
n engl j med 366;4  nejm.org  january 26, 2012 299

The new england 
journal of medicine
established in 1812	 january 26, 2012	 vol. 366  no. 4

Neoadjuvant Chemotherapy and Bevacizumab  
for HER2-Negative Breast Cancer

Gunter von Minckwitz, M.D., Holger Eidtmann, M.D., Mahdi Rezai, M.D., Peter A. Fasching, M.D.,  
Hans Tesch, M.D., Holm Eggemann, M.D., Iris Schrader, M.D., Kornelia Kittel, M.D., Claus Hanusch, M.D.,  

Rolf Kreienberg, M.D., Christine Solbach, M.D., Bernd Gerber, M.D., Christian Jackisch, M.D., Georg Kunz, M.D., 
Jens-Uwe Blohmer, M.D., Jens Huober, M.D., Maik Hauschild, M.D., Tanja Fehm, M.D., Berit Maria Müller, M.D., 

Carsten Denkert, M.D., Sibylle Loibl, M.D., Valentina Nekljudova, Ph.D., and Michael Untch, M.D.,  
for the German Breast Group and the Arbeitsgemeinschaft Gynäkologische Onkologie–Breast Study Groups

A bs tr ac t

From the Headquarters, German Breast 
Group, Neu-Isenburg (G.M., S.L., V.N.), 
Universitäts-Frauenklinik, Kiel (H. Eidt-
mann), Luisenkrankenhaus, Düsseldorf 
(M.R.), the Department of Gynecology and 
Obstetrics, University Hospital Erlangen, 
Friedrich Alexander University Erlangen–
Nuremberg, Comprehensive Cancer Cen-
ter Erlangen–Nuremberg, Erlangen (P.A.F.), 
Onkologie Bethanien, Frankfurt (H.T.), 
Universitäts-Frauenklinik, Magdeburg (H. 
Eggemann), Henrietten-Stiftung, Hannover 
(I.S.), Onkologische Praxis (K.K.), St. Ger-
trauden Krankenhaus (J.-U.B.), and the 
Institute of Pathology, Charité (B.M.M., 
C.D.) — all in Berlin, Klinikum zum Roten 
Kreuz, Munich (C.H.), Universitäts-Frauen-
klinik, Ulm (R.K.), Universitäts-Frauenklinik, 
Frankfurt (C.S.), Universitäts-Frauenklinik, 
Rostock (B.G.), Städtische Kliniken, Offen-
bach (C.J.), St. Johannes Hospital, Dort-
mund (G.K.), Frauenklinik, Rheinfelden 
(M.H.), Universitätsfrauenklinik, Tübingen 
(T.F.), and Helios-Klinikum, Berlin-Buch 
(M.U.) — all in Germany, and Kantons-
spital, St. Gallen, Switzerland (J.H.). Ad-
dress reprint requests to Dr. von Minck-
witz at the German Breast Group, c/o 
GBG Forschungs, Martin-Behaim-Str. 12, 
63263 Neu-Isenburg, Germany, or at gunter 
.vonminckwitz@germanbreastgroup.de.

N Engl J Med 2012;366:299-309.
Copyright © 2012 Massachusetts Medical Society.

Background

Bevacizumab, a monoclonal antibody against vascular endothelial growth factor A, 
has shown clinical efficacy in patients with human epidermal growth factor receptor 
2 (HER2)–negative metastatic breast cancer. We evaluated the efficacy, measured ac-
cording to the rate of pathological complete response (absence of invasive and intra-
ductal disease in the breast and the axillary lymph nodes), and the safety of adding 
bevacizumab to neoadjuvant chemotherapy in patients with early-stage breast cancer.

Methods

We randomly assigned 1948 patients with a median tumor size of 40 mm on palpa-
tion to receive neoadjuvant epirubicin and cyclophosphamide followed by docetaxel, 
with or without concomitant bevacizumab. Patients with untreated HER2-negative 
breast cancer were eligible if they had large tumors, hormone-receptor–negative dis-
ease, or hormone-receptor–positive disease with palpable nodes or positive findings 
on sentinel-node biopsy, and no increased cardiovascular or bleeding risk.

Results

Overall, the rates of pathological complete response were 14.9% with epirubicin and 
cyclophosphamide followed by docetaxel and 18.4% with epirubicin and cyclophos-
phamide followed by docetaxel plus bevacizumab (odds ratio with addition of bevaciz
umab, 1.29; 95% confidence interval, 1.02 to 1.65; P = 0.04); the corresponding rates 
of pathological complete response were 27.9% and 39.3% among 663 patients with 
triple-negative tumors (P = 0.003) and 7.8% and 7.7% among 1262 patients with 
hormone-receptor–positive tumors (P = 1.00). Breast-conserving surgery was possible 
in 66.6% of the patients in both groups. The addition of bevacizumab, as compared 
with neoadjuvant therapy alone, was associated with a higher incidence of grade 3 or 
4 toxic effects (febrile neutropenia, mucositis, the hand–foot syndrome, infection, and 
hypertension) but with a similar incidence of surgical complications.

