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Abstract

Background: Recombinant human endostatin (rh-endostatin) is a novel antiangiogenesis drug developed in China.
Previous experiments have shown that rh-endostatin can inhibit the proliferation and migration of endothelial cells
and some types of tumor cells. In this study, we evaluated the efficacy and safety profiles of combination therapy
of rh-endostatin and neoadjuvant chemotherapy for breast cancer patients in a prospective, randomized, controlled,
phase II trial.

Methods: Sixty-eight patients with core-biopsy confirmed breast cancer were allocated randomly to two groups to
receive 3 cycles of intravenous administration of either neoadjuvant DE (docetaxel: 75 mg/m2, d1, epirubicin:
75 mg/m2, d1, every 3 weeks), or neoadjuvant DE combined with rh-endostatin (7.5 mg/m2, d1-d14, every 3 weeks).
The primary end point was clinical response based upon Response Evaluation Criteria in Solid Tumors, and the
secondary end point was safety and quality of life.

Results: All patients were assessable for toxicity and 64 (94.2%) were assessable for efficacy evaluation. The
objective response rate was 67.7% for chemotherapy (n = 31) and 90.9% for rh-endostatin plus chemotherapy
(n = 33) (P = 0.021). A retrospective subset analysis revealed that rh-endostatin was more effective in premenopausal
patients and patients with ECOG score of zero (P = 0.002 and P = 0.049, respectively). Five patients in the rh-
endostatin plus chemotherapy arm achieved pathologic complete response compared with 2 in the chemotherapy
arm (P = 0.428). No significant difference was identified in quality of life score and side effects (P > 0.05).

Conclusion: The combination of rh-endostatin with chemotherapy produced a higher tumor response rate without
increasing toxicity in breast cancer patients.

Trial registration: ClinicalTrials.gov Identifier, NCT00604435
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Background
Breast cancer is one of the most common malignancies
in women and its incidence continues to increase [1]. In
the past 30 years, an improved understanding of the
biological behavior of breast cancer has led to advance-
ments in treatment.
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Antiangiogenic therapy for cancer has attracted
considerable attention. The rationale behind it is that
tumor growth is dependent on angiogenesis [2], which
was proposed by Dr. Folkman and has been confirmed
by basic and clinical research. In 1997, O’Reilly et al. [3]
isolated a peptide with a molecular weight of about 20
kD from murine hemangioendothelioma. By amino acid
sequencing, this peptide was identified as a fragment of
C-terminal type XVIII collagen with anti-angiogenic
effects and was named endostatin. Recent studies indi-
cated that endostatin was one of the most effective
angiogenesis inhibitors currently known. Endostatin can
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directly target capillary endothelial cells around the
tumor without detectable toxicity in normal cells. It may
also inhibit cell migration, induce cell apoptosis, and
play a multitargeted antiangiogenic role by regulating
expression of vascular endothelial growth factor (VEGF)
and activity of proteolytic enzymes, indirectly leading to
the quiescence or reduction of tumors [4].
Recombinant human endostatin (rh-endostatin) is a

new protein modified by an additional nine-amino acid
sequence to the N-terminal of endostatin. Preclinical
study indicated that rh-endostatin could inhibit tumor
endothelial cell proliferation, angiogenesis and tumor
growth. In 2001, rh-endostatin was approved by the
State Food and Drug Administration of China (Approval
No.: 2001SL029) for clinical research. From 2003 to
2004, Sun et al. [5] conducted a randomized, double-
blind, multicenter, phase III clinical trial comparing
treatment of vinorelbine and cisplatin (NP) plus rh-
endostatin and NP alone in non-small cell lung cancer
(NSCLC) patients. The objective response rate (ORR)
was 35.4% and 19.5% (P < 0.01), the median time to pro-
gression was 6.3 and 3.6 months (P < 0.001), the median
survival time was 14.8 and 9.9 months (P < 0.001), and
the 1-year survival rate was 62.7% and 31.5% (P < 0.001)
in NP plus rh-endostatin group and NP alone group,
respectively. These data indicated that rh-endostatin had
synergistic effects with NP. Rh-endostatin not only
increased tumor response rate, but also significantly
improved the overall survival (OS) without increasing the
adverse effects. In another multicenter, randomized,
double-blind, placebo-controlled study published in 2011,
treatment with paclitaxel and carboplatin (TC) plus rh-
endostatin improved ORR in patients with advanced
NSCLC and exhibited a good safety profile, although the
differences in progression free survival (PFS) or OS were
not statistically significant from TC alone [6].
All these findings suggest that rh-endostatin may be

