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Abstract

Introduction

Aim of the study: This prospective study was conducted to evaluate the efficacy
and safety of bevacizumab a novel antiangiogenic therapy, when added to firstline irinotecan-based chemotherapy FOLFIRI (fluorouracil/folinic acid plus
irinotecan) in patients with metastatic colorectal cancer.
Patients and Methods: Eligible patients with previously untreated MCRC were
treated with the combination of FOLFIRI (irinotecan 200 mg/m2 on Day 1 +
5-fluorouracil (5-FU) 400 mg/m2 + folinic acid 400 mg/m2 on day 1 followed by
5-FU 2400 mg/m2 via 46-h infusion) + BEV 5 mg/kg on day 1, every 2 weeks.
The combination was given every 2 weeks until the occurrence of grade 3/4
toxicity or tumor progression. Tumor response and toxicity were assessed.
Results: The present study included 24 patients with previously untreated
MCRC. This study was carried out in the Clinical Oncology Department, AinShams University Specialized Hospital between february 2010 to September
2011. There were 17 males and 7 females, the median age was 47 years (range
29-68 years), with a median ECOG PS of 1. Most of the patients had metastatic
disease at initial diagnosis. The overall response rate was 37.5%. Two patients
(8.33%) achieved complete response and 7 patients (29.17%) achieved partial
response. All objective responses were evident on the first radiologic evaluation
performed after the 3 initial treatments. Six patients (25%) had stable disease and
9 patients (37.5%) had disease progression. Median PFS and OS were 7 months
and 20 months, respectively while the median duration of response was 8.2
months. Survival analysis according to the different prognostic factors was done,
it was found that responders showed significantly better OS and PFS (p=0.01).
Overall toxicity was acceptable, none of the patients discontinued treatment or
had dose reduction because of side effects or poor compliance. There were no
grade 3/4 hematologic toxicities. Non-hematologic grade 3 events were noted in
5 cases (20.83%) as severe fatigue in 2 patients (8.33%) and hypertension in 3
patients (12.5%). Importantly, we did not observe any thrombotic complications,
bowel perforation or severe bleeding other than epistaxis in 1 patient (4.17%).
Conclusions: The addition of bevacizumab to FOLFIRI as first-line treatment
in patients with mCRC improves response rate, progression free survival and
overall survival with acceptable toxicity.

The treatment of metastatic colorectal cancer (mCRC) has changed dramatically
from the 1980s, when only fluorouracil (5-FU) was available for treatment and
the median survival was at best 12 months, to a time when mCRC is considered
more of a chronic disease in which the median survival is now reported in excess
of 2 years [1].
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Newer approaches to CRC therapy have focused on targeting cellular signaling,
including the epidermal growth factor and vascular endothelial growth factor
(VEGF) pathways. Establishing a blood supply (angiogenesis) is critical to
tumor growth and progression, as evidenced by local increases in vascular
density that precede the rapid growth of transplanted tumors [2]. There are
several VEGF family members that have differential effects on angiogenesis
[3]. Bevacizumab, a humanized variant of an anti-VEGF monoclonal antibody
[4], has been approved by the U.S. Food and Drug Administration (FDA) as an
antiangiogenic cancer therapy in the treatment of colorectal, lung, and breast
cancers [5,6].
In addition to its direct antiangiogenic effects, bevacizumab may also improve
the delivery of chemotherapy by altering tumor vasculature and decreasing the
elevated interstitial pressure in tumors [7,8].
Irinotecan (CPT-11) received US Food and Drug Administration (FDA)
approval in 2002. Irinotecan inhibits the topoisomerase 1 enzyme. Normally,
topoisomerase 1 catalyzes DNA breakage, repair, and rejoining of DNA strands,
all necessary for DNA replication. Irinotecan-induced inhibition stabilizes these
breaks, leaving fragmented DNA and resulting in cell death [9].
The combined analysis of the data from two prospective phase III randomized,
controlled, multicenter, multinational clinical trials in patients with previously
untreated metastatic colorectal cancer served as the basis for U.S. and European
approval of irinotecan/ 5-FU/LV for this indication, showed median survivals
of 15.9 months versus 13.3 months, higher response rates, 36%-42% lower risk
of tumor progression and a 20%-23% lower risk of death with the irinotecan
combination than with 5-FU/LV alone [10].
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In patients with mCRC, the addition of bevacizumab to chemotherapy has been
shown to improve survival [11]. In phases 1 and 2 trials of the treatment of
colorectal cancer, the addition of bevacizumab to commonly used chemotherapy
regimens increased the response rate, the median time to disease progression,
the median duration of survival and was generally well tolerated and did
not demonstrate dose-limiting toxicity or interactions with commonly used
chemotherapy regimens [12-14].
In a large, phase III, randomized, doubleblind, placebo-controlled clinical trial
conducted by Hurwitz et al, on patients with previously untreated mCRC, the
addition of bevacizumab to irinotecan/fluourouracil/leucovorin increased
survival from 15.6 months to 20.3 months, (HR = 0.66; P < .001). The 1-year
survival rates were 63.4% and 74.3%, in favor of the bevacizumab arm.
Similarly, PFS, response rate, and duration of response were all improved [15].
Bevacizumab was also shown to produce similar benefits in OS, PFS, and RR
when combined with fluorouracil/folinic acid plus oxaliplatin (FOLFOX-4) in
the second-line setting [16].
The goal of this trial was to investigate the safety and efficacy of bevacizumab
as a novel antiangiogenic therapy when added to first-line irinotecan-based
chemotherapy FOLFIRI in patients with mCRC. The primary end points were
progression free survival and tumor response rate. Secondary end points were
overall survival, duration of response and safety.

