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Background: The present study confirmed the presence and exact range of “vascular
normalization window” induced by recombinant human endostatin (RHES) in patients with
nasopharyngeal carcinoma (NPC) by analyzing the variation of dynamic contrast-enhanced
ultrasonography (DCE-US) quantitative parameters. Also, the clinical application of DCE-US
in the evaluation of vascular normalization was assessed.
Materials and methods: A total of 30 previously untreated patients with stage III–IVA NPC
were enrolled in the present study and were randomly but equally divided into RHES (endostar
[ES]) and normal saline (NS) groups. The patients in the ES group were administered RHES
intravenously, while the patients in the NS group were administered normal saline daily for 5 days
prior to intensity modulated radiotherapy coupled with concurrent chemotherapy. All patients
underwent DCE-US on the day before the administration and on days 3 and 5 subsequently.
The Audio Video Interleave of each DCE-US examination was analyzed quantitatively using
the CHI-Q software. Several parameters were investigated, such as peak intensity (PI), time to
peak (TTP), and mean transit time (MTT).
Results: The PI, TTP, and MTT differed significantly at the three time points in the ES
group (all P,0.001) but not in the NS group (all P.0.05). In the ES group, PI increased and
subsequently decreased, whereas TTP, as well as MTT, lessened initially and then increased
within the 5 days after administration of RHES. The maximum value of PI and the minimum
value of TTP, as well as MTT, occurred on day 3 (all P,0.05). Furthermore, the values of PI,
TTP, and MTT were similar prior to the administration of RHES in both groups (all P.0.05).
However, the PI of the ES group was significantly higher (P,0.05), whereas the TTP and the
MTT were significantly lower following administration of RHES (all P,0.05) compared with
the corresponding parameters of the NS group.
Conclusion: DCE-US is a suitable method for the clinical evaluation of vascular normalization
induced by antiangiogenic agents. The “vascular normalization window” induced by RHES
occurs in patients with NPC, and the exact range is within about 5 days post-administration,
which contributes towards optimizing the modality of RHES combined with radiotherapy and
chemotherapy for NPC patients.
Keywords: evaluation, antiangiogenic, vascular normalization, endostatin, nasopharyngeal
carcinoma, contrast-enhanced ultrasonography

Introduction
Nasopharyngeal carcinoma (NPC) exhibits a very unique pattern of geographical
distribution, albeit with a low incidence worldwide.1 It is one of the most common
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cancers in the east and southeast regions of Asia, notably in
Guangdong and Guangxi provinces of People’s Republic of
China.2 Intensity modulated radiotherapy (IMRT) combined
with concurrent chemotherapy remains the primary and most
effective treatment for NPC. It contributes to a prominent
efficacy with a 5-year overall survival rate of 80%–90% as
compared to the conventional 2-dimensional radiotherapy.3,4
However, a subset of patients with locoregionally advanced
NPC continues to show poor prognosis, resulting from distant
metastasis and recurrence in the nasopharynx or and/or
regional lymph nodes.5 The combination of antiangiogenic
therapy with chemoradiotherapy provides a promising strategy for the improvement of the prognosis of such patients.6
Recombinant human endostatin (RHES) under the brand
name of Endostar (ES) is a type of antiangiogenic agent. It
was approved by the State Food and Drug Administration
of China in September 2005 for the treatment of non-smallcell lung cancer (NSCLC).7 Since then, accumulated clinical
data and experience have demonstrated that RHES could be
effectively combined with radiotherapy and/or chemotherapy
for the treatment of several malignant tumors, such as gastric
cancers, metastatic melanoma,8,9 and NPC.10
According to the famous theory of starving tumor therapy
that was proposed by Folkman in 1971,11 antiangiogenic therapy destroys the tumor vasculature, thereby depriving the
tumor of oxygen and nutrients, which in turn suppresses the
tumor growth. This is the primary mechanism underlying
the anti-tumor effect the majority of the antiangiogenic agents
including RHES. Nevertheless, excessive inhibition of tumor
angiogenesis will result in hypoxia and impede the delivery
of chemotherapeutic drugs to the tumor. Consequently, the
efficacy of radiotherapy and chemotherapy is antagonized
to a certain degree.12,13 In order to resolve this paradox, Jain
and Lin and Sessa proposed the theories of “vascular normalization” and “window” successively.14,15 They reported
that following administration of the antiangiogenic agents,
a unique “window” occurred, where irregular vessels inside
the tumor were normalized. Thus, the tumor blood flow
increased, providing a valuable yet transient opportunity
for improved delivery of the oxygen and chemotherapeutic
agents that may enhance the curative effect. Furthermore,
the precise range of the “window” differs by the different
classes of antiangiogenic drugs and the histological types of
the tumor.16–19 Apparently, the confirmation of the exact range
of the “vascular normalization window” is crucial and difficult to accomplish due to its transient nature and uncertainty.
Although the “vascular normalization window” induced by
RHES in NPC has been proven in animal experiments,20
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only a limited number of studies have conducted the clinical
evaluation of vascular normalization.
Dynamic contrast-enhanced ultrasonography (DCE-US)
is an advancing technology that has been developed in
recent years and provides a promising application prospect
for the assessment of the antiangiogenic therapy in many
malignant tumors,21 owing to the obvious attractions of being
non-allergic, non-invasive, widely available, portable, cost
effective, highly sensitive, and reproducible. Therefore, the
present study confirmed the presence and exact range of
“vascular normalization window” induced by RHES in NPC
patients by analyzing the variation of DCE-US parameters.
In addition, we also estimated the clinical application of
DCE-US in the evaluation of vascular normalization.

