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Background: The incidence rate of cervical cancer is the highest in the reproductive tract and is
not sensitive to chemotherapy. An appropriate amount of anti-angiogenic agents can reconstruct
tumor blood vessels in a short period of time and form vascular homeostasis, increase the
function of blood vessel perfusion and reverse the multidrug resistance of chemotherapy,
which is also called “vascular normalization.” Endostar (a recombinant human endostatin) was
developed by China and as a multi-target anti-angiogenesis agent. Many reports about endostar
involved the treatment of non-small cell lung cancer, fewer reports are on cervical cancer.
Purpose: To determine whether endostar can rebuild tumor vascular homeostasis and
enhance chemotherapy effects for patients with cervical cancer.

Methods: In this study, the patients with cervical cancer within stage IIB2 were selected, endostar
combined with cisplatint+paclitaxel neoadjuvant chemotherapy (NACT) before radical surgical
operation was adopted, patients outcome and adverse reaction were followed up. The changes of
tumor vascular structure and perfusion function before and after endostar given were evaluated by
histopathology and dynamic contrast-enhanced magnetic resonance imaging (DEC-MRI). VEGF-
Notch signal pathway was detected for the regulating mechanism of vascular proliferation in
different groups. GraphPad Prism 6 software was used for statistical analysis of the study results.
Results: Endostar enhanced the short-term (2 year) overall survival (OS), progression-free
survival (PFS) rates for cervical cancer patients. All the same, endostar increased long-term
(5 year) OS for cervical cancer patients. Endostar therapy exhibited with mild adverse
reaction. MRI showed endostartNACT further reduce tumor volume than NACT alone.
The parameters of Ktrans, Ve for DEC-MRI in endostar group exhibited obviously increase
than NACT group. Tumor vascular maturation index a-SMA/CD31 in endostar group
increased obviously than NACT group, correspondingly Ki67 staining for tumor proliferative
rates, lymphovascular space invasion in endostar group further declined than NACT group.
The genes and proteins expression of VEGFR2, Notchl, Notch4, DIl4, Jagl were obviously
downregulated in endostar group comparing to NACT group.

Conclusion: Endostar restored vascular homeostasis in cervical cancer temporarily, enhanced
chemotherapeutic agents effects in cervical cancer, increased patient OS ratio. EndostartNACT
treatment may provide a new target therapy for cervical cancer.

Keywords: vascular homeostasis, cervical cancer, chemotherapeutic resistance

Background
Uterine cervical cancer is the second most common cancer and one of the leading
causes of cancer death for women, after breast cancer. Radiation therapy is regarded

as a standard treatment just like surgery, but radiation can induce radiation colitis,
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loss of ovarian function and sexual capacity, these short-
comings make it only as an alternate option. Neoadjuvant
chemotherapy (NACT) is used to treat local advanced
cervical cancer in Italy, Japan and Korea. Application of
NACT before surgery or before radiotherapy can reduce
tumor load, tumor cell micrometastasis and lymph nodes
invasion. But NACT is not more than 87.5% effective
against cervical cancer. Ineffective NACT can lead to
tumor progression, increase the difficulty of surgery, and
affect treatment outcome of patients.'~

Recombinant human endostatin (endostar) indepen-
dently developed in China could inhibit the expression of
VEGF, which played an anti-angiogenic role in multiple
targets and has no drug resistance. It was mainly applied in
the treatment of non-small cell lung cancer, and few
reports related to the treatment of cervical cancer.

The main mechanism of endostar is to block the for-
mation of tumor neovascularization by inhibiting the
migration of vascular endothelial cells. As an anti-
angiogenic agent, endostar can improve the abnormal
tumor structure, increase vascular perfusion within the
validity of the agent. This process is called tumor vascular
normalization. Such normalized tumor blood vessels can
transport more chemotherapeutic agents to tumor tissues,
make cytotoxic agents more effectively.®

In order to improve the efficacy of chemotherapy,
endostar can be used to improve NACT reactivity, DEC-
MRI can be used to monitor NACT reactivity in real time.
DCE-MRI was based on Tl-weighted images and then
injected with contrast agent to obtain a series of images
of contrast agent transport, distribution and outflow of
tumor tissue. These images can be used to analyze the
dynamic information of tumor vascular permeability and
blood perfusion. DCE-MRI can monitor the dynamic dis-
tribution of tumor vascular perfusion before and after drug
treatment. DCE-MRI can acquire the data about tumor
blood vessel penetrability and perfusion. Pharmacokinetic
indexes can obtain tumor blood vessel variation. It is
reported that DCE-MRI indexes can predict tumor
response to treatment and be used as a reliable method to
follow up the changes of tumor blood vessels.”*

We adopted endostar combined with cisplatin+paclitaxel
(PT) NACT in cervical cancer patients before surgical opera-
tion, the first aim in this study was to follow up the patients
prognosis; the second aim was to determine vascular hemo-
dynamic change by DEC-MRI before and after endostar
given; the third aim was to validate vascular maturation
index via a-SMA/CD31 staining and tumor proliferative

change via Ki67 staining in cervical patients before and
after endostar+NACT therapy. The regulating mechanism
of VEGF-Notch connection in this course was explored.

Methods

Patient Features
From March 2014 to August 2014, 145 women with cervical
cancer were enrolled to Zhabei Central Hospital, among
whom 138 patients were included in this study. One hundred
thirty eight patients gave informed consent and were fully
evaluated for eligibility to participate in the study. The inclu-
sion and exclusion criteria were met by 138/145 (95.2%)
patients, and 7 (4.8%) patients exited the study without
treatment. Reasons for ineligibility included 4 patients
rejected treatment in Zhabei Central Hospital; two patients
with cervical cancer suffered lung function insufficiency and
one with heart disease unable to withstand anesthesia were
not qualified for the operation. These 138 patients received
NACT-+surgery within 6 months, next their prognoses were
followed up from September 2014 to September 2019. These
patients come from within Shanghai, the Yangtze River
Delta, and from all over China.

The number of subjects required was calculated via
PASS Sample Size Software.

The Inclusion Criteria

The diagnosis of cervical cancer was based on cervical
biopsy detection; no distant metastasis by auxiliary exam-
ination; stage within IIB2 according to FIGO 2018 classi-
fication cancer of the cervix uteri, i.e., the tumor invades
beyond the uterus, but has not extended onto the lower
third of the vagina or to the pelvic wall.’> Vascular or
lymphatic invasion does not change the staging, we
would follow up vascular or lymphatic involvement via
pathologic changes.

