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Abstract
Background
Since its approval in 2004 for the treatment of metastatic colorectal cancer (mCRC), multiple studies have been
conducted with the objective of better defining the use of bevacizumab within and beyond the metastatic setting. This
review aims to summarize the data on the clinical applications and nuances of bevacizumab in the management of CRC.
Principal Findings
Bevacizumab can prolong survival in patients with metastatic disease, but is not beneficial in the adjuvant setting.
Bevacizumab may be considered as part of peri-operative treatment for carefully selected patients undergoing resection
of liver metastases. Bevacizumab added to neoadjuvant chemoradiation for localized rectal cancer demonstrates
promising activity and safety, but this is investigational.
Conclusions/Significance
The decision to use bevacizumab in the management of CRC requires careful consideration of the patient and clinical
context. Given the cost as well as toxicities of bevacizumab, it is important for oncologists to know how to use this drug
judiciously in order to ensure patient safety and quality of life in addition to improving survival.
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INTRODUCTION
In recent years, CRC incidence and mortality have declined in North America and Western Europe as a result of better
screening strategies and more effective therapies. 1 However, there are still 150 000 new cases diagnosed each year. 2
The management of metastatic colorectal cancer (mCRC) has evolved substantially over the past decade with the
introduction of new chemotherapy combinations and biologic agents. Bevacizumab (Bv) is a recombinant humanized
monoclonal antibody targeting vascular endothelial growth factor-A (VEGF-A). 3 It was first approved by the FDA for
clinical use in the management of mCRC in 2004. Since then, Bv has also been approved for other advanced
malignancies including non-squamous non-small cell lung cancer, glioblastoma, renal cell carcinoma and HER-2
negative breast cancer. Investigators are also exploring the potential of Bv to enhance outcomes in CRC beyond the
metastatic setting. The objective of this review is to summarize the data on the clinical applications and nuances of Bv
in the management of CRC.
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METASTATIC DISEASE: PRIMARY THERAPY
In 2004, a phase III study comparing irinotecan and bolus weekly 5-fluorouracil/leucovorin (IFL) with or without Bv for
the first-line treatment of mCRC revealed, in 813 patients, striking improvements in all study endpoints. 4 Median
overall survival (OS; 20.3 vs. 15.8 months, HR 0.66, P < 0.001), median progression-free survival (PFS; 10.6 vs. 6.2
months, HR 0.54, P < 0.001), objective responses (44.8% vs. 34.8%, P = 0.004) and median response duration (10.4 vs.
7.1 months, HR 0.62, P = 0.001) were all significantly increased with the addition of Bv. This study led to the approval
of Bv by the United States Food and Drug Administration (FDA) for use in the first-line treatment of mCRC.
Bv has also been shown to be active in combination with the more contemporary regimen of infusional 5-fluorouracil
(5FU), leucovorin (LV) and irinotecan (FOLFIRI) in the first-line setting. The BICC-C trial initially randomized
patients to FOLFIRI, modified bolus 5FU/LV and irinotecan (mIFL) or capecitabine and irinotecan (CapeIRI) with an
additional randomization to celecoxib or placebo. 5 Following FDA approval of Bv, the protocol was amended to
compare FOLFIRI + Bv with mIFL + Bv; CapeIRI was not evaluated with Bv because of unacceptable toxicity. The
most recent update from this study reported superior OS outcomes with FOLFIRI + Bv compared to to mIFL + Bv (28
vs. 19.2 months, HR 1.79, P = 0.037); however, this was a retrospective analysis. Objective and complete response rates
for FOLFIRI + Bv vs. mIFL + Bv were similar at 57.9% vs. 53.3% and 5.3% vs. 5.0%, respectively. 6
In another retrospective study, Bv also improved outcomes when combined with oxaliplatin-based chemotherapy. The
Three Regimens of Eloxatin Evaluation (TREE) studies followed a design analogous to that of the BICC-C study.
TREE-1 reported improved response rates, time to treatment failure (TTF), time to progression (TTP), median and 1year OS with infusional 5FU, LV and oxaliplatin (mFOLFOX6) compared to bolus 5-fluorouracil, leucovorin and
oxaliplatin (bFOL) and capecitabine/oxaliplatin (CapeOx). In TREE-2, Bv was added to each of these regimens and the
dose of capecitabine in the CapeOx regimen was lowered given a grade 3/4 toxicity rate of 67% in TREE-1. The
addition of Bv improved OS when the TREE-2 and TREE-1 cohorts were compared: 23.7 vs. 18.2 months. The highest
overall response rates and median survival were observed with mFOLFOX6 + Bv at 52% and 26.1 months,
respectively.7
A prospective trial examining the efficacy of Bv with oxaliplatin regimes was not as successful. On NO16966, a phase
III trial of 1 401 patients were first randomized to either FOLFOX4 or capecitabine/oxaliplatin (XELOX) then to Bv or
placebo. 8 While progression-free survival (PFS) was significantly greater with the addition of Bv to both regimens (9.4
vs. 8.0 months, HR 0.83, P = 0.0023), the improvement in OS did not attain statistical significance (21.3 vs. 19.9 months,
HR 0.89, P = 0.077). Objective response rates were virtually equivalent between the Bv and placebo groups; 47% and
49% by investigator assessment, and 38% for both groups according to the independent review committee. When the
FOLFOX and XELOX groups were evaluated separately, there was no difference in PFS, survival or response rate.
