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A B S T R A C T

Purpose
Patients with colorectal cancer (CRC) and liver metastases have a poor prognosis, but can benefit
from perioperative chemotherapy and disease resection. Bevacizumab improves outcomes in
patients with metastatic CRC; however, its impact on surgical complications and hepatic
regeneration after liver resection remains to be determined.

Patients and Methods
Fifty-six patients with metastatic CRC with liver metastases potentially curable by resection were
eligible for this single-center, nonrandomized phase II trial. Eligibility criteria defined patients at
high risk of early recurrence. Patients received biweekly bevacizumab plus capecitabine and
oxaliplatin for six cycles. The sixth cycle of therapy did not include bevacizumab, resulting in 5
weeks between the last administration of bevacizumab and surgery.

Results
Objective response to neoadjuvant chemotherapy was achieved in 41 patients (73%). Fifty-two
patients underwent liver resection including 11 with synchronous primary tumor resection. No
increased intraoperative bleeding events or wound-healing complications were observed and only
three patients (6%) required perioperative blood transfusions. Further surgery was necessary in a
single patient. Postoperative liver function and regeneration were normal in all but one patient. No
postoperative mortality occurred and morbidity was encountered in 11 patients (20%). The mean
length of postoperative hospitalization was 9 days (� 4.0).

Conclusion
These data suggest that bevacizumab can be safely administered until 5 weeks before liver
resection in patients with metastatic CRC without increasing the rate of surgical or wound healing
complications or severity of bleeding. To our knowledge, they are also the first to show that
neoadjuvant bevacizumab does not affect liver regeneration after resection.

J Clin Oncol 26:1830-1835. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Colorectal cancer (CRC) is a leading cause of cancer
death, with approximately 350,000 new cases re-
ported annually in Europe and the United States.1

Median survival of patients with metastatic CRC
treated with best supportive care is approximately 6
months.2 Palliative chemotherapy considerably im-
proves treatment outcome, with fluorouracil (FU)
plus irinotecan and/or oxaliplatin extending median
overall survival to approximately 20 months.3-7 Fur-
thermore, several phase II/III clinical trials in pa-
tients with metastatic CRC have demonstrated that
the addition of the novel antiangiogenic agent bev-
acizumab (Avastin; Genentech, San Francisco, CA)
to standard first-line FU-based chemotherapy regi-

mens improves overall survival, progression-free
survival, and response rates compared with chemo-
therapy alone.8-10

The liver is the most common site of metastasis
with 25% of patients presenting with liver metasta-
ses at diagnosis; an additional 25% to 45% develop
liver metastases on disease recurrence. These pa-
tients have poor prognosis, despite advances in sur-
vival with chemotherapy. Surgical resection of
liver metastases is considered the only curative treat-
ment option for patients with resectable liver metas-
tases and no extrahepatic disease11,12 and is now
an accepted practice. The current 5-year survival
rates after resection of liver metastases are 25% to
40%.13,14 Unfortunately, a large proportion of pa-
tients (approximately 80%) are considered to be
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unresectable at presentation due to extrahepatic disease involvement
or insufficient remaining healthy liver tissue.11 In addition, approxi-
mately 50% of patients experience disease recurrence which is con-
fined to the liver.15

To address this issue, there has been an increased use of chemo-
therapy before potentially curative surgery. The theoretical advantages
of preoperative chemotherapy in patients who are initially resectable
include the treatment of undetected distant microscopic metastases,
thus reducing the risk of disease recurrence after resection.16-18 Neo-
adjuvant chemotherapy may also be useful to determine chemo-
responsiveness of the tumor to help select the optimal adjuvant
therapy, as well as identify patients with particularly aggressive disease
in whom surgery would be inappropriate. Furthermore, neoadjuvant
chemotherapy is being increasingly used to downsize colorectal liver
metastases and render 10% to 30% of initially unresectable patients
potentially resectable.19

Perioperative morbidity after neoadjuvant treatment of liver me-
tastases is a major issue, especially in patients with resectable disease.
However, in the recently presented final analysis of the European
Organisation for the Research and Treatment of Cancer (EORTC)
40983 trial, postoperative morbidity was observed in 25% of patients
in the neoadjuvant chemotherapy-treated group,20 which is compa-
rable to the rate of complications seen with liver resection alone.

Bevacizumab combined with FU-based chemotherapy improves
all efficacy outcomes, including response rate, in the first-line meta-
static setting and therefore would be expected to also allow a higher
proportion of patients to become resectable. Furthermore, from its
known mechanism of action,21 bevacizumab would also be expected
to have an effect on dormant micrometastases, promoting tumor
shrinkage and inhibition of angiogenesis. However, the effects of bev-
acizumab therapy in the neoadjuvant setting are relatively unknown.

