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Background: Evaluate the safety of surgery in relation to bevacizumab in the first-line treat-

ment of metastatic breast cancer (mBC) in two international trials.

Patients and methods: The incidence, type and timing of post-surgical bleeding events and

wound-healing complications were assessed in surgical patients in the AVastin And DOce-

taxel (AVADO) (NCT00333775) and Avastin THErapy for advaNced breAst cancer (ATHENA)

(NCT00448591) trials. Both study protocols followed recommendations to withhold bev-

acizumab for at least 6 weeks before elective surgery and to wait 28 days (or until the

wound was fully healed) after major surgery before recommencing bevacizumab therapy.

Results: In AVADO, 221 surgical procedures (55 major, 166 minor) were performed in 155

patients. In ATHENA, 1190 surgical procedures (435 major, 755 minor) were performed in

672 patients. One bevacizumab-treated AVADO patient (0.9%) who underwent surgery

experienced a grade 3 bleeding event. In ATHENA, six patients (0.9%) who underwent sur-

gery experienced grade 3 bleeding events and one patient (0.1%) experienced a grade 4

bleeding event. No grade 5 bleeding events in patients undergoing surgery were reported

in either study. One grade 3 wound-healing complication was reported in each of the AVA-

DO arms: placebo (n = 46, 2.2%), bevacizumab 7.5 mg/kg (n = 57, 1.8%) and bevacizumab

15 mg/kg (n = 52, 1.9%). Incidence of grade 3–4 wound-healing complications in ATHENA

was 2.2% and 1.3% in patients undergoing minor or major surgery, respectively.

Conclusions: Surgery can be performed on patients with mBC undergoing bevacizumab

therapy with a low risk of severe bleeding or wound-healing complications post surgery,

if current labelling recommendations are adhered to.
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1. Introduction

Bevacizumab (Avastin�; F. Hoffmann-La Roche Ltd.), a recom-

binant humanised monoclonal antibody that blocks the activ-

ity of vascular endothelial growth factor (VEGF),1 has

demonstrated significant clinical benefit in several solid tu-

mours.2–8 In combination with other agents as a first-line

therapy, bevacizumab has prolonged progression-free sur-

vival (PFS) and increased response rates in patients with lo-

cally recurrent (LR) or metastatic breast cancer (mBC).3–6,9 In

the Eastern Cooperative Oncology Group 2100 (E2100) trial,

bevacizumab plus weekly paclitaxel increased the median

PFS from 5.8 to 11.4 months (hazard ratio [HR] 0.42,

p < 0.0001) in patients who had received no previous

chemotherapy for LR or mBC3,6; which was confirmed by an

independent review (5.8 versus 11.3 months, HR 0.48,

p < 0.0001).6 In the placebo-controlled AVastin And DOcetaxel

(AVADO) trial (BO17708), bevacizumab 15 mg/kg plus doce-

taxel significantly increased PFS versus placebo plus doce-

taxel (10.0 versus 8.1 months, respectively, stratified

analysis: HR 0.67, p = 0.0002) and overall response rates (46%

[placebo] versus 64%; p = 0.0003).4,5 The phase III, Regimens

In Bevacizumab for Breast Oncology (RIBBON-1) study of bev-

acizumab combined with taxanes, anthracyclines or capecit-

abine, also met its primary end-point of improved PFS with

combination therapy versus chemotherapy plus placebo.9

Soft-tissue and vascular toxicities have been observed in

patients undergoing major surgery while receiving bev-

acizumab.10,11 VEGF is a key mediator of angiogenesis and tu-

mour progression,12,13 and likely plays multiple roles in

normal wound-healing, inducing angiogenesis and stimulat-

ing epithelialisation and collagen deposition.14 VEGF inhibi-

tion may therefore impair or delay wound-healing, or result

in bleeding; a consideration when performing routine and

emergency surgery in patients with mBC. Given bev-

acizumab’s long elimination half-life (18–20 days)15 effects

may persist despite treatment discontinuation during the

pre-operative period. Current labelling recommends that bev-

acizumab is withheld for elective surgery, and that treatment

is delayed for at least 28 days after major surgery or until the

wound has fully healed.