Protocol compliance was an issue with this study; the investigators noted that upon the development of oxaliplatin
neurotoxicity, many patients discontinued therapy completely instead of continuing the fluoropyrimdine and Bv as
recommended in the protocol. As a result, only 29% of patients on Bv discontinued therapy as a result of disease
progression compared to 47% of patients receiving placebo.
The addition of Bv to first-line FOLFOXIRI (infusional 5FU, LV, oxaliplatin and irinotecan) has been evaluated in
phase II study with noteworthy results. 9 The objective response rate was a reported 77%, including complete responses
in 12% of patients. The remaining 23% of patients had stable disease. Median PFS and OS were 13.1 and 30.9 months,
respectively. In phase II and III studies conducted by the same group of investigators, FOLFOXIRI without Bv has
previously been reported to produce an objective response rate of 60-72% and median PFS and OS times of 9.8-10.8
months and 22.6-28.4 months, respectively. 10,11
The combination of Bv with fluoropyrimidines only is also an acceptable first-line option for patients unable to tolerate
irinotecan or oxaliplatin. Two randomized phase II studies demonstrated significant improvements in PFS and time to
progression, as well as higher response rates and trends to longer median OS with Bv and weekly bolus 5FU/LV
compared to 5FU/LV alone. 12,13 Of note, these studies demonstrated that even patients with poorer risk features such as
a median age ≥65 years, ECOG > 0 and serum albumin ≤3.5 mg/dL stand to benefit from this regimen. A pooled
analysis of these trials with the data from the phase III trial by Hurwitz, et al. 4 (including the 5FU/LV + Bv cohort)
revealed statistically significant improvements in median survival (17.4 vs. 14.6 months, HR 0.74, P = 0.008), PFS (8.8
vs. 5.6 months, HR 0.63, P≤0.0001), and response rates (34% vs. 25%, P = 0.019) with the combination of Bv/5FU/LV
in previously untreated patients with mCRC. 14 Combining Bv with capecitabine, with or without mitomycin C, has also
been shown to significantly improve PFS (8.5 vs. 5.7 months, HR 0.63, P < 0.001) but not OS or response rates. 15
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Is Bevacizumab more Useful with Irinotecan or Oxaliplatin?
The Bevacizumab Expanded Access Trial (BEAT) was an observational cohort study examining the patterns of use,
efficacy and safety of Bv combined with standard first-line chemotherapies for mCRC. 16 The most commonly used
chemotherapy regimens were FOLFOX (29%), FOLFIRI (26%), capecitabine/oxaliplatin (18%) and monotherapy
(16%). Median time to progression, PFS and OS for the entire cohort of 1 441 patients were 11.3, 10.8 and 22.7 months,
respectively. Breakdown by chemotherapy regimen showed that outcomes were comparable when Bv was combined
with any of these doublet regimens. Median time to progression ranged from 11.2-12 months and PFS ranged from
10.8-11.6 months. Median OS for FOLFOX, FOLFIRI and capecitabine/oxaliplatin was 25.9, 23.7 and 23 months,
respectively.
Although the BEAT results must be interpreted in the context of the non-controlled setting of an observational study, the
similarities in survival times from the various randomized phase III studies support the notion that Bv combined with
oxaliplatin or irinotecan are equivalent in efficacy. However, it has been argued that the degree of benefit gained by
combining Bv with oxaliplatin is less than that with irinotecan. In the Hurwitz, et al. study, median PFS and OS were
each improved by approximately 4.5 months, and the objective response rate increased by 10% with the addition of Bv
to IFL. 4 The BICC-C and TREE studies did not include direct comparisons between Bv-containing and non-Bvcontaining chemotherapy regimens. Thus, the only randomized trial comparing oxaliplatin-based chemotherapy with or
without Bv was the NO16966 study. While the improvement in PFS with Bv was statistically significant, the difference
was only 1.4 months, and there was no difference in response rates or OS. 8
There have been no head to head trials comparing FOLFOX + Bv with FOLFIRI + Bv that might shed further light on
these differences. At the present time, both regimens are considered acceptable for the first-line therapy of mCRC and
are endorsed by the National Comprehensive Cancer Network (NCCN) guidelines. 17,18

Combining Bevacizumab with Anti-EGFR Therapies
Cetuximab and panitumumab are monoclonal antibodies targeting the epidermal growth factor receptor (EGFR). Both
of these agents are FDA approved for the management of KRAS wild-type mCRC. Based on preclinical data showing
that inhibition of EGFR signaling can decrease expression of pro-angiogenic factors 19 and that acquired resistance to
therapy with an anti-EGFR antibody therapies may occur through upregulation of angiogenesis, 20 several clinical trials
were conducted to determine whether combining Bv with cetuximab or panitumumab would improve outcomes in
mCRC.