We report the results of a single-center, nonrandomized, phase II
study designed to determine the feasibility, perioperative complica-
tion rate (including blood transfusions), and potential impact on
postoperative liver regeneration with neoadjuvant capecitabine and
oxaliplatin (XELOX) plus bevacizumab in patients with potentially
curable metastatic CRC.

PATIENTS AND METHODS

Patients

The trial enrolled patients with histologically confirmed resectable CRC
liver metastases who were at high risk of early recurrence defined as one or
more risk factors according to Fong et al.15 These risk factors included: syn-
chronous liver metastases; metastatic disease developed within 1 year after
primary resection; lymph node–positive primary tumors; more than one liver
metastasis; a liver metastasis larger than 5 cm; and a positive carcinoembryonic
antigen level. Patients were also required to have an Eastern Cooperative

Oncology Group (ECOG) performance status of 0 to 1, adequate bone mar-
row reserve, and adequate renal and hepatic function.

Exclusion criteria included prior chemotherapy for metastatic disease;
prior history of bleeding diathesis or coagulopathy; clinical evidence of CNS
metastases; history of thromboembolic or hemorrhagic events within 6
months before treatment; clinically significant cardiovascular disease. All pa-
tients provided written informed consent before study entry according to
institutional regulations. The study was approved by our institutional re-
view board.

Treatment

Eligible patients received bevacizumab 5 mg/kg administered by intrave-
nous infusion and oxaliplatin was administered at 85 mg/m2 over a 2-hour
period; both agents were given on day 1 of a 2-week cycle. Capecitabine was
administered orally at a dose of 1,750 mg/m2 twice per day on days 1 through
7 of a 2-week cycle. Treatment was administered for six cycles, but the sixth
cycle of therapy did not include bevacizumab (Fig 1).

Dose Adjustments

Adverse events were evaluated according to the National Cancer Institute
Common Toxicity Criteria (CTC) version 3.0. No dose modifications of
bevacizumab were performed. If patients developed a grade 4 hematologic
and/or grade 3 or higher nonhematologic adverse event, the dose of capecit-
abine and/or oxaliplatin was reduced by 25% for all subsequent cycles. In the
case of persistent severe neurotoxicity, despite a 25% dose reduction, oxalipla-
tin was temporarily withdrawn, and maintenance therapy with capecitabine
used until recovery. In patients who developed allergic reactions or laryngeal
spasm syndrome, the duration of the oxaliplatin infusion was increased to 4 to
6 hours. Treatment was delayed for up to 2 weeks if the absolute neutrophil
count was lower than 1,500/�L or the platelet count was lower than 100,000/
�L. Subcutaneous erythropoietin was recommended for patients with hemo-
globin lower than 10 g/dL. Patients who required more than 2 weeks recovery
from an adverse reaction were excluded from this protocol.

Study Evaluations

Pretreatment evaluation included a complete medical history, physical
examination, routine hematology and biochemistry analyses, and computed
tomography (CT) scans of the thorax and abdomen to define the extent of
disease. A multidisciplinary team of oncologists, liver surgeons, and radiolo-
gists confirmed that the patient was eligible for this single-center study. After
the initial assessment, CBCs (including platelet and differential) and serum
biochemistry analyses were obtained at least once every course of treatment.
Carcinoembryonic antigen levels were assessed every 4 weeks. Subjective
symptoms, physical examination results, performance status, and all adverse
reactions were recorded before each treatment cycle according to the CTC.22

Tumor size was measured before and after the sixth cycle by CT scan or
magnetic resonance imaging. Response rate was evaluated according to Re-
sponse Evaluation Criteria in Solid Tumors by an independent radiologist.

Surgical Technique

Surgery was planned 2 weeks after the last dose of chemotherapy, result-
ing in a gap of 5 weeks between surgery and the last bevacizumab dose; patients
must have recovered from any severe adverse effects of chemotherapy. Cura-
tive liver resection was obligatory, which included the resection of all liver
metastases with a negative margin. Therapy with bevacizumab plus XELOX
was restarted 5 weeks after surgery (after complete wound healing) for another
six cycles (Fig 1).

5 weeks     XELOX
     No treatment
B = bevacizumab

5 weeks

B B B B B B B B B B BSurgeryAssessment

Fig 1. Treatment and surgery sched-
ule. B, bevacizumab; XELOX, capecitab-
ine and oxaliplatin.
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Study End Points

The primary objective of this study was to assess the feasibility of bevaci-
zumab therapy before surgery. Secondary end points included the evaluation
of potential curative resection, hepatic regeneration, morbidity, and objective
response rate. Efficacy and safety analyses were performed in all patients who
received at least one dose of study drug.

