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ARTICLE INFO ABSTRACT
Article history: Bevacizumab was the first anti-angiogenic drug to be licensed in malignant disease, based
Received 17 June 2009 on the results of a randomised trial in advanced colorectal cancer, in which the addition of
Accepted 26 June 2009 bevacizumab to chemotherapy with irinotecan plus fluorouracil/leucovorin (IFL) signifi-
Available online 28 July 2009 cantly improved tumour response, progression-free survival (PFS) and overall survival
(median 15.6-20.3 months, p < 0.001). A subsequent randomised trial of bevacizumab com-
Keywords: bined with fluoropyrimidine and oxaliplatin (FOLFOX or CAPOX) confirmed an improve-
Bevacizumab ment in PFS, but without a survival benefit, probably due to the limited duration of
Metastatic colorectal cancer bevacizumab treatment. However, in the second-line setting a randomised trial of bev-

acizumab combined with FOLFOX showed a significant improvement in survival, similar
to that observed with IFL in the first-line. A benefit from the use of bevacizumab plus che-
motherapy beyond progression remains unproven but data from non-randomised trials are
encouraging. In contrast, bevacizumab monotherapy has limited efficacy in advanced dis-
ease and currently there are no data to support maintenance monotherapy. Bevacizumab is
recognised to cause hypertension, arterial and venous thrombosis, intestinal perforation
and impairment of wound healing but can be safely used in patients undergoing surgery,
particularly when the timing of surgery is controlled. At the 2009 ASCO annual meeting,
the first adjuvant study to report its primary end-point, NSABP protocol C-08, failed to dem-
onstrate an improvement in 3-year disease-free survival from the addition of bevacizumab
to modified FOLFOX6 for resected stage II/III disease.

Health economics have unfortunately limited the universal use of bevacizumab, but it is
hoped that the future identification of predictive biomarkers may enhance the benefits and
thereby improve cost-effectiveness.

© 2009 Elsevier Ltd. All rights reserved.

1. Rationale for bevacizumab 2, include the regulation of vascular permeability and neo-

vascularisation.” Angiogenesis is critical to tumour growth
Bevacizumab is a humanised monoclonal antibody targeting and metastatic potential,? but is also thought to be an early
vascular endothelial growth factor (VEGF)-A, one of the family event in tumour development, as the transformation of a
of circulating pro-angiogenic growth factors. The actions of pre-malignant tumour to a malignant tumour, the angiogenic
VEGF-A, mediated principally via the VEGF receptors 1 and switch, involves the expression and secretion of pro-angio-
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genic factors.®> The mechanism of action of bevacizumab is
complex and unlikely to be limited to the inhibition of tumour
angiogenesis. Postulated actions include the induction of epi-
thelial cell apoptosis, sensitising tumour endothelial cells to
chemotherapy-induced apoptosis, inhibition of the VEGF-
mediated mobilisation of endothelial progenitor cells, vaso-
constriction via inhibition of nitric oxide and prostacyclin,
normalisation of tumour vasculature allowing improved che-
motherapy and oxygen delivery, immune modulation via
inhibition of dendritic cell function, counteracting chemo-
therapy and radiotherapy-induced VEGF signalling and direct
effects on tumour cells.*

2. What are the benefits of adding
bevacizumab to chemotherapy for advanced
disease?

Bevacizumab was licensed for use in metastatic colorectal
cancer (mCRC) in the United States (US) in February 2004
and in Europe in January 2005 after efficacy in the first-line
setting was demonstrated by Hurwitz et al. in a phase III ran-
domised, placebo controlled study of 813 patients treated
with irinotecan/bolus 5-fluorouracil (5-FU)/leucovorin (IFL)
plus bevacizumab or placebo. A statistically significant in-
crease in median overall survival (OS) was reported, corre-
sponding to an absolute increase in median survival of 4.7
months from 15.6 to 20.3 months (p < 0.001), with significant
increases also demonstrated in progression-free survival
(PES) and response rate (RR).”> On the basis of these results,
bevacizumab rapidly became established as a routine compo-
nent of the first-line treatment of mCRC in the US and Europe.
Since that time, globally, many thousands of patients have re-
ceived bevacizumab as part of their treatment for mCRC.
However, the magnitude of survival benefit demonstrated in
this study has not been confirmed in subsequent first-line
studies, although there has been a consistent prolongation
of PFS. Nevertheless, a meta-analysis of five randomised stud-
ies of bevacizumab, comprising 3103 patients with mCRC
demonstrated that OS as well as PFS and overall RR were in-
creased from the addition of bevacizumab to chemotherapy
(HR 0.66, 0.77 for PFS and OS, respectively; relative risk of re-
sponse 1.5)° albeit, the improvement in survival was strongly
influenced by the Hurwitz study. This meta-analysis included
two phase II studies which evaluated the addition of bev-
acizumab to 5-FU and leucovorin and which were not individ-
ually powered to detect a difference in survival, but a
combined analysis of the two studies demonstrated a statisti-
cally significant improvement in response, PFS and survival
from 14.6 to 17.9 months (HR 0.74, p = 0.008).”