The first of these was the BOND-2 study which was a randomized phase II trial comparing therapy with
cetuximab/Bv/irinotecan vs. cetuximab/Bv in 83 patients with irinotecan-refractory mCRC. 21 The study demonstrated
that combined monoclonal antibody therapy was safe and feasible, although the frequency of grade 3 acneiform skin
rash appeared to be higher then previously documented. In an exploratory analysis of efficacy, the three-drug compared
to two-drug combination tended to improve response rates (37% vs. 20%), time to progression (7.3 vs. 4.9 months) and
median survival (14.5 vs. 11.4 months).
Subsequently, two randomized phase III studies were performed evaluating combined anti-EGFR agents with Bv and
standard chemotherapy for the first-line treatment of mCRC. The Panitumumab Advanced Colorectal Cancer Evaluation
(PACCE) study was a community based phase IIIB trial evaluating the contribution of adding panitumumab to Bv and
either oxaliplatin/5FU/LV or irinotecan/5FU/LV containing chemotherapy. 22 The study enrolled a total of 1 053 patients,
823 and 230 of whom were allocated to oxaliplatin and irinotecan-based chemotherapy, respectively, based on the
preference of the treating physician. Primary endpoints for the oxaliplatin and irinotecan chemotherapy cohorts were
median PFS and safety, respectively. Secondary endpoints were response rates, OS and safety. At the first planned
interim analysis, a significantly worse PFS was observed in the panitumumab vs. control arm among patients in the
oxaliplatin chemotherapy cohort (8.8 vs. 10.5 months, HR 1.44, P = 0.004). Similarly, median PFS was lower in the
panitumumab vs. control arm in the irinotecan cohort (10.1 vs. 11.9 months). A higher frequency of pulmonary emboli
as well as grade 3/4 dermatologic toxicities, nausea, vomiting, diarrhea, hypomagnesemia and infections were observed
on the panitumumab vs. control arm. As a result of these observations, panitumumab was discontinued. However,
updated analyses of the data showed continued trends towards inferior outcomes in the panitumumab containing arms.
Median OS was worsened with the addition of panitumumab in the oxaliplatin cohort (19.4 vs. 24.5 months) and was
unchanged (20.7 vs. 20.5 months) in the irinotecan cohort. An exploratory analysis of KRAS mutation status did not
reveal any consistent patterns, although patients with mutated KRAS appeared to do much worse with combined therapy.
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Similar findings were noted in the CAIRO2 study which evaluated capecitabine/oxaliplatin/Bv with or without
cetuximab. 23 Progression-free survival was significantly worse with the addition of cetuximab (9.4 vs. 10.7 months, P =
0.01). The frequency of grade 3/4 toxicities was also greater with cetuximab (81.7% vs. 73.2%, P = 0.006) and was
reflected in the significantly lesser degree of improvement in quality of life and global health status compared to the
control arm. Median OS, response and disease control rates did not differ between the cetuximab and control arms.
Several noteworthy findings from subgroup analyses were also reported: 1) Patients with KRAS mutated tumors had
considerably shorter PFS and OS when treated with cetuximab; 2) Women treated with cetuximab experienced a shorter
PFS compared to the control arm; 3) The grade of dermatologic toxicity showed a significant positive correlation with
PFS in patients treated with cetuximab, although the PFS in patients with grade 3 events was ultimately similar to that of
patients on the control arm.
The inferior results observed with dual inhibition of EGFR and VEGF mediated signaling were surprising given the
compelling preclinical rationale. Several considerations may account for this. In the PACCE study, the intensity and
consistency of drug exposure were diminished in the panitumumab arms, likely as a result of toxicity. 14 Thus,
inadequate treatment might be one explanation for the poorer outcomes. Another explanation might be a negative
interaction between cetuximab and Bv. The authors of the CAIRO2 study reported a lower frequency of hypertension, a
purported marker of Bv activity, 24 on the cetuximab arm which is consistent with this hypothesis. It is likely that
combined anti-EGFR and anti-VEGF therapy induces other downstream mechanistic changes that may account for these
findings, but have yet to be elucidated. Taken together, dual antibody therapy is more toxic, is associated with shorter
survival outcomes and cannot be recommended as a therapeutic strategy in mCRC.