Materials and methods
This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee at the First
Affiliated Hospital of Guangxi Medical University. Written
informed consent was obtained from all patients.

Patients
A total of 30 patients with stage III–IVA NPC who were
diagnosed at the First Affiliated Hospital of Guangxi Medical
University from July 2017 to July 2018 were enrolled in the
present study. All patients were diagnosed by histopathological examinations and randomly divided into the ES group
(n=15) and the normal saline (NS) group (n=15). The ES
group included nine males and six females, aged between 28
and 70 years (median 41 years). The height of the patients in
the ES group ranged from 150 to 172 cm (median 165 cm)
and the weight ranged from 48 to 77 kg (median 67 kg).
Among the patients in the ES group, one case was classified
as WHO pathology type IIa, while the other 14 cases were
WHO IIb. In addition, eight out of the 15 cases in the ES
group had stage III NPC, whereas seven were with stage IV
NPC. The NS group included eleven males and four females,
aged between 28 and 68 years (median 49 years). The height
of the patients in the NS group ranged from 152 to 172 cm
(median 162 cm) and the weight ranged from 42 to 73 kg
(median 59 kg). The 15 patients in the NS group were classified as WHO IIb. Moreover, five out of the 15 patients in
the NS group exhibited stage III NPC, while the remaining
ten were of stage IV NPC.
The inclusion criteria were as follows: histopathological
diagnosis of NPC; no distant metastasis by auxiliary examination; initial diagnosis of NPC without previous radiotherapy or chemotherapy; stage III–IVA NPC according to
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the eighth edition of UICC/AJCC staging system for NPC;
presence of NPC foci that were measurable according to the
Response Evaluation Criteria in Solid Tumors standards;
serum creatinine 1.25-fold of upper limit of normal (ULN)
or creatinine clearance rate $60 mL/min; serum bilirubin
1.5-fold of ULN, aspartate amino transferase and alanine
transaminase 2.5-fold of ULN, and alkaline phosphatase
5-fold of ULN; serum hemoglobin $10 gm/dL, platelet
count $100,000/mL, absolute neutrophil count $1,500/mL;
Karnofsky scores $70. The exclusion criteria were as follows: age ,18 years or .70 years; allergic to SonoVue
(Bracco, Milan, Italy); hemorrhagic tendency; cardiovascular
right to left shunt; severe cardiac arrhythmias; myocardial
infarction; severe pulmonary hypertension; active or recent
gastrointestinal bleeding; diabetes mellitus with severe organ
damage; severe end-organ damage; pregnancy or lactation;
mental disorder; drug abuse or alcohol addiction.