Conclusions

The addition of bevacizumab to neoadjuvant chemotherapy significantly increased the 
rate of pathological complete response among patients with HER2-negative early-stage 
breast cancer. Efficacy was restricted primarily to patients with triple-negative tu-
mors, in whom the pathological complete response is considered to be a reliable 
predictor of long-term outcome. (Funded by Sanofi-Aventis and Roche, Germany; 
ClinicalTrials.gov number, NCT00567554.)
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The efficacy of neoadjuvant chemo-
therapy, as measured by the rate of patho-
logical complete response (the absence of 

invasive and intraductal disease in the breast and 
the axillary lymph nodes), varies according to 
breast-cancer subtype.1 When anthracyclines, tax-
anes, and agents directed against anti–human epi-
dermal growth factor receptor 2 (HER2) (if indi-
cated) are used, approximately 30 to 40% of all 
breast cancers that are HER2-positive or triple-
negative (estrogen-receptor–negative, progesterone-
receptor–negative, and no overexpression of HER2) 
are completely eradicated locally at the time of 
surgery.2-6 Long-term follow-up studies have shown 
a consistent correlation between pathological com-
plete response and low rates of relapse and death 
among patients with these two subtypes of breast 
cancer.4,7,8

The GeparQuinto phase 3 study was initiated to 
investigate subtype-specific treatment approaches 
for patients with HER2-negative primary breast 
cancer (group 1), HER2-negative primary breast 
cancer that did not have a response to four cycles 
of neoadjuvant chemotherapy as confirmed by 
ultrasonography (group 2), or HER2-positive pri-
mary breast cancer (group 3) (see the figure in the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org). This article fo-
cuses on patients in group 1 — patients with 
HER2-negative, operable or locally advanced tu-
mors who were treated with anthracycline- and 
taxane-based neoadjuvant chemotherapy and were 
randomly assigned to either simultaneous treat-
ment with bevacizumab or no additional therapy.

Data from the phase 3 GeparTrio trial (Clinical 
Trials.gov number, NCT00544765) showed that 
patients without an early tumor response rarely 
achieved a pathological complete response to 
conventional chemotherapy.9 Therefore, in the 
GeparQuinto study, an interim response assess-
ment was performed after 12 weeks of treatment 
to identify patients with treatment failure and to 
administer the drug-resistance modulating agent 
everolimus in group 2 of the study.

Bevacizumab was chosen as a candidate treat-
ment to further increase the rate of pathological 
complete response in patients with the HER2-
negative subtypes. The use of this antibody, di-
rected against vascular endothelial growth factor 
A, was associated with significant but moderate 
improvements in overall response and progression-
free survival when added to chemotherapy in 
three studies of first-line treatments for metastatic, 

HER2-negative breast cancer.10-12 However, the 
investigation of bevacizumab in the treatment of 
nonmetastatic breast cancer might be more suit-
able for showing potential improvements in sur-
vival, because fewer proangiogenic factors and 
pathways are activated in early-stage disease than 
in late-stage disease.13

Me thods

Primary and Secondary End Points

The primary objective of the HER2-negative com-
ponent of this study was to compare the rates of 
pathological complete response after neoadjuvant 
chemotherapy with or without bevacizumab among 
patients with HER2-negative primary breast can-
cer. The secondary end points included toxic ef-
fects, adherence to treatment, the response rates of 
breast tumors and axillary nodes as assessed by 
physical examination and imaging tests (ultraso-
nography, mammography, or magnetic resonance 
imaging) before surgery, the rates of pathological 
stage T0 and Tis tumors (with “is” denoting in 
situ and referring to residual intraductal disease) 
after neoadjuvant therapy irrespective of nodal 
status, the rate of pathological stage T0 or TisN0 
(no invasive residual disease in the breast and 
lymph nodes) tumors after neoadjuvant therapy, 
and the rate of breast conservation. Efficacy was 
assessed in predefined subgroups according to 
tumor stage (operable [clinical stage T1–T3, 
N0–N2] vs. locally advanced [clinical stage T4 or 
N3]) and hormone-receptor status (hormone-re-
ceptor invasive and intraductal–positive [estrogen 
receptor, progesterone receptor, or both ≥10%] 
vs. hormone-receptor–negative [both receptors 
<10%]).

