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Background: The combination of bevacizumab with fluorouracil-based chemotherapy is a standard first-line treatment
option in metastatic colorectal cancer (MCRC). We studied the efficacy of continuing or reintroducing bevacizumab in
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Patients and methods: In this phase Ill study, patients with mCRC treated with fluoropyrimidine-based first-line
chemotherapy plus bevacizumab were randomized to receive in second-line mFOLFOX-6 or FOLFIRI (depending on first-
line regimen) with or without bevacizumab. The primary end point was progression-free survival. To detect a hazard ratio
(HR) for progression of 0.70 with an & and g error of 0.05 and 0.20, respectively, 262 patients were required.

Results: In consideration of the results of the ML18147 trial, the study was prematurely stopped. Between April 2008
and May 2012, a total of 185 patients were randomized. Bevacizumab-free interval was longer than 3 months in 43% of
patients in chemotherapy alone arm and in 50% of patients in the bevacizumab arm. At a median follow-up of
45.3 months, the median progression-free survival was 5.0 months in the chemotherapy group and 6.8 months in the
bevacizumab group [adjusted HR=0.70; 95% confidence interval (Cl) 0.52-0.95; stratified log-rank P =0.010].
Subgroup analyses showed a consistent benefit in all subgroups analyzed and in particular in patients who had continued
or reintroduced bevacizumab. An improved overall survival was also observed in the bevacizumab arm (adjusted
HR =0.77; 95% CI 0.56-1.06; stratified log-rank P = 0.043). Responses (RECIST 1.0) were similar in the chemotherapy
and bevacizumab groups (17% and 21%; P = 0.573). Toxicity profile was consistent with previously reported data.
Conclusions: This study demonstrates that the continuation or the reintroduction of bevacizumab with second-line chemo-

therapy beyond first progression improves the outcome and supports the use of this strategy in the treatment of mCRC.

Clinical Trials.gov number: NCT00720512.
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introduction

The combination of bevacizumab, a monoclonal antibody that
inhibits the vascular endothelial growth factor (VEGF), with
fluoropyrimidine-based chemotherapy is an effective treatment
for metastatic colorectal cancer (mCRC), and it represents a
standard option in the first-line setting [1-4] and in second-line
in bevacizumab-naive patients [5].

The prolonged treatment with bevacizumab by continuing
the inhibition of VEGF beyond first-progression has a strong ra-
tionale. Indeed, several preclinical data demonstrated that
VEGEF is continuously expressed during tumor growth and it
continues to be expressed throughout tumor progression, facili-
tating tumor angiogenesis, even if secondary signaling pathways
emerged [6]. Data from preclinical models also demonstrated
that longer exposure to anti-VEGF monoclonal antibodies lead
to delayed tumor growth and extended survival in established
tumors [7].

This concept was also evaluated in the clinical setting and the
results of two non-randomized observational cohort studies
(BRiTE and ARIES) showed a correlation between the use of
bevacizumab beyond progression to first-line therapy and a sub-
stantial improvement in overall survival (OS) in advanced colo-
rectal cancer patients [8, 9].

To determine the potential benefits of the continuation (beva-
cizumab interruption from <3 months) or reintroduction (bevaci-
zumab interruption from more than 3 months) of bevacizumab
after the first progression in patients with mCRC, two rando-
mized trials were designed and conducted: the ML18147 trial and
the BEBYP trial.

The ML18147 trial was an international multicenter trial that
rapidly accrued a total of 820 patients who had interrupted beva-
cizumab from <3 months. Results were recently published [10]
and demonstrated a significant improvement in progression-free
survival (PES) and OS continuing bevacizumab plus second-line
chemotherapy.

The BEBYP trial is an Italian multicenter trial that studied
also patients who had interrupted bevacizumab from more than
3 months.

patients and methods

study design

The BEvacizumab BeYond Progression (BEBYP) trial was a prospective, ran-
domized, open-label, multicenter, phase III study conducted in 19 Italian
centers. Patients with unresectable, histologically confirmed colorectal adeno-
carcinoma with progressive disease (PD) after or during first-line therapy with
fluoropyrimidine, FOLFIRI or FOLFOX plus bevacizumab, or more than
3 months after the last dose of FOLFOXIRI plus bevacizumab, were randomized
to receive a second-line chemotherapy with or without bevacizumab. The ori-
ginal study design required a total of 262 patients to detect a hazard ratio (HR)
for PFS of 0.70 in favor of the bevacizumab-containing arm. Accrual started
on April 2008, but the trial was interrupted prematurely on May 2012, due to
two main reasons: the first one was due to the announcement of the ML18147
study results that showed a survival improvement by the continuation of beva-
cizumab beyond progression; thus, we considered unethical to continue enrol-
ling patients in the BEBYP trial that had a very similar design. The second
reason was the very slow accrual rate of the trial. Indeed, we had problems in
bevacizumab supply because of the limitations of AIFA grant, and therefore,
the costs of the drug were charged to participating centers.

