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Abstract
AIM: To determine the efficacy of bevacizumab in pa-
tients with metastatic colorectal cancer (MCRC) who 
have failed prior chemotherapy without bevacizumab. 

METHODS: Between March 2002 and June 2010, 40 
patients in South Korea with MCRC who were treated 
with bevacizumab plus chemotherapy as a second or 
later-line treatment were analyzed retrospectively for 
their overall response rate (ORR), overall survival (OS), 
and progression-free survival (PFS). The tumor re-

sponses were assessed using the Response Evaluation 
Criteria in Solid Tumors guidelines. 

RESULTS: All of the patients had progressed under pri-
or chemotherapy without bevacizumab. Three patients 
(7.5%) exhibited an ORR, twenty one patients (52.5%) 
exhibited stable disease (SD), and fifteen patients 
(37.5%) exhibited disease progression. The median 
duration of the OS and PFS were 14.0 mo and 6.13 mo 
respectively. The median OSs were 16.60, 14.07 and 
13.00 mo for second-line, third-line and fourth- or later-
line treatments, respectively. The median PFSs were 
7.23, 7.30 and 3.87 mo for the second-line, third-line 
and fourth- or later-line treatments, respectively. 

CONCLUSION: In patients with MCRC, bevacizumab 
combined chemotherapy may be beneficial during sec-
ond- or later-line treatment. 
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INTRODUCTION
Metastatic colorectal cancer (MCRC) is a common can-
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cer, and significant advances have been made in the treat-
ment of  this disease. The integration of  oxaliplatin or 
irinotecan chemotherapies in combination with 5-fluoro-
uracil (5-FU) and leucovorin (LV) as a front-line therapy 
for MCRC is associated with significant improvements in 
the time-to-progression and overall survival (OS)[1-3]. 

The recent integration of  bevacizumab in front-line 
therapy for MCRC has resulted in an additional positive 
impact on the outcome for colorectal cancer patients. 
Vascular endothelial growth factor (VEGF) is a diffusible, 
homodimeric glycoprotein this is produced by healthy 
and neoplastic cells and is a key promoter of  angiogen-
esis under physiologic and pathologic conditions, includ-
ing tumor progression[4]. The VEGF family includes 
six members [VEGF-A-E and placental growth factor 
(PIGF)]. The major mediator of  tumor angiogenesis is 
VEGF-A[5]. Bevacizumab is a recombinant, humanized, 
monoclonal antibody directed against the VEGF ligand 
(VEGF-A); bevacizumab binds all isoforms of  VEGF-A 
with a high affinity[6]. The inhibition of  VEGF with beva-
cizumab has been shown to result in tumor reduction of  
colon cancer in xenograft models and acts in synergy with 
chemotherapy[7]. The addition of  bevacizumab to 5-FU-
based combination chemotherapy has been shown to 
result in a statistically significant and clinically meaningful 
improvement in survival among patients with MCRC[8-11]. 
The addition of  bevacizumab to the FOLFOX chemo-
therapy regimen, consisting of  5-FU, LV, and oxaliplatin, 
provides a statistically significant and clinically meaning-
ful improvement in OS, compared to FOLFOX alone, in 
patients with advanced or metastatic disease in whom the 
disease has progressed after adjuvant chemotherapy with 
FOLFIRI (5-FU, LV and irinotecan)[12,13]. However, based 
on the inconclusive results from multicenter studies, the 
role of  bevacizumab in the treatment of  patients with a 
disease that is refractory to 5-FU, irinotecan, and oxalipla-
tin is not yet known[14-16]. 

The present retrospective study was designed to de-
termine the efficacy and safety of  bevacizumab combined 
with chemotherapy in patients with MCRC who have 
failed prior chemotherapy without bevacizumab.

MATERIALS AND METHODS
Patients
Between April 2005 and June 2010, 40 patients with 
MCRC were treated with bevacizumab plus chemotherapy 
as a second- or later-line treatment in Busan, South Korea. 
Patients who were eligible for the present study suffered 
from histologically-confirmed MCRC. Other inclusion 
criteria included an age of  at least 20 years, and a life ex-
pectancy of  > 3 mo. There were no limitations on the 
number of  prior therapies or on the Eastern Cooperative 
Oncology Group (ECOG) performance status. However, 
adequate hematologic (an absolute neutrophil count > 
1500/μL, hemoglobin > 9.0 g/dL, and a platelet count > 
75 000/μL), hepatic (bilirubin < 2.0 mg/dL and transami-
nase levels < 3 times the upper normal limit), and renal 

functions (creatinine < 1.5 mg/dL and urinary excretion 
≤ 500 mg of  protein per day) were required. 