Study Oversight

The study was designed and the protocol (avail-
able at NEJM.org) was written by the first author 
and by members of the neoadjuvant subcommittee 
of the German Breast Group and Arbeitsgemein-
schaft Gynäkologische Onkologie–Breast study 
groups and was reviewed by the sponsors, Sanofi-
Aventis and Roche, Germany. The sponsors had 
no access to the study data, which were collected 
at the German Breast Group headquarters. The 
data were analyzed by a member of the German 
Breast Group, and the first draft of the manu-
script was written by the first author; both vouch 
for the correctness of the data and for the fidelity 
of the study to the protocol. The decision to sub-
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mit the manuscript for publication was made by all 
the authors. No persons other than the listed au-
thors contributed to the writing of the manuscript. 
The protocol was reviewed by the responsible 
ethics committee at each participating site. The 
conduct of the trial was supervised by an inde-
pendent data and safety monitoring committee.

Patients

Women with previously untreated, unilateral or 
bilateral, primary invasive breast carcinoma were 
enrolled in the study if they provided written in-
formed consent. The diagnosis of breast cancer 
had to be confirmed histologically by means of a 
core biopsy. The HER2 status of the tumor had to 
be negative according to the HercepTest (Dako) (a 
score of 0 or 1+, in a possible range from 0 to 3+, 
with higher values indicating increased overex-
pression) or in situ hybridization (a score of 2+ 
on the HercepTest and no gene amplification), as 
assessed by the local pathologist. Tumor lesions 
were required to have a size of 2 cm or more on 
palpation or 1 cm or more in maximum diameter 
on ultrasonographic examination and had to be 
measurable in two dimensions, preferably by 
means of ultrasonography. In cases of inflamma-
tory disease, the clinical extent of inflammation 
was considered to be a measurable lesion.

Patients were eligible if they had any stage of 
disease that was deemed to be appropriate for 
adjuvant chemotherapy (e.g., clinical stage T4 or T3 
tumors, hormone-receptor–negative tumors, or 
hormone-receptor–positive tumors with clinical 
stage N+ disease [in the case of clinical stage T2 
tumors] or sentinel-node–positive disease [in the 
case of clinical stage T1 tumors]). Further relevant 
criteria for eligibility were normal cardiac function 
(left ventricular ejection fraction ≥55%), no evi-
dence of distant disease or known or suspected 
cardiac disease, no previous thromboembolic 
event, no known hemorrhagic diathesis or co-
agulopathy, no disease with a clinically signifi-
cant effect on gastrointestinal function, no major 
surgery within the past 28 days or anticipation 
of the need for major surgery during study treat-
ment, and no concurrent treatment with other 
anticancer or investigational agents.

Treatment

All patients were scheduled to receive epirubicin 
(at a dose of 90 mg per square meter of body-
surface area) plus cyclophosphamide (at a dose of 
600 mg per square meter), both administered on 

day 1, every 3 weeks for four cycles, followed by 
four cycles of docetaxel at a dose of 100 mg per 
square meter on day 1, every 3 weeks. Patients 
were randomly assigned to receive eight cycles of 
bevacizumab (at a dose of 15 mg per kilogram of 
body weight intravenously every 3 weeks starting 
on day 1 of the first epirubicin–cyclophosphamide 
cycle) or no additional treatment. In patients who 
did not have an ultrasonographically confirmed 
or clinical response to four cycles of epirubicin–
cyclophosphamide, study treatment was discontin-
ued and the patients were randomly assigned to 
weekly paclitaxel therapy with or without everoli-
mus (group 2). In cases of tumor progression, the 
study treatment was discontinued and further local 
or systemic treatment was permitted at the discre-
tion of the investigator. Patients could not under-
go surgery for at least 28 days after the last che-
motherapy or bevacizumab infusion.

Assessment of End Points

Hematologic and biochemical measures were as-
sessed weekly; the target lesion and regional 
lymph nodes were examined by palpation at ev-
ery cycle. Breast ultrasonographic examination 
was repeated after every second cycle; ultrasono-
graphic examination and mammography were per-
formed before breast surgery. Cardiac ultrasono-
graphic examination was repeated after four cycles 
of therapy and before surgery.

Pathological response of the breast tumor and 
of the infiltration of regional lymph nodes was 
assessed by the local pathologist. Pathological re-
ports were reviewed at a central location by two 
pathologists who were unaware of the treatment 
assignments, and response was staged according 
to the tumor–node–metastasis (TNM) system.14 
A pathological complete response was defined as 
pathological stage T0 and N0 after neoadjuvant 
therapy. The presence of noninvasive residual dis-
ease only (pathological stage T0N0 or TisN0) or 
no invasive residual disease (pathological stage 
T0N0/+ or TisN0/+) in the breast after neoadjuvant 
therapy was reported as a secondary end point to 
allow for comparison with other studies.