The randomised phase III NO16966 study, initially de-
signed to demonstrate non-inferiority for capecitabine plus
oxaliplatin (CAPOX) compared to 5-FU and oxaliplatin (FOL-
FOX) with PFS as the primary end-point,® was modified to a
2 by 2 factorial design to evaluate the addition of bev-
acizumab compared to placebo to oxaliplatin-based chemo-
therapy.’ The study met the initial primary end-point,
demonstrating that the oral fluoropyrimidine-based regimens
were non-inferior for PFS and survival. On the other hand,
whilst the addition of bevacizumab resulted in a modest pro-

longation of median PFS (9.4 versus 8.0 months, HR 0.83;
p = 0.0023), there was no significant difference in median OS
(21.3 versus 19.9 months, HR 0.89, p = 0.077) or RR (38% with
bevacizumab or placebo). The use of second-line chemother-
apy was comparable in all arms and therefore cannot explain
the lack of a significant survival difference. Equally, the use of
first-line oxaliplatin-based (rather than irinotecan-based) reg-
imens cannot explain the lack of survival benefit, because in
the second-line setting, the addition of bevacizumab to FOL-
FOX4 results in a statistically significant survival benefit:
The Eastern Cooperative Oncology Group (ECOG) Study
E3200 randomised 829 patients with mCRC previously treated
with irinotecan and a fluoropyrimidine, to receive FOLFOX4
with or without bevacizumab, or bevacizumab monotherapy.
Median OS for patients treated with FOLFOX4, with or without
bevacizumab was 12.9, and 10.8 months, respectively, and
10.2 months for patients in the monotherapy arm.'® The haz-
ard ratios for death demonstrated a greater magnitude of ben-
efit than seen from the addition of bevacizumab to an
oxaliplatin/fluoropyrimidine doublet in the first-line
NO16966 study (0.75 and 0.89, respectively). This may be be-
cause the expected OS from chemotherapy alone in the sec-
ond line is shorter than in the first line, therefore the
beneficial effect of bevacizumab is magnified. Additionally,
the impact of subsequent chemotherapy is lessened in the
second-line setting, as fewer patients will receive further
treatment.

How can we explain the inconsistency between the two
large phase III studies in first-line mCRC? A possible explana-
tion is a comparatively longer duration of chemotherapy and
bevacizumab in the IFL trial by Hurwitz et al.’> than in the
NO16966 trial.? In the former study, treatment was continued
until disease progression or unacceptable toxicity and pa-
tients received a median of 40.4 weeks in the IFL/bev-
acizumab arm, 27.6 weeks in the IFL alone arm.” In
contrast, although patients were permitted to receive treat-
ment until progression in NO16966, the median duration of
treatment was 27.1 weeks in those treated with bevacizumab
and 25.1 in those receiving placebo, with most discontinua-
tion events occurring due to chemotherapy rather than bev-
acizumab-related toxicity.” Only 3% of patients in NO16966
received further bevacizumab with second-line chemother-
apy, therefore this reduced duration of exposure to bev-
acizumab may explain the difference in the survival
between this and the Hurwitz trial. By inference, if patients
are given a fixed duration of treatment of chemotherapy with
bevacizumab, when reintroducing the same chemotherapy it
is likely to be important to re-combine it with the anti-angio-
genic agent. Given the relatively low toxicity of bevacizumab
as a single agent, maintenance monotherapy is an attractive
option, although in the E3200 trial bevacizumab monotherapy
appeared to have limited efficacy.’® A phase II study has dem-
onstrated the feasibility of delivering maintenance bev-
acizumab in patients responding to initial treatment with
capecitabine, irinotecan and bevacizumab?®® but at present
there are no supporting phase III data. A randomised phase
III trial by the Swiss Group for Clinical Cancer Research is in
progress to evaluate maintenance bevacizumab. The impact
upon the cost-effectiveness ratio of bevacizumab will be
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determined by the degree of benefit, if any, as well as the
duration of maintenance therapy required.