The exclusion criteria included the presence of  clini-
cally significant cardiovascular disease, uncontrolled 
hypertension, central nervous system metastasis, major 
surgery within 6 wk, pregnancy or lactation, non-healing 
wounds, bleeding diatheses, the regular use of  aspirin 
(> 325 mg/d) or other non-steroidal anti-inflammatory 
agents, pre-existing bleeding diatheses or coagulopathies, 
the need for full-dose anticoagulation or prior bevaci-
zumab therapy. 

Treatment schedule and dosing 
Among the 40 patients in the present study, 12 patients 
received bevacizumab plus oxaliplatin-containing chemo-
therapy, 19 patients received bevacizumab plus irinotecan-
containing chemotherapy, 8 patients received bevaci-
zumab plus 5-FU and LV (FL), and 1 patient received 
bevacizumab alone. Bevacizumab plus FOLFOX or 
FOLFIRI chemotherapy was administered every 2 wk 
and consisted of  the following: intravenous (IV) oxalipl-
atin (85 mg/m2) or irinotecan (150 mg/m2) over 2 h; IV 
LV (200 mg/m2) over 2 h, followed by a bolus of  5-FU 
(400 mg/m2); and infusional 5-FU (600 mg/m2) over 22 
h, with FL repeated on day 1. The FL chemotherapy was 
administered every 4 wk [infusional 5-FU (375 mg/m2) 
over 24 h, and the IV LV (20 mg/m2)] was administered 
over 2 h for 5 d. Bevacizumab was administered intra-
venously at 5 mg/kg over 30 min to 90 min every 2 wk, 
prior to FOLFOX, FOLFIRI, or FL.

Assessment
The objective of  the present study was to evaluate the 
overall response rate (ORR), OS, progression-free sur-
vival (PFS), and toxicity of  bevacizumab in patients 
who failed prior treatment. The tumor responses were 
assessed using Response Evaluation Criteria in Solid 
Tumors guidelines[17]. Progression was defined as a 20% 
increase at the time of  disease progression. 

The toxicities were graded using the NCI Common 
Terminology Criteria for Adverse Events (version 3.0)[18]. 
Radiographic assessments were performed at baseline 
(within 4 wk before starting chemotherapy) and every 6 wk 
to 8 wk. Radiologic evaluation consisted of  a chest X-ray, 
bone scan, chest computed tomography (CT) scan, and 
abdominopelvic CT scan.

Statistical analysis
All of  the patients who received at least three dose of  
therapy were included in the PFS and OS analyses. The 
OS was defined as the time elapsed between the initiation 
of  the study therapy to the date of  death from any cause. 
The PFS was defined as the time elapsed between the ini-
tiation of  the study therapy to the date of  the progressive 
disease (PD). Patients who died without a documented 
PD were considered to have had a PD at the time of  
death. Patients who were removed from therapy for 

1105 March 14, 2012|Volume 18|Issue 10|WJG|www.wjgnet.com



toxicity without clinical or radiographic evidence of  PD 
were censored. Patients who were lost to follow-up were 
censored at the last contact date. Survival curves were es-
timated using the Kaplan-Meier method. 

RESULTS
Patient characteristics 
The median age of  the patients in the present study was 
55.5 years. Forty patients received FOLFOX, FOLFIRI 
or FL, plus bevacizumab or bevacizumab alone, as a 
therapy. The metastatic sites were primarily located in the 
liver and/or lung (45.0%). Thirty one patients had previ-
ously undergone treatment with the FOLFOX regimen, 
twenty-five had undergone treatment with FOLFIRI, 
fifteen had undergone treatment with capcitabine alone 
and six had undergone treatment with FL. Seventeen pa-
tients (42.5%) were treated with bevacizumab combined 

chemotherapy as a second-line treatment, thirteen (32.5%) 
were treated as a third-line treatment, and ten (25.0%) 
were treated as a fourth- or later-line treatment. The 
majority of  the patients were treated with Bevacizumab 
combined chemotherapy, including oxaliplatin (30.0%), 
irinotecan (47.5%), and fluoropyrimidine (20.0%). One 
patient (2.5%) was treated using bevacizumab alone, 
without the addition of  other chemotherapy regimens. 
Additional patient demographics are summarized in 
Table 1. 