Results from large, international trials including the phase

III AVADO and phase IIB Avastin THErapy for advaNced breAst

cancer (ATHENA) studies have confirmed the general safety of

bevacizumab as a first-line treatment option for mBC.3–5,9,16

As a proportion of patients in these trials underwent major

or minor surgery as part of their ongoing cancer care, we re-

port safety data for patients with mBC receiving bevacizumab

in the surgical setting in AVADO and ATHENA.
2. Methods

Two large, international, multicentre studies, AVADO and

ATHENA, were included in this analysis. The study methods,

including patient eligibility criteria, study design, treatment

and assessments, have been reported previously.4,16

AVADO was a randomised, double-blind, placebo-con-

trolled, phase III trial that investigated bevacizumab in com-

bination with first-line docetaxel chemotherapy in patients
with LR or mBC.4 From March 2006 to April 2007, 736 patients

in 24 countries received docetaxel 100 mg/m2 every 3 weeks

(q3w; maximum nine cycles) plus either placebo or bev-

acizumab (7.5 or 15 mg/kg q3w). The primary end-point was

PFS, and secondary end-points included safety.

ATHENA was a single-arm trial that evaluated the safety of

bevacizumab combined with first-line taxane-based (or other

non-anthracycline) chemotherapy for LR or mBC.15 Between

September 2006 and June 2008, 2251 patients were recruited

from 37 countries. Patients received bevacizumab 10 mg/kg

every 2 weeks or 15 mg/kg q3w plus a taxane (either alone

or with other chemotherapy) or other non-anthracycline che-

motherapy. The primary study end-point was safety, with par-

ticular emphasis on the incidence of serious adverse events

(SAEs) and adverse events (AEs) of special interest with

bevacizumab.

Minor surgery included any surgical procedure not involv-

ing general anaesthesia (local or regional anaesthesia permit-

ted) or respiratory assistance. Major surgery included any

surgical procedure involving anaesthesia or respiratory assis-

tance; all operations involving opening body cavities or in

which severe haemorrhage was possible; all potentially life-

threatening conditions; and any procedure with the potential

to induce permanent anatomic (physical) or physiological

impairment and/or associated with orthopaedics or extensive

tissue dissection.

Both studies excluded patients who had undergone major

surgery, including open biopsy, within 28 days, or minor sur-

gery within the previous 24 h at the time of randomisation.

During the study, bevacizumab (or placebo in the blinded

AVADO study) was withheld for at least 6 weeks (two half

lives) before elective surgery. Both study protocols recom-

mended waiting 28 days (or until wound fully healed) from

major surgery to recommencement of therapy; no guidance

was given for minor surgery. If necessary, it was recom-

mended that emergency surgery be performed without delay

after a careful risk–benefit assessment.

The incidence, type and timing of post-surgical bleeding

events and wound-healing complications (WHC) were as-

sessed in all patients who underwent surgery in ATHENA

and AVADO. AEs were categorised by MedDRA (version 10.1)

and AE severity was graded using the National Cancer Insti-

tute Common Terminology Criteria for Adverse Events (NCI-

CTCAE) version 3.0.17 In general, the NCI-CTCAE grades are:

Grade 1 Mild AE, Grade 2 Moderate AE, Grade 3 Severe AE,

Grade 4 Life-threatening or disabling AE, Grade 5 Death re-

lated to AE. Specific details associated with grading of WHC

and bleeding events are in the NCI-CTCAE guidelines.17

3. Results

3.1. Types and number of procedures performed

A total of 221 major or minor surgical procedures were per-

formed on 155 patients in AVADO, including those in the con-

trol group (87 procedures in the bevacizumab 7.5 mg/kg arm,

74 in the bevacizumab 15 mg/kg arm) (Table 1). In ATHENA,

1190 surgical procedures (435 major, 755 minor) were per-

formed in 672 patients. Table 2 summarises the most com-

mon procedures in this study.



