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Despite recent progress in diagnosis of ovarian 
cancer, more than 50% of women are diagnosed 
at advanced stages. In the past two decades, 
advances in surgical techniques and 
incorporation of taxanes in the adjuvant setting 
have improved the survival of women with 
advanced ovarian cancer. Despite this, mortality 
remains high, with only 10% of women with 
stage IV disease surviving for 5 years. As a 
result, there is a need for new approaches to 
treatment of this disease. The angiogenesis 
pathway is of paramount importance in ovarian 
cancer. Recent attempts targeting angiogenesis 
have had promising results in improvement of 
disease free survival for patients with advanced 
disease. Data delineating benefit of anti-
angiogenic therapy will be briefly reviewed.   
 
Several groups have reported that the Vascular 
Endothelial Growth Factor (VEGF) is over 
expressed in ovarian cancer cells1,2 and there are 
increased circulating levels of VEGF in the 
serum and ascites in patients with ovarian cancer 
compared to those who are cancer free3. Specific 
settings, including hypoxia, acidosis or oxidative 
stress can result in increased production of 
VEGF, which can then exert its action through 
its associated receptors (VEGFR1-3). VEGFR-1 
and VEGFR-2 have been implicated in 
angiogenesis while VEGFR-3 stimulation results 
in lymphangiogenesis and production of ascites4. 
VEGF exerts its actions via interaction with the 
VEGFR, initiating a complicated intra-cellular 
signaling cascade such as PI3/AKt protein 
Kinase B pathway, MAPK and Raf/MEK/Erk 
pathway, thereby resulting in endothelial cell 
proliferation, migration and survival, finally 
resulting in blood vessel formation5. Animal 
models of ovarian cancer show that VEGF 
inhibition drastically alters tumor vasculature, 
inhibits ascitic fluid accumulation and limits 
tumor growth6. VEGF may also promote tumor  

growth by direct action of the ligand on 
receptors on the ovarian tumor cells7. 
Furthermore, over-expression of VEGF is 
associated with poor survival in all stages of 
disease8. Pre-clinical data prompted various 
studies to look at the clinical benefit of targeting 
the angiogentic pathway in ovarian cancer 
patients. While numerous agents are actively 
being explored for anti-angiogenic properties in 
ovarian cancer, the greatest body of data to date 
is with bevacizumab (Avastin), a monoclonal 
antibody against the VEGFR. 
 
Clinical Experience with Bevacizumab, Phase II 
trials 
 
Interest in potential benefit of bevacizumab in 
ovarian cancer stemmed from the presentation 
and subsequent publication of a Phase II trial 
done by Gynecologic Oncology group GOG 
(United States) that examined bevacizumab as a 
single agent (15 mg/kg every 3 weeks) in 
recurrent ovarian cancer. The patients in this 
trial were allowed to have one or two prior 
cytotoxic regimens, and were required to have 
measurable disease. Recurrences within 12 
months of prior cytotoxic agent were permitted 
in the study, and as a result this was a more 
favorable patient population as they included 
platinum sensitive patients.  Of the 62 evaluable 
patients, 21% achieved objective response  (two 
complete, 11 partial) to single agent 
bevacizumab9. Furthermore, 40% of the treated 
population remained free of progression for 
more than 6 months and had a median survival 
of 17 months. The most common reported side 
effect was hypertension. 
 
A second Phase II trial of single agent 
bevacizumab was done in 44 patients who had 
more advanced disease. Approximately half of 
the patients had received at least three cytotoxic 
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agents. In this study, the objective response rate 
was 16% and the median overall survival was 
10.7 months10. This trial however was associated 
with more significant adverse events, including a 
gastrointestinal perforation rate of 11% and 
three treatment-related deaths. The risk of 
perforation was greatest for patients with 
evidence of tumor involvement of the bowel.   
 