Efficacy
Three patients had partial responses, resulting in an 
ORR of  7.5%. Twenty-one patients exhibited a stable 
disease (SD), and fifteen patients exhibited a PD. The 
response rates of  second-line, third-line, and fourth- or 
later-line treatments were noted in Table 2. 

The median duration of  the OS and PFS was 14.0 mo 
and 6.13 mo, respectively (Table 3 and Figure 1). The me-
dian OSs were 16.60 mo, 14.07 mo and 13.00 mo for the 
second-line, third-line and fourth- or later-line treatments, 
respectively. The median PFSs were 7.23, 7.30, and 3.87 
mo for the second-line, third-line and fourth- or later-line 
treatments, respectively.
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Table 1  Patient baseline characteristics  n  (%)

Characteristics Value

n 40
Age (yr), median (range) 55.50 (26-76)
Gender
   Male 22 (55.0)
   Female 18 (45.0)
Primary tumor location
   Colon cancer 10 (25.0)
   Rectal cancer 30 (75.0)
ECOG
   0-1 31 (77.5)
   ≥ 2   9 (22.5)
Metastatic sites
   Liver only   6 (15.0)
   Lung only   4 (10.0)
   Liver and lung only   8 (20.0)
   2 sites, including liver or lung   6 (15.0)
   2 sites, excluding liver and lung 2 (5.0)
   ≥ 3 sites   9 (22.5)
   1 site, excluding liver and lung   5 (12.5)
Number of metastatic sites
   1 site 15 (37.5)
   ≥ 2 sites 25 (62.5)
Histologic type
   Well   9 (22.5)
   Moderate   9 (22.5)
   Poor 1 (2.5)
   Unknown 21 (52.5)
Previous chemotherapy
   Fluoropyrimidine + oxaliplatin 31
   Fluoropyrimidine + irinotecan 25
   Capecitabine combined 15
   Fluoropyrimidine combined   6
Line number of bevacizumab
   2nd line 17 (42.5)
   3rd line 13 (32.5)
   4th or later-line 10 (25.0)
Chemotherapy associated with bevacizumab
   Oxaliplatin-combined 12 (30.0)
   Irinotecan- combined 19 (47.5)
   5-fluorouracil-combined   8 (20.0)
   Bevacizumab alone 1 (2.5)

ECOG: Performance status score. 

Figure 1  Curves for the overall survival, and progression-free survival in 
patients with metastatic colorectal cancer after bevacizumab combined 
chemotherapy as a second- or later-line treatment. A: Curves for the over-
all survival in patients with metastatic colorectal cancer after bevacizumab 
combined chemotherapy as a second- or later-line treatment; B: Curves for 
progression-free survival in patients with metastatic colorectal cancer after be-
vacizumab combined chemotherapy as a second- or later-line treatment.
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DISCUSSION
In colorectal cancer, the use of  bevacizumab has been 
shown to result in an improvement in survival rates and 
response rates. Bevacizumab was investigated after a ran-
domized phase Ⅱ study in combination with FL as part 
of  the first-line of  treatment of  MCRC and resulted in 
a considerable improvement in efficacy when compared 
with the FL control[9,10,14]. Based on these data, phase Ⅲ 
studies were conducted. Compared with irinotecan plus 
5-FU/LV (IFL) alone, IFL plus bevacizumab improved 
the PFS, the ORR and the OS[8]. In the TREE-2 trial, 
previously untreated patients with MCRC were randomly 
assigned to bevacizumab and one of  the three oxalipla-
tin- and 5-FU-containing regimens used in the TREE 
1 trial-(FOLFOX, oxaliplatin plus bolus 5-FU/LV, or 
capecitabine plus oxaliplatin). The bevacizumab-contain-
ing arms resulted in an improvement in the OS compared 
with the non-bevacizumab-containing groups in the 
TREE-1 study[19]. The administration of  bevacizumab 
resulted in a superior response rate, PFS and OS in the 