Administration methods
Patients in the ES groups were administered RHES (solubilized in 250 mL of 0.9% normal saline) intravenously at a
dosage of 7.5 mg/m2/day for 5 days prior to IMRT coupled
with concurrent chemotherapy. The patients in the NS
group were administered 250 mL of 0.9% normal saline
intravenously daily for 5 days prior to IMRT coupled with
concurrent chemotherapy.

DCE-US examination and parametric
CEUS analysis
All patients underwent DCE-US examinations on the day
before the administration of RHES or normal saline and on
days 3 and 5 subsequently. The patients were required to
fast for a minimum of 8 hours prior to the initiation of the
examinations. All the ultrasound (US) investigations were
performed using the Aplio 500 ultrasound system (Toshiba,
Tokyo, Japan) equipped with pulse subtraction contrast
harmonic imaging and a 2.5–5.0 MHz convex-array transducer. SonoVue was selected as the intravenous contrast
medium. For the accurate positioning of the nasopharyngeal
tumor, a specific body position of the patients was required:
the patients were placed in the supine position with the neck
biased towards the opposite side and slightly tilted back. The
transducer was placed between the mastoid and mandible
ramus aspect of the neck, and the nasopharynx and parapharyngeal space were examined in transverse, longitudinal, and
oblique planes. The parotid gland and cervical vessels could
be used as acoustic windows.22 Following positioning of the
tumor, a bottle of SonoVue was dissolved in 5 mL of saline
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and a 2.4 mL bolus was injected into the superficial elbow
vein of each patient at the rate of 1 mL/sec, followed by a
5.0 mL saline flush. Simultaneously, a video comprising the
DCE-US imaging was recorded for at least 60 seconds. The
video was stored as a digital archive (Audio Video Interleave,
AVI) in the hard disc for post-parametric analysis.23
The AVI of each DCE-US examination was analyzed
quantitatively through CHI-Q software (Toshiba) in order
to obtain a series of parameters. The detailed protocol
was as follows: initially, the nasopharyngeal tumor was
set as the region of interest (ROI); subsequently, the ROI
was analyzed to obtain the time/intensity curve (TIC) and
several parameters, including peak intensity (PI), time to
peak (TTP), and mean transit time (MTT). PI was defined
as the maximum value of the signal intensity, which was
significantly correlated with the quantity of intravascular
microbubble, reflecting objectively the blood volume inside
the tumor microvessel. TTP was defined as the time from
base intensity to maximum intensity, and MTT was defined
as the mean time required by the bubbles to pass through the
tumor. TTP and MTT both indicated the blood flow velocity inside the tumor microvessel.23 Each AVI was analyzed
three times, and the average value for each parameter was
calculated. The average value was based on the final data
obtained for the specific time point of the DCE-US examination. In order to maintain the quality and consistency of the
imaging, the DCE-US examination and quantitative analysis
for all 30 patients were performed by the same US sonographer. The investigator had more than 5 years of experience
in the application of CEUS on the same equipment.

Statistical analysis
The data were analyzed by using SPSS 23.0 (IBM
Corporation, Armonk, NY, USA). The measurement data
were expressed as mean ± SD. The t-test was used to compare the mean between the different groups. The repeated
measure analysis of variance and the Bonferroni t-test were
used to analyze the continuous variables of the same group.
Statistical significance was set at P,0.05.

Results
The baseline characteristics of the patients including gender,
ages, height, weight, pathology types, and staging between
the two groups were similar (Table 1). Color Doppler
ultrasonography imaging of NPC is shown in Figure 1. The
DCE-US imaging and TIC varied significantly at different
time points in the patients of the ES group (Figure 2),
although they were the same in the NS group (Figure 3).
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Table 1 Baseline characteristics of patients
Characteristics

Groups

Gender (cases)
Male
Female
Age (years)
Median
Range
Height (cm)
Median
Range
Weight (kg)
Median
Range
Pathology typesa (cases)
WHO I
WHO IIa
WHO IIb
WHO III
T stagingb (cases)
T1
T2
T3
T4
N stagingb (cases)
N0
N1
N2
N3
Clinical stagingb (cases)
III
IVA