Clinical complete response was defined as the 
absence of evidence of disease in the breast on 
ultrasonographic examination, or, if ultrasono-
graphic examination was not possible, on mam-
mographic or physical examination. A partial re-
sponse was defined as a reduction in the product 
of the two largest perpendicular diameters of the 
primary tumor by 50% or more; progressive dis-
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ease was defined as an increase in tumor size 
(the product of the two largest perpendicular 
dimensions) by 25% or more or the presence of 
a new lesion. All remaining scenarios were cat-
egorized as no change.

Patients were considered to have had breast-
conserving surgery if the final surgical procedure 
was tumorectomy, segmentectomy, or quadrantec-
tomy. Toxic effects were graded with the use of the 
National Cancer Institute’s Common Terminolo-
gy Criteria for Adverse Events, version 3.0 (http://
ctep.cancer.gov/protocolDevelopment/electronic_
applications/docs/ctcaev3.pdf).

Statistical Analysis

All patients who received at least one cycle of 
epirubicin and cyclophosphamide were included 
in the efficacy and safety analyses (Fig. 1). Treat-
ment groups were compared with the use of a 
continuity-corrected two-sided Pearson’s chi-square 
test and Fisher’s exact test, and 95% confidence 
intervals are provided for the efficacy end points. 
Patients with missing data on response were 
counted as having had no response. Multivariate 
logistic regression was used to adjust for the base-
line factors. Univariate logistic regression was 
performed in subgroups; a Breslow–Day test15 was 
used for testing the homogeneity of odds ratios 
across subgroups. All statistical analyses were per-
formed with the use of SAS software, version 9.2.

On the basis of the findings of the GeparDuo 
study (NCT00793377),16 we assumed that the rate 
of pathological complete response with epirubicin 
and cyclophosphamide followed by docetaxel 
would be 14%; we expected that the rate of patho-
logical complete response with epirubicin and cy-
clophosphamide followed by docetaxel plus beva-
cizumab would be 18.9% (odds ratio, 1.43). With 
these assumptions, we estimated that we would 
need to enroll 1876 patients, according to a two-
sided continuity-corrected Pearson’s chi-square 
test with an alpha level of 0.05 and a beta level of 
0.20. An interim safety analysis involving the first 
30 patients who received at least two cycles of 
epirubicin–cyclophosphamide was performed to 
make recommendations regarding supportive 
treatment.17

Randomization was performed in a 1:1 ratio, 
at a central location, according to dynamic alloca-
tion, and was stratified according to participating 
site, hormone-receptor status (negative or positive), 
and extent of disease (clinical stage T1–T3 N0–

N2 vs. T4 or N3). The minimization method of 
Pocock and Simon18 was used for randomization. 
P values calculated from the chi-square test and 
Fisher’s exact test for baseline variables are to be 
considered descriptive only, since they do not 
account for the dynamic allocation.

R esult s

Patients

From November 2007 through June 2010, a total of 
1948 patients were enrolled in the HER2-negative 
component of this study at 126 centers in Germany 
and 1 center in Switzerland (Fig. 1). The baseline 
characteristics of the patients were equally bal-
anced between the two groups (Table 1, and Table 
1 in the Supplementary Appendix). The median 
tumor size in patients in both groups was 40 mm 
as assessed by palpation and 29 mm as assessed 
by ultrasonography.

Efficacy

A total of 144 patients who received epirubicin and 
cyclophosphamide followed by docetaxel (14.9%) 
and 176 patients treated with epirubicin and cyclo-
phosphamide followed by docetaxel plus beva
cizumab (18.4%) had a pathological complete re-
sponse (pathological stage T0N0) (odds ratio with 
the addition of bevacizumab, 1.29; 95% confidence 
interval [CI], 1.02 to 1.65; P = 0.04) (Table 2). After 
adjustment for age, clinical tumor and nodal stage, 
hormone-receptor status, tumor grade, and histo-
logic type as covariates, the odds ratio with the ad-
dition of bevacizumab was 1.36 (95% CI, 1.05 to 
1.77; P = 0.02) (Table 2 in the Supplementary Ap-
pendix). The rates of pathological complete re-
sponse with the addition of bevacizumab increased 
to 20.5% if nodal involvement (pathological stage 
T0N0/+) was included in the definition, 21.7% if 
noninvasive residual disease in the breast (patho-
logical stage T0/isN0) was included in the defini-
tion, and 24.6% if both nodal involvement and 
noninvasive residual disease in the breast (patho-
logical stage T0/isN0/+) were included in the defi-
nition; these rates were higher than the correspond-
ing rates of pathological complete response with 
epirubicin and cyclophosphamide followed by 
docetaxel (Table 2).