Existence of cervical cancer foci that were measurable
via response evaluation criteria in solid tumors (RECIST)
standards; first diagnosis of cervical cancer, without pre-
vious radiotherapy or chemotherapy. Patients with cervical
cancer were without coagulation disorders and myocardial
disease, diabetes mellitus not controlled, or other compli-
cated diseases. No history of drug or food allergy. Karnofsky
scores>70; estimated OS >6 months. No serious complica-
tions hindering chemotherapy.

Exclusion Criteria
Distant metastasis; Karnofsky (KPS) score <70; combined
with heart, kidney failure, and any other conditions
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contraindicated for chemotherapy such as infection, myo-
cardial infarction, unstable angina pectoris, congestive
heart failure, or uncontrolled arrhythmias, immunosup-
pressive therapy; pregnancy or lactation; severe bone mar-
row dysfunction; bleeding tendency; poor compliance, or
cognitive disorders; drug abuse or alcohol addiction.

The average age of the 138 patients was 48 years,
ranging from 32 to 65 years. According to FIGO standard
of cervical cancer, the clinical diagnosis stage of the
patients in this study is from stage IB2 to stage I1IB2.
The pathological types of patients were mainly squamous
carcinoma, and a few were adenocarcinoma. The ages,
FIGO staging, pathological types, tumor differentiations
and tumor maximum diameters were compared between
two groups at the beginning of treatment. There was no
significant different for patient features between the 2
groups. The general features of patients see Table 1.

This study was approved by the Ethics committee of
Zhabei Central Hospital (No0.2015-35). All patients in this
study were thoroughly informed of the benefits, curative
effects, potential risks of the condition and management
alternatives, treatment costs and uncertainties related to cer-
vical cancer radical operation, or a NACT protocol treatment
followed by surgery. All patients gave written consent to
participate in the study. There were no conflicts of interest.

After appropriate counseling, patients were referred to
our cancer treatment center. Both patients and doctors
were blinded to group allocation. Enrolled patients were
then sequentially numbered. Patients labeled with odd
numbers were given NACT+surgical operation (NACT
group), while patients labeled with even numbers received
endostartNACT followed by surgery (endostar group).
The extent of surgery after NACT remains the same, i.e.,

Table | The General Features of Patients

radical hysterectomy and pelvic lymphadenectomy. The
ratio of two groups was 1:1 for the 138 cases of patients,
Figure 1 CONSORT flow diagram.

Endostar-Targeted Therapy and
Chemotherapy

Endostar (Medizin Biopharmaceutical Co., Ltd. China)
was continuously given intravenously at a dose of 15mg/
d from day 1 to day 14, the next 7 days as an interval.

For NACT, paclitaxel were administered intravenously
at a dose of 175 mg/m? on day 1. Cisplatin was given in
a vein at a dose of 70 mg/m? on day I, the next 3
weeks were as an interval.

The patients in the endostar group received 2 courses
of endostartNACT treatment, while patients in NACT
group accepted 2 courses of NACT alone.

For antiemetic therapy, ondansetron was given intra-
venously at dose of 8 mg 15 minutes before chemother-
apy, 4 hours after chemotherapy and 8 hours after
chemotherapy, and every 8~12 hours after the cessation
of chemotherapy.

To prevent allergy reaction, dexamethasone was admi-
nistrated orally at dose 20 mg 12 hours and 6 hours
respectively before chemotherapy.

Hydration was performed during chemotherapy period.

Recent Efficacy Evaluation
Before and after NACT treatment, physical examination,
DCE-MRI detection and cervical cancer biopsy were car-
ried out. After radical operation of cervical cancer, the
specimens were removed for routine and immunohisto-
chemical pathological examination.

Parameters (n1=n2=69) Endostar Group NACT Group X? or t Value P value

Age(Years) 4819 5112 t=1.386 0.1691

FIGO staging IB 32 33 0.02908 0.8646
1HA+IIB 37 36

Pathological types Squamous carcinoma 60 63 0.6732 0.4119
Adenocarcinoma 9 6

Tumor differentiation Poorly 17 15 0.1791 0.9144
Moderately 36 38
Highly 16 16

Tumor diameter <4cm 39 41 0.1190 0.7302
>4cm 30 28
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Assessed for eligibility (n=145)

Enrollment

Excluded (n=7)

Not meeting inclusion criteria (n=3)
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Declined to participate (n=4)

Other reasons (n=0 )

I

y

Allocation

A

Allocated to intervention (n=69)
Received allocated intervention (n=69)
Did not receive allocated intervention (give

reasons) (n=0)

Allocated to intervention (n=69 )
Received allocated intervention (n=69)
Did not receive allocated intervention (give

reasons) (n=0)

¢ Follow-Up ¢

Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons) (n=0)

Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons) (n=0)

!

Analysis

v

Analysed (n=69 )

Excluded from analysis (give reasons) (n=0 )

Analysed (n=69)

Excluded from analysis(give reasons) (n=0)

Figure | CONSORT flow diagram. Adapted from Schulz KF, Altman DG, Moher D, for the CONSORT Group (2010) CONSORT 2010 Statement: Updated Guidelines for
Reporting Parallel Group Randomised Trials. PLoS Med 7(3): e1000251. Copyright: © 2010 Schulz et al. Creative Commons Attribution License.®

Three months after surgery operation, the recent efficacy
of treatment was evaluated according to physical examina-
tion, gynecological examination, liquid-based cytology, pel-
vic ultrasound, squamous cell antigen detection.

Quality of life assessment was referred to KPS changes,
decline: KPS score decreases >10 points; Stable: no significant
change in KPS score; Improvement: KPS score increased >10
points and maintained over 4W. Effectiveness = improvement
+ stability.

Drug toxicity: grade 0—iv were divided according to inter-
national standard for toxicity of cancer (NCICTC), WHO
standards for acute, subacute toxic and side effects of antic-
ancer drugs. Adverse events were included: blood routine,
liver and kidney function, gastrointestinal reactions and per-
ipheral neurotoxicity and cardiotoxicity weekly.

According to RECIST criteria, the short-term efficacy
was divided into complete response (CR), partial response
(PR), stable disease (SD), and progressive disease (PD).

The response rate (RR) was summed up by the rates of CR
and PR, i.e., response rate (RR)=CR+PR. Disease control
rate (DCR)=CR+PR+SD.

MRI Protocol

MR images were acquired on 3.0T scanner (Siemens magne-
tom verio, Germany) from eight-channel surface phased-array
coil.

