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Abstract

Purpose: Endostar® is a proteolytic fragment of collagen XVIII that has been shown to have antitumor
activity, with a favorable toxicological profile. We conducted this study to investigate its efficacy and safety when
combined with chemotherapy in patients with advanced solid tumors. Methods: From July 2006 to September
2008, 45 patients with histologically or cytologically confirmed solid tumors were enrolled into this study. All
received Endostar at a dose of 7.5 mg/m? /day as an intravenous infusion for more than 7 days, in combination
with chemotherapy. Patients were treated until tumor progression or unacceptable toxicity. Results: No treatment
related death occurred in this study. Main reported toxicities included: mylosuppression (82.2%), hepatic
impairment (42.2%), anorexia (20.0%), nausea (24.4%), vomiting (22.2%), diarrhea (20.0%), febrile (20.0%)
and fatigue (24.4%). No complete response was observed. Two patients (2/42) had partial response, twenty-one
(21/42) remained stable, and nineteen (19/42) had progressive disease. Median time to tumor progression was
3.0 months (range, 0.5-12.0). Median overall survival was 30.0 months (95% confidence interval: 20.0-40.0)
and 1 year survival rate was 81.0% . Conclusion: Our study revealed that toxicity of Endostar combined with

chemotherapy in the treatment of solid tumors was tolerable with moderate efficacy.

Keywords: Endostar - chemotherapy - solid tumors - efficacy - safety

Asian Pacific J Cancer Prev, 11, 1119-1123

Introduction

Endostar®, a novel Recombinant Human Endostatin
(rh-Endo) purified from Escherichia coli with an additional
nine-amino acid sequence and forming another histidine
tag (his-tag) structure, was approved by the State Food
and Drug Administration of China (SFDA) in 2005 for
the treatment of non-small-cell lung cancer (NSCLC)
(Ling et al., 2007). Compared with rh-Endo reported in
the literature, the additional nine-amino acid-sequence
(MGGSHHHHH) was added at the N-terminal of the
protein, which resulted in the formation of a six-His-tag
(Songetal.,2005). This His-tag can be chelated with metal
ions such as Ni** (nickel) with a relatively high affinity, and
could be utilized to simplify purification and to improve
stability of the protein (Song et al., 2005).

In vitro Endostar suppressed MDA-MB-435 cell
adhesion to the fibronectin-coated substrate in a
concentration-dependent manner, and it could inhibit
the wound healing migration of MDA-MB-435 cells and
invasion of this cell line through reconstituted extracellular
matrix (ECM), probably by decreasing the secretion of
Matrix Metalloproteinase-2 (MMP-2) and MMP-9 (Lu
et al., 2008). Endostar suppressed the VEGF-stimulated
proliferation, migration, and tube formation of human
umbilical vein endothelial cells (HUVECs) (Ling et al.,

2007; Wu et al., 2008). Endostar induced apoptotic effects
in HUVECS through activation of caspase-3 and decrease
of Bcl-2 (Ling et al.,2009). Endostar blocked microvessel
sprouting from rat aortic rings, inhibited the formation of
new capillaries from pre-existing vessels in the chicken
chorioallantoic membrane assay (Ling et al., 2007), and
affected the growth of vessels in tumor (Ling et al., 2007).

In vivo Endostar affected the growth of endometriotic
tissues and the proliferation of breast carcinoma by
inhibiting angiogenesis, reducing the expression of
vascular endothelial growth factor (VEGF), and the
tumor itself (Jiang et al., 2007). In mouse model Endostar
inhibited liver metastases from colorectal cancer (Zhou
et al., 2006), and had inhibition effect on human lung
adenocancer (Ma et al., 2008). The amount of activated
circulating endothelial cells decreased significantly
in NSCLC patients who responded to Endostar based
chemotherapy, increased in those with progressive disease
(Wang et al., 2008).

The mechanisms of anti-cancer effect have not yet
been characterized fully, but the main mechanisms of of
Endostar could include: (a) interactions with adenosine
triphosphate (ATP) enzymes on the surface of endothelial
cells; (b) blockage of intergrins; (c) and blockage of
activities of MMP-2 and MMP-9 (Xu et al., 2007).