A total of 371 patients with no change in tumor 
size or with tumor progression after four cycles 
of epirubicin–cyclophosphamide were switched to 
group 2 and were assessed as having not achieved 
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a pathological complete response. Seven of these 
patients who were initially randomly assigned to 
epirubicin and cyclophosphamide followed by 
docetaxel and 12 who were randomly assigned 

to epirubicin and cyclophosphamide followed by 
docetaxel plus bevacizumab later had a patho-
logical complete response. If these pathological 
complete responses had been included in the cal-

1948 Patients were eligible and underwent randomization

974 Were assigned to EC-T
974 Were assigned to EC-T plus

bevacizumab

5 Did not start EC-T
owing to withdrawal
from study or need

for immediate surgery

18 Did not start EC-T
plus bevacizumab

owing to withdrawal
from study or need for

immediate surgery

637 Completed EC-T

332 Discontinued EC-T
221 Switched to group 2
32 Had adverse event

while receiving
docetaxel 

36 Were withdrawn 
by investigators

18 Withdrew
23 Had tumor pro-

gression
1 Died (septic shock)
1 Had unknown

reason

2 Did not undergo
surgery

1 Had disease 
progression

1 Died before
surgery (unknown
reason)

7 Did not undergo
surgery

2 Had disease
progression

3 Declined surgery
2 Died before

surgery (one in
group 2)

633 Completed EC-T
plus bevacizumab

954 Underwent surgery962 Underwent surgery

969 Started treatment
and were included
in the intention-to-

treat and safety
populations

956 Started treatment
and were included
in the intention-to-

treat and safety
populations

276 Discontinued EC-T
plus bevacizumab

150 Switched to group 2
1 Had adverse event

while receiving 
epirubicin and
cyclophosphamide

67 Had adverse event
while receiving
docetaxel 

18 Were withdrawn 
by investigators

29 Withdrew
11 Had tumor pro-

gression
47 Discontinued beva-

cizumab only
10 Had adverse event

while receiving
epirubicin and
cyclophosphamide

16 Had adverse event
while receiving
docetaxel 

3 Were withdrawn 
by investigators

9 Withdrew
4 Had other reasons
5 Had unknown

reasons

Figure 1. Enrollment and Outcomes.

EC-T denotes epirubicin and cyclophosphamide followed by docetaxel.
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culations, the overall rates of pathological com-
plete response would have been 15.6% among 
patients who received epirubicin and cyclophos-
phamide followed by docetaxel and 19.7% among 
patients who received epirubicin and cyclophos-
phamide followed by docetaxel plus bevacizumab 
(P = 0.02).

Figure 2 shows the effect of bevacizumab on 
the rate of pathological complete response within 
clinically relevant subgroups. Variations in treat-
ment effect appeared to be related predominantly 
to a potential differential activity of bevacizumab 

according to hormone-receptor status. Among 
663 patients with triple-negative tumors, the rates 
of pathological complete response were 27.9% in 
the group that received epirubicin and cyclophos-
phamide followed by docetaxel and 39.3% in the 
group that received epirubicin and cyclophospha-
mide followed by docetaxel plus bevacizumab 
(P = 0.003), and among 1262 patients with hor-
mone-receptor–positive tumors, the correspond-
ing rates were 7.8% and 7.7% (P=1.00). However, 
the test for interaction only approximated signifi-
cance (P = 0.07).

Table 1. Baseline Characteristics of the Patients.*

Characteristic

Epirubicin–Cyclophosphamide  
followed by Docetaxel  

(N = 969)

Epirubicin–Cyclophosphamide  
followed by Docetaxel  

plus Bevacizumab
(N = 956) P Value†

Age — yr

Median 48 49

Range 24–78 21–75

Clinical tumor stage — no. of patients (%) 0.83

T1–T3 852 (87.9) 838 (87.7)

T4a–T4c 57 (5.9) 53 (5.5)

T4d 60 (6.2) 65 (6.8)

Disease stage — no. of patients (%) 0.78

Operable 859 (88.6) 843 (88.2)

Locally advanced: clinical stage T4 or N3 110 (11.4) 113 (11.8)

Clinical nodal status — no. of patients (%) 0.54

N0 391 (40.4) 376 (39.3)

N1 542 (55.9) 554 (57.9)

Unknown 36 (3.7) 26 (2.7)

Tumor type — no. of patients (%) 0.84

Ductal invasive 773 (79.8) 770 (80.5)

Lobular invasive 106 (10.9) 102 (10.7)

Other 89 (9.2) 81 (8.5)

Unknown 1 (0.1) 3 (0.3)

Tumor grade — no. of patients (%) 0.45

1 43 (4.4) 32 (3.3)