Sagittal imaging thick 5-mm, T2-weighted images (echo
time, TE)=80 milliseconds; repetition time (TR)=4500 milli-
seconds; two excitations, Both axial T1, T2-weighted images
thick were 5-mm. Exciting number was 2. Pre-contrast images
were acquired, next a dose of 0.22 mmol/kg iohexol was given
via a pressure injector at 2mlL/s, at last a 20-mL saline solution
was flushed.

It took about 35 minutes to achieve this whole MRI
detection. The image data were input into MATLAB software
for analysis. The parameters of MR images included volume
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transfer constant (Ktrans), extravascular extracellular volume
fraction (Ve), kep(=Ktrans/ve, the efflux constant). The value
of above parameters responsive to cervical cancer were eval-
uated via receiver operating characteristic curve (ROC).

Tumor Volume Count
Tumor volume and the maximum diameter of tumor were
evaluated quantitatively on the T2-weighted MR images.
Tumor volume is based as following formula:

Tumor volume= tumor section numberXtumor section
thicknessxtumor area

The slice numbers of tumor MR transversal images and the
section thickness are summed up. Tumor area was measured
the region within the outline of every tumor slice on axial T2-
weighted images. The longest tumor diameter basing on MR
transversal images is considered as tumor diameter.”

Long-Term Follow Up

After surgery, the patients were followed up every 3
months over the first 2 years, every 6 months for the
next 2 years; then subsequently once a year. The patient
performed physical and gynecological examination, pelvic
ultrasound and MRI in order to find out tumor local
relapse and distant metastasis in time. Because overall
survival (OS) rates were monitored, the patients were
followed for at least 5 years.

The parameters for analysis included: OS, the period
from the first day of diagnosis to death. Progression-free
survival (PFS), local relapse-free survival (LRFS), distant
metastasis-free survival (DMFS).

Pathological Evaluation
The pathological indexes included deep stromal invasion, exci-
sion margin status, vaginal invasion, parametrial involvement,
lymphovascular space involvement, lymph node metastasis.
Histological response refer to the criteria of tumor regres-
sion grade defined by the Japan Society for Cancer Therapy.
When less than two-thirds of the cancer cells undergo degen-
eration, necrosis, liquefaction, they are defined as histologi-
cal nonresponders. When more than two-thirds of the cancer
cells degenerate, liquefy, even if the all tumor is replaced by
fibrosis tissue, they are defined as histological responders.®

Vascular Maturation and Cell Proliferation
Detection

Cervical cancer tissues from the endostar group and the
NACT group were fixed in 10% formalin, embedded in
paraffin, sectioned, and placed on slides. The slides were

blocked with blocking buffer and detected by primary Abs
specific for CD31, Ki67, and a-SMA following the man-
ufacturer’s instructions.

Then sections were detected by the secondary Abs and
labeled by 3,3’-diaminobenzidine.

The following indices were quantified: microvessel
density (MVD), tumor cell proliferation, endothelial cell
coverage, and nuclear density.

MVD count: isolated endothelial cells and cell clusters
that were positively stained with CD31 positive with or
without visible lumina were counted as separate microves-
sels. MVD was examined at x400 magnification under
a light microscope. The five highest MVD counts per
tumor region of interest were averaged and used for the
statistical analysis.

Utilizing the same region of interest, coverage of a-
SMA stained endothelial cells was calculated. The
vessel maturation index (VMI) was defined as the
ratio of a-SMA-stained vasculature to CD31-stained
vasculature.

Tumor cell proliferating ratio was defined by the per-
centage of Ki67 positive stained nuclei per total nuclei
within the viable tissue regions of the tumor.

The details are provided in reference.’

VEGF-Notch Signal Pathway Detection
Cervical cancer vascular endothelial cells were isolated by
tissue block combined with trypsin digestive method. The
genes and proteins expression involving VEGF-Notch sig-
naling pathway were analyzed.

Real-Time PCR Detection

Total RNAs were isolated from cultured cells by a total
cellular RNA isolation kit (Beijing Solaibao Technology
Co. Ltd.). Then, the RNAs from the samples were reverse
transcribed using a Takara reverse transcription kit. Real-
time quantitative PCR was performed by an R&D
Biosystems real-time PCR instrument. The cDNA samples
were labelled by SYBR Green. The markers included
VEGF, VEGFR2, Notchl, Notch4, DIl4, JAGI. According
to temperature differences, PCR detection mainly included
three steps: degeneration, annealing, and extension. The
primer sequences are listed in Table 2. The process was
performed for 30 cycles according to the manufacturer’s
instructions. Gene expression levels were evaluated using
the 27" method. B-actin was used as an internal
reference.
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Western Blot Analysis

Proteins were extracted from the cells via an NP-40 lysis
buffer containing a protease inhibitor formula. The total
protein was quantified by bicinchoninic acid (BCA)
method. Afterwards it was mixed with a reductive
agent, an equal amount of protein (70ug) were separated
via sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) and transferred to polyvinylidene
difluoride (PVDF) membrane for blotting analysis.
Membranes were blocked by bovine serum albumin
(BSA) overnight and conjugated with primary antibodies
VEGFE, VEGFR, DLL-4, Jagl, Notch-1, 4; and incubated
with secondary antibody connected with horseradish per-
The labeled by 3,3'-
diaminobenzidine. B-actin band was acted as an internal

oxidase. membranes were
reference. After staining and exposure, the protein bands

in the film were analyzed via Image J software.

Statistic Analysis

In this study, GraphPad Prism 6 was used for statistical
analysis. Kaplan—-Meier method was used to evaluate the
patients prognosis. The quantitative data were presented as
mean+SD. The difference of two groups was compared
with Student’s f-tests. When the groups were over two
groups, two-way ANOVA was adopted. Categorical vari-

ables were expressed as percentages (%), and evaluated

Table 2 The Primer Sequences of VEGF-Notch Pathway

Name The Sequence of Primer (5'-3') Product (bp)
VEGF F: TGCCCACTGAGGAGTCCAAC 336
R: TGGTTCCCGAAACGCTGAG
VEGFR2 | F: AAGAGATTTGTTCCGGATGG 360
R:CGGCAGATAGCTCAATTTCA
Notchl F: GGAAGTTGAACGAGCATAGTCC | 430
R: GCATGATGCCTACATTTCAAGA

Notch4 | FGCTCCTTCAACTGCCTCTGTCC | 430
R:GCACACTCGTTGGTCTCCACCT

Dll4 F: ATTGCCAACAGCCTATCT 388
R: CCATCCTCCTGGTCCTTA

Jagl F.CTGTGGCTTGGATCTGTTGCT 505
R:CGTTGTTGGTGGTGTTGTCCT

fB-actin F: ATCATGTTTGAGACCTTCAACA 318
R: CATCTCTTGCTCGAAGTCCA

Abbreviations: F, forward; R, reverse.

with Fisher’s exact test or Chi-square analysis. P<0.05 was
considered statistically significant.