Based on the randomised studies of bevacizumab added to
IFL®> and 5-FU,*>*® combination with 5-FU/folinic acid with or
without irinotecan for mCRC was not recommended by the
UK National Institute for Clinical Excellence (NICE) in a guid-
ance document issued in January 2007, due to inadequate
cost-effectiveness. A review of bevacizumab with oxalipla-
tin-based chemotherapy is in progress. Where funding for
bevacizumab is available, it remains a useful addition to first-
or second-line chemotherapy, with maximal efficacy likely
achieved by continuation until disease progression.

3. Is there a role for bevacizumab beyond
disease progression?

An effort was made to evaluate the strategy of bevacizumab
beyond disease progression in the non-randomised, observa-
tional BRIiTE study. The 1953 patients registered to the study
achieved a median survival of 25.1 months (95% confidence
interval (CI) 23.4-27.5 months). In the 1445 patients who had
documented disease progression, continuation of bev-
acizumab beyond disease progression was significantly asso-
ciated with a prolonged survival (HR 0.48; p <0.001) on
multivariate analysis. Median OS was 12.6 months in the
253 patients that had no further treatment, 19.9 months in
the 531 who had further treatment without bevacizumab
and 31.8 months in the 642 patients who received further che-
motherapy with bevacizumab.’® Within this context, receiv-
ing bevacizumab may have been an epiphenomenon or
alternatively, physicians may only have continued bev-
acizumab in those patients who had an initial favourable re-
sponse to the treatment; but in fact, the two treatment
groups were similar with regard to response rates (43.8% ver-
sus 48.1%) and PFS (8.7 versus 8.9 months), respectively.
Therefore the BRIiTE study provides suggestive but not defini-
tive data supporting the use of bevacizumab beyond disease
progression, with subsequent lines of chemotherapy. This
strategy would impact on the cost of treatment and may
not be as effective as introducing alternative growth factor
pathway modulators such as anti-epidermal growth factor
receptor (EGFR) antibodies, although these agents are now
limited to the 60% of patients with KRAS wild-type tumours
and it is likely that there will be further refinement of patient
selection, excluding mutations in BRAF and possibly PTEN.'”
Furthermore, additional data are required to determine
whether prolonged use of bevacizumab may select for resis-
tant, more aggressive clones and a rebound effect of tumour
flare following discontinuation.

4. Bevacizumab and surgery: rationale and
efficacy

Selected patients with initially unresectable mCRC may be
suitable for secondary resection, usually of liver-only metas-
tases, following down-sizing of the metastases by first-line
chemotherapy. The proportion of patients that can be con-
verted from unresectable to resectable disease varies mark-
edly between studies from 0.8% to 15% in phase III studies

of unselected mCRC'?! to 26.4% to 45% in small phase II
studies of patients with liver-only metastases.?>>® This strat-
egy allows selected patients with initially unresectable dis-
ease to undergo potentially curative surgery.?® The choice of
regimen, as for any first-line mCRC, may be oxaliplatin or iri-
notecan-based, with or without a monoclonal antibody such
as bevacizumab or cetuximab.

An analysis of clinical trials reporting resection rate in
mCRC demonstrated a correlation with RR to chemother-
apy.” In view of this, the addition of monoclonal antibodies
to combination chemotherapy may increase resection rates;
however, the actual impact of bevacizumab on radiological
RR to chemotherapy is inconsistent (Table 1). Of interest, a
retrospective histopathological study of liver resection speci-
mens demonstrated that there were fewer viable tumour cells
in the samples from patients treated with oxaliplatin-based
chemotherapy plus bevacizumab, compared to those treated
with neo-adjuvant chemotherapy alone.?® These data require
further prospective validation, ideally within the context of a
randomised study. The use of functional imaging such as 18-
FDG-PET has also been explored in small retrospective series
and appears to correlate better with the pathological re-
sponse to chemotherapy plus bevacizumab, than CT
scanning.?®*

Retrospectively collected data on resection rate within the
NO16966 study have shown similar resection rates in patients
receiving oxaliplatin-based chemotherapy with or without
bevacizumab (8.4% and 6.1%, respectively).?! These numbers
are small, but are comparable to the curative-intent hepatic
metastasectomy rate in the non-randomised First Bev-
acizumab Expanded Access Trial (BEAT) which was 7.6%.3?