2 507 (52.3) 503 (52.6)

3 412 (42.5) 417 (43.6)

Unknown 7 (0.7) 4 (0.4)

Hormone-receptor status — no. of patients (%) 0.56

Estrogen-negative and progesterone-negative 340 (35.1) 323 (33.8)

Estrogen-positive, progesterone-positive, or both 629 (64.9) 633 (66.2)

*	Percentages may not sum to 100 because of rounding.
†	P values for clinical nodal status, tumor type, and tumor grade were calculated without data from patients with unknown status.
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The overall clinical response rate, determined 
by means of palpation and imaging tests, was 
higher in the group that received bevacizumab 
than in the group that did not (87.4% vs. 79.6%). 
The rate of breast-conserving surgery was identi-
cal (66.6%) in both treatment groups (Table 2).

Adherence to Treatment

Of 969 patients who started treatment with epi-
rubicin–cyclophosphamide without bevacizumab, 
221 (22.8%) were switched to group 2 because of 
a lack of a tumor response by cycle 4, and 111 
other patients (11.5%) discontinued neoadjuvant 

treatment. Of 956 patients who started treatment 
with epirubicin–cyclophosphamide plus bevaci-
zumab, 150 (15.7%) were switched to group 2 be-
cause of the lack of a tumor response by cycle 4, 
another 126 (13.2%) discontinued chemotherapy, 
and 47 (4.9%) discontinued bevacizumab treatment 
only (Fig. 1). Chemotherapy was delayed in 35.6% 
of the patients in the group that received epirubi-
cin–cyclophosphamide followed by docetaxel and 
in 43.1% of the patients in the group that re-
ceived epirubicin–cyclophosphamide followed by 
docetaxel plus bevacizumab (P = 0.001); the dose 
was reduced in 12.5% and 20.8% of the patients in 

Table 2. Efficacy of Treatment, According to Histologic, Surgical, and Clinical Outcome.

Outcome

Epirubicin–Cyclophosphamide 
followed by Docetaxel 

(N = 969)

Epirubicin–Cyclophosphamide 
followed by Docetaxel  

plus Bevacizumab 
(N = 956) P Value*

no. (% [95% CI]) no. (% [95% CI])

Primary end point: absence of invasive and intraductal  
disease in breast and nodes

No 825 (85.1) 780 (81.6)

Yes 144 (14.9 [12.7–17.3]) 176 (18.4 [16.0–21.0]) 0.04

Absence of invasive and intraductal disease in breast,  
irrespective of nodes

No 809 (83.5) 760 (79.5)

Yes 160 (16.5 [14.2–19.0]) 196 (20.5 [18.0–23.2]) 0.03

Absence of invasive disease in breast and nodes

No 792 (81.7) 749 (78.3)

Yes 177 (18.3 [15.9–20.8]) 207 (21.7 [19.1–24.4]) 0.07

Absence of invasive disease in breast, irrespective  
of nodes

No 769 (79.4) 721 (75.4)

Yes 200 (20.6 [18.1–23.3]) 235 (24.6 [21.9–27.4]) 0.04

Clinical response

Complete or partial response 767 (79.2 [77.0–82.1]) 830 (86.8 [85.1–89.4]) <0.001

Complete 194 (20.0) 210 (22.0)

Partial 573 (59.1) 620 (64.9)

No change 151 (15.6) 103 (10.8)

Progressive disease 45 (4.6) 17 (1.8)

Unknown 6 (0.6) 6 (0.6)

Breast-conserving surgery

No 301 (31.1) 299 (31.3)

Yes 600 (61.9 [63.4–69.7]) 597 (62.4 [63.4–69.7]) 1.00

Unknown 61 (6.3) 58 (6.1)

No surgery 7 (0.7) 2 (0.2)

*	P values for clinical response and breast-conserving surgery were calculated without data from patients with unknown status.
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the two groups, respectively (P<0.001). The doses 
of bevacizumab infusions were reduced in 1.2% 
and omitted in 7.6% of patients in the group re-
ceiving epirubicin and cyclophosphamide fol-
lowed by docetaxel plus bevacizumab; all eight 
cycles of bevacizumab were administered to 79.8% 
of patients.

Safety

Bevacizumab-specific toxic effects, such as bleed-
ing and arterial hypertension, occurred more fre-
quently in the group that received bevacizumab 
than in the group that did not (Table 3, and Table 
3 in the Supplementary Appendix). The addition of 
bevacizumab to epirubicin and cyclophosphamide 
followed by docetaxel was associated with a higher 
rate of febrile neutropenia, infections, mucositis, 
and the hand–foot syndrome. The rate of surgical 
complications was generally low but was numeri-
cally higher in the group that received bevacizum-
ab than in the group that did not. One death 
during therapy occurred in each group (Fig. 1).