Results
Endostar Enhanced NACT Short-Term

Treatment Effects

In this study, the short-term (2 years) efficacy of endostar
+NACT was evaluated, CR, PR and SD rates in the endostar
group were 79.7, 10.1% and 5.8%, respectively. While CR,
PR and SD rates in NACT alone group were 52.1%, 20.2%
and 4.3% (3/69), separately. So chemotherapeutic response
rates (RR) in endostar group and NACT group were 89.9%
vs.. 72.4% respectively, there was obviously different
between the 2 groups (Fisher’s exact test; a<0.05,
P=0.0155). The disease control rates (DCR) in endostar
group and NACT group were 95.6% vs. 76.8%, respectively.
There was obviously different between the 2 groups
(Fisher’s exact test, 0<0.05, P=0.0001). This results indi-
cated endostar increased chemotherapeutic agents effects in
short-term efficacy compared with NACT alone, see Table 3.

Endostar Enhanced NACT Long-Term
Efficacy

The patients were followed up from 38 to 57 months for long-
term efficacy, the average time was 49.6 months (region:
38.3-65.3 months), OS were 87.0% vs. 71.0% in endostar
and NACT group, there was obviously different between 2
groups (Fisher’s exact test, a<0.05, P=0.0087). These
included 9 patients who died in the endostar group and 20
patients who died in the NACT group.

The 2-year PFS rates in the endostar group and the
NACT group were 97.1% and 84.1%, respectively. There
was significant differences between the two groups
(Fisher’s exact test, P =0.0014, 0<0.05). These included
2 cases tumor progression in endostar group and 11 cases
in NACT group.

The 2-year LRFS in the two groups were 95.7% and
85.5% separately (Fisher’s exact test, 0<<0.05, P=0.0329).
There was statistically significant between two groups.
These included 3 patients local relapse in the endostar
group and 10 patients local relapse in the NACT group.

The 2-year distance metastasis-free survival rates in the
two groups were 93.3% and 81.4% separately (Fisher’s
exact test, 0<0.05, P=0.0193), there was statistically sig-
nificant between two groups. These included 5 cases dis-
tance metastasis in endostar group and 13 cases in NACT
group, see Table 3.
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Table 3 The Efficacy of Endostar+NACT for Cervical Patients
Efficacy (n1=n2=69) Endostar Group NACT Group Fisher’s Exact Test P value
Short-term efficacy(%) Complete response 55(79.7%) 36(52.1%) 0<0.05 0.0002
Partial response 7(10.1%) 14(20.2%) a>0.05 0.1539
Stable 4(5.8%) 3(4.3%) >0.05 1.0000
Response rate 62(89.9%) 50(72.4%) 0<0.05 0.0155
Disease control 66(95.6%) 53(76.8%) 0<0.05 0.0001
Long-term efficacy(%) Overall survival 60(87.0%) 49(71.0%) 0<0.05 0.0355
Progression-free survival 67(97.1%) 58(84.1%) 0<0.05 0.0028
Local relapse-free 66(95.7%) 59(85.5%) 0<0.05 0.0329
Metastasis-free survival 64(93.3%) 56(81.4%) 0<0.05 0.0193

The survival rates of patients are reported in Figure
2. The that endostar+tNACT
obviously enhances the long-term effects better than
NACT alone.

results indicated

A Overall survival rate
- NACT group
= 100 — Endostar grou
'g ._|_ group
c I_|
=
(7]
e 50 —
o
L
)
o
c 2 2 2 'l
0 20 40 60 80

Time after treatment(months)

Cc .
Local relapse free survival rate
= NACT group
Endostar group

100 ———————=foster &

50

Percent survival

0 10 20
Time after treatment(months)

30

B

Endostar Reduced NACT Toxicity

To assess chemotherapy adverse responses, Common
Terminology Criteria Adverse Events Version 4.0 from
National Cancer Institute (NCI) was adopted. The

Progression free survival rate
= NACT group

100. Endostar group

Percent survival
g

0 10 20
Time after treatment(months)

30

Distant metastasis free survival rate
= NACT group

100 3 = Endostar group

Percent survival
(4]
o

0 10 20
Time after treatment(months)

30

Figure 2 The prognosis for the patients present in curves. (A) The overall survival rate increased obviously in endostar group than NACT group. (B) The progression-free
survival rate enhanced in endostar group. (C) The local relapse-free proportion increased in endostar group. (D) The distance metastasis-free survival rate enhanced

significantly in endostar group than NACT group.
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general adverse effects included myelosuppression, hair
loss, gastrointestinal reactions,
Table 4.

In the endostar group, the incidence of myelosuppression

weightlessness, see

(such as leukocytopenia) in grades 0, 1 and 2 were 55.0%,
18.0%, and 27.0%, differently. In the NACT group, the
incidence of myelosuppressionin in grades 0, 1, 2, and 3
were 8%, 20.5%, 50.3%, and 21.2%, differently. There were
statistical differences between the 2 groups (Chi-square
=63.16, P<0.0001, 0<0.05).

In the endostar group, the incidence of gastrointestinal
reactions in grades 0, 1, and 2 were 38.0%, 49.0%, and
13.0%, separately. The incidence gastrointestinal reactions
in grades 2, 3 and 4 were 75.4%, 17.5% and 7.1% in NACT
group, differently. There were distinct differences between 2
groups (Chi-square=32.08, P < 0.0001, a<0.05).

In the endostar group, the incidence of weight loss in
grades 1 and 2 were 75.2% and 24.8% separately. In the
NACT alone group, the incidence weight loss in grades 0
and 1 were 89.8.%, 10.2%, separately. There were obvious
differences between the 2 groups (Chi-square=164.7, P <
0.0001, 0<0.05).

In the endostar group, the incidence of oral ulcer in
grades 0, 1 were 78.0%, 22.0%, separately. In NACT
group, the incidence of oral ulcer in grades 0, 1, and 2
were 46.3%, 35.5% and 18.2%, separately. The two groups
had obvious differences (Chi-square=29.22, P<0.0001,
0<0.05).

In the endostar group, the incidence of hair loss in
grades 0, 1, and 2 were 45.0%, 49.0%, and 6.0%, sepa-
rately. In the NACT group, the incidence of hair loss in
grades 0, 1, and 2 were 23.5%, 56.4% and 21.1%, sepa-
rately. The two groups had obvious differences (Chi-
square=15.92, P=0.0003, 0<0.05).