P-value

ES (n=15)

NS (n=15)

9
6

11
4

41
28–70

49
28–68

165
150–172

162
152–172

67
48–77

59
42–73

0
1
14
0

0
0
15
0

0
0
9
6

0
0
7
8

2
5
7
1

2
2
9
2

8
7

5
10

0.700

0.214

0.783

0.199

1.000

0.715

0.609

0.462

Notes: aPathology types according to the 2005 classification of WHO criteria;
b
T staging according to the eighth edition of UICC/AJCC staging system for
NPC; P-values were calculated by the Fisher’s exact test or chi-squared test.
Abbreviations: ES, Endostar; NS, normal saline.

3*
%9
75
7

Figure 1 Color Doppler ultrasonography imaging of NPC in a 60-year-old female.
Notes: A large focal mass was detected in the nasopharynx; the parotid gland and
cervical blood vessels were used as acoustic windows.
Abbreviations: BV, cervical blood vessel; NPC, nasopharyngeal carcinoma; PG,
parotid gland; T, tumor; TR, tongue root.
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The PI values of the patients in the ES group on the day
before (PIpre) and days 3 (PId3) and 5 (PId5) following
administration of RHES were −47.31±3.81 (dB), −39.22±
3.45 (dB), and −43.59±3.86 (dB), respectively. In the NS
group, the values of PIpre, PId3, and PId5 were −48.08±
3.11 (dB), −47.73±2.83 (dB), and −48.47±2.94 (dB), respectively. The PI values of the subjects who were examined in
the three time points of the ES group differed significantly
(P,0.001), whereas the comparison of the corresponding
values of the parameters in the NS group did not exhibit
significant differences (P=0.330). Furthermore, a comparison
between the ES and NS groups did not reveal any significant differences in the PIpre (P=0.551), while the values of
PId3 and PId5 of the ES group were significantly higher
than those of the NS group (all P,0.05) (Table 2). The PI
values of the patients in the ES group initially increased
and subsequently decreased within the 5 days following
administration of RHES. The maximum value was observed
on day 3 (Figure 4).
The TTP values of the patients in the ES group on the day
before (TTPpre) and on days 3 (TTPd3) and 5 (TTPd5) following administration were 19.19±3.95 (S), 14.64±2.48 (S),
and 16.34±2.29 (S), respectively. The TTPpre, TTPd3, and
TTPd5 of the NS group were 19.19±3.92 (S), 19.12±3.18 (S),
and 19.59±3.61 (S), respectively. Thus, a significant difference was detected in the TTP values of the ES group among
the three different time points (P,0.001), while no significant difference was observed in the NS group (P=0.556).
The TTPpre values of the ES and NS groups were similar
(P=1.000), while the TTPd3 and TTPd5 values were significantly lower in the ES group as compared to those of
the NS group (all P,0.05) (Table 3). Moreover, the MTT
values of the patients in the ES group on the day prior to
RHES administration (MTTpre) and on days 3 (MTTd3) and
5 (MTTd5) following administration were 29.41±4.53 (S),
21.85±5.40 (S), and 24.96±4.33 (S), respectively. The values
of the MTTpre, MTTd3, and MTTd5 of the NS group were
28.94±5.03 (S), 28.41±4.66 (S), and 29.44±3.89 (S), respectively. Thus, a significant difference was observed in the
ES group among the three time points (P,0.001), whereas
none was detected in the NS group (P=0.284). The MTTpre
of the ES group differed significantly compared with that of
the NS group (P=0.791). Nevertheless, the values of MTTd3
and MTTd5 were significantly lower (all P,0.05) (Table 4).
Therefore, the TTP and MTT values of the patients in the
ES group initially reduced and subsequently extended within
5 days following the administration of RHES. The minimum
value was noted on day 3 (Figure 4).
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Figure 2 DCE-US imaging and TIC of NPC in a 60-year-old female of the ES group at different time points after administration of RHES.
Notes: (A–C) DCE-US imaging of NPC in a 60-year-old female on the day before RHES administration and on days 3 and 5 after administration of RHES, respectively. (D–F)
TIC in the corresponding imaging of A–C, respectively. PI initially increased and subsequently decreased, whereas the opposite pattern was noted for TTP. These changes
were noticeable within 5 days following administration of RHES, whereas the maximum and minimum values of PI and TTP, respectively, occurred on day 3, suggesting the
presence of the “vascular normalization window”.
Abbreviations: BV, cervical blood vessel; DCE-US, dynamic contrast-enhanced ultrasonography; ES, Endostar; NPC, nasopharyngeal carcinoma; PG, parotid gland; PI, peak
intensity; RHES, recombinant human endostatin; T, tumor; TIC, time/intensity curve; TR, tongue root; TTP, time to peak.
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Figure 3 DCE-US imaging and TIC of NPC in a 56-year-old male of the NS group at different time points following administration of normal saline.
Notes: (A–C) DCE-US imaging of NPC in a 56-year-old male on the day before administration of NS and on days 3 and 5 after administration of NS, respectively. (D–F)
TIC in the corresponding imaging of A–C, respectively. PI and TTP almost equally distributed among the three time points following administration of NS.
Abbreviations: BV, cervical blood vessel; DCE-US, dynamic contrast-enhanced ultrasonography; NPC, nasopharyngeal carcinoma; NS, normal saline; PG, parotid gland;
PI, peak intensity; T, tumor; TIC, time/intensity curve; TR, tongue root; TTP, time to peak.
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Table 2 Variation of PI (dB) before and after administration
Groups