In clinical setting, Phase I and Phase II studies
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revealed that Endostar was effective as single agent with
good tolerance in pretreated advanced NSCLC patients
at the dose of 7.5 mg/m? daily (Yang et al., 2004; Yang et
al., 2006). Endostar in combination with chemotherapy
(NP regimen: NVB+DDP) prolonged the time to tumor
progression (TTP) (Shi et al., 2004; Wang et al., 2005;
Yang et al., 2005), improved response rate (RR) (Wang
et al., 2005) and clinical benefit rate (CBR) (Wang et al.,
2005; Shi et al., 2004) with a favorable toxic profile in
advanced NSCLC in Phase II and phase III clinical trial
in China (Shi et al., 2004; Wang et al., 2005; Yang et al.,
2005).

However, most clinical studies on Endostar were
confined to patients with NSCLC, with which it was
effective and safe (Yang et al., 2004; Shi et al., 2004;
Yang et al., 2005; Wang et al., 2005; Yang et al., 20006).
Few reports concern Endostar combined with different
chemotherapy regimens (except NP) or used for other solid
tumors. It is not clear whether Endostar in combination
with different chemotherapy regimens could be effective
and safe in treating other types of solid tumors, which is
the purpose of this study.

Patients and Methods

Patient Eligibility

Eligibility criteria included: patients with histologically
or cytologically confirmed solid tumors; age > 18 years;
The Karnofsky Performance Score (KPS)>70; life
expectancy > 3 months; no psychiatric disorders; with
adequate bone marrow function (WBC count >4.0x10%/
dL, platelet count >100x10%/dL, and hemoglobin >9.0 g/
dL), adequate hepatic function (total bilirubin value <1.5
times the upper limit of normal(ULN), serum glutamic
pyruvic transaminase (ALT) level <2.0 times ULN, serum
glutamic oxaloacetic transaminase (AST) <2.0 times
ULN, alkaline phosphatase < 5.0 times ULN, and adequate
renal function (serum creatinine <1.5mg/dL). Exclusion
criteria included: pregnancy, or lactation; myocardial
infarction or angina pectoris within 6 months; radio- or
chemotherapy within 4 weeks; major surgery within 2
weeks before study; with uncontrolled congestive heart
failure, active infection, or bleeding disorder. All patients
provided an informed consent before treatment.

Treatment Schedule

Endostar was administered at a dose of 7.5 mg/m?
once daily by intravenous infusion for more than 7 days
combined with chemotherapy regimens. Completion
of more than 7 days of Endostar without breaks was
considered one cycle of therapy.

Patient Evaluation

Response was classified according to the WHO
criteria (Gehan et al., 2000) with computed tomography
or magnetic resonance scan at baseline and every two
cycles by investigators. Toxicity was defined according to
National Cancer Institution Toxicity Criteria. During each
treatment cycle, following laboratory tests on hematologic,
hepatic, and renal function were performed. Patients
were observed for survival every 2 months until death,
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or study closure.

Results

Patient Characteristics

Forty-five patients (34 men and 11 women) entered
into this study: 28 (62.2%) with lung, 2 (4.4%) with
oesophagus, 5 (11.1%) with gastric, 5 (11.1%) with
colorectal, 3 (6.6%) with breast, 1 (2.2%) with bladder
and 1 (2.2%) with cervical cancer. Base line characteristics
of those patients are shown in Table 1. Median age was
56 years (range 31-83 years). Median KPS was 80 (range
70-100). The median time from diagnosis was 7 months
(range 0-60 months). More than 90% of patients had stage
IIT or stage IV disease, and the majority had received prior
chemotherapy (71.1%) or radiotherapy (33.3%).

In this study, 20 patients (44.4%) received Endostar plus
docetaxel or paclitaxel based, 11(24.4%) patients received
gemcitabine based, and 7(15.6%) patients received
irinotecan (CPT-11) based multiagent chemotherapy
(Table 2).

Safety

All 45 patients were assessable for toxicity. Main
toxic effects are shown in Table 3. The most common
toxicity was myelosuppression: 23 (51.1%) patients with
grade 1 or 2, 8 (17.8%) with grade 3 or 4 leukopenia; 10
(22.2%) patients with grade 1 or 2, 6 (13.3%) with grade
3 or 4 anemia; 8 (17.8%) patients with grade 1 or 2, 5
(11.1%) with grade 3 or 4 thrombocytopenia. Grade 1 or
2 elevation of ALT was detected in 9 (20.0%) patients,
grade 3 or 4 in 2 (4.4%); elevation of AST, GGT, ALP,
or bilirubin was not common. Other treatment related
toxicities included: abdominal pain, dizziness, rash,
phlebitis, constipation, dental ulcer, alopecia, deep venous
thrombosis of the lower extremities anorexia, but in less