Is there a role for Bevacizumab Maintenance Therapy?
Previously, the paradigm for the management of mCRC was to continue therapy until disease progression and/or
unacceptable toxicity. The OPTIMOX1 study 25 popularized the concept of “stop-and-go” therapy in which period of
“induction” chemotherapy (ie. FOLFOX) is followed by “maintenance” with selected components of the original
induction regimen (ie. 5FU/LV). This approach was shown to spare patients from cumulative oxaliplatin neurotoxicity
without compromising survival outcomes. Given that Bv is frequently included in the front-line treatment of mCRC, the
benefit of Bv as maintenance therapy has been a subject of interest.
The MACRO study was a randomized phase III non-inferiority study comparing continuous therapy with Bv +
capecitabine/oxaliplatin (XELOX) vs. 6 cycles of Bv + XELOX followed by maintenance Bv monotherapy until disease
progression. 26 The results, which were presented at the 2010 Annual ASCO Meeting, did not demonstrate any
statistically significant differences in median PFS, OS and response rates between the arms, although the argument for
non-inferiority was questioned. 27 The frequency of grade 3/4 hand-foot syndrome and neurotoxicity were two and threefold higher, respectively, among patients who received continuous Bv + XELOX than in those who received
maintenance Bv, resulting in a decreased quality of life. Thus, while the toxicities of continuous Bv + XELOX are not
acceptable, there is a concern that maintenance therapy with single agent Bv may compromise outcomes.
Consideration may be given to combining maintenance chemotherapy with Bv. The phase III Combined Oxaliplatin
Neurotoxicity Prevention Trial (CONcePT) compared continuous FOLFOX/Bv with an intermittent schedule of
oxaliplatin added and removed every 8 cycles. 28 Patients randomized to the intermittent oxaliplatin arm received a
maintenance regimen of Bv and infusional 5FU/LV. The study was also originally designed to assess the
neuroprotective effect of calcium and magnesium infusions. Although the study was prematurely terminated due to
initial concerns of inferior outcomes among patients receiving calcium and magnesium, a significant improvement in
time to treatment failure was observed on the intermittent oxaliplatin arm compared with continuous FOLFOX/Bv (5.6
vs. 4.2 months, HR 0.58, P = 0.0025). In addition, PFS was also lengthened on the intermittent compared to continuous
schedule (12 vs. 7.3 months, HR 0.53, P = 0.048) although the analysis was limited by the small number of patients and
events. Thus, Bv can be included as part of a fluoropyrimidine maintenance regimen.

Bevacizumab as Part of Second-Line and Third-line Therapy
The Eastern Cooperative Oncology Group (ECOG) E3200 study randomized 829 patients with mCRC whose disease
had progressed on fluoropyrimidine/irinotecan based chemotherapy to Bv alone, FOLFOX4 alone or FOLFOX4 + Bv. 29
Compared to FOLFOX4, the combination of FOLFOX4 + Bv produced a statistically significant improvement in
median OS (12.9 vs. 10.8 months, HR 0.75, P = 0.0011), median PFS (7.4 vs. 4.7 months, HR 0.61, P < 0.0001), and
response rates (22.7% vs. 8.6%, P < 0.0001). The median OS, PFS and response rate with Bv monotherapy was 10.2
Published by Sciedu Press
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months, 2.7 months and 3.3%, respectively. The median OS reported with Bv alone is thought to have been influenced
by post-progression therapy.
Combining Bv with second-line FOLFIRI for the treatment of oxaliplatin-refractory mCRC also appears to be beneficial.
A retrospective, single-institution study reported an objective response rate of 23.5% as well as median PFS and OS of
approximately 8.3 and 21.7 months, respectively. 30
More recently, the phase II BEVACOLOR trial evaluated the efficacy of Bv with second-line irinotecan or oxaliplatinbased chemotherapy in patients who had progressed after first-line treatment with irinotecan or oxaliplatin-based
therapy. 31 The objective response and disease control rates were 32% and 87%, respectively. The median PFS and OS
were 6.5 and 19.3 months, respectively. Grade 3/4 Bv-related toxicities occurred in 9% of patients and included
hypertension, venous and arterial thromboemboli. There were no treatment-related deaths.