effective as well in the treatment of other solid tumors,
including breast cancer. To test this hypothesis, we
designed a prospective, randomized, controlled phase II
clinical trial to determine the efficacy and safety of
neoadjuvant docetaxel and epirubicin (DE) with or without
rh-endostatin for breast cancer patients (ClinicalTrials.gov
Identifier: NCT00604435). It is the first registered clinical
trial gauging the impact of rh-endostatin on breast cancer
therapy.

Methods
Study design
This study was a prospective, randomized, parallel con-
trolled, phase II trial. The primary end point was clinical
and pathological response, and the secondary end point
was safety and quality of life (QOL). This study was
approved by the Ethics Committee of Fourth Military
Medical University to be in accordance with the
Declaration of Helsinki. Written informed consent was
obtained from all participants before enrollment.
The inclusion criteria were (1) female, aged 18–

70 years, (2) histologically confirmed invasive breast
cancer (core needle biopsy for breast cancer diagnosis
and fine needle aspiration for lymph node metastasis
diagnosis), stage IIA to IIIC, and to be treated with
primary systemic therapy, (3) without previous treat-
ment, (4) Eastern Cooperative Oncology Group (ECOG)
performance status 0–2, (5) normal hematologic func-
tion, (6) left ventricular ejection fraction greater than
50%, and (7) adequate liver or kidney function tests.
Exclusion criteria included (1) allergic constitution or
possible allergic reaction to drugs to be used in this
study, (2) any concurrent uncontrolled medical or
psychiatric disorder, (3) history of severe heart diseases,
including congestive heart failure, unstable angina,
uncontrolled arrhythmia, myocardial infarction, uncon-
trolled high blood pressure, or heart valve disease, (4)
history of bleeding diathesis, and (5) being pregnant or
nursing.

Treatment schemes
All patients were prospectively registered in our central
research database. Patients were randomly assigned to
receive either 3 cycles of neoadjuvant DE (docetaxel:
75 mg/m2, d1, epirubicin: 75 mg/m2, d1, every 3 weeks),
or 3 cycles of neoadjuvant DE and rh-endostatin
(7.5 mg/m2, d1-d14, every 3 weeks) administered intra-
venously. Docetaxel was produced by Sanofi-Aventis
Company, epirubicin by Pfizer Company, and rh-
endostatin by Simcere-Medgenn Bio-Pharmaceuticals
Company (National Medicine Permit No. S20050088).

Clinical evaluation
At the time of diagnosis and after each cycle of therapy,
the sizes of breast tumors and lymph nodes were
measured, respectively, with physical examination and
ultrasound [7]. The clinical response was classified as
follows, according to Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.0 [8]: complete re-
sponse (CR), disappearance of all target lesions; partial
response (PR), at least a 30% decrease in the sum of the
longest diameter of target lesions; progressive disease
(PD): at least a 20% increase in the sum of the longest
diameter of target lesions or the appearance of one or
more new lesions; stable disease (SD): neither sufficient
shrinkage to qualify for PR nor sufficient increase to
qualify for PD. Tumor classified as CR or PR was
defined as objective response (OR), and that classified as
SD or PD was defined as no response (NR).
QOL was evaluated using the European Organization

for Research and Treatment of Cancer Quality of Life of
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Questionnaire (EORTC QLQC30) questionnaire [9] at
study entry, and prior to surgery. The adverse events
during neoadjuvant therapy were graded based on the
National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI CTCAE) version 4.03 [10].

Surgery and adjuvant therapy
Following the completion of neoadjuvant therapy, all
patients underwent Patey’s radical mastectomy or lum-
pectomy plus axillary clearance and then received 3 to
6 cycles of adjuvant chemotherapy. The number of
cycles was decided in terms of clinical staging, histo-
logical grade, clinical and pathological response, apop-
tosis index, and biological markers such as hormonal
receptor status, Ki-67 index, and human epidermal
growth factor receptor 2 (HER2) expression. Radiother-
apy was given to most (87%) patients, including all
breast conservative cases. Patients with positive estrogen
receptor (ER) and/or progesterone receptor (PR) received
5 years of endocrine therapy. All participants were
followed up at 6-month intervals in an outpatient clinic.

