining an ROI within the border of the tumor,
thus obtaining the entire tumor volume. This procedure
was conducted by two experienced radiologists (L Shi and
XL Zhou), similarly to what was done previously (15). The
software generated three-dimensional color-coded maps
according to the following perfusion parameters: blood flow
(BF, mL/100 mL/min), blood volume (BV, mL/100 mL),
and permeability (PMB, mL/100 mL/min). The above
parameters were imported into the OmniKinetics software
(GE Healthcare, USA). The texture parameters of BF,
BV, and PMB within the tumor ROI were quantitatively
assessed, including for values of skewness, kurtosis, and
entropy (a measure of irregularity). Skewness represents the
degree of asymmetric distribution in the image histogram.
If it is positive, the distribution is positively skewed (more
values are lower values), and if it is negative, the distribution
is negatively skewed (more values are higher values). If it is 0,
then the distribution is symmetrical. Kurtosis is a measure
of whether the data are heavy-tailed or light-tailed relative
to the normal distribution, and the high values of kurtosis
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tend to have heavy tails, or outliers. The entropy measures
the randomness of the distribution of the coefficient values
over the intensity levels, and a high value of entropy means
that the distribution is among the more intense levels in the
image. The intraclass correlation (ICC) coefficients for each
parameter were >0.85 between L Shi and XL Zhou.
Statistical analysis
Statistical analyses were performed using statistical software
(SPSS version 19.0, Chicago, USA), and for all other
comparisons. P values of less than 0.05 were considered
to be statistically significant. Continuous variables are
presented as mean ± standard deviation (SD). Comparisons
of perfusion and textural parameters between baseline and
after anti-angiogenic treatment were performed using
Wilcoxon signed-rank test. Progression-free survival (PFS)
was calculated from the date of initiation of Endostar
treatment to the date of objective tumor progression, or
until the date of death due to any cause, or last followup time, whichever occurred first. The associations of
continuous variables with PFS were evaluated using the Cox
proportional hazards regression model.
Results
Comparison between baseline and after anti-angiogenic
treatment rhES regarding perfusion CT imaging
Table 1 comprises the mean values of BF, BV, and PMB
at baseline and after anti-angiogenic treatment. Blood
perfusion change was observed but there were no statistical
differences in regards to the mean BF, BV, and PMB values
(P=0.594, 0.477 and 0.328, respectively).
Comparison between baseline and after anti-angiogenic
treatment (rhES) regarding textural analysis features
The skewness of BF showed significant differences between
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baseline and after treatment values (0.6±2.7 vs. 1.0±2.6,
respectively, P=0.010) (Figure 1, Tables 2,3), while skewness
of BV and PMB showed no significant variation (P=0.477
and 0.213, respectively). The kurtosis and entropy for
BF, BV, and PMB showed no significant differences (all
P>0.05). In adenocarcinoma, the mean values of BF showed
no significant differences at baseline and after treatment
(76.5±25.7 vs. 101.2±46.4, respectively, P=0.398), while
the values of skewness for BF were significantly higher
after treatment than at baseline (−0.19±3.3 vs. 0.59±3.2,
respectively, P=0.028). Furthermore, the pixel values of BF

Blood flow/skewness

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0
Baseline

in one adenocarcinoma patient were significantly higher
after treatment than at baseline (61.1±29.1 vs. 72.3±41.6,
respectively, P<0.001) (Figure 2). The increased BF value
was demonstrated in the BF map (Figure 2). In squamous
carcinoma, both the mean values of BF (96.8±42.6 vs.
93.5±43.9, P=0.068) and the skewness for BF (1.7±0.73 vs.
1.8±0.94, P=0.068) showed no significant differences at
baseline than after treatment, respectively.
Association between perfusion CT imaging parameters
and PFS
Of the 11 patients, 6 patients showed disease progression,
including primary tumor sites on the spleen, intra-lung
area, and pericardium. One patient died during the followup period. The median PFS was 812 days (Figure 3). In
univariate Cox regression, the correlation of the mean
values, skewness, kurtosis, and entropy of BF, BV, and PMB
at baseline and after anti-angiogenetic treatment with PFS
was not significant (all P>0.05). Meanwhile, the changes in
these parameters also showed no significant association with
PFS (all P>0.05).