In this study, the dysfunction of vital organs was not
found in all patients, so endostar may partly relieve NACT

adverse reactions.

Table 4 Adverse Reaction of Endostar and NACT Groups

Endostar Enhanced NACT Tumor Volume

Reduction Effects

The change of tumor volume was monitored by MRI, it
showed the tumor volume was 5.48+0.36 cm® and 3.10
+0.32cm’ (n1=69) before and after treatment in endostar
group respectively. In contrast, the tumor volume was 5.39
+0.45 cm® and 4.51+0.25cm’ (n2=69) before and after
treatment in NACT group. There was distinctly different
between two groups after treatment (Unpaired t-test,
t=14.20, P<0.0001). The same result could be found
from the maximum diameter basing on MRI measurement.
So it exhibited that tumor volumes and maximum dia-
meters further declined in endostar group than NACT
group, see Figure 3A and B. As measured by tumor
endostar

volume and maximum diameter changes,

enhanced the effects of NACT for cervical cancer patients.

The Efficacy of Endostar Determined by
DCE-MRI

In this study, DCE-MRI was used to obtain cervical cancer
perfusion and permeability status.

The ROC determines the optimal cutoff value for
DCE-MRI detection. The critical point has the shortest
distance from the top left corner to the ROC curve. On
this point the tangent line of the ROC curve intersects with
the ROC curve, the sum of sensitivity and specificity value
is the highest at the same time with the least sum of false
positives and false negatives value.

ROC analysis for DCE-MRI parameters were carried
out between endostar and NACT group before and after
treatment. Before treatment, ROC analysis showed area
under the curve values of Ktrans, Ve, and kep (Ktrans/
ve) in endostar group were 0.35+£0.02, 0.56+0.03, 0.59
+0.08 separately. These results were regarded as baseline
parameters.

One week after treatment, the area under the curve
values for Ktrans, Ve, kep were 0.54+0.03 (t=36.51,

Parameters(%) Endostar Group NACT Group

0 1 2 3 4 0 | 2 3 4 x? P value
Myelosuppression 55 18 27 0 0 8 20.5 50.3 21.2 0 63.16 <0.0001
Gastrointestinal reactions 38 49 13 0 0 0 754 17.5 7.1 0 28.82 <0.0001
Weight loss 0 75.2 248 0 0 0 89.8 10.2 0 0 7.792 0.0052
Oral ulcer 78 22 0 0 0 46.3 355 18.2 0 0 29.22 <0.0001
Hair loss 45 49 6 0 0 235 56.4 21.1 0 0 15.92 0.0003
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Figure 3 The sizes of cervical cancer measured by MR images. (A) The cervical cancer detected by MR images before and after treatment. (B) The tumor volumes and
maximum diameters declined obviously in endostar than NACT group after treatment (Unpaired t-test, *P<0.05; **P<0.01).

P<0.0001, n1=69), 0.82+0.04 (t=36.03, P<0.0001), 0.62
+0.05 (t=1.469, P=0.1452) in endostar group, there were
significant different before and after treatment for Ktrans
and Ve value, see Figures 4A and 5A.

Before treatment, the values of Ktrans, Ve, and kep
were 0.38+0.08, 0.61+0.10, 0.64+0.13 in NACT group.
The values of Ktrans, Ve, kep were 0.40+0.07 (t=1.563,
P=0.1204, n2=69), 0.58+0.12 (t=1.595, P=0.113), 0.67
+0.15 (t=1.255, P=0.2115) after treatment in NACT
group. There were no significant differences before and
after treatment, see Figures 4A and 5A.

When the cutoff of K™ value was 0.425 (mL/min),
the sensitivity, specificity were 81.25 (95% CI: 54.35—
95.95), 93.75 (95% CI: 69.77-99.84) separately, see
Figure 4B.

When the cutoff of Ve value was 0.525 (mL/mL), the
sensitivity, specificity were 87.5 (95% CI: 61.65-98.45),
93.75 (95% CI: 69.65-97.94) separately, see Figure 5B.

When the cutoff of kep value was 0.325 (mL/min), the
sensitivity, specificity were 53.85 (95% CI: 25.13-80.78),
84.62 (95% CI: 54.55-98.08) respectively.

The Efficacy of Endostar Evaluated by
Pathology

The efficacy for endostar+NACT treatment of cervical
cancer stage within I[IB was determined by tumor tissue
pathologic changes. All the slides of excised specimens
were reviewed and divided according to indexes men-
tioned above. The cervical deep stromal invasion in the
endostar and NACT group was 33.3% and 39.6% sepa-
rately. There was no obvious difference between two
(Fisher’s o>0.05, P=0.3782).
Similarly, there were not statistically different between

groups exact test,
two groups in the parameters of excision margin status,
vaginal involvement (Fisher’s

exact test, 0>0.05), see Table 5. The rates of tumor

invasion, parametrial

regression over two-thirds in the endostar group and
the NACT group were 37.5% and 20.8% respectively,
there was significantly different between two groups
(Fisher’s exact test, a<0.05, P=0.0128). Similarly, there
were statistical differences between two groups in the
detection of lymphovascular space involvement, lymph
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Figure 4 The Ktrans value detection in endostar treatment. (A) Parametric maps in different groups of volume transfer constant (Ktrans) were presented by DEC-MRI. (B)
One week after treatment, Ktrans values of tumors increased distinctly in endostar than NACT group. Receiver operating characteristic (ROC) analysis between endostar

and NACT group was carried out. The area under curve (AUC) was 0.8965 (P<0.01).

node metastasis (Fisher’s exact test,
Table 5.

0<0.05), see

Vascular Maturation and Cell Proliferation
Before the treatment, CD31 staining rates were 85.54+6.32
vs 83.36+7.63 in endostar group and NACT group respec-
tively, there was no significant difference between the two
groups (Unpaired #-test, t=1.503, P=0.1362, n1=n2=69).
One week after treatment, CD31 staining rates in endostar
group and NACT group were 45.43+4.35 vs. 78.24+6.54,
respectively. This confirmed that MVD in the endostar
group was relatively reduced more than that of the
NACT group. There was significant difference between
two  group t-test, t=34.70, P<0.0001,
nl=n2=69).

a-SMA staining were 13.38+4.46 vs 15.45+5.37 before
treatment. Seven days after treatment, 0-SMA label were
37.35+£5.34 vs 13.67+4.74 in endostar group and NACT
group. There was dramatic differences between the two
groups (Unpaired #-test, t=27.90, P<0.0001, n1=n2=69).
Before treatment, tumor pericyte density was at the same

(Unpaired

level, after treatment, pericyte rates obviously increased in
endostar group.