Patients and Methods
Patient Characteristics
Patients age ≥18 and < 70 years with histologically confirmed mCRC, with
bidimensionally measurable disease, an Eastern Cooperative Oncology Group
(ECOG) performance status of 0-2 and a life expectancy of more than three
months. Adequate hematologic, hepatic, and renal function (including urinary
excretion of no more than 500 mg of protein per day) was also required.
Exclusion criteria
Included prior chemotherapy or biologic therapy for metastatic disease (adjuvant
or radiosensitizing use of fluoropyrimidines with or without leucovorin more
than 12 months before study entry was permitted), radiotherapy or surgery for
mCRC was permitted if completed ≥4 weeks before study treatment, clinically
significant cardiovascular disease, clinically detectable ascites, pregnancy or
lactation, use of full-dose anticoagulants or thrombolytics; serious nonhealing
wound, ulcer, or bone fracture; clinically significant bleeding diathesis or
coagulopathy; proteinuria >500 mg/24 hours and known CNS metastases.
Treatment Plan
The 24 eligible patients were treated with the combination of FOLFIRI (
irinotecan 200 mg/m2 on Day 1 + 5-fluorouracil (5-FU) 400 mg/m2 + folinic
acid 400 mg/m2 on day 1 followed by 5-FU 2400 mg/m2 via 46-h infusion) +
bevacizumab 5 mg/kg on day 1, every 2 weeks. Treatment with the same doses
of bevacizumab and FOLFIRI was repeated every 2 weeks until the occurrence
of grade 3 or 4 toxicity or tumor progression.
Patient evaluations
Baseline evaluations included a medical history, physical examinations,
vital signs, performance status determination, complete blood count with
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differential and platelet counts, blood coagulation variables, serum chemistry
profile and urine protein analysis tests. All the patients had a contrast-enhanced
pelviabdominal and chest CT scans, magnetic resonance imaging (MRI) of the
brain to exclude brain metastasis, before starting the treatment. After the baseline
evaluation, tumor status was assessed every 6 weeks for the first 24 weeks of
the study and then every 12 weeks for the remainder of therapy. All complete
and partial responses required confirmation at least four weeks after they were
first noted.
Toxicities were evaluated during each cycle and graded according to the National
Cancer Institute Common Toxicity Criteria (NCI-CTC) [17], version 3.0.
Treatment Response Evaluation
Radiographic response was measured by comparing each patient’s baseline CT
scans imaging performed before the initiation of therapy and serial CT scans
imaging performed every 6 weeks after starting therapy. Imaging response
criteria were defined as follows: partial response (PR) was determined if the
contrasted images showed a greater than 50% decrease in the area of enhancement
provided that the patient was stable or improved clinically. Complete response
(CR), was determined by the resolution of all measurable abnormalities on the
contrast images for any patient who also was stable and improved clinically.
Progressive disease (PD), an increase in the degree of enhancement by at least
25%, appearance of a new lesion, or deterioration in the patient’s clinical status
that was thought to be related to tumor progression. The patient was deemed to
be stable if the criteria for a partial or complete response or tumor progression
were not met.
Survival analysis
The collected data was revised, coded, tabulated and introduced to a PC using
Statistical package for Social Science (SPSS 15.0.1 for windows; SPSS Inc,
Chicago, IL, 2001). Data was presented and suitable analysis was done according
to the type of data obtained for each parameter.
-Kaplan-Meier Survival Analysis [18]: a descriptive procedure for examining
the distribution of time-to-event variables. Overall Survival was measured from
the date of entry into the study until death from any cause or last follow-up.
Progression free survival was measured from the date of entry into the study
until date of first evidence of disease progression.
-Log rank test examine the equality of survival times across groups. P value:
level of significant; P>0.05: Non significant (NS), P< 0.05: Significant (S),
P<0.01: Highly significant (HS).