Table 2 – The most frequently performed types of major and minor surgery in the Avastin THErapy for advaNced breAst
cancer (ATHENA) study.

Minor procedures Major procedures

Procedure n (%a) Procedure n (%a)

Central venous catheterisation/
catheter removal/catheter placement

194 (8.6) Mastectomy/radical mastectomy 73 (3.2)

Aspiration pleural cavity/pleural effusion/
thoracic cavity drainage/pneumothorax drainage

106 (4.7) Osteosynthesis/humerus fracture/
hip arthroplasty/bone operation (other)

40 (1.8)

Tooth extraction/tooth abscess/dental operation 72 (3.2) Lymphadenectomy 32 (1.4)
Biopsyb 54 (2.4) Malignant tumour excision – other 11 (0.5)
Abscess drainage 13 (0.6) Hepatectomy 10 (0.4)
Osteonecrosis surgery 12 (0.5) Paracentesis abdomen 10 (0.4)

Cholecystectomy 8 (0.4)
Gastrointestinal perforation suture 6 (0.3)

Data are presented for surgical procedures that were performed in >10 patients (minor) or Psix patients (major).
a Indicates percentage of overall safety population (n = 2264).
b Includes biopsy non-specific, and biopsy of skin, breast, liver, lymph gland, thyroid gland, chest wall, kidney, stomach, bone, cartilage, cervix,

muscle, pericardium.

Table 1 – Number and type of on-study surgical procedures.

AVastin And
DOcetaxel (AVADO)

Avastin THErapy for advaNced
breAst cancer (ATHENA)

Placebo + docetaxel Bevacizumab
7.5 mg/kg + docetaxel

Bevacizumab
15 mg/kg + docetaxel

Bevacizumab +
chemotherapy

Surgeries, n 60 87 74 1190
Patients, na 46 57 52 672

Minor Majorb Minor Majorb Minor Majorb Minor Majorb

Surgeries, n 40 20 67 20 59 15 755 435
Patients, n 34 18 45 17 45 11 358 314

a Patients undergoing both minor and major surgery are only counted once.
b Indicates major surgery defined as any surgery requiring opening of a body cavity or more than local anaesthesia.
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3.2. Time between dosing and surgery

In both AVADO and ATHENA, the median time from last bev-

acizumab dose to surgery was longer for major than for minor

surgery (Fig. 1). Elective and emergency surgeries were

common in both studies. However, in each trial, some major

procedures took place within fewer than the 6 weeks post-

bevacizumab time period recommended for elective surgery
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Fig. 1 – Median time between last bevacizumab/placebo

dose and surgery (n indicates number of patients).
(time [range] between dosing and any surgery: ATHENA

0–933 days [Fig. 2]; AVADO: 0–126 days), suggesting that they

were performed as emergency surgeries.

In AVADO, 79 of 109 bevacizumab-treated (72%) and 31 of

46 control (67%) patients who underwent surgery restarted

bevacizumab or placebo. In ATHENA, 369 of 672 patients

(55%) who underwent any type of surgery restarted bev-

acizumab afterwards. In both studies, patients who under-

went major surgery were less likely to restart bevacizumab

than those who underwent minor procedures (31–35% versus

70–84%, respectively). Median time from surgery to restarting

bevacizumab was longer for major versus minor surgery

(Fig. 3).

3.3. Bleeding events and WHC

In AVADO, grade 1–2 bleeding events were reported in one of

the 46 patients (2.2%) undergoing surgery in the placebo

arm (bevacizumab 7.5 mg/kg: 18 of 57 [31.6%]; bevacizumab

15 mg/kg: nine of 52 [17.3%]) (Table 3). There was only 1 grade

P3 bleeding event: grade 3 epistaxis after minor surgery (a

tooth extraction) in the bevacizumab 15 mg/kg arm. There

was no evidence for a direct relationship between the



Table 3 – Post-surgical wound-healing complications (WHC) and
surgery.