Bv has also been evaluated in the third-line setting with 5FU/LV in patients who have progressed on both oxaliplatin
and irinotecan. 32 Responses were observed in 4% of patients, and median PFS and OS were 3.5 and 9 months,
respectively. Similar results were noted in a retrospective analysis of patients re-treated with either FOLFOX + Bv or
FOLFIRI + Bv after having progressed on both FOLFOX and FOLFIRI. 33 Of note, 9.5% of patients had a partial
response and 52.4% experienced stable disease. The median PFS and OS times were 5.3 and 9.5 months, respectively.
While the partial response rate achieved in this study was noteworthy in view of previously documented disease
refractoriness to all active chemotherapy agents, retreatment with the same agents is a less likely choice nowadays given
the availability of anti-EGFR therapies for KRAS wild-type patients.

Continuing bevacizumab after progression in the first-line setting
Preclinical studies suggest that the effects of anti-angiogenic agents on tumor vasculature are time dependent and that
continuous administration is necessary to maintain a suppressive effect.34,35 Though prospective data showing supporting
the continuation of Bv beyond disease progression are not available, retrospective observational studies suggest that the
aforementioned hypothesis translates into clinical benefit.The Bevacizumab Regimens: Investigation of Treatment
Effects and Safety (BRiTE) was an observational cohort study that documented the outcomes of 1 445 patients who
progressed on first-line Bv containing therapy and were subsequently treated with: 1) no further therapy (17.5%); 2)
post-progression therapy without Bv (36.7%); 3) post-progression therapy with Bv (44.4%).36 The study showed that
patients who received Bv beyond progression experienced the longest survival (31.6 months) compared to those who did
not get Bv beyond progression (19.9 months) or no further therapy (12.9 months). Post-progression Bv containing
therapy remained significantly associated with survival beyond progression (HR 0.49, P < 0.001) on multivariate
analysis adjusting for pre and post-treatment, patient and site-specific variables. Despite this suggestion of benefit, the
conclusions of the BRiTE study have been strongly challenged. 37,38 Although the authors did attempt to adjust for
patient and disease-related factors that might have independently influenced survival as well as the decision on whether
or not to administer Bv beyond progression, this cannot fully overcome the biases inherent in an observational cohort
study design. Such a design also limits our ability to draw conclusions about the long-term safety of Bv. Although
hypertension was the only side effect that was reportedly increased in the Bv beyond progression group, the
investigators submitted that patients selected to continue Bv may also have been less susceptible to developing adverse
events in the first place. 29 Furthermore, the mechanism of action of Bv in humans on tumor cells and their
microenvironment in the context of prior exposure to Bv is unknown, and so a clear scientific basis for this approach has
yet to be identified. 31 In view of these uncertainties, as well as the high cost of Bv, a prospective clinical trial is needed
in order to justify the use of Bv beyond progression.
Another observational cohort study evaluating the role of second-line chemotherapy and Bv is the ARIES study
presented at the 2010 Annual ASCO Meeting. 39 In contrast to the BRiTE study in which all patients had received Bv
with first-line chemotherapy, ARIES included both Bv-exposed and Bv-naïve patients on second-line therapy.
Compared to Bv-naïve patients, Bv-exposed patients exhibited a trend toward improved median OS (21.7 vs. 17.5
months) although there was no difference in PFS (7.6 vs. 8 months). However, a comparison of the profiles of Bv-naïve
vs. Bv-exposed patients revealed that Bv-naïve patients were more likely to be female, Black, > 75 years of age, and
with a history of venous thromboembolism or gastrointestinal hemorrhage. 40 These findings underscore the selection
biases that can confound the results of observational studies.
The NCCN guidelines for the management of colorectal cancer state that Bv may be considered as part of second line
therapy among selected patients who are Bv naïve. However, treatment with Bv beyond progression for previously
exposed patients is not endorsed. 15,16
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Using Bevacizumab in the Peri-operative Setting
Approximately 60% of patients with mCRC will develop liver metastases at some point during their disease course. 41 Of
these, only about 20% have surgically resectable disease at presentation. 42 Given the possibility of long term survival in
the range of 40%-60% at 5-years, 43 there is a strong rationale for trying to render unresectable disease resectable.