Results
Patients Characteristics
The present study included 24 patients with previously untreated mCRC, 19
patients (79.17%) had colonic carcinoma, and 5 patients (20.83%) had rectal
carcinoma. The study was carried out in the Clinical Oncology Department, AinShams University Specialized Hospital between February 2010 to September
2011. Patients Characteristics are summarized in Table (1). There were 17 males
and 7 females, the median age was 47 years (range 29-68 years), with a median
ECOG PS of 1. Eleven patients (45.83%) had 1 metastatic site while 9 patients
(37.5%) had 2 metastatic sites and only 4 (16.67%) patients had 3 metastatic
sites. Most of the patients had metastatic disease at initial diagnosis, about (25%)
6 patients had received prior adjuvant chemotherapy and only 1 patient (4.17%)
of them had received radiation therapy.
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Treatment
The median duration of therapy was 18.4 weeks. Among patients with follow-up
data, 37.5% (9 patients) received oxaliplatin as second line therapy and 4.17% (1
patient) underwent metastatectomy of liver metastasis after the study treatment
ended.
Tumor response
All patients were available for response evaluation. The overall response rate
was 37.5%, two patients (8.33%) out of the 24 patients achieved complete
response while 7 patients (29.17%) achieved a partial response. All objective
responses were evident on the first radiologic evaluation performed after the 3
initial treatments. In addition, 6 patients (25%) had stable disease and 9 patients
(37.5%) failed to respond to treatment with disease progression Table (2).

Survival analysis
Median PFS and OS were 7 months and 20 months, respectively for the entire
study patients population while the median duration of response was 8.2 months,
Fig.(1,2). Survival analysis according to the different prognostic factors was
done, it was found that responders showed significantly better OS (18.5 m vs
14 m for non responders, P=0.01) and PFS (7.5 m vs 5 m for non responders,
P=0.01), Fig.(3,4).

Table 1: Demographic and clinicopathological characteristics
of the study patients.
Characteristics

No.

%

Age

<40
≥ 40

3
21

12.5
87.5

Gender

Male
Female

17
7

70.83
29.17

ECOG PS

Scale 0
Scale 1
Scale 2

6
15
3

25
62.5
12.5

Histologic type

Adeno¢a
Mucinous Adeno¢a

21
3

87.5
12.5

Site of cancer

Colon
Rectal

19
5

79.17
20.83

Site of metastasis

Visceral metastasis
Liver
Lung
Non visceral
metastasis
Bone
LNs

19
5

79.17
20.83

6
11

25
45.83

11
9
4

45.83
37.5
16.67

Prior adjuvant cancer therapy chemotherapy
Radiation

6
1

25
4.17

Median duration of metastatic disease (mo)

8.2

No. of metastatic sites

1
2
3

Fig 1: Median PFS of the whole study patients population.