A third Phase II trial explored combination of 
bevacizumab (10 mg/kg every two weeks) with 
low dose oral cyclophosphamide (50 mg/day). 
This was based on pre-clinical data that 
suggested that metronomic or continuous dosing 
of chemotherapy can have anti-angiogenic effect 
and can potentiate the blockade of 
angiogenesis11-13. In this trial, platinum free 
intervals of 12 months were permitted and 
measurable disease was required for entry in the 
study. The progression free survival (PFS) rate 
at 6 months was 56% and a partial response rate 
of 24% was seen. The median overall survival 
was 16.9 months14.   
 
Phase III trials of bevacizumab with 
combination chemotherapy in ovarian cancer. 
 
The promising data from the phase II trials led to 
the design of two large randomized Phase III 
trials in ovarian or primary peritoneal cancers. 
The first trial, the GOG 218 was reported in the 
meeting of American Society of Clinical 
Oncology in June of 2010. GOG 218 was a 
double-blinded randomized placebo controlled 
trial for the first line treatment of ovarian or 
primary peritoneal cancers. The study was a 
three arm study, comparing carboplatin and 
paclitaxel for six cycles to carboplatin, paclitaxel 
and bevacizumab at dose of 5 mg/kg/week for 
six cycles and a third arm which consisted of 
carboplatin, Paclitaxel, and bevacizumab for six 
cycles and maintenance bevacizumab for a total 
of 15 months. This trial was limited to patients 
with stage III disease with optimal or suboptimal 
cytoreducton or patients with Stage IV disease. 
Patients were stratified based on performance 
status and stage at presentation. The primary 
endpoint was progression free survival with 
secondary endpoint of overall survival and 
toxicity assessment. A total of 1800 patients 
were enrolled and randomized to one of the 

three arms. The initial report of the trial was 
notable for a statistically improved progression 
free survival in the carboplatin, Paclitaxel, 
bevacizumab with maintenance bevacizumab 
arm (14.1 months versus 10.3 for control arm p 
< 0.0001) ; however, at the initial presentation 
the overall survival did not reach statistical 
significance (39.7 months versus 39.3 months 
for control). Toxicity profile was similar to other 
bevacizumab containing trials demonstrating an 
increase in hypertension, proteinuria. 
Interestingly there was no significant increase in 
the rate of venous or arterial thrombotic events 
and the bleeding rate was 2.!% for bevacizumab 
arm compared to control arm at 0.8%15. 
 
A second large phase III trial, ICON 7 was 
reported in Europe later in 2010. This was an 
open label two-arm trial, comparing carboplatin 
and Paclitaxel to Carboplatin, Paclitaxel, and 
bevacizumab for 12 months in patients with 
fallopian, primary peritoneal or ovarian cancer. 
This trial differed from the GOG218 in that it 
included not only stage III and IV patients, but 
also high-risk stage I-IIB patients, defined as 
patients with either clear cell histology or high 
nuclear grade. Over 1500 patients were 
randomized to one of the two arms with the 
primary end point of study being disease free 
survival and secondary endpoint of overall 
survival and toxicity. There was a statistically 
significant benefit for addition of bevacizumab 
in terms of disease free survival (18.3 months 
versus 16.0 months p < 0.0010).  The overall 
survival data has not been reported at this time. 
Again, similar to other bevacizumab trials, there 
was increased rate of hypertension, 
thrombocytopenia, and bleeding. It is also 
important to note that unlike the GOG 218 trial, 
the dose of bevacizumab was lower at 2.5 
mg/kg/week in ICON 7 trial16. 
 
The two large trials above give additional 
support for the benefit of bevacizumab, at least 
in regards to improvement of progression-free 
survival in the first line treatment of ovarian 
cancer. Whether this benefit translates to 
meaningful improvement in overall survival 
remains to be seen. Two other large trials, 
OCEANS and GOG 213 are currently exploring 
the role of bevacizumab in recurrent, platinum 
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sensitive ovarian cancer. OCEANS trial is 
exploring the benefit of bevacizumab in this 
patient population on a backbone of carboplatin 
and Gemcitabine, in bevacizumab naïve patient 
population, while GOG213 is exploring the 
benefit of bevacizumab on backbone of 
carboplatin and paclitaxel in the second line 
setting, allowing of bevacizumab use in the first 
line. 
 