In contrast, cetuximab increases the response to both
oxaliplatin®® and irinotecan-based® chemotherapies and
therefore may have a useful role added to conversion chemo-
therapy. In a randomised phase II study of cetuximab plus
FOLFOX or FOLFIRI chemotherapy in 81 patients with unre-
sectable liver-only metastases, the 75% RR (85% in patients
with wild-type KRAS) and 36% RO resection rate were encour-
aging.® In the CRYSTAL study in unselected patients with
mCRC, RR was increased from 38.7% with FOLFIRI alone to
46.9% with FOLFIRI/cetuximab (p = 0.004) in the overall study
population, with corresponding secondary resection rates of
3.7% and 7%, respectively. Complete resection (RO) was
achieved in 1.7% and 4.8%, respectively. In patients with
wild-type KRAS the difference in RR was more marked at
59.3% and 43.2% in the investigational and standard arms,
respectively.®* Similar response rates were seen in the OPUS
trial in the KRAS wild-type patient subset treated with FOL-
FOX/cetuximab versus FOLFOX alone (61% versus 37%; odds
ratio 2.54; p = 0 .011) and RO resection rates were correspond-
ingly higher in this group (9.8% versus 4.1%).>® Based on these
data, many clinicians may elect to use chemotherapy plus
cetuximab in patients with initially unresectable KRAS wild-
type disease, but as resection rates are comparable to the
NO16966 study of oxaliplatin-based chemotherapy plus bev-
acizumab,® neither antibody has a clear advantage over the
other in this group. Of note, cetuximab was recently approved
in this indication by the UK organisation, NICE. In patients
with KRAS mutations, cetuximab is not effective. As the sub-
set of patients who respond to EGFR targeted treatment is fur-
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HR for progression OS (months) HR for death (with

(with versus without

PFS/TTP

Response

Regimens (no. of patients)

Study

versus without
bevacizumab)

(months)

rate (%)

bevacizumab)

0.66 (p < 0.001)

15.6

0.54 (p < 0.001)

6.2
10.6

34.8

IFL/placebo (402)

Hurwitz et al.”

20.3

44.8

IFL/bevacizumab (411)

=0.077)

0.89 (p

=0.0023)

0.83 (p

7.3
7.7

9.3
9.4

XELOX/placebo (350)

NO16966 Saltz et al.®, Cassidy

et al.®

19.9

38

FOLFOX/placebo (351)

XELOX/bevacizumab (350)

21.3

38

FOLFOX/bevacizumab (349)

=0.0011)

0.75 (p

10.8

0.61 (p < 0.001)

4.7

8.6
22.7

FOLFOX4 (291)

E3200? Giantonio et al.*®

7.3 12.9

2.7

FOLFOX4/bevacizumab (286)

bevacizumab (243)

10.2

3.3

0.86

13.8

=0.003)

0.45 (p

5.2
9.0
7.2

5-FU/LV (36) 17

Kabbinavar et al.*?

21.5

5-FU/LV/bevacizumab 5mg/kg (35)
5-FU/LV/bevacizumab 10mg/kg (33)

16.1

24

=0.16)

0.79 (p

12.9

= 0.0002)

5.5 0.50 (p

15.2

5-FU/placebo (105)

Kabbinavar et al.*®

16.6

9.2

26.0

5-FU/bevacizumab (104)

progression-free survival; OS = overall survival; TTP = time to progression.

a Second-line mCRC.

PFS =

ther refined, the proportion of patients suitable to receive
cetuximab will be reduced, but the relative efficacy will also
be increased. Response to bevacizumab is not altered by the
presence or absence of KRAS mutations.>®