Fig 2: Median OS of the whole study patients population.

Table 2: Response rates among study patients.
Response

No.

%

OR (CR+PR)

9

37.5

CR

2

8.33

PR

7

29.17

SD

6

25

PD

9

37.5
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Fig 3: Comparative PFS between responders and non responders
among study patients.
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In a phase III study conducted by Hurwitz et al, on 813 patients with previously
untreated metastatic colorectal cancer, they randomly assigned 402 to receive
irinotecan, bolus fluorouracil, and leucovorin (IFL) plus bevacizumab (5 mg/kg,
every two weeks) and 411 to receive IFL plus placebo. A higher and impressive
survival benefit was seen. This combination increased median survival from
15.6 months to 20.3 months, corresponding to a 34% reduction in the hazard of
death (P=0.0001). Similar increases occurred in progression-free survival (6.2
v 10.6 months; hazard ratio, 0.54; P=0.0001), response rate (34.8% v 44.8%;
P=0.0036), and duration of response (7.1 v 10.4 months; hazard ratio, 0.62;
P =0.0014). The 1-year survival rates were 63.4% and 74.3%, in favor of the
bevacizumab arm [1].
Fig 4: Comparative OS between responders and non responders among
study patients.
Treatment toxicity
The twenty four patients received 4-10 doses of treatment (median 8). Overall
toxicity was acceptable, none of the patients discontinued treatment or had dose
reduction because of side effects or poor compliance. There were no grade
3/4 hematologic toxicities. Importantly, we did not observe any thrombotic
complications, bowel perforation or severe bleeding other than epistaxis in
1 (4.17%) patient. Two cases (8.33%) of transient grade 3 non-hematologic
toxicities (severe fatigue) were reported. Three patients (12.5%) developed
hypertension and they were ultimately controlled with antihypertensive
medication, and no patient required removal from study or dose reduction for
this toxicity. Treatment-Related toxicities are summarized in Table (3).
Table 3: Treatment-Related toxicities among study patients population.
Adverse Effect

Anemia

Neutropenia

Thrompocytopenia
Epistaxis

Hypertension
Fatigue

Grade 1

Grade 2

-

-

2

Grade 3

3

3

Grade 4

-

-

3

-

-

1

2

2

-

Diarrhea

2

3

Nausea/Vomiting

3

2

-

-

-

-

-

Discussion
In the past 20 years, great advances have been made in the treatment of advanced
colorectal cancer, increasing survival from 6 months to over 2 years. However,
among patients diagnosed with mCRC, the 5-year survival rate is, on average,
only 8% [19].
The results of several trials add to a growing body of data demonstrating that
bevacizumab, a humanized monoclonal antibody against VEGF, provides
important clinical benefit when added to first-line chemotherapy for the treatment
of mCRC. When compared with FU/LV alone, the addition of bevacizumab
prolonged median survival by 3.7-4.7 months, progression-free survival by 3.7
months, and response duration by 2.4 months, and increased the response rate
by 11% [20, 21] .
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In April 2004, following US Food and Drug Administration approval of
bevacizumab (Bev), the BICC-C a phase III trial was amended to compare
FOLFIRI with bevacizumab (FOLFIRI_Bev) with mIFL with bevacizumab
(mIFL_Bev), 117 patients were randomly assigned to either FOLFIRI_
bevacizumab (Bev; n=57) or mIFL_Bev (n=60). With a median follow-up of
34.4 months, overall survival was significantly greater for patients who received
FOLFIRI_Bev (median 28.0 months) when compared with mIFL_Bev (median,
19.2 months; P =0.037; HR for death _ 1.79; 95% CI, 1.12 to 2.88). The
proportion of patients alive at 1-year was 87% for the FOLFIRI_Bev treated
group and 61% for mIFL_Bev. They demonstrated that FOLFIRI_Bev conferred
a significant survival benefit when compared with mIFL_bevacizumab [22].