P=0.010

4.0

971

After treatment

Figure 1 Skewness of blood flow on volume perfusion CT imaging
by using texture analysis at baseline and after treatment (rhES)
(N=11). Top lines represent values of mean ± standard deviation
(SD). CT, computed tomography; rhES, recombinant human
endostatin.

Discussion
Endostatin, a carboxy-terminus fragment of collagen XVIII,
was first identified as an antiangiogenic molecule in 1997
by O’Reilly et al., and was understood to specifically inhibit

Table 2 Comparison between baseline and after anti-angiogenetic treatment (rhES) regarding textural analysis features (x ± s) (N=11)
Parameters

Baseline

After treatment

P value*

0.6±2.7

1.0±2.6

0.010

Kurtosis

13.1±23.1

13.3±18.4

0.213

Entropy

4.6±1.1

4.3±0.8

0.213

Skewness

0.01±2.56

0.35±2.24

0.477

Kurtosis

12.5±25.5

10.7±16.2

0.790

Entropy

4.9±1.5

4.4±1.5

0.374

Skewness

−1.5±4.6

−1.1±3.5

0.213

Kurtosis

24.9±72.3

15.5±42.1

0.286

Entropy

4.9±1.9

5.0±1.6

0.328

BF
Skewness

BV

PMB

*, Wilcoxon signed-rank test. rhES, recombinant human endostatin; BF, blood flow; BV, blood volume; PMB, permeability.
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Table 3 Skewness of BF between baseline and after anti-angiogenetic treatment (rhES) in each individual (N=11)
Patients No.

Age (years)

Gender

Pathology

Baseline

After treatment

Change (%)

M/R

PFS (days)

No. 1

57

Male

AC

0.59

1.71

+189

NA

No. 2

57

Male

AC

2.19

2.64

+21

–

1,072

No. 3

46

Female

AC

1.05

1.75

+66

M

257

No. 4

31

Male

AC

0.56

1.64

+193

R

812

No. 5

50

Male

SCC

1.14

1.17

+3

–

1,360

No. 6

62

Male

SCC

1.00

1.00

+0

M

945

No. 7

60

Female

AC

1.26

1.49

+18

M

148

No. 8

67

Male

AC

1.52

1.36

−10

R

399

No. 9

59

Male

SCC

2.03

2.05

+1

R

336

No. 10

58

Male

AC

−7.30

−6.50

+11

–

1,282

No. 11

52

Male

SCC

2.53

3.05

+21

–

1,069

82

BF, blood flow; rhES, recombinant human endostatin; AC, adenocarcinoma; SCC, squamous cell carcinoma; M, metastasis; R, recurrence;
NA, not available.

