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tion. None of these side effects was observed in arm B pa-
tients.  Conclusion:  No statistically significant difference in 
median overall survival in patients with advanced colorectal 
cancer treated with bevacizumab plus a combination thera-
py (arm A) and those treated with the combination only, 
without bevacizumab (arm B), was observed. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Over the last years, new agents have been introduced 
for the treatment of metastatic colorectal cancer, the 
main objective being to prolong patient survival. One of 
these agents is bevacizumab (Avastin; Genetech Inc.), a 
monoclonal antibody, a diffusible endothelial-specific 
mitogen and an antibody to vascular endothelial growth 
factor (VEGF). VEGF is a secreted ligand that binds to 
specific receptors expressed by angioblasts and endothe-
lial cells  [1] . The VEGF receptor (VEGFR) family ligands, 
VEGF-1 and VEGF-2, are biologically related to angio-
genesis, and VEGF-c and D-VEGFR-3 are associated with 
lymphangiogenesis. Tumor angiogenesis is complex in 
that many cell types and factors are involved: i.e. such as 
platelet-derived growth factor, b-fibroblast growth factor, 
VEGFA, HGF, TGFa and EGF  [2] . The characteristics of 
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 Abstract 

  Objective:  The objective of this phase III trial was to compare 
chemotherapy combined with bevacizumab versus chemo-
therapy alone in the treatment of patients with advanced 
colorectal cancer.  Methods:  From September 2004 till Sep-
tember 2008, 222 treatment-naive patients were enrolled 
and divided into 2 arms: 114 arm A patients were treated with 
leucovorin, 5-fluorouracil plus irinotecan in combination 
with bevacizumab, and 108 arm B patients were treated as 
above without bevacizumab. All patients were stage IV with 
histologically confirmed adenocarcinoma.  Results:  The me-
dian overall survival of arm A patients was 22.0 months (95% 
CI: 18.1–25.9) and 25.0 months (CI: 18.1–31.9) for arm B pa-
tients. There was no statistically significant difference be-
tween the 2 arms (p = 0.1391). No statistically significant dif-
ference between the 2 arms regarding the response rate   was 
observed: partial response, 42 patients (36.8%) and 38 pa-
tients (35.2%) for arms A and B, respectively. Hematologic 
toxicity did not differ in the comparison of the 2 arms. Non-
hematologic toxicity in arm A involved hypertension in 23 
(20.2%) of the patients and proteinuria in 7 (6.1%); 3 patients 
experienced hemorrhage and 1 patient intestinal perfora-
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the tumor and its environment promote VEGF expres-
sion  [3] . VEGF is overexpressed in a good number of hu-
man malignancies and it is considered to be an important 
regulator of physiologic and pathologic angiogenesis  [4] . 
There are preclinical studies that have shown inhibition 
of human xenografts by this bevacizumab antibody. 
There are also clinical trials which have shown prolonged 
survival when bevacizumab is combined with chemo-
therapy  [5]  versus chemotherapy without bevacizumab. 
Bevacizumab decreases tumor size, improves chemo-
therapy delivery, suppresses new vessel growth and sup-
presses regrowth via the vessels’ ‘scaffolds’  [6, 7] . Small 
tumors (1–2 mm) may be avascular (dormant), whereas 
large tumors are vascular with metastatic potential  [8] . 
After a single infusion of bevacizumab alone, significant 
reductions (80%) in tumor vascular volume and density 
have been observed in clinical and preclinical models  [6, 
9] . In a number of published studies before bevacizumab 
was   applied, the results of median survival were varied 
and this was attributed to the different cytotoxic agents 
used  [10–18] . It is quite possible that the effectiveness of 
an antiangiogenic agent may not produce a response in 
every patient with metastatic disease but it may in certain 
subgroups which have a different profile based on wild-
type or mutated genes. A retrospective trial showed the 
effectiveness of bevacizumab by subgrouping colorectal 
cancer testing K-ras, b-raf and p-53 wild-type or mutant 
genes  [19] . Research has been done on antiangiogenic 
therapy biomarkers and their efficacy  [5, 20–23] .

  The aim of the present study was to compare 2 groups 
of patients with advanced colorectal cancer, treated with 
chemotherapy plus bevacizumab (arm A) and without 
bevacizumab (arm B). The primary objective of the study 
was to determine survival and the secondary objective 
the response rate and toxicity.