Discussion

Our study shows that the addition of bevacizumab 
to neoadjuvant anthracycline- and taxane-contain-
ing chemotherapy can increase the rate of patho-
logical complete response in patients with operable 
or locally advanced HER2-negative breast cancer. 
The results from prespecified subgroup analyses 
suggest that the effect of bevacizumab derived 
mainly from patients with triple-negative breast 
cancer (odds ratio, 1.67). However, the test for in-
teraction was not significant (P = 0.07) in this study, 
which was not powered to show these differential 
effects.

Inhibiting angiogenesis might be a potential 
strategy for the treatment of triple-negative breast 
cancer because genes involved in angiogenesis are 
frequently activated in basal-like tumors.19 Our 
findings suggest that bevacizumab has a higher 
level of activity in the triple-negative subtype than 
in the hormone-receptor–positive, HER2-negative 
subtype; none of the trials involving patients with 

1.0 1.2 3.02.01.6 4.01.4

pCR Higher with BevacizumabpCR Lower with 
Bevacizumab

All patients
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<40 yr

≥40 yr
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Lymph-node stage

cN0

cN1–cN3

Disease stage

Operable
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3
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1.48 (1.09–2.02)

1.67 (1.21–2.31)

1.31 (1.02–1.68)

1.01 (0.66–1.53)

0.99 (0.66–1.50)

1.23 (0.96–1.59)
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1.36 (0.98–1.89)

1.20 (0.84–1.74)

1.23 (0.49–3.10)
1.30 (1.01–1.67)

1.20 (0.92–1.58)

0.8

1.29 (1.02–1.65)
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Figure 2. Pathological Complete Response (pCR), According to Subgroup.

The analyses of subgroups according to tumor and node stage and hormone-receptor status were prespecified  
and stratified.
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metastatic disease reported heterogeneous efficacy 
of bevacizumab according to hormone-receptor 
status.10-12 The observed activity in patients with 
early-stage breast cancer is consistent with the 
findings of the National Surgical Adjuvant Breast 
and Bowel Project B-40 study (NSABP B-40; 
ClinicalTrials.gov number, NCT00408408, report-
ed by Bear et al. elsewhere in this issue of the 
Journal20), which showed a significant improvement 
in the overall rate of pathological complete re-
sponse with the addition of bevacizumab to neo-
adjuvant chemotherapy for HER2-negative dis-
ease.20,21 In the NSABP B-40 study, a numerical 
but statistically nonsignificant increase in the rate 
of pathological complete response was reported 
with the use of bevacizumab in the subgroup of 
490 patients with triple-negative breast cancer.21 

The nonsignificant result might be attributable to 
the smaller sample size in the NSABP B-40 study 
than in our study. In the subgroup of 735 patients 
with hormone-receptor–positive, HER2-negative 
tumors, however, bevacizumab-containing therapy 
was associated with a significantly higher rate of 
pathological complete response,21 which is in con-
trast to the results in our study.

Despite many similarities in the NSABP B-40 
and GeparQuinto trials, including the fact that the 
median tumor size at baseline was similar in the 
two trials, there were a number of differences that 
might have contributed to the divergent results. A 
total of 12% of the participants in our trial had 
clinical stage T4a–T4d disease, whereas patients 
with these disease stages were not eligible for the 
NSABP B-40 study. The NSABP B-40 study also 

Table 3. Adverse Events.*

Event and Maximal Grade*

Epirubicin–Cyclophosphamide 
followed by Docetaxel  

(N = 969)

Epirubicin–Cyclophosphamide 
followed by Docetaxel  

plus Bevacizumab 
(N = 956) P Value

no. of patients/total no. (%)