endothelial proliferation and potently inhibit angiogenesis
and tumor growth (16). Endostar purified in Escherichia coli
was approved by the State Food and Drug Administration
(SFDA) of China for the treatment of NSCLC in 2005 (17).
Ling et al. (18) demonstrated that Endostar exerted
antiangiogenic effects via blocking the vascular endothelial
growth factor (VEGF)-induced tyrosine phosphorylation
of vascular endothelial growth factor receptor (VEGFR-2)
of endothelial cells as well as overall VEGFR-2 expression.
Moreover, Jiang et al. (6) confirmed that Endostar has
a “time window” of vascular normalization in human
NSCLC; i.e., within about 1 week after administration,
and when combined with concurrent radiotherapy, the
“time window” may have synergistic therapeutic effects.
During the last decade, several studies have shown
that the combination of Endostar with radiotherapy or
chemotherapy successfully improves treatment response
and prolongs survival in advanced NSCLC (6,7,19,20).
Perfusion CT imaging is a useful tool in the field of
cancer imaging to evaluate disease response or progression
after treatment (8,9,21,22). Few studies have investigated the
role of CTTA in lung cancer imaging. In our study, there
were no statistical differences with regard to the mean values
of BF, BV, and PMB. However, improved blood perfusion
could be found when referring to the absolute values of BF
and BV (mean ± SD, BF: baseline 83.9±32.3 mL/100 mL/min,
after treatment: 98.4±43.4 mL/100 mL/min; BV: baseline
93.6±37.2 mL/100 mL, after treatment 103.7±26.2 mL/100 mL).
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Using texture analysis, we found that the skewness for BF
showed significant differences at baseline and after treatment,
while the skewness of BV and PMB showed no significant
variation. As is known, the skewness reflects the degree of
asymmetry in the histogram distribution, and if the treatment
had been effective, the absolute values of the skewness
would have been higher. Additionally, the mean values of
BF represented the overall level of tumor BF; however, the
skewness was a more comprehensive indicator for BF, which
considers the influence of tumor heterogeneity among
NSCLC. This might be the reason as to why the mean
values of BF were not significantly different before and after
treatment with Endostar, while the skewness was significant.
The values of kurtosis as well as entropy for BF, BV, and
PMB showed no significant differences. These results suggest
that the texture analysis based on perfusion CT imaging was
superior to the routine perfusion CT measurements in locally
advanced unresectable NSCLC treated with Endostar.
Approximately 85% of newly diagnosed lung cancers are
NSCLC, while approximately 30% are squamous carcinomas
with a worse survival rate than adenocarcinoma (23).
Previous published studies demonstrated that Endostar
could improve the survival of patients in both squamous
carcinoma and adenocarcinoma. In our study, significant BF
improvement was found only in adenocarcinoma patients,
and not in squamous carcinoma patients. This indicates
that adenocarcinoma was more sensitive than squamous in
NSCLC patients treated with Endostar, which is consistent
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Figure 2 Axial perfusion CT image of a 60-year-old female with a T2, N3, M0 adenocarcinoma of the right upper lobe. (A) Baseline axial
perfusion CT image; (B) blood flow histogram. After treatment; (C) axial perfusion CT image; (D) blood flow histogram. Blood flow skewness
increased from baseline (1.26) to after treatment (1.49) (% change of BF skewness =18%). CT, computed tomography; BF, blood flow.

with a previous study (24).
All perfusion CT imaging parameters showed no
significant association with PFS, and the size of the series
might be the most important reason. However, several cases
should be taken into consideration. All four patients without
progression were male, and their increasing skewness of BF
showed varying degrees. The PFS of female patients in this
study was significantly shorter than male patients. We hope
that larger sample studies can verify if male patients with
NSCLC whose skewness of BF shows increasing values
may benefit from the treatment of continuous infusion of
Endostar combined with concurrent etoposide plus cisplatin
and radiotherapy.
Notably, the current study had several limitations. First,
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the size of the patients was small, precluding the detailed
analysis of treatment response in NSCLC patients treated
with Endostar. Second, all cases were recruited into a
multi-center phase II single-arm clinical trial, and so no
comparison between Endostar plus CCRT and CCRT alone
was established in this study. Also, the dynamic changes of
blood perfusion could not evaluate the duration of therapy
by CCRT. A large sample size is warranted to verify our
preliminary results. Moreover, the biological markers that
refer to the tumor vasculature and hypoxia status such as
microvessel density, vascular endothelial growth factor, and
hypoxia-inducible factor within the NSCLC tumors treated
with Endostar, should also be included in future study to
explore the underlying mechanism.
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Figure 3 Progression-free survival (PFS) of 11 locally advanced
NSCLC. NSCLC, non-small cell lung cancer.

4.

Conclusions
In summary, an improvement in blood perfusion could
be observed by whole-tumor perfusion CT using texture
analysis in patients with stage IIIA/B NSCLC treated by
Endostar, especially in adenocarcinoma patients. Texture
analysis based on whole-tumor perfusion CT imaging can
assist in evaluating the therapeutic response that seems
to be superior to routine perfusion CT measurements.
The textural analysis based on perfusion CT images could
represent a very useful non-invasive tool for clinicians
to manage anti-angiogenic therapies more efficiently if
confirmed by larger studies.
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