  Material and Methods 

 Patient Eligibility for Treatment with or without Bevacizumab 
 Eligibility for the study required histologically confirmed 

colorectal cancer classified as stage IV, including patients with 
single or multiple metastases. All patients had undergone prior 
surgery and the primary tumor was excised. Patients who had bi-
dimensionally measurable disease on physical examination, X-
rays, computed tomography, WHO performance status of 0–2, 
expected survival  6 12 weeks, adequate bone marrow reserves 
(leukocyte count  6 3,500  � l –1 , platelet count  6 100,000  � l –1  and 
hemoglobin  6 10 g/dl –1 ), adequate renal function (serum creati-
nine  ̂  1.5 mg dl –1 ) and liver function (serum bilirubin  ̂  1.5 mg 
dl –1 ) and serum transaminases  ̂  3 times of the upper limit of 
normal or  ̂  5 times the upper limit of normal in cases of liver 

metastases and age  6 18 years were eligible. Patients with a second 
malignancy were also excluded. The study was conducted in ac-
cordance with the Declaration of Helsinki and Good Clinical 
Practice Guidelines  [24]  and was approved by the hospital’s insti-
tutional ethics review board. All patients gave their informed con-
sent before entering the study.

  Study Design 
 The study was designed as a single-center phase III random-

ized trial. It was powered to detect a difference in response rate 
and survival between the 2 arms. The sample size was initially 
planned to include 200 patients (100 in each arm) with an increase 
in the number of patients if a statistical difference of 5% between 
the 2 arms, with regard to response rate and to median survival, 
was not reached.

  Treatment Plan 
 The patients were randomly assigned to arm A or arm B. Arm 

A patients were to be treated with leucovorin 200 mg/m 2 , 5-fluo-
rouracil 500 mg/m 2  plus irinotecan 135 mg/m 2  and additionally 
bevacizumab 7.5 mg per kilogram of body weight, every 3 weeks. 
Arm B patients received the same treatment without bevacizu-
mab. The treatment was given on day 1 within 4 h for the cyto-
toxic agents, plus 90 min for bevacizumab in arm A patients. The 
premedication included ondasetron 8 mg i.v. and dexamethasone
8 mg i.v. half an hour before the beginning of the treatment and 
repeated after the end of chemotherapy. The number of planned 
cycles was 8 and patients who achieved response or stable disease 
remained without treatment until disease progression. For pa-
tients with disease progression, irinotecan was replaced by oxali-
platin 135 mg/m 2 ; in both arms, the same percentage of patients 
with progressive disease was changed from irinotecan to oxali-
platin. Course delays of 1 week, due to adverse reactions, were 
permitted. Concomitant supportive therapies, such as granulo-
cyte colony-stimulating factors or blood transfusions, antibiotics 
and erythropoietic agents were allowed according to the guide-
lines of the American Association of Clinical Oncology  [25] .

  Baseline and Treatment Assessment and Evaluation 
 Before study entry, all patients underwent the following evalu-

ations: medical history, physical examination, tumor measure-
ment or evaluation, WHO performance status, ECG, full blood 
count, liver and kidney function tests and urinalysis. Staging was 
determined by chest and abdominal computed tomography, bone 
scan and occasionally magnetic resonance imaging. Blood count, 
blood urea and serum creatinine were measured before each 
treatment administration and 7 days after each course. During 
the treatment period, radiologic tests were conducted after 6 
courses or at the end of the study and after any course if the clin-
ical signs were indicative of disease progression. The disease sta-
tus was determined according to the response evaluation criteria 
in solid cancer tumors. All patients in both arms were assessed for 
toxicity according to the National Cancer Institute Common Tox-
icity Criteria, version 2.0  [25] . A complete response was consid-
ered to be the disappearance of all measurable disease confirmed 
at 8 weeks at the earliest and a partial response a 30% decrease in 
all measurable disease, also confirmed at 8 weeks at the earliest. 
In stable disease, neither the partial response nor the progressive 
disease criteria were met; progressive disease was considered to be 
a 20% increase in tumor burden and no complete response, partial 
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response or stable disease documented before increased disease 
 [26] . A 2-step deterioration in performance status, a  1 10% loss of 
pretreatment weight or increasing symptoms did not by them-
selves constitute disease progression. However, the appearance of 
these complaints was followed by a new evaluation of the extent 
of the disease. All responses had to be maintained for at least 4 
weeks and be confirmed by an independent panel of radiologists 
and oncologists.