Statistical Analysis

According to the design of this proof of concept study, the primary
objective was to evaluate if the incidence of perioperative blood transfusions
would not exceed an acceptable limit of 40%, based on our experience and the
results of published studies.23,24 For a sample size of 50 patients (the number
planned to be included), an incidence of events involving at least 13 patients
(26%) would result in a 95% CI between 15% and 40%. A positive proof of
concept result was accepted if the number of patients having bleeding events
did not exceed 12 (24%), corresponding to a 95% CI of 13% to 38%.

RESULTS

From April 2005 to October 2006, 56 patients with CRC liver metas-
tases potentially curable by resection (with or without primary in situ)
were enrolled onto the study. Patient characteristics are listed in Table
1. The median age was 61.5 (standard deviation [SD] 10.5) years and
the majority (89%) of the patients had ECOG performance status 0. In
addition, a large proportion of patients had lymph-node-positive pri-
mary tumors (60.7%), synchronous liver metastases (60.7%), and
bilobar liver metastases (51.8%).

Treatment Received

All patients received up to six cycles (median, 6; SD � 1.41) of
preoperative therapy before CT assessment and potentially curative
surgery. The median number of bevacizumab cycles was five (SD �
1.07). Twenty-five patients (45%) received full-dose chemotherapy

before surgery. Twenty-three patients (41%) had dose reductions,
including 19 with a dose reduction of capecitabine (34%), two with a
dose reduction of oxaliplatin (4%), and two with a dose reduction of
both agents (4%). Of the remaining patients, one withdrew before the
end of the study due to personal reasons (2%) and seven received
fewer than six cycles of therapy due to toxicity (12%).

Safety

The combination of bevacizumab plus XELOX was relatively
well tolerated (Table 2). The most common grade 3/4 nonhemtalogic
and hematologic adverse events were diarrhea (33%), peripheral neu-
ropathy (10%), and neutropenia (10%). A low incidence of rare,
serious adverse events that may be associated with bevacizumab in-
cluded thromboembolic events (7%), hypertension (3%), and gastro-
intestinal perforation (2%). No grade 3/4 proteinuria or bleeding were
observed and there were no treatment-related deaths.

Efficacy

All patients were evaluated for tumor response before resection
of metastases and pathologic responses were assessed during histolog-
ical work-up (Table 3). A total of 41 patients responded (objective
response rate, 73.2%); five patients had a complete pathologic re-
sponse (8.9%) and 36 had a partial response (64.3%); an impressive
tumor response is illustrated in Figure 2. An additional 12 patients
(21.4%) had stable disease and the overall disease control rate was
94.6%. Only three patients (5.4%) experienced progression during
neoadjuvant therapy.

Surgery

The median time from the last dose of bevacizumab and capecit-
abine to surgery was 5 and 2 weeks, respectively. Potentially curative
surgery (R0, histologically confirmed) was performed in 52 of 56
patients. This included 41 patients who underwent liver resection only
and 11 patients who had synchronous primary tumor and liver resec-
tion. Major hepatectomies (resection of three or more segments of the
liver) were performed in 36% of patients.

Of the remaining four patients, liver resection was suspended in
one patient due to extrahepatic disease discovered during laparotomy
and three patients did not undergo surgery due to progressive disease.
These three patients received an irinotecan-based second-line chem-
otherapy regimen.

Table 1. Patient Demographics

Parameter No.

No. of patients 56
Median age, years (� SD) 61.5 (� 10.5)
Sex

Male 32
% 24

Female 57
% 43

ECOG performance status
0 50

% 89
1 6

% 11
Site of primary tumor, %

Colon 75
Rectum 25

Patients with primary tumor
resected, %

80

Distribution of liver metastases
Synchronous 34

% 60.7
Bilobar 29

% 51.8

Abbreviations: SD, standard deviation; ECOG, Eastern Cooperative Oncol-
ogy Group.