The study was approved by the ethics committees of all participating
Institutions and it was conducted in full accordance with the Declaration of
Helsinki and adhered to Good Clinical Practice Guidelines. All patients pro-
vided written, informed consent.

Patients were randomized 1:1 to receive a second-line chemotherapy alone
(standard arm) or in combination with bevacizumab (experimental arm)
using a centralized web-based system and a minimization algorithm.
Stratification factors were Eastern Cooperative Oncology Group Performance
Status (ECOG PS, 0 versus 1-2), chemotherapy-free interval (> versus <3
months) and the second-line chemotherapy regimen (FOLFIRI versus
mFOLFOX-6). The choice of second-line chemotherapy was made by the
investigators on the basis of the first-line chemotherapy administered.

patient eligibility

Patients were eligible if they had PD after or during first-line chemotherapy
with fluoropyrimidine, FOLFIRI, FOLFOX plus bevacizumab or after at least
3 months from the last dose of first-line FOLFOXIRI plus bevacizumab. The
other eligibility criteria were the following: histological diagnosis of
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colorectal adenocarcinoma, age between 18 and 75 years, ECOG PS of 0-2,
unresectable and measurable metastatic disease according to RECIST criteria
version 1.0, adequate hematological, hepatic and renal functions, life expect-
ancy longer than 3 months, urine dipstick for proteinuria <2+, at least
6 weeks from prior radiotherapy and 4 weeks from surgery. Patients were not
eligible if they presented at least one of the following conditions: pregnancy
or lactation, severe intestinal malabsorption (due to bowel obstruction,
history of inflammatory enteritis or extensive intestinal resection), symptom-
atic peripheral neuropathy, presence or history of brain metastases, past or
current history of malignancies other than colorectal cancer, active uncon-
trolled infections, active disseminated intravascular coagulation, clinically
significant cardiovascular disease, uncontrolled hypertension, active uncon-
trolled bleeding, coagulopathy, serious non-healing wound, use of therapeut-
ic anticoagulation, history of thromboembolic or hemorrhagic events within
6 months before treatment.

treatment

Patients received FOLFIRI or mFOLFOX-6 with or without bevacizumab
according to the randomization arm. Chemotherapy was continued until a
total of 12 cycles (or more upon investigator’s judgment for the best interest
of patient), PD, unacceptable toxicities or patient’s refusal. Bevacizumab was
continued until PD, unacceptable toxicities or patient’s refusal.

Toxicity assessment was carried out before each cycle and adverse events
(AEs) were graded according to the National Cancer Institute Common
Toxicity Criteria version 3.0.

statistical analysis

The primary end point of the study was PFS to second-line treatment.
Considering that a second-line chemotherapy alone in mCRC patients
achieved a median PFS of ~4 months [5] and in order to demonstrate an HR
for PES of 0.70 in favor of the experimental arm, corresponding to an in-
crease in the median PFS from 4.0 to 5.7 months, with a two-sided a-error
of 0.05 and a power of 80%, we estimated the need to observe a total of 249
events. Assuming an accrual time of 24 months and a further minimum
follow-up time of 12 months, we required to enroll a total of 262 patients. As
previously specified, the accrual was interrupted prematurely after the enroll-
ment of 185 patients.

PFS was defined as the time from the randomization until the first docu-
mentation of objective disease progression or death due to any cause, which-
ever occurred first. PFS was censored on the date of the last follow-up
information for patients who were alive and progression-free at the time of
the analysis.