Improvements in systemic chemotherapy have drastically increased response rates from <20% with 5FU 34 to 60% with
FOLFOXIRI 35 and exceeding 90% with combined hepatic arterial infusion and systemic chemotherapy.36 Resection
rates with contemporary chemotherapy doublets are 10%-30%,34 36% with FOLFOXIRI 35 and 47% with hepatic arterial
infusion and systemic chemotherapy. 36
Adding Bv to today’s most potent chemotherapy combinations appears to be a feasible conversion strategy for
unresectable colorectal liver metastases. The safety and activity of this approach has been explored in several
retrospective series. In one report, perioperative Bv plus oxaliplatin and/or irinotecan based chemotherapy produced a
response rate of 66% including complete responses in 5.7% of patients. 44 Thirty percent of patients required an intraoperative blood transfusion, and post operative morbidities occurred in 42% and mainly consisted of infectious
complications as well as 2 bile leaks, 2 cases of hepatic decompensation, 1 anastomotic dehiscence, 1 small bowel
obstruction managed conservatively. Adverse events directly attributable to Bv included hypertension in 2 patients,
anaphylaxis and severe epistaxis. Four-year survival was 52.5% after a median follow-up of 2.9 years.
Several retrospective series have compared morbidity rates between patients undergoing liver resection who were treated
with perioperative Bv and those who did not. A matched case-control study from Memorial Sloan-Kettering Cancer
Center (MSKCC) reported a post-operative morbidity rate of 40.6% among patients who received Bv vs. 37.5% among
the control group (P = 1.0). 45 The most common complications were infectious in nature, including the two grade 3
abscesses requiring surgical intervention. A review from M.D. Anderson reported no significant differences in operative
morbidity between patients who received neoadjuvant chemotherapy with Bv vs. chemotherapy alone (49% vs. 43%, P=
0.22). 46 Low pre-operative serum albumin and concurrent extrahepatic surgery, but not the use of neoadjuvant Bv, were
independently associated with an increased risk of post-operative morbidity.
Despite the apparent absence of differences in morbidity between the Bv treated and control groups in the abovementioned studies, the safety of perioperative Bv remains questionable. In the MSKCC series, the frequency of
infectious complications was threefold higher in the Bv vs. control group (18.7 vs. 6.2%, P = 0.29). In the M.D.
Anderson series, the percentage of patients who developed grade 3/4 adverse events was doubled in the Bv vs. control
group (19.8% vs. 9.1%).44 Furthermore, the percentage of infectious complications was 9% in the Bv group compared
to 2% in the control group (P = 0.26). While these differences did not meet the benchmark for statistical significance,
they are certainly clinically relevant. 47 Retrospective studies must be interpreted cautiously as they are known to be
subject to biases and are inadequately powered to detect statistical significance.
Impressive results from the first prospective trial of perioperative chemotherapy and Bv have been recently reported. 48
In this multi-center single-arm phase II study, 46 poor-risk patients with unresectable colorectal liver metastases were
treated with pre and postoperative capecitabine/oxaliplatin and Bv. The objective response rate was 78%. Among those
with synchronous and nonsynchronous liver metastases, 67% and 40%, respectively, were able to undergo resection.
Three out of 4 patients who achieved a radiologic complete response remained disease-free after 18-20 months of
follow-up; the fourth relapsed with a solitary lesion after 23 months. Progression-free survival and OS at 12 months
were 50% and 86%, respectively. Two patients experienced grade 1-2 wound healing complications. Grade 3 toxicities
related to Bv included 1 gastrointestinal perforation and 2 cases each of hypertension and venous thromboembolism.
Two patients experienced grade 4 venous thromboembolic events attributable to Bv. No wound dehiscences,
hemorrhage, grade 3/4 perioperative complications or deaths were documented.
The use of perioperative Bv in an attempt to convert unresectable colorectal liver metastases to resectable disease is a
promising approach that can benefit carefully selected patients. Bevacizumab should be held for 6-8 weeks before and
after surgery to lessen the risk of bleeding and delayed wound healing. Although total perioperative complications do
not appear to be increased in experienced surgical hands, wound healing and infectious complications remain a concern.
A prospective randomized trial is needed to better answer the question of whether perioperative Bv increases operative
morbidity or not.
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BEVACIZUMAB IN THE ADJUVANT SETTING
Two large, randomized phase III studies evaluating Bv in the adjuvant setting have been completed. The NSABP C-08
study randomized 2 672 patients with resected stage II/III CRC to 6 months of mFOLFOX6 with or without 1 year of Bv
given every 2 weeks. 49 The study demonstrated no improvement in 3-year disease-free survival (DFS; 77.4% vs. 75.5%)
with the addition of Bv regardless of stage, sex, age or lymph node metastases. The investigators noted a significantly
lower hazard ratio for DFS during the first 15 months of the study (HR 0.61, P < 0.001) but not after this point (HR 1.22,
P = 0.076), suggesting a time-by-treatment effect. Recurrence rates and distribution, mortality rates, as well as survival
at 2 years following recurrence were not significantly different between the control or experimental arms, refuting the
notion that Bv might spawn the development of more aggressive disease.