The current randomised phase III trials of bevacizumab
added to adjuvant chemotherapy are summarised in Table
2. The first to report efficacy results is the NSABP C-08 study
of adjuvant-modified FOLFOX6 with or without bevacizumab
in 2710 patients with resected stage II/IIl colon cancer, which
failed to achieve the primary end-point of a prolonged 3-year
disease-free survival (DFS).*” At a median follow-up of 36
months, the 3-year DFS was 75.5% and 77.4% in the control
and investigational arms, respectively (HR 0.89, 95% CI 0.76-
1.04, p = 0.15). In an unplanned sub-set analysis, no heteroge-
neity of treatment effect was seen in patients with stage II or
Il disease. These results cannot be explained by any excess
toxicity preventing adequate dose intensity of chemotherapy,
as the regimen was well tolerated in the adjuvant setting. In
fact, more patients treated with bevacizumab than chemo-
therapy alone received the protocol-specified oxaliplatin dose
(34% versus 27%, p < 0.01) and 5-FU dose (median 30,800 ver-
sus 29,540 mg/m?, p < 0.01) although there was no significant
difference in dose density for either agent.*® Of interest, due
to an apparent early separation of the survival curves, an
exploratory analysis was undertaken to determine the hazard
ratio for DFS at 6 monthly intervals from the completion of
maintenance bevacizumab. A significant benefit from bev-
acizumab was seen at 1-year (HR 0.6, p = 0.0004), but this ben-
efit steadily deteriorated over time. As bevacizumab was
given for a total of 12 months to patients in the investiga-
tional arm, the investigators suggested that future trials
might be designed to include longer periods of maintenance
bevacizumab,? for up to 2-3 years, although the risk of cumu-
lative toxicity could be increased by this approach. The next
adjuvant study to report is AVANT, which may confirm or re-
fute the lack of efficacy in this setting. At this time, bev-
acizumab cannot be recommended as an adjuvant following
surgery for early colorectal cancer outside the context of clin-
ical trials.

5. What are the potentially adverse effects of
bevacizumab and how can they be modified?

The rates of serious bevacizumab-related toxicities, in partic-
ular, arterial and venous thromboembolism, bleeding, hyper-
tension, proteinuria, visceral perforation and impaired wound
healing, are relatively low when administered in combination
with chemotherapy both in the phase III clinical trial set-
ting>®1° and within large expanded access studies.*>*° These
data are summarised in Table 3. The major overlapping toxic-
ity with the chemotherapy agents used in mCRC is thrombo-
embolism. A pooled analysis of five trials had suggested that
the risk of arterial thromboembolic events may be doubled
(HR 2.0, 95% CI 1.05-3.75) with bevacizumab added to chemo-
therapy in patients with advanced disease with a positive
association with prior arterial events (p < 0.001) and age >65
(p =0.01) for arterial events.*' A recent meta-analysis of 15
randomised controlled trials of bevacizumab in solid tumours
has defined the relative risk of venous thromboembolism as
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Table 2 - Current randomised phase III studies evaluating the addition of bevacizumab to adjuvant chemotherapy.

Study

Planned n (status)

Eligibility

Regimens

TOSCA (GISCAD)

ECOG E5202

AVANT (Jonsson
Comprehensive
Cancer Centre)

NSABP C-08

QUASAR2

NSABP-ECOG E5204

4100 (open)

3610 (recruitment suspended)

3450 (completed accrual)

2632 (completed accrual)

2240 (open)

2100 (completed accrual)

High-risk stage II/stage
III resected colon
cancer

Resected stage II colon
cancer

Stage III and high risk
stage II resected CRC

Stage II/III resected
adenocarcinoma of the
colon

Stage III and high risk
stage II resected CRC

Stage 1II or III rectal
cancer treated with
neo-adjuvant
chemoradiation then

surgery

Arm A: FOLFOX x 3 months

Arm B: FOLFOX4 x 6 months

High risk stage III (node positive T4 or any N2
disease) randomised to +bevacizumab

High risk (MSI and/or 18q LOH): Arm I:
mFOLFOX x 12 weeks or

Arm II: mFOLFOX/bevacizumab x 12 weeks
then bevacizumab maintenance x 24 weeks
Low risk assigned to Arm III: observation only

Arm A: FOLFOX x 24 weeks

Arm B: FOLFOX/bevacizumab x 24 weeks then
bevacizumab maintenance x 24 weeks

Arm C: CAPOX/bevacizumab x 24 weeks then
bevacizumab maintenance x 24 weeks

Arm I: FOLFOX x 24 weeks
Arm II: FOLFOX/bevacizumab x 24 weeks then
bevacizumab maintenance x 24 weeks

Arm A: Capecitabine x 24 weeks
Arm B: Capecitabine/bevacizumab x 24 weeks
then bevacizumab maintenance x 24 weeks