treatment of  MCRC in the second-line setting. Support-
ing evidence was presented by the ECOG 3200, a phase 
Ⅲ study randomizing patients who progressed after first-
line IFL to FOLFOX plus bevacizumab vs FOLFOX 
alone[12]. In the second-line setting, another study showed 
that bevacizumab plus irinotecan was an active and safe 
treatment option for patients failing oxaliplatin-based 
therapy[20]. The role of  bevacizumab in combination 
with FL as a third-line treatment was studied in a phase 
Ⅱ trial of  patients who failed irinotecan- and oxlaiplain-
based chemotherapy regimens. Based on previous study, 
the use of  third-line FL plus bevacizumab in chemore-
sistant patients is considered an ineffective treatment[14]. 
However, additional reports presented different results 
than this previous report after bevacizumab combined 
chemotherapy as a third-lime treatment. Bevacizumab 
with FOLFIRI was reported to be well tolerated and to 
be a feasible treatment in patients with heavily treated ad-
vanced MCRC[21]. Two studies evaluated the efficacy and 
safety of  bevacizumab plus FOLFIRI or FOLFOX in 
MCRC after failure with FOLFIRI and FOLFOX using a 
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Table 2  Response to treatment  n  (%)

Response Patients CR PR SD PD Unknown

Overall 40 0 (0.0) 3 (7.5) 21 (52.5) 15 (37.5) 1 (2.5)
2nd line 17 0 (0.0)   2 (13.3) 11 (64.7)   4 (23.5) 0 (0.0)
3rd line 13 0 (0.0) 1 (7.7)   6 (46.2)   5 (38.5) 1 (7.7)
4th or later-line 10 0 (0.0) 0 (0.0)   4 (40.0)   6 (60.0) 0 (0.0)

CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease.

Table 3  Analysis of survival

mOS: Median overall survival; mPFS: Median progression-free survival; median follow-up duration: From diagnosis to last follow-
up date or death date. CI: Confidence interval.

End point Median follow-up duration (range) (mo) mOS (95% CI) (mo) mPFS (95% CI) (mo)

Overall 23.87 (6.13-77.83) 14.00 (7.77-20.23) 6.13 (3.94-8.33)
2nd line 22.37 (6.13-56.10) 16.60 (3.22-29.98) 7.23 (6.45-8.02)
3rd line   20.03 (13.87-57.77) 14.07 (6.89-21.25)   7.30 (3.84-10.77)
4th and later-line   51.12 (17.87-77.83) 13.00 (4.48-21.52) 3.87 (2.78-4.95)

Table 4  Summary of the data after bevacizumab-combined chemotherapy as second- and later-line treatment in patients with 
metastatic colorectal cancer after failure of irinotecan, oxaliplatin and 5-fluorouracil

Ref. Treatment line Treatment regimen n ORR (%) Median PFS 
(mo)

Median OS 
(mo)

Giantonio et al[12] Second BV + FOLFOX4 287 22.7 7.3 12.9
FOLFOX4 285   8.6 4.7 10.8
BV 234   3.3 2.7 10.2

Yildiz et al[20] Second BV + Irinotecan-based therapy   40 20.0 6.0 14.0
Chen et al[14] Third BV + FU/LV 100   4.0 3.7   9.1
Kwon et al[21] Third BV + FOLFIRI   14 28.5 3.9 10.9
Lièvre et al[22] Second or later-line BV + FOLFIRI or FOLFOX   31 32.2 9.7 18.4
Kang et al[16] Third or later-line BV + FOLFIRI or FOLFOX   42   9.5 5.3   9.5
Park et al Second or later-line BV + FOLFIRI or FOLFOX   40   7.5   6.13 14.0

BV: Bevacizumab; FOLFOX4: Fluoropyrimidine + oxaliplatin; FOLFIRI: Fluoropyrimidine + irinotecan; FU/LV: Fluoropyrimidine + leucovorin; OS: Overall 
survival; PFS: Progression-free survival; ORR: Overall response rate.

Park LC et al . Efficacy of bevacizumab in MCRC



retrospective analysis. These studies concluded that beva-
cizumab plus FOLFIRI or FOLFOX as third-line or later 
treatment in patients with MCRC resulted in a modest 
activity and was relatively tolerable[16,22]. A summary of  
the data during bevacizumab-combined chemotherapy as 
a second- or later-line treatment in patients with MCRC 
is shown in Table 4.

In the present study, the ORR was 7.5% for all of  the 
patients, and the median duration of  the OS and PFS 
was 14.0 mo and 6.13 mo, respectively. We suggest that 
bevacizumab combined chemotherapy as a second- or 
later-line treatment is an active and tolerable treatment in 
patients with MCRC after failure to response to previous 
chemotherapy. 
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