AVastin And DOcetaxel (AVA

Placebo + docetaxel
(n = 46)

Bevacizumab
7.5 mg/kg + docetaxel

(n = 57)
1

Minor
(n = 28)

Major
(n = 18)

Minor
(n = 40)

Major
(n = 17)

Grade 1–2, n (%)
Bleeding events 0 (0) 1 (5.5) 15 (37.5) 3 (17.6) 9

Grade 3–4, n (%)
Bleeding events 0 (0) 0 (0) 0 (0) 0 (0)

Grade 1–2, n (%)
WHC 0 (0) 0 (0) 0 (0) 0 (0)

Grade 3–4, n (%)
WHC 1 (3.6) 0 (0) 0 (0) 1 (5.9)

n indicates patients with at least one event.

Adverse events are not necessarily related to the surgical procedure an

For patients with major and minor surgeries, only events with onset afte

‘Bleeding events’ includes: epistaxis, gingival bleeding, haemorrhage, hae

conjunctival, gastric, gastrointestinal, intra-abdominal, post-procedural,

toma, haematoma (post-procedural, periorbital, subcutaneous, catheter s

haemothorax, haematemesis, menorrhagia, metrorrhagia, melaena, c

includes: impaired healing, wound dehiscence, post-operative wound infe

haemorrhage.
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Fig. 2 – Number of major surgeries occurring over time from last bevacizumab dose to surgery in Avastin THErapy for

advaNced breAst cancer (ATHENA).
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acizumab/placebo dose (n indicates number of patients).
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procedures performed and the sites or types of events. For

example, 11 of 18 patients (61%) receiving bevacizumab

7.5 mg/kg and four of 10 patients (40%) receiving bevacizumab

15 mg/kg who reported post-surgery bleeding events experi-

enced epistaxis alone. In ATHENA, bleeding events occurred

in 91 of 672 patients (13.5%) undergoing surgery (8.3% of major

surgery patients, n = 314; 18.2% of minor surgery patients,

n = 358). Only 19 (6.1%) and 56 patients (15.6%) undergoing

major and minor surgery, respectively, experienced grade 1

bleeding events. Grade 3 bleeding occurred in six patients

(0.9%), three of whom (0.4%) had undergone major surgery

(sigmoidectomy, mastectomy and muscle operation). Four of

these bleeding events (post-procedural haemorrhage,

post-procedural haematoma, subcutaneous haematoma and

gastrointestinal haemorrhage) may have been related to the

procedure performed. One grade 4 bleeding event was
bleeding events in patients undergoing minor and major

DO) Avastin THErapy
for advaNced breAst cancer (ATHENA)

Bevacizumab
5 mg/kg + docetaxel

(n = 52)

Bevacizumab + chemotherapy
(n = 672)

Minor
(n = 41)

Major
(n = 11)

Minor
(n = 358)

Major
(n = 314)

(22.0) 0 (0) 67 (18.7) 24 (7.6)

1 (2.4) 0 (0) 3 (0.8) 4 (1.3)

0 (0) 0 (0) 17 (4.7) 10 (3.2)

1 (2.4) 0 (0) 8 (2.2) 4 (1.3)

d/or bevacizumab treatment but occurred after either intervention.

r major surgeries are considered.

morrhage (rectal, vaginal, mouth, anal, haemorrhoidal, catheter site,

upper gastrointestinal, uterine), haematuria, haemoptysis, haema-

ite), cystitis haemorrhagic, diarrhoea haemorrhagic, haematochezia,

entral nervous system (CNS) bleeding (CNS haemorrhage). WHC

ction, wound abscess, wound infection, wound complication, wound
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reported, which was a haemothorax in a patient undergoing

major surgery. No grade 5 bleeding was reported in patients

who underwent surgery.