Arm I: FOLFOX x 24 weeks
Arm II: FOLFOX + bevacizumab x 24 weeks

1.33 (95% CI 1.13-1.56, p < 0.001), which was not dose related.
The overall incidence of grade >3 venous thromboembolism
was 7.3% (95% CI 5.0-10.5) when the analysis was limited to
the six mCRC trials.*? Of note, the rate of venous thrombosis
in the adjuvant NSABP C-08 study was 4.6% with FOLFOX and
6.3% with FOLFOX plus bevacizumab, a difference which was
not statistically significant. The rates of cardiac, cerebrovas-
cular and peripheral arterial ischaemia were also similar in
the two arms.

GI perforation is associated with both high morbidity and
mortality, therefore is of particular concern. The rate of perfo-
rations reported in randomised phase III studies in mCRC is
up to 2.3%.>%1%*3 Similarly, the reported rate was 2% in First
BEAT,** in which the site of perforation was the primary tu-
mour in 50% of patients who had not undergone previous
resection of the primary.*® Similarly, in the BRIiTE study, perfo-
rations occurred in 34/1968 patients (1.7%), a median of 2.1
months after commencing bevacizumab and having an
in situ primary tumour was a non-statistically significant risk
factor for GI perforation; 2.6% versus 1.6% in those with the
resected primary tumours. Other possible risk factors identi-
fied were acute diverticulitis, bowel obstruction, previous
abdominal or pelvic radiotherapy, intra-abdominal abscess
or abdominal carcinomatosis.*® In contrast, in the adjuvant
NSABP C-08 study, the perforation rate was 0.3% with adju-
vant FOLFOX plus bevacizumab and 0.2% with FOLFOX
alone.*® These data demonstrate that administration of bev-
acizumab is safer in patients with resected primary tumours.
Whilst the use of bevacizumab in patients with the primary

tumour in situ is not contraindicated, particular caution
should be applied, especially in those with more than one po-
tential risk factor.

The pathogenesis of perforations due to bevacizumab may
be due to impairment of visceral healing and ulceration may
be the first event: an analysis of patients treated with chemo-
therapy plus bevacizumab in the phase III randomised
CAIRO2 study reported that 4 out of 8 reported GI perforations
were at the site of ulcers and the overall rate of ulceration
(1.3%) was relatively high, leading the authors to hypothesise
that ulceration; whether gastroduodenal or tumour related,
may precede perforation.”” Of concern, 4/7 patients with gas-
tric or duodenal perforations were taking proton pump inhib-
itors (PPIs), 2 with concomitant non-steroidal anti-
inflammatory drugs (NSAIDs), suggesting that PPIs may be
less effective in protection against ulcers/perforations in this
setting. The concomitant use of corticosteroids or NSAIDs
with bevacizumab should be avoided due to the risk of peptic
ulceration.

Careful planning of the timing of surgery in relation to
chemotherapy is important to minimise the risk of complica-
tions and a minimum 4-week delay has been suggested.*®
Due to the relatively long half-life of bevacizumab,*® precipi-
tating concerns that wound-healing, bleeding, liver regenera-
tion and overall operative complication rates could be
adversely affected, in clinical trials of bevacizumab; eligible
patients are required to have completed any surgery a mini-
mum of 4 weeks before treatment. No increase in wound
healing complications in patients receiving bevacizumab
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Table 3 - Safety in Selected trials of chemotherapy plus bevacizumab for mCRC.

Study and Rate of bevacizumab-related toxicities (%)

regimen (1) Any grade  Grade > GI Grade > 3 Grade > Grade >
thrombo- 3 bleeding perforation wound healing 3 proteinuria 3 hypertension
embolism complications

Hurwitz et al.

IFL/placebo (402) 16.2 25 0.0 3.4% 0.8 2.3

IFL/bevacizumab (411) 19.4 3.1 15 placebo 0.8 11.0

Kabbinavar et al., 2005 13%

(13) bevacizumab (50)

5-FU/placebo (105) 18 3 0 - 3

5-FU/bevacizumab 18 5 2 16

(104)

N016966%°

XELOX or FOLFOX + placebo (701) 6 1 <1 <1 0 1

XELOX or FOLFOX + 10 2 <1 <1 <1 4

bevacizumab (699)

E3200"°

FOLFOX4/bevacizumab 3.4 3.4 1.0 - 0.7 6.2

(286)