Secondary end points were OS, response rate (RR) and safety profile. OS
was calculated from the date of randomization to the date of death due to
any cause. The assessment of response was done according to RECIST cri-
teria version 1.0 with a computed tomography (CT) scan of the chest and
abdomen, repeated every 8 weeks until PD. Response and progression evalu-
ation was based on investigator-reported measurements, subsequently con-
firmed by an independent, not blinded, central review. The centrally
confirmed RR and PFS were reported in the manuscript. Survival curves
were estimated by the use of the Kaplan-Meier method and compared with
the stratified log-rank test, taking into account ECOG PS, chemotherapy-free
interval and second-line regimen. Adjusted HRs and corresponding 95% CIs
for PFS and OS were estimated with the Cox proportional hazard regression
model. The median period of follow-up was calculated for the entire study
cohort according to the reverse Kaplan-Meier method. Responses and toxi-
cities were compared by the use of y* test or Fisher’s exact test when appro-
priate. Subgroup analyses of PFS were carried out by means of interaction
test to determine the consistency of the treatment effect according to key
baseline characteristics. All efficacy analyses were carried out on an
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intention-to-treat basis. All statistical tests were two sided, and P-values of
0.05 or less were considered to be statistically significant. No adjustment for
multiple comparisons was made.

This study is registered in ClinicalTrials.gov with the number NCT00720512.

results

patient characteristics and treatment

Between 8 April 2008 and 11 May 2012, a total of 185 patients
were randomized; 184 patients (92 in the standard arm and 92
in the experimental arm) were evaluable for the intention-to-
treat analysis because one patient was erroneously randomized
twice (supplementary Figure S1, available at Annals of Oncology
online).

Patients’ characteristics were well balanced between the two
arms with the exception of a slight imbalance in sex and age
(Table 1). The median first-line PFS was 10.9 and 10.3 months
in the control and experimental arms, respectively, and the
chemotherapy-free interval was longer than 3 months in 66% of
patients in both groups. Bevacizumab-free interval resulted
longer than 3 months in 43% of patients in the control arm and
in 50% in the experimental arm (Table 1).

With regard to the second-line chemotherapy, 66% and 34%
of patients in both arms received FOLFOX and FOLFIRI, re-
spectively. The type of second-line chemotherapy, chosen by
investigators on the basis of the first-line treatment adminis-
tered, is showed in supplementary Table S1, available at Annals
of Oncology online.

activity and efficacy

After a median follow-up of 45.3 months, the number of events
for PFS was 182 (99%). A significant improvement of PES in

Table 1. Patients’ characteristics

Characteristics CT (92 patients) CT + BV

(%) (92 patients) (%)

Age, median (range) 66.5 years (38-75) 62 years (38-75)
Sex (M/F) 75125 57/43
ECOG PS 0/1/2 82/17/1 82/16/2
Sites of disease (single/multiple) 24/76 24/76
Liver-only metastases 15 13
KRAS® (wt/mut/NA) 36/32/33 32/40/28
BRAF* (wt/mut/NA) 64/3/33 65/7/28
First-line CT

Fluoropyrimidine 4 1

FOLFIRI 58 59

FOLFOX 25 24

FOLFOXIRI 13 16
First-line PFS, median 10.9 months 10.3 months
CT-free interval >3 months 66% 66%
BV-free interval >3 months 43% 50%

*Centralized analysis.

ECOG PS, Eastern Cooperative Oncology Group Performance
Status; wt, wild-type; mut, mutated; NA, not applicable; CT,
chemotherapy; PFS, progression-free survival; BV, bevacizumab.
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the experimental arm was observed. The median PFS was
5.0 months with chemotherapy alone and 6.8 months with bev-
acizumab plus chemotherapy (adjusted HR=0.70, 95% CI
0.52-0.95; stratified log-rank P = 0.010) (Figure 1).

Data from subgroup analysis for PFS were consistent with
those of the overall population. In particular, patients who con-
tinued bevacizumab beyond progression (bevacizumab-free
interval <3 months) or those who had reintroduced bevacizu-
mab after progression (bevacizumab-free interval >3 months)
had a similar benefit (Figure 2).

With regard to secondary end points, our results demon-
strated that the continuation or reintroduction of bevacizumab
beyond progression did not significantly increase RR neither
disease control rate. Overall, RR was 17% in the standard arm
and 21% in the experimental arm (P =0.573), disease control
rate was 58% and 70%, respectively (P =0.124), as reported in
Table 2.

The number of events for OS was 82 and 81 in the standard
and experimental arms, respectively. The median OS was 15.5
months with chemotherapy alone and 14.1 months with bevaci-
zumab plus chemotherapy because of curves intersection, but
the adjusted HR=0.77 (95% CI 0.56-1.06; stratified log-rank
P =0.043) was in favor of the experimental arm (Figure 3).

safety

One hundred and eighty-three patients received at least one
cycle of second-line therapy and were evaluable for safety. One
patient in arm B did not receive any cycles of second-line treat-
ment due to early deterioration of PS. The median number of
cycles of treatment was 8 (range 1-19) in the standard arm and
9 (range 1-13) in the experimental arm. No differences in terms
of any grade (93% versus 94%), grade 3-4 (43% versus 44%)
and serious (7% versus 7%) AEs were observed between the two

1.0 7

© o o
~ o ®
1 1 1

Progression-free survival probability
o
o
1

0.0 -

arms. One toxic death due to central nervous system ischemia
occurred in the bevacizumab group.