Tissue processing
Tissue samples, collected from biopsy and surgery, were
fixed in 4% neutral formalin for 24 h and then embed-
ded in paraffin blocks. Sections were cut at 3 μm and
mounted on glass slides overnight at room temperature.
Histological classification and grading were made using
light microscopy examination of tissue sections stained
with H&E. Pathological response of breast tumor was
defined as follows: (a) complete response (pCR), no
residual viable invasive tumor, ie, only in situ disease or
tumor stroma remained; and (b) nonresponse, any viable
tumor [11]. The status of hormone receptor and HER2
was examined by immunohistochemistry using a stan-
dard avidin-biotin complex technique [12,13].

Statistical analysis
SPSS 11.0 for windows was used for statistical analysis.
Normal distribution data were represented by mean ±
standard deviation. Student’s t test was used to compare
the mean after checking the homogeneity of variance.
Enumeration data was compared using x2 test, and
Fisher’s exact test was used for that with few cases.
P < 0.05 was considered statistically significant.

Results
Baseline characteristics
From February 2008 to March 2010, 70 patients were
enrolled in this study. Two of them failed to complete
the first cycle of chemotherapy (one for economic
reason and the other for uncontrollable hyperglycemia)
and were excluded. Sixty-eight patients were assessable
for toxicity and QOL evaluation and were randomly
assigned to two groups. Two patients in each group
failed to complete three cycles of primary systemic
therapy (2 asked surgery ahead of schedule and 2 refused
to continue chemotherapy), leaving 64 assessable for
efficacy evaluation with 31 in DE group and 33 in DE
plus rh-endostatin group.
The baseline characteristics of the study population

including age, menopausal status, hormone receptor
status, HER2 status, ECOG performance status, histo-
logy, axillary lymph node status, and clinical stage are
given in Table 1. All these factors were well balanced
between two groups (P > 0.05 for all comparison).

Clinical and pathologic response
Of the 33 patients in DE plus rh-endostatin group, 4
(12.1%) achieved CR, 26 (78.8%) achieved PR, 1 (3.0%)
exhibited SD, and 2 (6.1%) exhibited PD. Of the 31
patients in the chemotherapy alone group, 2 (6.5%)
achieved CR, 19 (61.3%) PR, 9 (29.0%) SD, and 1 (3.2%)
PD. The ORR in patients receiving chemotherapy with
or without rh-endostatin were 90.9% (30/33) and 67.7%
(21/31), respectively, with significant difference (x2 =
5.300, P = 0.021).
pCR was identified in 7 (10.9%) of all the 64 patients

with 5 (15.2%) in the rh-endostatin plus chemotherapy
arm and 2 (6.5%) in the chemotherapy alone arm. A
higher pCR rate was achieved following the combination
therapy, but without significant difference from chemo-
therapy alone (P = 0.428).

Outcome-influencing factor stratification
All the factors probably influencing the clinical response
were stratified and analyzed. The factors included age,
menopausal status, hormone receptor status, HER2 sta-
tus, ECOG performance status, histology, axillary lymph
node status, and clinical stage. No correlation was iden-
tified between ORR and age, hormone receptor status,
HER2 status, histology, lymph node status or clinical
stage (P > 0.05 for all). However, premenopausal women
and those with ECOG score of zero demonstrated a
significantly higher ORR (100% vs 46.3%, P = 0.002, and
94.4% vs 66.7%, P = 0.049, respectively). The details of
stratification analysis are listed in Table 2.

Quality of life
Sixty-eight patients completed at least one cycle of treat-
ment and received QOL assessment (Table 3). No signifi-
cant difference was found between the two groups either
before or after treatment (P > 0.05), indicating that rh-
endostatin may exert little effect upon QOL of patients.