FOLFOX4 (291) 2.5 0.4 0 1.8

Bevacizumab (243) 0.4 21 1.2 0 7.3

First BEAT*

Chemotherapy + - 3 2 1 1 5

bevacizumab (1914)

compared to those recieving placebo was observed in patients
commencing treatment 28-60 d after resection of their pri-
mary tumour in a combined analysis of two studies. However,
an increased rate of grade 3/4 wound-healing events was
demonstrated in patients requiring unplanned major surgery
during study treatment including bevacizumab compared to
placebo (13% versus 3.4%). This effect was observed whether
surgery was undertaken within 30d or within 31-60d of
receiving bevacizumab.*°

Impaired liver regeneration via VEGF inhibition is a poten-
tial concern with the use of peri-operative bevacizumab for li-
ver resections. However, in a prospective phase II study of
neo-adjuvant CAPOX plus bevacizumab, there was only one
case of impaired liver function and regeneration reported in
52 patients (1.9%) undergoing liver surgery.>* Similarly, Adam
and colleagues demonstrated no significant difference in
short-term liver recovery following hepatic resection in a retro-
spective analysis of patients treated with neo-adjuvant chemo-
therapy with or without bevacizumab.>? Early retrospectively
collected data have suggested that bevacizumab may protect
against oxaliplatin-induced sinusoidal dilatation®®°3, but this
requires prospective validation. Bleeding s a relatively uncom-
mon complication with bevacizumab.

6. Can EGFR monoclonal antibodies be added
to chemotherapy plus bevacizumab?

Given the emerging role for anti-EGFR antibodies in mCRC,
panitumumab was evaluated in combination with bev-
acizumab plus chemotherapy in the Panitumumab Advanced

Colorectal Cancer Evaluation (PACCE) study. This four-drug
combination resulted in increased diarrhoea, infections and
pulmonary emboli, leading to early closure of both dual inhi-
bition arms. Efficacy was also compromised; PFS was signifi-
cantly lower in the patients receiving dual VEGF/EGFR
inhibition and retrospective analysis by KRAS status failed
to explain these data, as no association was demonstrated.>*
The unexpected deleterious effect of the combination may re-
late to toxicity precipitating delays and early cessation of not
only the investigational antibody, but also the chemotherapy/
bevacizumab combination. In contrast, there was no excess
grade 3/4 toxicity reported in the investigational arm of the
phase III CAIRO2 study of CAPOX/bevacizumab, with or with-
out cetuximab in first-line mCRC, other than the expected
skin toxicity related to EGFR inhibition.>> Despite this, a sta-
tistically significant reduction in median PFS was observed
in the investigational arm compared to CAPOX/bevacizumab
alone and quality of life scores were also reduced. Of interest,
the detrimental effect was greatest in patients with KRAS
mutations, who are now known not to benefit from EGFR inhi-
bition.>® The safety concerns raised by PACCE were also not
reported in the smaller phase II Bowel Oncology with Cetux-
imab Antibody (BOND)-2 study evaluating bevacizumab plus
cetuximab, with or without irinotecan in chemotherapy-
refractory mCRC. Efficacy data according to KRAS status have
not been reported for this study.”” The cause and mechanism
of the adverse effect of combining bevacizumab with an anti-
EGFR monoclonal antibody has not been fully elucidated. As a
result of these data, dual inhibition should not currently be
considered in patients with KRAS mutations and cannot be
recommended in KRAS wild-type outside the context of a clin-



Table 4 - Efficacy Results in dual VEGF/EGFR trials.

Study, setting

Regimen (n)