The incidence of bevacizumab-related toxicities, in particular
hypertension, bleeding and proteinuria, was higher in the experi-
mental arm, even if this difference was not statistically significant
and grade 34 toxicities did not differ between the two arms (sup-
plementary Table S2, available at Annals of Oncology online).

subsequent anti-cancer therapy

At least one subsequent anti-cancer therapy was received by
75% and 73% of patients in the standard and the experimental
arm, respectively. Only few patients received a further treatment
containing bevacizumab (1% versus 4%). Fifty percent of
patients in the control arm and 32% of patients in the experi-
mental arm received a subsequent therapy containing cetuxi-
mab or panitumumab.

discussion

We designed the present trial of second-line chemotherapy with
or without bevacizumab to verify the potential benefit of the
continuation or reintroduction of bevacizumab after first progres-
sion in patients with mCRC who had received a first-line
chemotherapy plus bevacizumab. Results demonstrate that the
continuation or reintroduction of bevacizumab with second-line
chemotherapy improves PFS (primary end point), with a median
PFES of 6.8 months in the bevacizumab group and 5.0 months in
the chemotherapy group (adjusted HR = 0.70; 95% CI 0.52-0.95;
stratified log-rank P =0.010). Subgroup analyses for PFS were
consistent with the primary findings in all subgroups. Even if the
median OS in the bevacizumab group was slightly inferior than
the median OS in the chemotherapy group (14.1 versus 15.5
months) due to curves intersection, an adjusted HR = 0.77 (95%

— Chemotherapy alone (n=92)
------- Bevacizumab and chemotherapy (n=92)

Adjusted hazard ratio 0.70 (95% CI 0.52—0.95)
P=0.010 (stratified log-rank test)

Number at risk

Chemotherapy alone 92 36
Bevacizumab and 92 49
chemotherapy

12 18 24 30

Follow-up time (months)

4 1
9 1 0 0

-
o

Figure 1. Kaplan-Meier analysis of progression-free survival comparing patients treated with chemotherapy alone (green line) versus patients treated

with bevacizumab and chemotherapy (blue line).
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Factor n HR P*
Gender

Female 63 0.65 0.487
Male 121 0.81

Age

<64 92 0.70 0.808
>64 92 0.76
Perfomance status

0 150 0.71 0.639
1-2 34 0.85

| line PFS

<10 months 82 0.57 0.259
>10 months 102 0.81

CT-free interval

<3 months 62 0.67 0.729
>3 months 122 0.74

BV-free interval

<3 months 96 0.68 0.588
>3 months 86 0.80

Sites of clisease

Multiple 140 0.59 0.025
Single 44 1.31

Metastatic site

Liver only 26 1.27 0.136
Other 158 0.66

Il line CT

FOLFIRI 61 0.83 0.470
mFOLFOX-6 122 0.66

*Test of interaction

Bevacizumab and
chemotherapy better
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0.5 1 1.5 2 2.5

Chemotherapy
better

Figure 2. Subgroups analysis of progression-free survival. CT-free, chemotherapy-free; BV-free, bevacizumab-free; I line PFS, first-line progression-free

survival; II line CT, second-line chemotherapy.

CI 0.56-1.06; stratified log-rank P =0.043) in favor of the experi-
mental arm was observed. Safety profile was coherent with
previously reported data confirming a good safety profile for con-
tinuing or reintroducing bevacizumab after first progression.

The role of the continuation of bevacizumab after first progres-
sion was also evaluated in the randomized phase III trial ML18147
[10]. In this trial, a total of 820 patients with mCRC progressing
up to 3 months after discontinuing first-line bevacizumab plus
chemotherapy were randomly assigned to second-line chemother-
apy with or without bevacizumab. The OS (primary end point)
was significantly improved with bevacizumab plus chemotherapy,
achieving a median OS of 11.2 versus 9.8 months with chemother-
apy alone (HR=0.83; 95% CI 0.71-0.97; log-rank P=0.0211).
The continuation of bevacizumab with second-line chemotherapy
improved also PFS (HR=0.67; 95% CI 0.58-0.78; log-rank
P <0.0001). On the basis of these results, bevacizumab has been
recently approved by the American and European regulatory
agencies in combination with second-line fluoropyrimidine-irino-
tecan- or fluoropyrimidine-oxaliplatin-based chemotherapy in
mCRC patients who have progressed on a first-line bevacizumab-
containing regimen.