The AVANT trial randomized 3 451 patients with resected stage II/III CRC to one of 3 arms: FOLFOX4 vs. FOLFOX4
+ Bv vs. XELOX + Bv. 50 Chemotherapy in all arms was administered for 6 months and Bv was given every 3 weeks for
a total of 1 year. Overall, the results were remarkably similar to those of the NSABP C-08 trial. Three-year DFS was
not improved with the addition of Bv to either FOLFOX4 or XELOX. A transient benefit was seen during the first year
of treatment with Bv which was subsequently lost. Toxicities and the duration of chemotherapy and Bv did not differ
between the control or experimental arms and were therefore not felt to have contributed to the observed findings. The
number and distribution of recurrences as well as median survival after recurrence were all similar. However, an interim
analysis of post-recurrence survival suggested a slight advantage with FOLFOX4, potentially due to cross-over to Bv.
Furthermore, early OS data suggested a detrimental trend in the Bv containing arms compared to FOLFOX4 alone. A
recent subgroup analysis of DFS according to gender, age, race, and lymph node status did not reveal any significant
differences. 51
The addition of Bv to adjuvant systemic chemotherapy has not been shown to improve DFS after resection of early stage
CRC and may even worsen outcome. No subgroups have been identified that may potentially benefit from adjuvant Bv.
The time-by-treatment effect, while intriguing, highlights our limited understanding of the activity of Bv (see Section
“Why doesn’t Adjuvant Bevacizumab Work?”), but does not support the use of Bv in this setting.
Adjuvant Bv was also studied in combination with hepatic arterial infusion (HAI) of floxuridine (FUDR) and systemic
chemotherapy in a randomized phase II trial conducted at MSKCC.52 A total of 73 patients with resected colorectal liver
metastases were randomized to six, 5-week cycles of HAI FUDR and systemic chemotherapy with or without Bv given
on days 15 and 29. Chemotherapy consisted of infusional 5FU/LV and oxaliplatin for treatment-naïve patients; those
previously exposed to oxaliplatin were treated with infusional 5FU/LV and irinotecan. The primary endpoint,
recurrence-free survival (RFS), was numerically higher at 1 (83% vs. 71%) and 4-years (46% vs. 37%) in the control
compared to experimental arm, although the difference did not reach statistical significance. Overall survival at 4-years
was comparable between the arms (85% vs. 81%, P = 0.5). Patients who received Bv experienced significantly greater
biliary toxicity compared to those who did not. This was thought to be the result of HAI FUDR-induced biliary injury
compounded by impairment of neo-angiogenesis and healing by the concurrent administration of Bv. Thus, Bv added to
adjuvant systemic and HAI chemotherapy increases biliary toxicity without improving RFS or OS following resection of
early stage CRC.

Why doesn’t Adjuvant Bevacizumab Work?
The disappointing but intriguing results of NSABP C-08 and AVANT exposed potential differences in the mechanism of
action of Bv between macrometastatic and micrometastatic CRC. These might be related to the effects of Bv on tumor
vasculature which are multi-faceted and poorly understood. One purported mechanism is disruption of angiogenesis and
vasoconstriction resulting in hypoxia. 28 Investigators have speculated that a reduction in tumor perfusion by Bv may
have caused tumor cells to enter a protective dormant state, only to “reawaken” with the removal of Bv. 43 Another
possibility is that vasoconstriction by Bv may have temporarily decreased the visibility of metastatic lesions on imaging.
43
On the other hand, Bv may have a “normalizing” effect on tumor vasculature which could theoretically lessen
intratumoral interstitial pressure, thereby improving the delivery of chemotherapy. 28,53 Furthermore, anti-angiogenic
agents also appear to have direct modulatory effects on tumor cells as well as the immune system. 28 Whether there is a
dominance of one particular vascular effect over another, as well as the contributions of non-vascular actions in the
macro-vs. micrometastatic setting is unknown. Taken together, adjuvant Bv only appears to delay, but not prevent, the
onset and/or ability to appreciate recurrent disease and should not be used in this context.
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BEVACIZUMAB AND RADIATION FOR LOCALIZED RECTAL CANCER
The recommended management of localized rectal cancer consists of preoperative concurrent chemoradiation (CRT)
with either intravenous 5FU or capecitabine followed by postoperative chemotherapy. The achievement of a pathologic
complete response (pCR) after preoperative therapy is an important predictor of improved disease-free and overall
survival. 54 With conventional fluoropyrimidine based CRT, the pCR rate ranges from 15%-27%.46 The impact of adding
Bv to preoperative therapy for rectal cancer has been reported in several recently published studies.