The collective phase II and phase III trials of 
bevacizumab in ovarian cancer have provided 
clinical support for the benefit of targeting 
angiogenesis in this disease model and provide 
proof for the pre-clinical model. Whether the 
larger phase III trials culminate in actual 
survival benefit remains to be seen and the 
future of this drug in ovarian cancer is unclear 
especially given the recent reversal of approval 
of bevacizumab in breast cancer by the Food and 
Drug Agency in United States. In addition, a 
recently published meta-analysis of all 
bevacizumab trials suggests that an adverse 
increase of 1%17 in mortality is seen with 
incorporation of bevacizumab in management of 
solid tumors and this needs to be factored in 
decision of treating patients at least with this 
particular agent. Clearly, there are patients who 
gain meaningful benefit from bevacizumab; 
however, in absence of valid biomarkers, 
identification of this patient population remains 
elusive and the clinician needs to exercise 
judgment in deciding whether a specific patient 
may benefit from addition of bevacizumab to 
their chemotherapy regimen. Results of on-
going trials and additional data should provide 
the much-needed support for benefit of targeting 
angiogenesis in this disease. 
 
REFERENCES 
1. Abu-Jawdeh GM, Faix JD, Niloff J, Tognazzi K, 

Manseau E, Dvorak HF, Brown LF. Strong expression of 
vascular permeability factor (vascular endothelial growth 
factor) and its receptors in ovarian borderline and malignant 
neoplasms. Lab Invest. 1996 Jun;74(6):1105-15.  

2. Yoneda J, Kuniyasu H, Crispens MA, Price JE, Bucana 
CD, Fidler IJ. Expression of angiogenesis-related genes 
and progression of human ovarian carcinomas in nude mice. 
J Natl Cancer Inst. 1998 Mar 18;90(6):447-54.  

3. Cooper BC, Ritchie JM, Broghammer CL, Coffin J, 
Sorosky JI, Buller RE, Hendrix MJ, Sood AK. 
Preoperative serum vascular endothelial growth factor 
levels: significance in  ovarian cancer. Clin Cancer Res. 
2002 Oct;8(10):3193-7.  

4. Jeon BH, Jang C, Han J, Kataru RP, Piao L, Jung K, 
Cha HJ, Schwendener RA, Jang KY, Kim KS, Alitalo K, 
Koh GY. Profound but dysfunctional lymphangiogenesis 
via vascular endothelial growth factor ligands from 
CD11b+ macrophages in advanced ovarian cancer.  Cancer 
Res. 2008 Feb 15;68(4):1100-9.  

5. Jain RK. Normalizing tumor vasculature with anti-
angiogenic therapy: a new paradigm for combination 
therapy. Nat Med. 2001 Sep;7(9):987-9.  

6. Byrne AT, Ross L, Holash J, Nakanishi M, Hu L, 
Hofmann JI, Yancopoulos GD, Jaffe RB. Vascular 
endothelial growth factor-trap decreases tumor burden, 
inhibits ascites, and causes dramatic vascular remodeling in 
an ovarian cancer model. Clin Cancer Res. 2003 Nov 
15;9(15):5721-8.  

7. Chen H, Ye D, Xie X, Chen B, Lu W. VEGF, VEGFRs 
expressions and activated STATs in ovarian epithelial 
carcinoma. Gynecol Oncol. 2004 Sep;94(3):630-5. 

8. Duncan TJ, Al-Attar A, Rolland P, Scott IV, Deen S, Liu 
DT, Spendlove I, Durrant LG. Vascular endothelial 
growth factor expression in ovarian cancer: a model for 
targeted use of novel therapies? Clin Cancer Res. 2008 May 
15;14(10):3030-5.  