Adverse events
Sixty-eight patients were assessable for toxicity evalu-
ation (Table 4). The total incidence of adverse events



Table 1 Baseline characteristics (n = 64)

Characteristic DE + rh-endostatin
(n = 33)

DE
(n = 31)

n (%) n (%)

Age, years

Median (range) 51.5 (33–68) 51.3 (35–67)

Menopausal status

Premenopausal 14 (42.4) 13 (41.9)

Postmenopausal 18 (54.5) 14 (45.2)

Perimenopausal 1 (3.0) 4 (12.9)

ER status

Positive 19 (57.6) 15 (48.4)

Negative 12 (36.4) 14 (45.2)

Unknown 2 (6.1) 2 (6.5)

PR status

Positive 15 (45.5) 14 (45.2)

Negative 16 (48.5) 15 (48.4)

Unknown 2 (6.1) 2 (6.5)

HER2 status

Positive 6 (18.2) 7 (22.6)

Negative 24 (72.7) 20 (64.5)

Unknown 3 (9.1) 4 (12.9)

ECOG performance status

0 18 (54.5) 21 (67.7)

1 12 (36.4) 8 (25.8)

2 3 (9.1) 2 (6.5)

Histology

Ductal 29 (87.9) 27 (80.6)

Lobular 2 (6.1) 3 (9.7)

Others 2 (6.1) 1 (3.2)

No. of metastatic lymph nodes

0 16 (48.5) 12 (38.7)

1-3 6 (18.2) 11 (35.5)

4-9 7 (21.2) 5 (16.1)

≥10 4 (12.1) 3 (9.7)

TNM stage

II 22 (66.7) 19 (61.3)

III 11 (33.3) 12 (38.7)

Abbreviations: DE, docetaxel and epirubicin; ER, estrogen receptor; PR,
progesterone receptor; HER2, human epidermal growth factor receptor 2;
ECOG, Eastern Cooperative Oncology Group.

Table 2 Stratification analysis of factors influencing
outcomes

Factors DE + rh-endostatin
(n = 33)

DE
(n = 31)

p value

OR (%) OR (%)

Age, years

30-40 4 (100.0) 1 (100.0) 1.0

40-60 23 (92.0) 19 (76.0) 0.247

>60 3 (75.0) 1 (20.0) 0.206

Menopausal status

Premenopausal 14 (100.0) 6 (46.2) 0.002

Postmenopausal 15 (83.3) 11 (78.6) 1.0

ER status

Positive 17 (89.5) 11 (73.3) 0.210

Negative 11 (91.7) 9 (64.3) 0.590

PR status

Positive 14 (93.3) 9 (64.3) 0.080

Negative 14 (87.5) 11 (73.3) 0.394

HER2 status

Positive 6 (100.0) 6 (85.7) 1.0

Negative 22 (91.7) 13 (65.0) 0.160

ECOG performance status

0 17 (94.4) 14 (66.7) 0.049

1 10 (83.3) 5 (62.5) 0.347

2 3 (100.0) 2 (100.0) 1.0

Histology

Ductal 26 (89.7) 19 (70.4) 0.096

Lobular and others 4 (100.0) 2 (50.0) 0.206

No. of metastatic lymph nodes

0 16 (100.0) 10 (83.3) 0.175

1-3 4 (66.7) 4 (36.4) 0.335

4-9 6 (85.7) 4 (80.0) 1.0

≥10 4 (100.0) 3 (100.0) 1.0

TNM stage

II 20 (90.9) 13 (68.4) 0.219

III 10 (90.9) 8 (66.7) 0.317

Abbreviations: DE, docetaxel and epirubicin; ER, estrogen receptor; PR,
progesterone receptor; HER2, human epidermal growth factor receptor 2;
ECOG, Eastern Cooperative Oncology Group.
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was 81.2% and 79.3%, respectively, in the rh-endostatin
plus chemotherapy arm and chemotherapy alone arm.
Most of the adverse events were of grade 1 and 2. Grade
3 and 4 adverse events included leucopenia, neutropenia,
nausea, and vomiting. No significant difference was
found between the two groups, either in the incidence of
overall adverse events or in the incidence of grade 3/4
adverse events (P > 0.05 for all).