Table 2. Incidence of Grade 3/4 Hematologic and Nonhematologic
Adverse Events

Grade 3/4 Event* No. %

No. of patients 56
Neutropenia 6 10
Anemia 2 3
Peripheral neuropathy 6 10
Diarrhea 19 33
Thromboembolic 4 7
Hand-foot syndrome 2 3
Hypertension 2 3
Gastrointestinal perforation 1 2

NOTE. National Cancer Institute Common Toxicity Criteria version 3.0
was used.
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Postoperative Morbidity and Mortality

The median length of postoperative hospitalization was 8.8 days
(SD � 4.0). No patients died during the study or experienced in-
creased bleeding events or wound-healing complications. Only three
patients (6%) required blood transfusions (one unit in two patients,
two units in a patient undergoing a third liver resection). According to
this number of bleeding events (95% CI, 1% to 17%), no increase of
bleeding events could be observed. A total of 42 patients (79%) expe-
rienced no complications after surgery (Table 4). Complications ob-
served in the remaining 11 patients included sepsis (n � 3; 6%) and
hyperbilirubinemia (n � 2; 4%), just one patient required further
surgery. To date, peri- and postoperative complications are consistent
with previous studies evaluating chemotherapy alone.

Liver Regeneration

Postoperative liver function was assessed with routine blood tests
(bilirubin, albumin, prothrombin time) and liver regeneration was
assessed by CT scan 3 months after surgery. Normal function and
regeneration were observed in 51 (98%) of 52 of the patients who
underwent resection. Abnormal liver function/regeneration was
observed in a single patient who experienced prolonged liver dys-
function due to steatohepatitis discovered during pathologic liver
histology analysis.

Synchronous Resection Subgroup

Peri- and postoperative complications observed in the 11 pa-
tients who underwent synchronous resection are consistent with those
patients who underwent liver resection only. None of the synchronous

resection patients experienced wound-healing or bleeding complica-
tions and no patient required perioperative blood transfusion. Only
three patients experienced postoperative complications, which were
single cases of wound infection, sepsis, and anastomotic leak. Simi-
larly, the median length of hospitalization was 9.4 days (SD � 3.5),
which was consistent with the liver resection only patients.

DISCUSSION

Our data demonstrate that with appropriate management, preopera-
tive bevacizumab can be used in combination with chemotherapy,
with minimal risk of bleeding/wound-healing complications, in pa-
tients with metastatic CRC undergoing potentially curative liver resec-
tion. In patients who received bevacizumab until 5 weeks before liver
resection, the rate of surgical (21% v 25%), wound healing (0% v 0%),
or bleeding complications (0% v 3%) were not increased compared
with historical data for chemotherapy alone.20 In addition, a high
objective response rate and disease control rate were observed in this
study. This high level of efficacy may be due to the fact that only
patients with metastatic CRC confined to the liver were included and
all patients had a good performance status.

Table 3. Tumor Response After Perioperative Therapy

Response

Assessable Patients (n � 56)

No. %

Complete pathologic 5 8.9
Partial 36 64.3
Stable disease 12 21.4
Disease control rate� 53 94.6
Progressive disease 3 5.4

�Complete pathologic response � partial response � stable disease.

A B

Fig 2. Tumor response (A) before and (B)
after neoadjuvant treatment (post-therapy
scan shown at a higher level illustrating the
largest diameter of the remaining lesion).

Table 4. Complications After Liver Resection

Complication No. %

No complications 42 79
Complication 11 21

Anastomotic leak 1 2
Bile leak 1 2
Hyperbilirubinemia 2 4
Sepsis

Positive blood count� 2 4
Intermittent renal failure† 1 2

Small bowel perforation
(requiring re-operation)

1 2

Urinary tract infection 1 2
Wound hematoma 1 2
Wound infection 1 2

�Antibiotic treatment.
†Intensive care unit support.
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The feasibility and effectiveness of preoperative bevacizumab and
chemotherapy are supported by the results of the open-label, commu-
nity setting trial of bevacizumab plus standard first-line chemotherapy
(First BEAT). In this trial, surgery with curative intent was performed
in 215 (11.2%) of 1,914 patients (R0 resection rate, 8.9%) who were
considered to be unresectable at diagnosis of metastatic disease.25 In
addition, in a large subgroup of patients with metastatic disease con-
fined exclusively to the liver and ECOG performance status 0 (n �
484), hepatic metastasectomy with curative intent was performed in
17.4% of patients, including 26.6% of patients receiving bevacizumab
plus continuous oxaliplatin and FU (FOLFOX).26