PI (dB) before and after administration

ES (n=15), mean ± SD
NS (n=15), mean ± SD
tb
P-valueb

Pre

d3

d5

−47.31±3.81
−48.08±3.11
0.604
0.551

−39.22±3.45
−47.73±2.83
7.385
0.000

−43.59±3.86
−48.47±2.94
3.894
0.001

Fa

P-valuea

63.808
1.152

0.000
0.330

Notes: aBy repeated measure analysis of variance; bby independent-samples t-test.
Abbreviations: d3, day 3 after administration; d5, day 5 after administration; ES, Endostar; NS, normal saline; PI, peak intensity; Pre, the day before administration.

No side effect related with RHES or DCE-US, such
as allergy, headache, arrhythmia, nausea, and fever, was
observed in all 30 patients.

Discussion
RHES is an effective antiangiogenic agent that enhances
the treatment efficacy for advanced NPC according to
previous studies.24–26 However, hypoxia and less amount of
drug deliver, as a result of antiangiogenesis, may limit the
synergistic effect of RHES combined with radiotherapy and
chemotherapy. Based on the studies by Jain14 and Lin and
Sessa,15 this paradox can be resolved by administering the
radiotherapy and chemotherapy in a specific yet transient
time frame, which was defined as “vascular normalization
window”. In this unique “window”, the improved blood
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perfusion, more oxygen and more chemotherapeutic agents
were delivered to the tumor. Obviously, the clinical evaluation of the exact range of vascular normalization window
to optimize the synergistic effect of RHES coupled with
radiotherapy and chemotherapy is critical and challenging.
The gold standards for the evaluation of angiogenesis
and vascular normalization remain the microvessel density
(MVD), vascularity, basement membrane, and pericyte
coverage.27 However, their clinical applications are difficult
due to the invasive nature and dependency on qualified
biopsy. The imageological examinations, such as positron
emission computed tomography, DCE-MRI, and CT perfusion imaging (CTPI), were used to assess the vascular
normalization in animal experiments and clinical studies.28–30
Nevertheless, these examinations present disadvantages,
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Figure 4 Line chart of DCE-US parameters in NPC patients.
Notes: (A) PI in the ES group initially increased and subsequently decreased within the 5 days following administration of RHES. The maximum value occurred on day 3
(P,0.001), while it remained stable in the NS group (P=0.330). The PI values were similar in the two groups prior to RHES administration (P=0.551). However, the PI of the ES
group was significantly higher following administration of RHES (all P,0.05). (B) The TTP values in the ES group initially reduced and subsequently increased within the 5 days
following administration of RHES. The minimum value appeared on day 3 (P,0.001), and it did not exhibit a significant change in the NS group (P=0.556). The TTP values were
similar in the two groups before administration of RHES (P=1.000), whereas the TTP value in the ES group initially increased and subsequently decreased within the 5 days
following administration of RHES (all P,0.05). (C) The MTT value in the ES group initially increased and subsequently decreased within the 5 days following administration of
RHES. The minimum value appeared on day 3 (P,0.001), while it exhibited no significant change in the NS group (P=0.284). The MTT values were similar in the two groups
prior to administration of RHES (P=0.791). However, the MTT value of the ES group was significantly lower following administration of RHES (all P,0.05). These significant
wave-like variations of the DCE-US parameters in the patients of the ES group indicated strongly the presence of the “vascular normalization window”.
Abbreviations: DCE-US, dynamic contrast-enhanced ultrasonography; ES, Endostar; MTT, mean transit time; NPC, nasopharyngeal carcinoma; NS, normal saline; PI, peak
intensity; RHES, recombinant human endostatin; TTP, time to peak.
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Table 3 Variation of TTP (S) before and after administration
Groups
ES (n=15), mean ± SD
NS (n=15), mean ± SD
tb
P-valueb