Discussion
Neoadjuvant chemotherapy, also known as preoperative
or primary chemotherapy, is widely used in the manage-
ment of breast cancer patients to treat occult systemic
disease, reduce the tumor bulk, and increase the likeli-
hood of breast conservation, while not affecting the local
recurrence hazard [14,15], or compromising survival



Table 3 Comparison of quality of life

QOL score n Pretreatment Posttreatment

DE + rh-endostatin 35 53.12 ± 3.43 53.18 ± 4.41

DE 33 53.55 ± 4.87 51.76 ± 5.43

Abbreviations: QOL, quality of life; DE, docetaxel and epirubicin.
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[16]. In the mean time, preoperative therapy provides an
opportunity to gain more insight into the cellular and
molecular changes involved in tumor response.
The current systemic treatment of breast cancer has

been developed rapidly in the past 10 years. Compared
with conventional cytotoxic chemotherapy, the systemic
treatment is more sophisticated and specific, characte-
rized by multiple cancer targets. One promising strategy
is targeting the proangiogenic VEGF, either by ligand
sequestration (preventing VEGF receptor binding) or
inhibiting downstream receptor signaling [17]. Thus far,
more than 30 kinds of antiangiogenesis agents have been
approved for clinical practice or ongoing preclinical and
clinical trials.
Bevacizumab (Avastin), a recombinant humanized

antibody against VEGF, is the first antiangiogenesis drug
approved for clinical practice. A recent report of a
pooled analyses of metastatic breast cancer (MBC)
patients receiving bevacizumab-based therapy showed
that the addition of bevacizumab significantly prolonged
Table 4 Comparison of adverse events

Adverse event DE + rh-endostatin
(n = 35)

DE
(n = 33)

Grade
1-4

Grade
3-4

Grade
1-4

Grade
3-4

n (%) n (%) n (%) n (%)

Anemia 9 (25.7) 1 (2.9) 8 (24.2) 2 (6.1)

Leukopenia 18 (51.4) 7 (20.0) 17 (51.5) 9 (27.3)

Neutropenia 19 (54.3) 7 (20.0) 16 (48.5) 8 (24.2)

Thrombocytopenia 3 (8.6) 0 (0) 4 (12.1) 0 (0)

Bilirubin elevation 4 (11.4) 1 (2.9) 1 (3.0) 0 (0)

Transaminase elevation 1 (2.9) 0 (0) 2 (6.1) 0 (0)

Stomatitis 0 (0) 0 (0) 2 (6.1) 0 (0)

Nausea/vomiting 20 (57.1) 10 (28.6) 23 (69.7) 13 (39.4)

Diarrhea 1 (2.9) 0 (0) 0 (0) 0 (0)

Astriction 0 (0) 0 (0) 1 (3.0) 0 (0)

Proteinuria 3 (8.6) 0 (0) 1 (3.0) 0 (0)

Alopecia 23 (65.7) 22 (66.7)

Arhythmia 2 (5.7) 0 (0) 2 (6.1) 0 (0)

Cardiovascular dysfunction 3 (8.6) 0 (0) 2 (6.1) 0 (0)

Peripheral neuropathy 2 (5.7) 0 (0) 1 (3.0) 0 (0)

Hand-foot syndrome 4 (11.4) 3 (8.6) 5 (15.2) 1 (3.0)

Fatigue 26 (74.3) 1 (2.9) 25 (75.8) 2 (6.1)

Abbreviation: DE, docetaxel and epirubicin.
PFS time [17]. Although the PFS interval might depend
on the evaluation methods and schedules used, the PFS
as a study endpoint currently represents the most sensi-
tive parameter to assess the efficacy of an experimental
drug in metastatic disease, especially when a longer PFS
duration is associated with a higher ORR or a measu-
rable improvement in QOL. The most common adverse
effects of bevacizumab include headache, nausea, vomiting,
anorexia, stomatitis, constipation, upper-respiratory-tract
infection, epistaxis, dyspnea, and proteinuria. The most
serious adverse effects include hypertensive crisis,
nephritic syndrome, hemorrhage, gastrointestinal per-
foration, wound-healing complications, and congestive
heart failure [18].
Rh-endostatin (Endostar) is a new recombinant

humanized endostatin expressed and purified in E. coli.
The additional nine-amino acid sequence to the N-
terminal of endostatin may effectively simplify purifi-
cation and improve the stability of the protein [19,20],
although the exact mechanism of rh-endostatin as
antiangiogenesis drug remains unclear. Previous studies
showed that endostatin may downregulates many signa-
ling pathways in human microvascular endothelium as-
sociated with proangiogenic activity, and simultaneously
upregulate many antiangiogenic genes [21,22]. It was
also found that endostatin could lower VEGF expression
in colon and cervical cancer [23,24]. Based on the
positive data from a phase III trial [5], China State Food
and Drug Administration approved rh-endostatin plus
NP as a first line therapy for advanced NSCLC in 2005.
Angiogenesis is an important step in the proliferation