  Statistical Design 
 The main endpoint for sample size determination was the sur-

vival rate. In order to detect a  8 difference at a 3-year time point, 
200 patients were needed so as to have 80% power at the 5% sig-
nificance level. The study was designed as a group sequential tri-
al. An interim analysis based on the O’Brien/Fleming boundary 

values was performed when 50% of the endpoint had been reached 
(100 deaths). The study would have ended prematurely if a sig-
nificant difference in survival had been detected. The randomiza-
tion of patients was performed according to the method of ran-
dom permuted blocks within strata. Dynamic balancing was per-
formed by the hospital. Pearson’s  �  2  test was used for comparisons 
of categorical variables, or Fisher’s exact test, when appropriate. 
The nonparametric Mann-Whitney test was applied for the com-
parison of continuous variables. Time-to-event analyses were 
performed where survival distribution was estimated by the Kap-
lan-Meier curve ( fig. 1 ), and treatment comparison was made us-
ing the Log-rank test. All reported p values are 2-sided. A p value 
of  ! 0.05 was considered significant.

  Results 

 From September 2004 till September 2008, 222 pa-
tients were enrolled in this single-center trial. All patients 
(114 in arm A and 108 in arm B) were evaluable for sur-
vival, response rate and toxicity. The patients’ character-
istics are shown in  table 1 , which indicates gender, age, 
disease stage, histology, performance status and the site 
of metastases.

  Response Evaluation 
 The response rate is shown in  table 2 . There were no 

complete responses in either of the 2 arms. In arm A, par-
tial remission was achieved in 42/114 patients (36.8%) and 
in arm B in 38/108 patients (35.2%). With regard to stable 
disease, there was no statistically significant difference 

Table 1.  Patients’ characteristics

Arm A Arm B

Patients 114 108
Age, years

Median 67 62
Range 45–82 30–87

Gender
Male 73 (64.0) 68 (63.0)
Female 41 (36.0) 40 (37.0)

Disease stage IV 114 108
Histology

Adenocarcinoma 114 108
Moderate differentiation 109 (95.6) 105 (97.2)

Performance status
0–1 85 (74.6) 78 (72.2)
2 29 (25.4) 30 (27.8)

Site of metastases
Liver only 53 (46.5) 51 (47.2)
Lung only 12 (10.5) 8 (7.4)
Abdominal only 6 (5.3) 4 (3.7)
Multiple 43 (37.7) 45 (41.7)

Figures in parentheses are percentages.
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  Fig. 1.  Kaplan-Meier survival distribution curve.   

Table 2.  Response rate

Arm A Arm B

Total number of patients 114 (100) 108 (100)
Complete response – –
Partial response 42 (36.8) 38 (35.2)
Stable disease 50 (43.9) 50 (46.3)
Progressive disease 22 (19.3) 20 (18.5)

Figures in parentheses are percentages.
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between the 2 arms: 43.9 and 46.3% in arms A and B, re-
spectively. No statistically significant difference was 
found between the 2 arms with respect to disease pro-
gression and response duration.

  Survival Time 
 The median follow-up period was 36 months and the 

range 12–72 months. The survival time for arm A pa-
tients was 22 months (95% CI: 18.1–25.9) and of arm B 
patients 25.0 months (95% CI: 18.1–31.9) ( table 3 ). No sta-
tistically significant difference was determined (Log-
rank test p value = 0.1391).

  Toxicity 
 The toxicity results are shown in  table 4 . Hematologic 

toxicity (leukopenia, anemia and thrombocytopenia) 
was observed and was similar in patients of both arms; 
one third of the patients had leukopenia and anemia. 
Thrombocytopenia was quite rare (4/114, 3.5%, and 
5/108, 4.6%, in arms A and B, respectively). Nonhemato-
logic toxicity differed between the 2 arms with regard to 
4 side effects: hypertension was detected in 23/114 (20.2%) 
of the arm A patients treated with the combination with 
bevacizumab, proteinuria in 7/114 patients (6.1%) and 
hemorrhage in 3/114 (2.6%); 1 patient with abdominal 
spread of the disease and intestinal infiltration died from 
enteric perforation. Nausea/vomiting, diarrhea and as-
thenia were similar in both arms.