Consistent with the previous higher results, two prospective observational
cohorts of patients in whom populations were treated with chemotherapy at
the physician’s discretion (irinotecan-, oxaliplatin-, 5-FU–, or capecitabinebased) in combination with bevacizumab, in order to monitor the safety profile
of bevacizumab. Each study registered over 1,900 patients starting in 2004,
with multinational (First BEAT [Bevacizumab Expanded Access Trial]) and
US-based (BriTE [Bevacizumab Regimens: Investigation of Treatment Effects
and Safety]) populations [23,24]. The First BEAT investigators reported an
OS of 22.7 months and PFS of 10.8 months [23] whereas the BRiTE study
demonstrated an OS of 27.1 months and PFS of 10.1 months [25].
At the same time, three small studies of bevacizumab plus 5-FU/LV were all
negative but with trends showing improvements in PFS and OS. Median OS
increased from 14.6 to 17.9 months (P=0.0081), while PFS increased from
5.6 to 8.8 months (P=0.0001) [26]. This was a particularly important study to
assess any potential benefit of bevacizumab for patients who are not suitable
for irinotecan or oxaliplatin treatment, demonstrating a role for bevacizumab
without adding significant toxicity.
In the current study, it was found that the addition of bevacizumab in a dose of
5 mg/kg to first-line chemotherapy FOLFIRI resulted in an objective response
rate (CR+PR) of 37.5% as 2 patients (8.33%) out of the 24 patients achieved
complete response while 7 patients (29.17%) achieved a partial response and
resulted in a median PFS and OS of 7 months and 20 months, respectively,
with a median duration of response of 8.2 months. The responding patients had
an improved OS and PFS compared with the non responding patients (P=0.01).
We reported a slightly inferior survival outcome and objective response rate than
that reported in BICC-C trial, Hurwitz et al. study, First BEAT and BRiTE study,
and this was attributed to factors that resulted in this inferior outcome such as
inclusion of more than half of our study population with 2-3 metastatic sites,
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inclusion of about 12.5% of patients with poor performance status, the relatively
small number of the study patients and lastly the relatively short follow-up
period.
Hurwitz et al. used the dose of 5 mg/kg for bevacizumab and reported that grade
3/4 adverse events were common, occurring in 84.9% of those patients in the
bevacizumab arm, mostly attributed to leukopenia, diarrhea, and hypertension.
Venous thromboembolic disease occurred in over 10% of patients. Bleeding was
uncommon. Gastrointestinal perforation was seen in 1.5% of the patients [15].
In the BICC-C study, side effects including grade 3/4 nausea and vomiting (10%)
and febrile neutropenia (5.4%) and 12.5% risk of grade 3/4 hypertension were
found in the FOLFIRI/bevacizumab arm [27].
Reported toxicities for the First BEAT study including less than 6% grade 3
or higher toxicities (eg, hypertension and bleeding) [24]. The BRiTE cohort
reported 16.4% hypertension requiring medication, as well as less than 3% GI
perforation and hemorrhage [25]. Additionally, the long-term safety results of
bevacizumab (continuous therapy for 12 months or more) from the BRiTE study
found no new serious adverse events compared to patients on shorter courses.
This provides some security for patients on long-term treatment [28].
In the current study we did not observe any thrombotic complications or severe
bleeding other than epistaxis in only 1 patient (4.17%). There were no grade
3/4 hematologic toxicities. Grade 3 non-hematologic toxicities included; 2 cases
(8.33%) of fatigue and another 3 cases (12.5%) of hypertension and they were
ultimately controlled with antihypertensive medication, and no patient required
removal from study or dose reduction for this toxicity.
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Conclusions
The addition of bevacizumab to irinotecan-based regimen FOLFIRI an
infusional schedule of FU as first-line therapy for metastatic colorectal cancer
conferred a clinically meaningful and statistically significant improvement in
overall survival, progression-free survival, and response rate with acceptable
toxicity. These results suggest that bevacizumab plus FOLFIRI therapy should
be considered the preferred standard option for the initial treatment of metastatic
CRC. However, Larger phase III randomized controlled studies comparing
bevacizumab plus irinotecan with other treatment protocols are warranted so that
the efficacy can be assessed properly especially in the setting of newly diagnosed
patients, where the largest effect on overall survival would be expected.
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