A two-stage single-arm phase II study of preoperative CRT (45 Gy/25 fractions) with capecitabine (825 mg/m2 BID days
1-5 of weeks 1-4 of CRT) and Bv (5 mg/kg days 1, 15 and 29) was recently closed after an interim analysis of the first 8
patients reported excessive toxicities. 55 Grade 3 intestinal bleeding, diarrhea and grade 3/4 intraabdominal/perianal pain
each occurred in 25% of patients. Two out of the 7 patients who underwent surgery experienced post-operative
complications: one had wound dehiscence and the other required additional surgery for an ileus. The pCR rate was
25%.
The combination of capecitabine (825mg/m2 BID days 1-14 and 22-35), oxaliplatin (50 mg/m2 days 1, 8, 22, 29) and Bv
(5mg/kg day -14 then days 1, 15 and 29 of CRT) concurrent with radiotherapy (50.4 Gy/28 fractions with a boost) was
evaluated in a phase II trial of 42 patients with locally-advanced or low-lying rectal cancer. 56 This regimen was better
tolerated with grade 3/4 diarrhea, pelvic pain and fatigue occurring in 24%, 10% and 10% of patients, respectively.
Ninety-two percent of patients had an R0 resection; 8% had an R1 resection. The post-operative complication rate was
63% and was most commonly due to infection (29%) followed by delayed healing (18%), anastomotic leak (16%) and
fistulae formation (8%). Eleven percent required re-operation for abscess or leak drainage. Twenty-three percent of
patients had complete regression of their primary tumor, and 18% had a pCR of both the primary and lymph node
disease.
The AVACROSS study was a phase II trial of induction XELOX + Bv followed by concurrent CRT (50.4 Gy/28
fractions with a boost) with capecitabine (825 mg/m2 BID throughout CRT) and Bv (5mg/kg day 1 of weeks 1,3 and 5)
in locally advanced rectal cancer with high-risk features on pelvic MRI. 57 Grade 3/4 diarrhea, asthenia, neutropenia and
thrombocytopenia occurred in 4%-11% of patients during the induction phase. One patient died from complications of
diabetic ketoacidosis and another from sudden death. Grade 3 toxicities during CRT included lymphopenia, tenesmus
and hypertriglyceridemia, each occurring in 2.5% of patients. There were no grade 4 toxicities. Ninety-six patients
proceeded to surgery, of which 87% had completed all planned pre-operative therapy. The pCR rate was 36% and 98%
had an R0 resection. Of note, 58% of patients had post-operative complications including infection, anastomotic leaks
and stoma complications; 24% required re-operation.
In summary, the incorporation of Bv into CRT appears to be feasible and active in selected patients, but post-operative
toxicities are high. With the exception of the AVACROSS trial, the pCR rates reported with the addition of Bv appear
similar to those achieved without Bv. A randomized phase III trial is required to determine the contribution of Bv to
fluoropyrimidinebased CRT for locally advanced rectal cancer. Until then, this approach remains investigational.

BIOMARKERS FOR BEVACIZUMAB IN mCRC
Currently, there are no validated biomarkers that can help to predict the development of toxicities and/or efficacy in
CRC patients treated with bevacizumab. However, several clinical and molecular correlates have been examined and
may prove to be of value in the future.
The development of hypertension has been correlated with improved survival in mCRC patients treated with Bv in
several retrospective studies. 58-60 This supports the hypothesis that Bv may exert its effects through vasoconstriction.
Changes in tumor enhancement and microvessel heterogeneity measured by dynamic contrast-enhanced magnetic
resonance imaging (DCE-MRI), as well as a reduction in metabolic activity on 18F-FDG-PET have also been observed
to correlate with responses to Bv in patients with mCRC. 61,62
Low expression levels of carbonic anhydrase IX, a regulator of tissue pH and a recognized poor prognosticator, have
also been associated with improved median PFS and OS. 63 In contrast, tumor VEGF and thrombospondin-2 levels,
microvessel density, KRAS and BRAF mutation status have not been shown to predict outcomes with Bv. 57,64,65 The
AVANT trial has undertaken an extensive biomarker analysis, the results of which are pending. 44 At the present time,
there are no validated clinical or molecular biomarkers that can help to predict the development of toxicities and/or
efficacy in patients treated with Bv.
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CONCLUSION
At the present time, the only established clinical role for Bv in CRC is in the first-line management of metastatic disease.
Bv can also be considered as part of second-line therapy in patients naïve to Bv. Carefully selected patients with
colorectal liver metastases may benefit from the addition of Bv to peri-operative chemotherapy. However, Bv is not
useful in the adjuvant setting. The mechanisms of action of Bv are not fully understood, and its activity in CRC appears
to be more nuanced than previously recognized. Biomarker development that can help to identify patients with favorable
outcomes on Bv and/or who are at risk for excessive toxicities should be a research priority.
Competing Interests: none
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