TTP (S) before and after administration
Pre

d3

d5

19.19±3.95
19.19±3.92
0.000
1.000

14.64±2.48
19.12±3.18
−4.297
0.000

16.34±2.29
19.59±3.61
−2.942
0.006

Fa

P-valuea

22.338
0.599

0.000
0.556

Notes: aBy repeated measure analysis of variance; bby independent-samples t-test.
Abbreviations: d3, day 3 after administration; d5, day 5 after administration; ES, Endostar; NS, normal saline; Pre, the day before administration; TTP, time to peak.

such as ionizing radiation, high cost, allergy to contrast agent,
and poor reproducibility, which might limit their application
in routine clinical practice.
As a milestone in the history of ultrasonic medicine,
DCE-US technology possesses attractive advantages in
evaluation of vascular normalization, such as allergen free,
radiation free, noninvasiveness, cost-effectiveness, and
optimal repeatability.31 Moreover, unlike iodinated and gadolinium contrast agents, the microbubble ultrasound contrast
agents with a diameter of 3–5 µm are solely confined to the
blood pool without interferences from the extravasations
of the contrast agent. Thus, accurate measurements that
are related to vascular normalization inside the tumor are
acquired.32 DCE-US can record the distribution, concentration, and dissipation of microbubble and provide TIC in
addition to several parameters (eg, PI, TTP, and MTT) via
quantitative analysis of the AVI of DCE-US. These parameters can be categorized as predominantly hemodynamic or
predominantly morphological, or a combination of the two
according to the introduction of DCE-US formulated by the
European Federation of Societies for Ultrasound in Medicine
and Biology.23 PI was defined as the maximum value of
the signal intensity that was significantly correlated with the
quantity of intravascular microbubble, reflecting authentically of the blood volume inside the tumor microvessel. TTP
was defined as the time from base intensity to maximum
intensity, whereas MTT was defined as the mean time taken
by the bubbles to pass through the tumor. TTP and MTT can

reflect the blood flow velocity inside the tumor microvessel.
In addition, MVD is one of the gold standards for the assessment of angiogenesis and vascular normalization.27 Mori
et al33 reported that the parameters of CEUS, such as PI, was
significantly correlated with MVD in breast cancer (r=0.43).
The correlation exhibited a significant difference (P=0.0073).
This conclusion was similar to the result (r=0.267, P=0.017)
based on a clinical study led by Li et al.34 Thus, the dynamic
variation of the parameters of CEUS can reflect the progress
of vascular normalization to a certain extent.
In the current study, the PI of the patients with NPC in
the ES group increased initially and decreased subsequently
within the 5-day period following RHES. The maximal
values were observed on day 3. It is interesting to note that
the TTP of the patients in the ES group initially decreased
and subsequently increased. The minimal values appeared
on day 3. The variation of MTT was the same as that of
TTP. Conversely, the parameters PI, TTP, and MTT, of the
patients in the NS group remained almost unaltered within
the 5 days following administration. Furthermore, the values
of the patients in the ES group were similar to those of the
NS group prior to the administration of the RHES. However,
the PI value was significantly higher than the corresponding
value of the NS group, whereas the TTP and MTT value were
significantly lower than that of the NS group after administration. Wave-like variations were observed with regard to
the DCE-US parameters following administration of RHES,
which indicated the presence of the “vascular normalization