of breast cancer cells and is thought to precede invasive
disease [18]. In situ hybridization revealed high levels of
VEGF in ductal carcinoma in situ, infiltrating ductal
carcinoma, and metastatic ductal carcinoma [25], further
rationalizing the addition of rh-endostatin for breast
cancer therapy. In this study, 68 patients with stage II or
III primary breast cancer were allocated randomly to
two groups to receive either 3 cycles of neoadjuvant DE,
or 3 cycles of neoadjuvant DE plus rh-endostatin. The
primary end point was to determine the impact of the
addition of rh-endostatin on the clinical and pathologic
response. Among the 64 patients assessable for efficacy
evaluation, the ORR was 90.9% for patients treated with
rh-endostatin plus chemotherapy compared with 67.7%
for patients treated with chemotherapy alone, indicating
that the combination of rh-endostatin with chemothe-
rapy may effectively improve the chance of tumor down-
stage before surgery. Follow-up study of the patients will
provide data as to whether the increased ORR rate can
be translated into high PFS and OS. Stratification ana-
lysis revealed that premenopausal patients and patients
with ECOG sore of zero had higher ORR, indicating that
premenopausal women with good performance status



Chen et al. BMC Cancer 2013, 13:248 Page 6 of 7
http://www.biomedcentral.com/1471-2407/13/248
may benefit more from rh-endostatin combination
therapy.
For patients treated with anthracycline-based neo-

adjuvant chemotherapy, a higher pCR has been shown
to be predictive of improved PFS and OS [16,26]. In this
study, the combination of rh-endostatin with chemo-
therapy achieved a higher pCR rate (15.2%), but not
statistically different from chemotherapy alone (6.5%),
which is probably due to the small number of patients
enrolled in the current trail. In fact, we are designing a
multicenter, prospective, randomized, controlled phase III
clinical trial that will include a total of 800 patients to
further evaluate the efficacy and safety of rh-endostatin in
breast cancer treatment (NCT01479036).
In the present study, the total incidence of adverse

events was 81.2% in the rh-endostatin plus chemothe-
rapy group and 79.3% in the chemotherapy alone group.
Most of the adverse events were of grade 1 or 2. Grade
3/4 adverse events associated with rh-endostatin in-
cluded leucopenia, neutropenia, nausea, vomiting, and
hand-foot syndrome. Statistical analysis indicated that
the addition of rh-endostatin did not increase drug-
related toxicities, especially those typically observed in
other antiangiogenesis agents such as bevacizumab. A
systematic review and meta-analysis reported that the
addition of bevacizumab to chemotherapy in MBC pa-
tients did increase the risk of left ventricular dysfunction
and hemorrhagic events, whereas it was not associated
with a significant increase in grade ≥3 arterial or venous
thromboembolic events, gastrointestinal perforation, or
fatal events [27]. In addition, rh-endostatin exhibited
good tolerance, as verified in QOL score questionnaire
before and after treatment. However, it should be noted
that patients with history of serious heart disease, and
with liver or kidney dysfunction were excluded from the
trial. The impact of rh-endostatin upon the incidence of
adverse events should be further assessed in larger scale
trials in future.
Some limitations of the present study have to be

considered. Since there is no previous report on rh-
endostatin in breast cancer therapy at the neoadjuvant
setting, we did not make a pre-planned power calculation.
Second, the number of patients enrolled is relatively small,
making a multiple factor analysis inappropriate. Thus, we
must state here that the subset analyses used in this study
were mostly exploratory.

Conclusions
This prospective, randomized, controlled phase II clinical
trial demonstrated that the combination of rh-endostatin
and DE chemotherapy may improve overall clinical
response in patients with stage II or III breast cancer,
especially pre-menopausal patients and those having
ECOG score of zero, without increasing adverse events.
Therefore rh-endostatin can be used as a safe and effective
strategy in neoadjuvant treatment of breast cancer.
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