  Discussion 

 The present study has shown no statistically signifi-
cant difference in survival between the 2 arms. It is worth 
mentioning that no patient in arm A continued bevaci-
zumab treatment after cytotoxic treatment had been 
stopped. In other words, no bevacizumab maintenance 
treatment was given. According to another trial, the over-
all survival was 25.1 months and the median survival of 
the group treated with bevacizumab beyond progression 
was 31.8 months, while in the group without bevacizum-
ab beyond progression the median survival was 19.9 
months  [23] . Maintenance treatment is still under inves-
tigation. It is questionable whether an agent without a 
cytotoxic effect may prolong survival. It has been pointed 
out  [27]  that a high response rate would have suggested 
that bevacizumab is a chemotherapy-sensitizing agent 
through multiple lines of chemotherapy. By contrast, no 
increase in response rate accompanied by a prolonged 
overall survival may determine that this agent is cyto-

static  [28] . In addition, there is no evidence that bevaci-
zumab as a single agent is effective in patients with meta-
static colorectal cancer, especially in refractory tumors 
 [20] . Certain controversies have been observed in the data 
of previous studies with respect to median overall sur-
vival. A recently published study of 1,401 patients divided 
into subgroups, given bevacizumab in combination with 
oxaliplatin-based chemotherapy or oxaliplatin-based 
chemotherapy combined with a placebo, showed no sta-
tistically significant difference and no superiority of the 
group that received bevacizumab, p = 0.077  [21] . Only the 
progression-free survival of 9.4 months for the group that 
had bevacizumab versus 8 months for the group that had 
the placebo showed a statistically significant difference
(p = 0.0023). Two other trials, by comparison, have shown 
the statistical superiority of the bevacizumab arm  [5, 29] . 

Table 3.  Survival time (months), Log-rank test p value = 0.1391

Treatment Patients Median 95% CI

Arm A (chemotherapy with
bevacizumab) 114 22.0 18.1–25.9

Arm B (chemotherapy
without bevacizumab) 108 25.0 18.1–31.9

Total sample 222 24.0 20.4–27.6

Table 4.  Toxicity

Arm A Arm B

Hematologic
Leukopenia
Anemia
Thrombocytopenia

39 (34.2)
36 (31.6)

4 (3.5)

39 (36.1)
36 (33.3)

5 (4.6)
Nonhematologic

Nausea/vomiting 
Diarrhea 
Asthenia 
Cardiotoxicity
Nephrotoxicity
Neuropathy

40 (35.1)
17 (15.0)
29 (25.4)

–
–
–

36 (33.3)
19 (17.6)
30 (27.8)

–
–
–

Hypertension
Proteinuria
Enteric perforation
Hemorrhage
Congestive cardiac failure
Arterial thrombosis

23 (20.2)
7 (6.1)
1 (0.9)
3 (2.6)
–
–

–
–
–
–
–
–

Figures in parentheses are percentages.
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In our study the median survival of the arm which re-
ceived bevacizumab was 22 months and this is similar to 
one of the aforementioned studies  [21]  where the median 
overall survival was 21.3 months. There is another differ-
ence between our study and the one just mentioned, a 
difference that concerns the median overall survival of 
patients treated only with cytotoxic chemotherapy: our 
median survival of the arm which did not receive bevaci-
zumab was 25 months, while in the aforementioned study 
it was 19.9 months. In another study, 19.8 months was 
also achieved for the median overall survival in patients 
treated with XELOX and 19.6 months in another group 
treated with FOLFOX-4  [30] . The longer survival rate ob-
served in our trial was also reported in another study of 
342 patients. The median overall survival was also 25 
months. The responders of that study had a median sur-
vival of 30 months and the patients with stable disease 19 
months  [31] . In other words, the median survival of the 
patients with stable disease in the latter study is the same 

as was the overall median survival of other previously 
mentioned studies. With reference to stable disease and 
not progressive disease, this stability may take place while 
patients are on treatment or when they are without any 
treatment. Can this condition of stable disease be inter-
preted that there is no neoangiogenesis taking place for 
bevacizumab to have effectiveness? This   condition of dis-
ease stability could be classified as a dormant tumor  [8] . 
The study that examined such biomarkers as K-ras, b-raf 
and p-53 in relation to the treatment effect, with or with-
out bevacizumab  [19] , concluded that the survival benefit 
with the addition of bevacizumab in the treatment of 
metastatic colorectal cancer is independent of the status 
of the aforementioned biomarkers.

  No statistically significant difference was observed in 
median overall survival in patients with advanced 
colorectal cancer treated with bevacizumab plus a com-
bination therapy (arm A) and those treated with the com-
bination only, without bevacizumab (arm B).
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