In AVADO, post-surgical WHC and infections occurred in

one patient each in the placebo arm (2.2%) and the two bev-

acizumab arms (1.8% and 1.9%) (Table 3). All events were

grade 3 and one occurred after major surgery. There was no

suggestion that WHC were more severe or frequent with bev-

acizumab versus placebo. In ATHENA, grade 1–2 WHC oc-

curred in 17 of 358 patients (4.7%) undergoing minor surgery

and 10 of 314 patients (3.2%) undergoing major surgery. Grade

3–4 WHC were reported in 12 of 672 patients (1.8%) undergo-

ing surgery (four cases after major surgery [impaired healing

n = 3, wound dehiscence n = 1] and eight after minor surgery

[impaired healing n = 6, post-operative wound infection

n = 1, wound abscess n = 1]). Only two of the four patients

with grade 3–4 events after major surgery restarted bev-

acizumab. No grade 5 WHC was noted following major or

minor surgery. Across the two studies, in bevacizumab-trea-

ted patients undergoing major surgery who experienced

grade 3–4 WHC, median duration of these complications

was 23 days (range 6–204), suggesting that resolution was

mostly relatively rapid. Of the five bevacizumab-treated pa-

tients in both studies who experienced grade 3–4 WHC after

major surgery, three patients underwent surgery before the

recommended 6 weeks after stopping bevacizumab (one pa-

tient each: pleural operation after 23 days and grade 4 im-

paired wound-healing; mastectomy and lymphadenectomy

after 21 days and grade 4 wound dehiscence; modified radical

mastectomy after 28 days and grade 3 impaired wound-

healing).
4. Discussion

With a considerable number of cancer patients undergoing

routine or emergency surgery for unforeseen events before

or during treatment for metastatic disease, it is important to

determine the effect of bevacizumab on bleeding and

wound-healing in those receiving the drug as part of a treat-

ment regimen for mBC. Surgery as part of palliative therapy

and for disease-related complications such as bleeding, ulcer-

ation or infection may also be necessary in patients with

mBC. Surgery for curative purposes or in an attempt to pro-

long survival is also a consideration in patients with oligome-

tastases18 or an initial stage IV diagnosis,19,20 although more

evidence is required to demonstrate a survival benefit.21–24

Overall, data from AVADO and ATHENA suggest that if rec-

ommendations are followed, mBC patients receiving bev-

acizumab can undergo surgery with minimal risk of severe

post-procedural haemorrhage or WHC. In AVADO, which in-

cluded a relatively small number of bevacizumab-treated pa-

tients undergoing surgery (n = 109), only one patient (0.9%)

experienced a grade P3 bleeding event. In ATHENA (n = 672),

grade 3/4 bleeding was reported in four patients (1.3%) who

had major surgery (no grade 5 events reported) and in three

patients (0.8%) who underwent minor surgery. In AVADO,

two grade 3 WHC (1.8%) occurred with bevacizumab and only

one (0.9%) was in a patient undergoing major surgery. In

ATHENA, grade 3–4 WHC occurred in four (1.3%) major
surgery patients (no grade 5 events reported), and minor sur-

gery, including biopsies and catheter insertion/removal, was

performed with a low risk of severe (grade P 3) AEs.

In both studies, wound-healing AEs typically occurred

within 4 weeks of surgery. The average length of bevacizumab

interruption on either side of a surgical procedure was longer

for major than minor surgeries, suggesting that, generally,

physicians followed trial protocol recommendations.

In AVADO, WHC did not appear more severe or frequent in

patients receiving bevacizumab compared with placebo.

This is the first report of surgical safety data from a large

study (ATHENA; n = 2251), representative of a population of

bevacizumab-treated patients with mBC seen in the general

clinical setting. As a single-arm study, ATHENA had no con-

trol group with which to compare bevacizumab-related toxic-

ities. The smaller AVADO study (n = 736), however, provided

information on the safety of surgery in bevacizumab-treated

patients in a randomised, placebo-controlled setting. Minor

bleeding events were considerably more common in bev-

acizumab-treated patients versus control, however, this is a

known side-effect of bevacizumab and most events appeared

unrelated to the surgical procedures performed. No evidence

was seen of an increased frequency of grade 3–5 AEs with bev-

acizumab relative to placebo in patients undergoing surgery.