The toxicity profile of biweekly bevacizumab plus XELOX as
used in our study indicates that the combination regimen was well
tolerated. The incidence of hematologic adverse events was consistent
with previous studies of bevacizumab plus XELOX.27,28 However, due
to the reporting of grade 3/4 diarrhea in 33% of the patients, we
decided to reduce the dose of capecitabine to 3,000 mg/m2/d in our
currently ongoing multicenter study. Most patients (85%) received six
cycles of therapy before surgery, including 45% without dose reduc-
tion. In addition, the observed low rate of adverse events associated
with bevacizumab was effectively managed using standard therapy.
Furthermore, a low rate of postsurgical morbidity and mortality was
noted, including no perioperative deaths, severe bleeding events, or
wound-healing complications. These data support previous neoadju-
vant bevacizumab data, including First BEAT, where no increase in
wound-healing complications or bleeding events were observed, com-
pared with historical data for chemotherapy alone.20 Moreover,
single-institution retrospective data of 125 patients who under-
went hepatic surgery showed that neoadjuvant bevacizumab plus
chemotherapy did not increase the rate of any (49% v 43%; P �
.51), hepatobiliary (5% v 11%; P � .20), or wound-healing com-
plications (28% v 25%; P � .68) compared with neoadjuvant
chemotherapy alone.29

Bevacizumab is a potent inhibitor of VEGF activity, and thus it
has been suggested that use of bevacizumab in the neoadjuvant setting
could potentially impact on postsurgical wound healing and hepatic
regeneration.16,21 Based on early clinical data/experience and the half-
life of bevacizumab, it is currently recommended that, to avoid the
potential of wound healing/bleeding complications, bevacizumab is
suspended for at least 6 weeks before elective surgery; should not be
reinitiated for at least 28 days after major surgery; and any surgical
incisions should be completely healed.30 Our data show that a gap of 5
weeks between bevacizumab therapy and liver resection does not
increase the rate of complications in patients with metastatic CRC and
should not prohibit or delay surgery. In addition, we provide the first
clinical data to indicate that bevacizumab in combination with chem-
otherapy does not appear to affect liver regeneration after resection.

Patients with synchronous primary CRC and liver metastases
have poor prognosis and may benefit from an aggressive treatment
strategy of perioperative chemotherapy and resection of tumor sites.16

In this study, potentially curable resection was achieved in all patients
with synchronous metastases, and similar to those who underwent
liver resection only, no bleeding or wound-healing complications
were observed in this subgroup. These data indicate that synchronous
primary and liver metastases should not preclude potentially curative
liver resection, if a response is achieved with neoadjuvant treatment.

The optimal neoadjuvant chemotherapy regimen has not been
determined. There are few trials which have evaluated XELOX in the

neoadjuvant setting. Recent data from NO16966 showed that bevaci-
zumab in combination with XELOX or FOLFOX allowed surgery
with curative intent in 59 (6.1%, intent-to-treat population) of 699
patients and 34 (19.2%, liver metastases only) of 177 patients.10 Neo-
adjuvant therapy in this study appeared well tolerated and only one
patient experienced pathologic hepatic toxicity, but further random-
ized trials are required to define the safety and efficacy profile of
XELOX in this setting. The most common regimens combine fluoro-
pyrimidines with oxaliplatin or irinotecan. These chemotherapy reg-
imens, particularly FOLFOX, provide higher response rates and are
therefore widely accepted as the most effective. However, accumulat-
ing data indicate that oxaliplatin- and irinotecan-based regimens are
commonly associated with pathological hepatic toxicity, including
steatohepatitis, which is characterized by inflammation of the liver
with concurrent fat accumulation, which may compromise liver tol-
erance to resection.16,31 In addition, data suggest that chemotherapy
induced hepatotoxicity increases with dose and/or number of treat-
ment cycles. Therefore, the improved efficacy of bevacizumab combi-
nation therapy may result in a reduced dose of chemotherapy and/or
number of treatment cycles required to achieve resectability.

Neoadjuvant therapy before potentially curative surgery will
soon be recognized as new standard of care for patients with metastatic
CRC and potentially resectable metastases, based on the final results of
the randomized phase III EORTC 40983 trial that were recently pre-
sented by Nordlinger et al20 at the Annual Meeting of the American
Society of Clinical Oncology. This trial showed that perioperative
chemotherapy followed by surgery and postoperative chemotherapy
significantly improved 3-year progression-free survival in all eligible
(36.2% v 28.1%; P � .041) and all resected patients (42.4% v 33.2%;
P � .025) compared with surgery alone.

Our trial showed that bevacizumab plus XELOX allowed poten-
tially curative resection in approximately 95% of patients and not a
single patient experienced increased bleeding events or wound-
healing complications. In conclusion, we and others have produced a
wealth of data, in approximately 400 patients, which suggest that
bevacizumab plus standard chemotherapy is a feasible, safe, and effec-
tive neoadjuvant regimen in patients with metastatic CRC and liver
metastases undergoing potentially curative liver resection.
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