Table 1. Patients’ Characteristics (Jiangsu Cancer
Hospital & Research Institute, Department of
Chemotherapy, from July 2006 to September 2008)

Characteristics No. %
Gender
Men 34 75.6
Women 11 24 4
Site of cancer
Lung 28 622
Oesophagus 2 44
Gastric 5 11.1
Colorectal 5 11.1
Breast 3 6.7
Bladder 1 22
Cervical 1 22
Clinical stage
| 3 6.7
II 1 22
111 10 222
v 31 68.9
Prior treatment
Surgery 30 66.7
Chemotherapy 32 71.1
Radiotherapy 15 33.3

No., number of patients.
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Table 2. Regimens of Chemotherapy Combined with
Endostar (Jiangsu Cancer Hospital & Research
Institute, Department of Chemotherapy, from July
2006 to September 2008)

Table 4. Clinical Response of Endostar Combined
with Chemotherapy (Jiangsu Cancer Hospital &
Research Institute, Department of Chemotherapy,
from July 2006 to September 2008)

Regimen Dose Days No. Results

1 Docetaxel + 40-60 mg days 1,8; 21 5 Response, No. ( %)

Carboplatin 500 mg day 1. PR 2(5)

2 Docetaxel + 40-60 mg days 1,8; 21 3 SD 21(50)
Oxaliplatin ~ 100-150 mg day 1. PD 19(45)

3 Docetaxel + 40-60 mg days 1,8; 21 2 CBR 23(55)
Cisplatin 20 mg days 1-5 TTP, months

or 40 mg days1-3. Median 30

4 Docetaxel + 40-60 mg days 1,8; 21 2 Range 0.5—120

Nedaplatin 30 mg days 1-5 OS, months
or 140 mg day 1. Median 30.0

5 CPT-11 + 100 mg days1.8; 21 3 95% CI 20.0-40.0
Cisplatin 20 mg days1-5. 1 year survival rate, No. (%) 34(81.0)

6 CPT-11 + 200 mg dayl; 14 2 No., number of patients; PR, partial response; SD, stable
Leucovorint+ 300mg day1.46-hour; disease; PD, progressive disease; CBR, clinical benefit rate,
5-FU 400 mg /m?* bolus days1,2 CBR = complete response + PR+SD; TTP, time to tumor

then 600 mg /m’days1.,2 progression; OS, overall survival; CI, confidence interval

7 Gemcitabine 1000 mg / m* days1,8; 21 4 survival (OS) was 30.0 months (95% confidence interval,

+ Carboplatin 500 mg day 1.

Table 3. Toxicities of Endostar Combined with
Chemotherapy (Jiangsu Cancer Hospital & Research
Institute, Department of Chemotherapy, from July
2006 to September 2008)

Toxicities No. (%) No. (%)
Grade lor 2 Grade 3 or4 All Grades

Myelosuppression
Leukopenia 23 (51.1) 8(17.8) 31 (68.9)
Anemia 10 (22.2) 6 (13.3) 16 (35.5)
Thrombocytopenia 8(17.8) 5(11.1) 13 (28.9)

Hepatic enzymes
ALT 9(20.0) 2 (44) 11 (24.4)
AST 5(11.1) 2 (4.4) 7 (15.6)
GGT 2 (44) 3 (6.7) 5(11.1)
ALP 0 (0) 12 1 (22
Serum Bilirubin 6(13.3) 0 (0) 6(13.3)
Anorexia 8(17.8) 122 9 (20.0)
Nausea 11 (244) 0 (0) 11 (24.4)
Vomiting 8(17.8) 2 (44) 10 (22.2)
Diarrhea 7 (15.6) 2 (44) 9(20.0)
Febrile 9(20.0) 0 O 9(20.0)
Fatigue 10 (22.2) 1 (2.2) 11 (24.4)

No., number of patients; ALT, SGPT, serum glutamic
pyruvictransaminase; AST, SGOT, serum glutamic oxaloacetic
transaminase; GGT, y-Glutamyl transpeptidase; ALP, alkaline
phosphatase; Bilirubin, hyperbilirubinemia.

than 10% of our patients. One patient experienced a
decrease of SPO2 (transcutaneous oxygen saturation) and
developed cyanosis, but recovered after oxygen inhalation
and discontinuation of chemotherapy.
Efficacy

Forty-two patients were assessable for response. Two
patients (5%) had partial response(PR), 21 (50%) had
stable disease(SD) and 19 (45%) experienced disease
progression(PD) (Table 4).The median TTP was 3.0
months (range,0.5 to 12.0 months), and median overall

20.0 to 40.0 months).One year survival rate was 81.0%.