VMI (the ratio of a-SMA-stained vasculature to CD31-
stained vasculature) in the endostar group was 0.154+0.04
and 0.28+0.05 before and after treatment, separately. VMI
was 0.18+0.05 and 0.19+0.06 in NACT group before and
after treatment. There were significant differences between
two groups after treatment (Unpaired ¢-test, t=214.3,
P<0.0001, n1=n2=69). So endostar made the tumor vas-
cular structure more mature than NACT group.

Before the treatment, Ki67 positive staining exhibited
the same proliferative level in endostar group and NACT
group (42.5+£3.3 vs 43.6+5.4, n1=n2=69), there was no
significant difference between the two groups (Unpaired
t-test, P=0.2315, t=1.204). Seven days after treatment,
Ki67 positive staining rates in endostar group and NACT
group were 23.3244.25% vs. 35.36 + 4.67%, respectively,
there were significant differences between two groups
(Unpaired #-test, t=15.84, P<0.0001). This proved the
tumor proliferative rates in the endostar group were
reduced more than the NACT group (see Figure 6).
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Figure 5 The Ve value detection in endostar treatment. (A) Parametric maps of extravascular extracellular volume fraction (Ve) images were exhibited by DCE-MRI. (B)
One week after treatment, the Ve value enhanced obviously in endostar group. ROC analysis between endostar and NACT group was performed. The area under curve

(AUC) was 0.9434 (P<0.01).

VEGF-Notch Signal Pathway Detection
The genetic expression of VEGF-Notch signal pathway
was analyzed by real-time PCR. The elements of these
including VEGFR, Notchl, Notch4, DIl4, Jagl and hes-1
were obviously downregulated in endostar group except
VEGF, comparing to NACT group. This was also con-
firmed from the protein expression of VEGFR, Jagl,
DIl4, Notchl, 4 and hes-1 by Western blot analysis,
this proved endostar blocked VEGF-Notch connection
via interdicting VEGFR (P<0.01), see Figure 7.

Table 5 The Histopathologic Features in Two Groups

Discussion
Current Situation and Problems of

Treatment of Cervical Cancer

Cervical cancer is the most common malignant tumor of
the female reproductive tract, and the incidence of cervical
cancer is the second in female malignant tumors. About
500,000 new cases of cervical cancer occur worldwide
every year, and more than 260,000 women die of cervical
cancer every year. The number of new cases in China
reached 131,500 per year. Cervical cancer accounts for

nl=n2=69 Endostar Group NACT Group Fisher’s Exact Test P value
Deep stromal invasion 23(33.3%) 27(39.1%) 0>0.05 0.5954
Excision margin status 69(100%) 69(100%) 0>0.05 1.000
Vaginal invasion 6(8.7%) 4(5.7%) 0>0.05 0.7445
Parametrial involvement 3(6.3%) 7(10.4%) 0>0.05 0.3252
Lymphovascular space involvement. 21(30.4%) 32(46.2%) 0<0.05 0.0286
Lymph node metastasis 6(8.7%) 14(20.3%) 0<0.05 0.0432
Tumor regression grade22/3 26(37.7%) 14(20.3%) 0<0.05 0.0078
OncoTargets and Therapy 2020:13 submit your manuscript 12821

Dove


http://www.dovepress.com
http://www.dovepress.com

Guan

Dove

A NACT group Endostar group B
. - g 100
t - 3 3 * s
‘ Fm d“ : : g % 80
S ¥ o v 4 geo
@ - . P-—’ 2
L '\ (-Y v . § 40
M o : : 1 g
Ry y N ¢ 20
~ 4 Yy N X 2
t‘ P v - . s
5 /  ‘ - . ’/
3 s e@@
2
. : 50
o ~; ‘ . ’ T
- ¥ B rai® 40
<« .-’ ¢ 2
a > ‘v . . § gso
o - - - 3
’ ..- . E
- Pt ’ . . v - (310
(-(' 3 E ’, 5 .‘b
A »
/\ v '-‘ . 's',
\ S
! %, 4n > R
- -
~ . N ] ‘o s »
5 Sop LAY
TSNS Yo
v 23 " .
. « V e Te o . .
5 Fed* ’ -
[y ,J g '™ .

@ Endostar group
[ NacT ,, group

¥ Endostar group

Proliferation(%)

<04

9
@ Endostar group < B nacT group
f NACT grou s o *
** w0 9roup o3 1

1 c
2

* ® 0.2
—T ]
[
T E

< 0.1
7]
7]
(]

> 0.0

B Endostar group 0\°‘
] NACT group
*%k

50, *%

Figure 6 The tumor pathologic detection in endostar treatment. (A) Microvessel density (CD3| staining) relatively reduced in endostar than NACT group (P<0.001). a-
SMA staining (pericyte coverage) increased in endostar than NACT group (P < 0.001). (B) The ratio of a-SMA to CD31 labeling (vessel maturation index, VMI) increased in
endostar than NACT group (P<0.001) (Figure above). Tumor proliferating ratio (Ki67 staining) decreased significantly than NACT group (P<0.001) (Figure below). (Unpaired

t-test, ¥P<0.05; **P<0.01).

about 53,000 deaths per year, or 18.4% of all deaths from
malignant tumors in women. The incidence of cervical
cancer has declined with the increasing use of HPV vac-
cines, but cervical cancer remains a difficult problem
globally.'*

It can be seen that cervical cancer is an important
disease that endangers the health and life of Chinese
women. Radiation therapy is regarded as a standard treat-
ment just like surgery, but radiation can induce radiation
colitis, loss of ovarian function and sexual capacity,
Patients with early or locally advanced cervical cancer
can be cured by radical surgery, chemoradiotherapy, but
cervical cancer often occurs local invasion and lymph
node metastasis, leading to treatment failure. Cervical
cancer is not sensitive to conventional chemotherapeutic

agents, resistance to chemotherapeutic agents limit their

treatment effects, so it is necessary to seek new treatment
methods. Currently, endostar is used clinically to treat
advanced relapsed and metastatic cervical cancer. The
platinum-based concurrent chemoradiotherapy maximizes
the OS rate and benefits patients with advanced cervical
cancer, but the concurrent chemoradiotherapy still fails to
effectively solve the problem of tumor proliferation and
metastasis, with the OS rate hovering around 50%.'°