9. Burger RA, Sill MW, Monk BJ, Greer BE, Sorosky JI. 
Phase II trial of bevacizumab in persistent or recurrent 
epithelial ovarian cancer or primary peritoneal cancer: a 
Gynecologic Oncology Group Study. J Clin Oncol. 2007 
Nov 20;25(33):5165-71.  

10. Cannistra SA, Matulonis UA, Penson RT, Hambleton J, 
Dupont J, Mackey H, Douglas J, Burger RA, Armstrong 
D, Wenham R, McGuire W. Phase II study of 
bevacizumab in  patients with platinum-resistant ovarian 
cancer or peritoneal serous cancer. J Clin Oncol. 2007 Nov 
20;25(33):5180-6. Erratum in: J Clin Oncol. 2008 Apr 
1;26(10):1773.  

11. Bello L, Carrabba G, Giussani C, Lucini V, Cerutti F, 
Scaglione F, Landré J, Pluderi M, Tomei G, Villani R, 
Carroll RS, Black PM, Bikfalvi A. Low-dose 
chemotherapy combined with an antiangiogenic drug 
reduces human glioma growth in vivo. Cancer Res. 2001 
Oct 15;61(20):7501-6.  

12. Man S, Bocci G, Francia G, Green SK, Jothy S, 
Hanahan D, Bohlen P, Hicklin DJ, Bergers G, Kerbel 
RS. Antitumor effects in mice of low-dose (metronomic) 
cyclophosphamide administered continuously through the 
drinking water. Cancer Res. 2002 May 15;62(10):2731-5.  

13. Klement G, Baruchel S, Rak J, Man S, Clark K, Hicklin 
DJ, Bohlen P, Kerbel RS.  Continuous low-dose therapy 
with vinblastine and VEGF receptor-2 antibody induces 
sustained tumor regression without overt toxicity. J Clin 
Invest. 2000 Apr;105(8):R15-24. Erratum in: J Clin Invest. 
2006 Oct;116(10):2827. J Clin Invest. 2006 
Nov;116(11):3084. PubMed PMID: 10772661. 

14. Garcia AA, Hirte H, Fleming G, Yang D, Tsao-Wei DD, 
Roman L, Groshen S, Swenson S, Markland F, Gandara 
D, Scudder S, Morgan R, Chen H, Lenz HJ, Oza AM. 
Phase II clinical trial of bevacizumab and low-dose 
metronomic oral cyclophosphamide in recurrent ovarian 
cancer: a trial of the California, Chicago, and Princess 
Margaret Hospital phase II consortia. J Clin Oncol. 2008 
Jan 1;26(1):76-82.  

15. Burger RA, Brady MF, Bookman MA, Walker JL, 
Homesly HD, Fowler J, Monk BJ, Greer BE, Boente M, 
Liang SX.  Phase III trial of bevacizumab in the primary 
treatment of advanced epithelial ovarian, primary 
peritoneal, or fallopian tube cancer: A Gynecologic 
Oncology Group (GOG) Study. J Clin Oncol 28;18s, 2010 
(suppl; abstr LBA1) 

16. Perren T, Swart AM, Pfisterer J, Ledermann J, Pujade-
Lauraine E, Kristensen G, Carey M, Beale P, Cervantes 



Proceedings of UCLA Healthcare 
-VOLUME 15 (2011)- 

 
A, Oza A.  ICON7: A phase III Gynecological Cancer 
InterGroup (GCIG) trial of adding bevacizumab to standard 
chemotherapy in women with newly diagnosed epithelial 
ovarian, primary peritoneal or fallopian tube cancer.  
Presented at ESMO Congress Milan 2010. 

17. Ranpura V, Hapani S, Wu S. Treatment-related mortality 
with bevacizumab in cancer patients: a meta-analysis. 
JAMA. 2011 Feb 2;305(5):487-94. Review. Erratum in: 
JAMA. 2011 Jun 8;305(22):2294.  

 
 
 
 
 
Submitted on August 7, 2011 
 
 
 
   
 
 