Discussion

Endostatin was first identified in the conditioned
media of murine hemangioendothelioma cells as an
antiangiogenic molecule in 1997, with the ability to
specifically inhibit endothelial proliferation and potently
inhibit angiogenesis and tumor growth (Boehm et al.,
1997; O’Reilly et al., 1997). Repeated administration of
Endostatin did not produce drug resistance or apparent
toxicity (O’Reilly et al., 1996; Boehm et al., 1997,
O’Reilly et al., 1997). In 1999, a soluble rh-Endo was
produced with characteristics of the primitive Endostatin
(Sim et al., 1999). In phase I and phase 1II clinical trials
on single rh-Endo administration, no significant tumor
regression was observed in patients with advanced tumors,
although rh-Endo was associated with minimal toxicity
(Ederetal.,2002; Herbst et al.,2002; Thomas et al.,2003;
Hansma et al.,2005; Kulke et al., 2006). The failure of rh-
Endo to induce high levels of tumor cell death may explain
its lack of significant clinical activity (Davis et al., 2004).

In phase I clinical trial, Endostar was administered as
a single agent, 7.5 mg/m?, 15 mg/m?, or 30 mg/m? daily
for 28 days to treat pretreated advanced NSCLC, and the
most common toxicities reported were fever and cardiac
adverse reactions, including sinus arrhythmia, paroxysmal
supraventricular tachycardia, ventricular premature beat,
T wave changes shown in electrocardiogram (Yang et
al., 2004). In phase II clinical trial on single Endostar
administration, decreased hemoglobin and elevation of
ALT was observed with cardiac toxicities similar to that in
phase I trial (Yang et al., 2006), but the reason for cardiac
toxicity was not clear (Yang et al., 2004).

Endostar in combination with NP regimen showed a
favorable toxic profile in advanced NSCLC patients (Shi
etal.,2004; Wang et al., 2005; Yang et al.,2005; Huang et
al.,2008). And there were no significant differences in the
incidence of hematotoxicity and nonhematologic toxicity
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between study and control groups (Shi et al., 2004; Wang
et al., 2005; Yang et al., 2005).

In our study, one of the 3 inassessable patients
experienced a decrease of SPO2 and developed cyanosis
after an hour of Endostar therapy. Four patients exhibited
transient mild elevation of blood pressure (net changes in
systolic pressure, 15 to 21 mmHg), and 5 mild decreased
blood pressure (net changes in systolic pressure, 13 to
27 mmHg). The other toxicities could be related to the
chemotherapy drugs. The results showed that the most
common toxicities were grade 1 or 2. In this study, 91%
of all the 45 patients had stage III or stage IV tumors, and
the physical condition of the patients could be affected by
prior systemic chemotherapy or prior radiotherapy. Patient
selection may explain the increased incidence of grade 3
or 4 toxicities in patients receiving Endostar combined
with chemotherapies.

Because many of angiogenesis inhibitors are growth-
inhibiting molecules that work against the tumor
vasculature, single agents will have little effect on tumor
size in advanced disease (Herbst et al., 2001). Several
investigators have suggested that angiogenesis inhibitors
may be cytostatic rather than cytotoxic (Shaheen et
al., 1999). But most of angiogenesis inhibitors work
synergistically with chemotherapy and/or radiotherapy
(Herbst et al., 2001). In our study, 2(5%) of 42 patients
had partial response, 21(50%) had stable disease and 19
patients (45%) experienced disease progression. But 15
patients experienced disease progression and 12 patients
experienced stable disease before study enrollment,
which may explain the relatively high incidence of PD
and SD observed in this study. The results of this study
demonstrate that modest antitumor activity was observed
after the treatment of different tumors with Endostar
administered as intravenous infusion in combination with
chemotherapy.

In conclusion, our preliminary study suggests modest
anti-cancer effects and mild toxicity in patients with
advanced tumors treated with Endostar and chemotherapy
combination.
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