Response rate

Median PFS/months

Median OS/months

All Pts KRAS KRAS All Pts KRAS KRAS All Pts KRAS WT KRAS
WT mutant WT mutant mutant
PACCE Hecht Oxaliplatin/ 46% 50% 47% 8.8 9.8 10.4 19.4 20.7 19.3
et al., >* 1st line bevacizumab/
mCRC panitumumab (413)
Oxaliplatin/ 48% 56% 44% 10.5 11.5 11.0 24.5 24.5 19.3
bevacizumab (410)
(HR 1.44, 95% (HR 1.43, 95% CI
CI 1.13-1.85, 1.11-1.83)
p =0.004)
Irinotecan/ 43% 54% 30% 10.1 10.0 8.3 20.7 Not 17.8
bevacizumab/ estimable
panitumumab (115)
Irinotecan/ 40% 48% 38% 11.9 12.5 11.9 20.5 19.8 20.5
bevacizumab (115)
(HR 1.57, 95% (HR 1.42, 95% CI
CI 0.71-3.46) 0.77-2.62)
CAIRO2 Tol CAPOX/bevacizumab/ 52.7 61.4 45.9 9.4 10.5 8.1 19.4 21.8 17.2
et al.,’® 1st line Cetuximab (377)
mCRC CAPOX/bevacizumab 50.0 50.0 59.2 10.7 10.6 12.5 20.3 22.4 24.9
(378)
p=0.49 p=0.06 p=0.03 HR 1.22 (95% p=0.30 p=0.003 HR 1.15, p=0.16 p=0.64 p=0.03
CI 1.04-1.43)
p=0.01
BOND2 Saltz Cetuximab/ 37% = = 7.3 - - 14.5 - -
et al.,”’ bevacizumab/
Chemotherapy irinotecan (43)
refractory Cetuximab/ 20% 4.9 11.4
mCRC bevacizumab (40)

WT = wild type.
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ical trial. Efficacy results from VEGF/EGFR dual inhibition tri-
als are summarised in Table 4.

fication and validation of a predictive biomarker to define the
appropriate patient group.

7. Biomarkers of efficacy and resistance

The discovery and subsequent confirmation of KRAS muta-
tions as a marker of resistance to EGFR inhibitors was one
of several observations that will contribute to the quest for
a personalised approach to cancer treatment. As yet, no mar-
ker of resistance has been identified for bevacizumab. A retro-
spective analysis of samples from the phase III study by
Hurwitz and colleagues showed that response to bev-
acizumab is not altered by the presence of KRAS, BRAF or
P53 mutations.>® However, it should not be concluded from
these data that all patients benefit from the addition of bev-
acizumab; rather that we have simply not yet identified the
relevant predictive biomarker (s).

Circulating VEGF level has been evaluated as a surrogate
marker of angiogenic activity® but the association has not
been reliably demonstrated in the clinical trial setting. Quan-
tification of circulating endothelial cells (CECs) in the periph-
eral blood has also been evaluated as a potential marker of
tumour control,®®>° but larger confirmatory studies are
required.

8. Other anti-angiogenic agents

The VEGF receptor tyrosine kinase inhibitor (TKI), valatanib,
was evaluated in a placebo-controlled randomised study,
CONFIRM 2. Of interest, the addition of valatanib to second-
line FOLFOX4 chemotherapy resulted in a modest prolonga-
tion in PFS (5.5 versus 4.1 months, HR 0.83, p = 0.026) but no
significant difference in OS (12.1 versus 11.8 months, HR
0.94; p=0.511).%° An exploratory sub-group analysis demon-
strated a significant survival benefit in patients with high
LDH, but the efficacy in this sub-group was inadequate for
licensing purposes and development in colorectal cancer
has ceased. Other agents currently in phase III testing include
the TKI, cediranib in combination with FOLFOX, the multikin-
ase inhibitor, sunitinib with FOLFIRI in the first-line setting
and aflibercept, a soluble VEGF trap, added to FOLFIRI in the
second-line setting.

9. The future of bevacizumab and VEGF
inhibition

The future use of bevacizumab in mCRC may be influenced by
whether or not predictive biomarkers, to allow selection of
patients who will attain the greatest benefit, can be identified.
More stringent patient-selection criteria will enhance the
cost-effectiveness of the drug and could further refine its role
in the metastatic disease setting. Future prospective clinical
trials will also determine whether bevacizumab added to con-
version chemotherapy improves resection rate and long-term
survival in patients with initially unresectable disease.
Whether there is a role for selected patients in the adjuvant
setting will be determined by the on-going phase III trials;
although this is again likely to be dependent upon the identi-

10. Conclusions

Bevacizumab is the first anti-angiogenic drug to be used in
metastatic colorectal cancer, and now has an established role
with predictable and generally manageable toxicities. The
true overall impact of bevacizumab on survival of patients
with this disease has been difficult to quantify, although it
seems probable that its use throughout the period of chemo-
therapy may maximise the benefit. As with many of the new
anti-cancer agents, relative cost-effectiveness has been a bar-
rier to the universal use of this agent in clinical practice and
thus the discovery of biomarkers for patient selection would
be extremely valuable.
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