AE rates among bevacizumab-treated patients with

mBC undergoing surgery are in keeping with those from

large safety studies in other first-line indications. In BEAT

(n = 1914), an international safety trial that investigated bev-

acizumab plus standard chemotherapy in metastatic colorec-

tal cancer, the WHC rate was 5% (2% grade 3–4 or SAE) in 225

patients who underwent surgery with curative intent for he-

patic lesions.10 All-grade bleeding events, including non-sur-

gery-related bleedings, occurred in 71 patients (32%) who

underwent surgery. Serious and/or grade 3–5 bleeding events

occurred in six patients (2.7%).10 WHC and bleeding events

were also infrequent in patients having vascular access de-

vices inserted before starting bevacizumab, even when

<7 days had elapsed from implantation.25 In the United States

of America (USA)-based BRiTE safety study (n = 1953) of bev-

acizumab plus standard chemotherapy in metastatic colorec-

tal cancer, 22 of the 622 patients (3.5%) undergoing any

surgery experienced serious WHC (as determined by the

investigator, not according to NCI criteria).26 Among patients

with untreated locally advanced, metastatic or recurrent

non-squamous non-small-cell lung cancer receiving bev-

acizumab plus standard chemotherapy in the international,

SAiL study (n = 1940), grade P3 bleeding events occurred in

seven (5.9%) of 118 patients who underwent surgery during

bevacizumab therapy.27 Five (1.6%) of 316 patients who had

surgery before and/or during the study reported WHC (0.3%

grade P3).

Current recommendations advise that bevacizumab is not

initiated for P28 days following major surgery or until the

surgical wound is fully healed.14 This was based on pooled

data from two randomised trials of bevacizumab in colorectal

cancer, where the WHC rate after unplanned major surgery

during treatment was 13% for 5-FU plus bevacizumab-treated

patients compared with 3.4% for patients receiving chemo-

therapy alone.11 However, in patients who had undergone

major surgery 28–60 days before commencing bevacizumab,
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no significant difference in WHC was noted. A risk–benefit

analysis is recommended ahead of emergency surgery during

bevacizumab therapy.28

These results from AVADO and ATHENA have important

implications for the potential future use of bevacizumab in

early breast cancer, both in the adjuvant and neo-adjuvant

setting, in which current trial protocols specify that surgery

should be performed 4 weeks after the last bevacizumab dose.

Ongoing phase III trials such as BEATRICE (NCT00528567), a

two-arm, open-label study evaluating bevacizumab plus stan-

dard adjuvant therapy (anthracycline ± taxane or taxane only)

in triple-negative early breast cancer, will add to current

safety data in the adjuvant setting. Initial data from the ongo-

ing phase III trial GEPARQUINTO, indicate no improvement in

pathological response and an increase in SAEs, including

wound-healing, in patients receiving bevacizumab with che-

motherapy (epirubicin-cyclophosphamide-docetaxel) versus

chemotherapy alone.29 The NSABP B-40 study, however, re-

cently showed that addition of bevacizumab to neoadjuvant

taxane-based chemotherapy improved pathological and clin-

ical response rates with wound-healing issues to be followed

up.30 No firm conclusions can be drawn from these initial

data, but the outcomes from all these ongoing studies will

help define the role of bevacizumab in early breast cancer.

Bevacizumab is a treatment option for patients with mBC

and although concerns have been raised regarding its use in

patients undergoing surgery,31,32 the data from AVADO and

ATHENA suggest that physicians should not be deterred from

performing elective or emergency surgery in bevacizumab-

treated patients with mBC, provided labelling recommenda-

tions for therapy interruption are followed. Although

recommendations are not available for minor surgery, evi-

dence suggests that routine minor procedures (e.g. biopsies,

catheter insertion/removal) can be conducted in bev-

acizumab-treated patients with little added risk for severe AEs.
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