Table 2. Response rate according to RECIST v1.0 criteria

CT CT +BV
(n=92) (%) (n=92) (%)

Complete response (CR) 1
Partial response (PR) 20
Opverall response rate (RR)* 21
Stable disease (SD) 49
Disease control rate (DCR) 70
Progressive disease 29
Not evaluable 1

*P=0.573.

CT, chemotherapy; BV, bevacizumab.

The main limitations of the BEBYP trial are the low statistical
power due to small sample size and the slow accrual rate, which
probably might explain the intersection between OS curves
(Figure 3). Nevertheless, this study could demonstrate an
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1.0
— Chemotherapy alone (n=92)
— Bevacizumab and chemotherapy (n=92)
0.8
Z Adjusted hazard ratio 0.77 (95% CI 0.56—1.06)
% P=0.043 (stratified log-rank test)
Q
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Follow-up time (months)
Number at risk

Chemotherapy alone 92 82 56 34 16 7 1 1 0 0
Bevacizumab and 92 79 52 38 28 15 9 5 1 0
chemotherapy

Figure 3. Kaplan-Meier analysis of overall survival comparing patients treated with chemotherapy alone (green line) versus patients treated with bevacizumab

and chemotherapy (blue line).

improvement in PFS and OS with a magnitude similar to the
ML18147 trial. In terms of absolute values, our trial achieved
better results in both arms compared with the ML18147 (median
PES of 5.0 and 6.8 months in the BEBYP trial versus 4.1 and 5.7
months in the ML18147 trial; median OS of 15.5 and 14.1 versus
9.8 and 11.2 months, respectively; RR of 17.5% and 21% versus
4% and 5%, respectively). A possible explanation for this differ-
ence might be the different inclusion criteria between the two
trials and patients’ general conditions. In the ML18147 study,
patients who had interrupted bevacizumab for more than 3
months were excluded and patients with PS 0 were ~43%,
whereas in our study, patients who had reintroduced bevacizu-
mab after more than 3 months were 43% in the chemotherapy
group and 50% in the bevacizumab group and those with PS 0
were 82% in both arms.

The results of both trials, BEBYP and ML18147, show a
smaller benefit in continuing bevacizumab if compared with the
results of the two observational trials, BRITE and ARIES [8, 9].
This difference is probably due to the potential biases of the ob-
servational trials.

The biological concept of benefit associated with continuing
angiogenesis inhibition after disease progression is also supported
by the results from two recent trials, the VELOUR and the
CORRECT trial. In the phase III VELOUR study [11], aflibercept
(an antiangiogenic recombinant fusion protein that blocks the ac-
tivity of VEGFA, VEGFB and PIGF) was added to FOLFIRI treat-
ment in patients who had tumor progression to oxaliplatin-based
first-line treatment. Aflibercept improved outcomes to almost the
exact extent as bevacizumab in the ML18147 study, independent-
ly of whether patients had received bevacizumab in first-line treat-
ment or not [12]. In the CORRECT trial [13], treatment with
regorafenib (an orally administered multikinase inhibitor with
potent inhibitory activity on VEGFR-1, VEGFR-2 and VEGFR-3)
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was beneficial in patients with mCRC progressing after receiving
all approved standard treatments, included bevacizumab.

The concept of continuing angiogenesis inhibition beyond a
first-line containing bevacizumab has been recently strengthened
also by the announcement of positive results of the phase III study
RAISE evaluating the combination of ramucirumab with second-
line FOLFIRI. Although all the limitations of our study, first of all
its premature interruption and the small sample size, we can con-
clude that the BEBYP trial results support the idea that a strategy
of continuing to inhibit angiogenesis beyond first progression can
improve the outcome of mCRC patients treated in first line with
chemotherapy plus bevacizumab without a significant worsening
of toxicities. Furthermore, the BEBYP results could suggest that
also the reintroduction of bevacizumab with second-line chemo-
therapy in patients who had a discontinuation of more than
3 months might be beneficial. This strategy has a cost, but we think
that it is important to consider globally the additional benefit
of the combination of bevacizumab with first-line chemotherapy
and then with maintenance therapy and then with second-line
therapy. In this view, in our opinion, this strategy is cost-effective.
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