Endostar Normalization of Tumor

Vascularities

Neovascularization is a necessary condition for tumor
growth. Because of the disordered arrangement of tumor
blood vessels, the loss of basal cells and peripheral cells,
vascular leakage causes the increase of interstitial pressure
and imbalance of blood supply. Anti-angiogenic agents
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Figure 7 The genetic and protein expression of VEGF-Notch connection. (A) The proteins expression by Western blotting analysis decreased obviously in endostar than
NACT group except VEGF. (B) The genes expression by real-time PCR analysis declined also in endostar group than NACT group. These proved endostar blocked VEGF

receptors and inhibited VEGF-Notch connection (unpaired t-test, *P<0.05).

temporarily stabilize abnormal tumor blood vessels by
regulating the balance of angiogenic factors, thereby nor-
malizing the irregular vascular structure of tumor, so as to
reduce vascular diameter and permeability, improve oxy-
gen delivery and overall vascular responsiveness In this
way, cytotoxic chemotherapy agents play a greater role in
inhibiting tumor growth.’

In recent years, angiogenesis inhibitors combined with
standard radiotherapy and platinum-based chemotherapy
have become a new focus in the treatment of advanced
cervical cancer. In 2005, China independently developed
a new type of recombinant human endostatin named endo-
star. Endostar possesses the function of inhibiting angio-
genesis by inhibiting the expression of VEGF and the
activity of proteolytic enzyme. Endostatin exerts its anti-
angiogenesis effect on multiple targets, leading to the
dormancy or withdrawal of tumor cells, with clear target-
ing and no drug resistance. It confirmed endostar could
improve chemotherapeutic agent effects in many solid
tumors including lung cancer, cervical cancer, etc.'®!!

On July 20, 2017, endostar-recombinant human endo-
statin injection was successfully listed on the national
list,
Currently, endostar plus chemotherapy has also been

medical insurance benefiting more patients.

used as a first-line treatment for a variety of solid malig-
nancies: cervical cancer, ovarian cancer, non-small cell

lung cancer, etc.'>!3

Endostar Enhances the Therapeutic
Efficacy of Chemotherapy Agents

In this study, we tried to determine whether endostar can
enhance effects for cisplatintpaclitaxel (PT) formula in
the treatment of local advanced cervical cancer FIGO
Staging within 11B2.

In this study, the recent efficacy (2 year) of endostar
+NACT was evaluated, it exhibited endostar enhanced
chemotherapy response rates in endostar group than
NACT group (89.9% vs. 72.4% P=0.0155) and also
increased the disease control rates in endostar group than
NACT group (95.6% vs. 76.8%, P=0.0001). This results
indicated endostar increased chemotherapy effects than
NACT alone.

The results exhibited endostartNACT improved the 2
years progression-free survival (PFS) rates (97.1% vs.
84.1%, P =0.0028) and increased the LRFS rates in
patients with cervical cancer (95.7% vs. 85.5%,
P=0.0329) than NACT alone. The results also proved
endostar+tNACT enhanced the 2-year distance metastasis-
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free survival rates in endostar group (93.3% vs. 81.4%,
P=0.019) than NACT group.

In this study, the effects of endostartNACT in cervical
cancer treatment were followed up for 5 yeas, it showed
endostartNACT enhanced longtime (5-year) OS rates
(87.0% vs. 71.0%, P=0.0087) in endostar group than NACT
alone.

This indicates endostar+NACT could obtain more benefit
for cervical cancer patients, increase ratio of OS and PFS.
The rates of local relapse and distance metastasis in endostar
group declined than that of NACT group. Endostar adminis-
trating could enhance NACT response in treatment for
locally advanced cervical cancer, decrease tumor regression
and lymphovascular invasion rates. It was reported endostar
had the advantage of potential anti-tumor metastasis, Our
patients prognosis and pathologic results were consistent
with the previous reports in other cancer.'*

In this study, the adverse reaction of endostar and
NACT was closely followed up according to NCI-CTC
stand. The results showed that endostar was with mild
toxicity and side effects, what more, the adverse responses
of NACT such as myelosuppression, gastrointestinal reac-
tions, and weightlessness were relatively reduced than that
of NACT group, this indicated endostar relieved NACT
adverse effects. The benefit effects may be induced by
endostar increasing peripheral tissue vascular perfusion
and reducing interstitial pressure.

Endostar has the following advantages, it ACTS directly
on vascular endothelial cells, while the proliferation of antic-
ancer drugs is affected by tissue necrosis, fibrosis, and intra-
cellular hypertension, and the effective concentration in
tissues cannot reached. The vascular endothelial cell type
gene is stable, which is not easy to produce drug resistance,
and the tumor cell gene is unstable, which is easy to produce
drug resistance. The vascular endothelial cells of primary
tumor and metastatic tumor are the same, while the biological
differences between primary and metastatic tumors are more
obvious, and the response to chemotherapy also varies. The
growth rate of tumor endothelial cells is many times faster
than that of normal tissue.

The Efficacy of Endostar Determined by
DCE-MRI

In the above study, cervical cancer patients receive NACT
therapy to reduce tumor burden to a size fit for surgical
operation. The change of tumor volume was monitored by
MRI, It exhibited that tumor volumes and maximum

diameters further declined in endostar group than NACT
group (P<0.0001), this indicated endostar enhanced NACT
tumor volume reduction effects.

DCE-MRI could administrate cervical cancer respon-
sive to NACT treatment, acquire cervical cancer perfusion,
permeability condition, quantitively determine contrast
iohexol transferred from tumor blood vessel into tissue
stroma, the effects of endostartNACT was evaluated
through the imaging.'*'®

We adopted the endostar+PT project to increase cyto-
toxic effects of chemotherapy and reduced its side effects.

The DCE-MRI indexes are used in this research
included Ktrans, Kep and Ve. Ktrans stands for the amount
of contrast agent transferred from blood to tissue and
blood vessel permeability. Ve refers to the amount of
contrast agent every unit volume in tissue stroma. Kep is
ratio of Ktrans and Ve, which refer to the contrast agent
transfer from the tissue space to the blood.

The ROC analysis for DCE-MRI parameters were car-
ried out. The ROC analysis showed area under curve
values of Ktrans, Ve increased obviously in endostar
group after treatment, there was significant different before
and after treatment for Ktrans and Ve (P<0.0001). In con-
trast, there were no significant differences between before
and after treatment in the NACT group (p>0.05).