Table 4 Variation of MTT (S) before and after administration
Groups
ES (n=15), mean ± SD
NS (n=15), mean ± SD
tb
P-valueb

MTT (S) before and after administration
Pre

d3

d5

29.41±4.53
28.94±5.03
0.267
0.791

21.85±5.40
28.41±4.66
−3.563
0.001

24.96±4.33
29.44±3.89
−2.978
0.006

Fa

P-valuea

30.507
1.317

0.000
0.284

Notes: aBy repeated measure analysis of variance; bby independent-samples t-test.
Abbreviations: d3, day 3 after administration; d5, day 5 after administration; ES, Endostar; MTT, mean transit time; NS, normal saline; Pre, the day before administration.
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window” induced by RHES. The exact range of the window
was approximately 5 days following administration of RHES.
These results were similar to conclusions reported by Jiang
et al,30 where the “vascular normalization window” induced
by RHES was evaluated in patients with NSCLC by CTPI.
A “time window” was demonstrated that corresponded to
a week following administration of RHES. Li et al demonstrated in a A549 lung adenocarcinoma xenograft murine
model that the “vascular normalization window” induced by
RHES was evident from day 4 to day 10 following administration of RHES.19 Peng et al20 reported that the RHES
could induce “vascular normalization window” in mice
bearing CNE-2 and 5–8F human NPC xenografts, thereby
causing an array of transient pathophysiological changes to
tumor microvessels, such as the decline in tumor vascularity
and in the hypoxic tumor cell fraction, and the increase of
the basement membrane and the pericyte coverage associated with endothelial cells. In the present study, the regular
variations of the DCE-US parameters in the NPC patients
may relate to several pathophysiological mechanisms. In the
early stage after administration of RHES, the inordinate
tumor microenvironment is reconstructed, resulting in an
increase in the basement membrane and the pericyte coverage. Concomitantly, the permeability of the microvessel
was reduced, leading to increased blood perfusion, larger
blood volume, and accelerated blood flow velocity. These
pathological changes were reflected as enhancement of PI and
shortening of TTP and MTT in the quantitative analysis of
DCE-US. Subsequently, the antiangiogenic effects of RHES
were initiated and the tumor microvessel was regressed,
resulting in lower blood perfusion and reduced blood volume
and blood flow velocity. These were accordingly reflected
as a decrease in the PI value and an increase in the TTP and
MTT values.

Limitations and prospect
Several limitations should be emphasized. First, the veracity
of DCE-US relied on the experience of the operators and
the quality of ultrasound equipment. Second, the number
of enrolled patients was small in this present study. The
statistical strength could have decreased owing to the abovementioned factors. Therefore, further research is needed.
A further study with more patients and longer follow-up
may provide more compelling evidence for the existence of
“vascular normalization window” induced by RHES in NPC
patients. Furthermore, the “vascular normalization window”
of NPC patients may vary with different characteristics (such
as age, sex, size of the tumor, weight and height). A further
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study with large samples may provide data to confirm the
“vascular normalization window” and the optimal timing of
performing chemoradiotherapy for each subgroups, thus to
improve the therapeutic effect.

Conclusion
The present study suggests that DCE-US exhibits certain
advantages, such as allergen free, radiation free, noninvasiveness, cost-effectiveness, and optimal reproducibility. Therefore, DCE-US is a suitable method for the clinical evaluation
of vascular normalization induced by antiangiogenic agents.
Furthermore, the results confirmed the presence of “vascular
normalization window” induced by RHES in patients with
NPC. The exact range was within 5 days following administration of RHES, which contributes toward optimizing the
modality of RHES combined with radiotherapy and chemotherapy for NPC patients.
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