Anemia, 3–4 16/963 (1.7) 17/950 (1.8) 0.86

Neutropenia, 3–4 747/939 (79.6) 763/936 (81.5) 0.29

Febrile neutropenia, any 69/965 (7.2) 130/951 (13.7) <0.001

Thrombocytopenia, 3–4 15/963 (1.6) 20/951 (2.1) 0.40

Mucositis, 3–4 26/965 (2.7) 157/951 (16.5) <0.001

Edema, 3–4 8/965 (0.8) 7/951 (0.7) 1.0

Hand–foot syndrome, 3 33/965 (3.4) 52/951 (5.5) 0.04

Nail changes, 3 12/965 (1.2) 7/951 (0.7) 0.36

Infection, 3–4 66/964 (6.8) 97/951 (10.2) 0.01

Thromboembolic events, 3–4 18/965 (1.9) 26/951 (2.7) 0.22

Bleeding, 3–4 3/965 (0.3) 4/951 (0.4) 0.72

Surgical complications 38/349 (10.9) 58/394 (14.7) 0.13

Arterial hypertension, 3–4 4/965 (0.4) 25/951 (2.6) <0.001

Cardiovascular disorders

Any except congestive heart failure, 1–4 65/965 (6.7) 73/951 (7.7) 0.43

Any except congestive heart failure, 3–4 7/965 (0.7) 2/951 (0.2) 0.18

Congestive heart failure, 3–4 0/953 (0) 2/942 (0.2) 0.25

LVEF changes, any† 2/866 (0.2) 9/874 (1.0) 0

Proteinuria, any‡ NA 53/939 (5.6) NA

*	The grades of maximal severity per patient were based on the National Cancer Institute’s Common Terminology Criteria 
for Adverse Events, version 3.0, except those for congestive heart failure, which were based on New York Heart Associa
tion classification, and surgical complications, which were not graded. NA denotes not available.

†	Adverse changes with respect to left ventricular ejection fraction (LVEF) were an ejection fraction of <50% and at least 
a 10-percentage-point decrease from baseline.

‡	Proteinuria was defined as a urine-dipstick result of 2+ or 3+.
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included patients with hormone-receptor–positive, 
HER2-negative, node-negative tumors; these pa-
tients were excluded from the GeparQuinto study. 
An anthracycline-containing regimen was admin-
istered before the docetaxel in our study, whereas 
this sequence was reversed in the NSABP B-40 
study. Moreover, the NSABP B-40 study tested the 
additive effect of two antimetabolites with the use 
of a 2-by-3 factorial design and used a decreased 
dose of docetaxel (75 mg per square meter) in the 
experimental groups, which might have interact-
ed with the efficacy of bevacizumab in the hor-
mone-receptor subgroups; in addition, bevacizu
mab was administered during only six of the 
eight cycles. Finally, in our study, patients with-
out a response after the first four cycles were 
considered not to have achieved a pathological 
complete response, which might have biased the 
efficacy results. However, a sensitivity analysis that 
included these patients according to the observed 
pathological response showed similar results.

The addition of bevacizumab to epirubicin and 
cyclophosphamide followed by docetaxel was as-
sociated with an increased number of grade 3 and 
4 toxic effects. Drug-specific grade 3 or 4 toxic 
effects, such as arterial hypertension and bleed-
ing, occurred infrequently. However, we observed 
an increased incidence of toxic effects typically 
associated with docetaxel in the group that re-
ceived bevacizumab, a finding that is similar to the 
results from previous studies.11,20 The protective 
effect of bevacizumab on chemotherapy-induced 
edema has been described previously.22 In contrast 
to earlier, preliminary reports,23 we did not ob-
serve a significantly increased rate of surgical com-
plications after neoadjuvant bevacizumab therapy. 
A 4-week interval between the last bevacizumab 
infusion and surgery appeared to be sufficient to 
reduce the incidence of therapy-associated surgical 
complications. The incidence of congestive heart 
failure during the short observation period was 
low, but there were numerically more events of 
congestive heart failure in the group that received 
bevacizumab than in the group that did not.

Our study provides high-level evidence on the 
basis of the large number of patients and data that 
could be evaluated and the high quality of assess-
ment of pathological complete response. Because 
of the short follow-up period, we cannot confirm 
that the observed increases in the rate of patho-
logical complete response translate into a survival 
advantage. However, given that pathological com-

plete response has been shown to be highly cor-
related with outcome, particularly in patients with 
triple-negative disease,8 we speculate that the ben-
eficial effect will be sustained. A recent meta-
analysis of bevacizumab trials involving patients 
with metastatic breast cancer did not show a de-
creased time to disease progression, increased 
mortality, or an altered pattern of disease progres-
sion after the discontinuation of bevacizumab 
therapy24; consequently, we do not expect any det-
rimental effect to be seen after the completion of 
24 weeks of neoadjuvant bevacizumab. Participants 
in our study provided numerous blood and tissue 
samples before, during, and after treatment, which 
may allow for the identification of a target popu-
lation that will have maximum benefit from beva-
cizumab. In addition, the Bevacizumab Adjuvant 
Therapy in Triple Negative Breast Cancer study 
(Beatrice, NCT00528567) is evaluating adjuvant 
bevacizumab therapy in 2582 patients with early-
stage triple-negative breast cancer.

In conclusion, adding bevacizumab to neoad-
juvant chemotherapy significantly increased the 
rate of pathological complete response among pa-
tients with early-stage HER2-negative breast can-
cer, with the most notable and pronounced im-
provement seen in the subgroup of patients with 
triple-negative disease. Long-term follow-up data 
are needed before this treatment option can be 
fully understood.
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