The increase of Ktrans value proved tumor vascular
perfusion enhancing, this phenomenon is also confirmed
by pathological staining, which exhibited tumor vascular
maturation index enhanced at the same time. In the above
study, the increase of Ktrans value indicates endostar
enhances blood vessel transfer chemotherapeutic agents
into tumor tissues so as to enhance cytotoxic agents effects.

The Ve value stands for the out of cellular and vascular
space, the higher Ve value, the more amount of contrast or
chemotherapeutic agents can be accumulated into the
extracellular extravascular space, this was confirmed by
our study. The values of Ve increased more obviously in
endostar group than NACT group. Both phenomena can be
attributed to damages to the tumor cells as a result of
cytotoxic and the concurrent anti-angiogenic action.

The kep values were not obviously different in both
group before and after treatment. Because Ve and Ktrans
values both increased after treatment in endostar group, so
the ratio of Ktrans to Ve did not change obviously. Similarly,
Ktrans and Ve values in NACT group had little changes
before and after treatment, so kep values had little change.

In the study, DCE-MRI as a noninvasive imaging is
regarded as a valuable tool for predicting chemotherapy
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treatment response. The ROC analysis was used to deter-
mine the optimal cutoff value DCE-MRI parameters. The
sensitivity and specificity of Ktrans, Ve and kep were
determined by area under curve, DCE-MRI parameters
exhibited endostar boosted vascular maturation, so the
cervical tumor blood flow increased and interstitial fluid
pressure reduced, thereby improving chemotherapeutic
agent delivery and effects.

These results exhibited endostar improved tumor per-
fusion and permeability and increased chemotherapy effi-
cacy and proved DEC-MRI was non-invasive method that
could be used to predict for cervical cancer treatment
effects and monitor NACT effects in real time. This was
consistent with previous reports that DCE-MRI indexes
could predict tumor response to treatment and be used as
a reliable method to follow up the changes of tumor blood

vessel perfusion.'”'®

The Efficacy of Endostar Determined by
Pathology

The cervical deep stromal invasion invasion, vaginal inva-
sion, parametrial involvement, excision margin status were
not obviously different between endostar and NACT group
(P>0.05). However, The tumor regression rates, lympho-
vascular space involvement, lymph node metastasis were
obviously lower in the endostar group than in the NACT
group (P< 0.005). The results proved endostar administra-
tion could enhance NACT response in treatment for
locally advanced cervical cancer and decrease tumor
regression rates, lymphovascular metastasis. Two cycles
of endostar+TP regiment to cervical cancer patients
would acquire a satisfied chemotherapeutic cytotoxic
effects with mild adverse events.

Vascular Maturation and Cell Proliferation
Malignant tumors require angiogenesis to maintain their
growth and invasion, and these new vessels are distributed
abnormally, with uneven diameters and loose junctions
between the endothelial cells. The vascular structures are
immature.’

Before the treatment, CD31 staining rates in endostar
group and NACT group was no significantly different
between two groups (P=0.1362). After treatment, CD31
staining rates in endostar group relatively reduced than
that of NACT group. There was significant different
between two groups (P<0.0001). a-SMA staining were at
the same level in two groups before treatment. After

treatment, o-SMA label in endostar group enhanced dra-
matically than that NACT group. The change of a-SMA to
CD31 ratio resulted in a higher VMI in endostar group. a-
SMA label and VMI were higher in endostar group after
endostar treatment (P<0.0001). This proved endostar made
tumor vascular structure more maturely than that of NACT
group.

Before the treatment, Ki67 positive staining exhibited
the same proliferative level in endostar group and NACT
group, there was no significantly different between two
groups. After treatment, Ki67 positive staining rates in
endostar group were greatly reduced than that of NACT
group (P<0.0001). This proved the tumor proliferative
rates in endostar group were obviously inhibited than
that of NACT group.

The pathology results indicated when endostar was
given, cervical tumor pericyte rates increased, MVD
reduced. Vascular basement membrane and endothelial
cell structure was tidied up and vascular structural matura-
tion index was increased.

The above study indicated that endostar could make the
tumor blood vessels uniform and improve the hemody-
namic characteristics, so as to deliver chemotherapeutic
agents more effectively. In this way, cytotoxic chemother-
apeutic drugs play a greater role in inhibiting tumor
growth.

VEGF-Notch Connection Detection

Notch signaling is an evolutionarily firmly conserved sig-
naling system. It widely exists in all known animal cells
and regulates the proliferation, differentiation and apopto-
sis of tissues and cells. VEGF-notch signal cause tumor
abnormal vascular growth through controlling tip and stalk
cells balance.'*°

The regulating mechanism of VEGF-Notch connection
was explored in this study. The results showed the genes
and proteins expression of VEGFR2, Notchl, Notch4,
Dll4, JAG1 were obviously downregulated in endostar
group comparing to NACT group. This proved VEGF-
Notch connection was blocked by endostar in the endostar
group. But the expression changes of tip and stalk cells in
this course need further exploration.

To sum up, we adopted endostar+NACT in cervical
cancer patients within FIGO staging 1IB2, it was proved
endostartNACT could increase ratio of OS and PFS for
cervical cancer patients and endostar was with mild
adverse reaction than that of NACT along. DEC-MRI as
a non-invasive tool was used to evaluate treatment effects
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in real time, the images exhibited endostar improved
tumor perfusion and permeability, further enhanced
NACT tumor volume reduction efficacy. The pathological
detection proved endostar enhanced tumor vascular struc-
tural maturation, increased deliver chemotherapeutic
agents effectively, cytotoxic agents play a greater role in
inhibiting tumor growth. The VEGF-Notch connection
blocked by endostar may play a key role this treatment.
The limitation for this study was that it only consisted
of cervical cancer patients with FIGO staging 1IB2, these
patients in the earlier disease stages could exhibit the
maximum therapeutic benefit of the anti-angiogenic
effects. Whether endostar can benefit for patients with
advanced FIGO further

a multicenter prospective controlled study with cervical

staging needs exploration,

cancer all FIGO staging may confirm thiese findings.*'

Conclusions

Endostar temporarily restored vascular homeostasis in cer-
vical cancer within FIGO staging IIB2, provided a new
way to reverse chemotherapeutic agents resistance in cer-
vical cancer, increased patient survival time. The combi-
nation of DEC-MRI and pathology as reliable tools for
evaluation the treatment effects for patients.

The anti-angiogenic agent endostar can suspend imma-
ture blood vessel formation. Endostar+NACT formula could
reverse abnormal tumor vascular structure. Endostar
improved tumor vessel maturation, increased chemotherapy
effect at the same time. The VEGF-Notch connection

blocked by endostar may play a key role this treatment.
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