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Background: Randomized controlled trials of the first-line combination of bevacizumab and
chemotherapy in patients with metastatic breast cancer (MBC) have shown improvements in
tumor response and progression-free survival (PFS).
Objective: The aim of this ambispective, observational study (LORENA) was to describe the
clinical characteristics of long-term responders to bevacizumab-based therapy.
Patients and methods: This study consisted of a retrospective and a prospective phase.
During the retrospective phase, patients with HER2-negative MBC who were treated with
bevacizumab-based first-line therapy were included. During the prospective phase, patients
with PFS of $12 months were treated according to routine clinical practice procedures. Overall
survival (OS) and PFS were estimated using the Kaplan–Meier method. Univariate and multivariate analyses of prognostic factors were performed.
Results: In total, 148 women were included (median age: 50 years; range: 29–81 years). The
mean duration of exposure to bevacizumab was 18 months. The majority of patients experienced
objective response (complete: 23%; partial: 57%). Median PFS was 22.7 months and median
OS was 58.2 months. In multivariate analyses, patients receiving maintenance hormonal therapy
(MHT) had longer PFS (P=0.002; hazard ratio [HR] =1.8) and OS (P=0.009; HR=2.0), while
patients not previously treated with taxanes had longer OS (P,0.0001; HR =3.3). No unexpected
adverse events were observed.
Conclusion: The results of this study suggest, that among long-term responders, first-line
bevacizumab-based therapy is more effective in patients who had not been previously treated with
taxanes, and that MHT provides additional therapeutic benefits by extending PFS and OS.
Keywords: bevacizumab, metastatic breast cancer, real-world, maintenance hormonal therapy,
taxane
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While first-line combination therapy with bevacizumab and chemotherapy has shown some
efficacy in the treatment of patients with MBC in Phase III clinical trials, it has failed to significantly improve OS. In addition, the use of bevacizumab in this indication has been considered
controversial due to the withdrawal of marketing approval in the USA. Therefore, identification
of factors that predict long-term response to bevacizumab would provide patients with a valuable
therapeutic option. This ambispective, observational study (LORENA) was conducted to describe
the clinical characteristics of patients with MBC who have experienced long-term response to
bevacizumab. The results suggest that long-term responders are relatively young (,50 years
of age), more often premenopausal, have stage IV disease at diagnosis, and have ,3 sites of
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metastases. The benefit of bevacizumab may be greater in patients
who have not received prior treatment with taxanes and in those
who received MHT.
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Introduction
Breast cancer is the most common type of cancer in women,1
and in 2015, it was responsible for approximately 571,000
deaths worldwide.2 At present, the median duration of
survival of patients with metastatic breast cancer (MBC) is
estimated to be 2–3 years,3 while the 5-year survival rate is
estimated at 26.9%.4 In recent decades, outcomes in patients
with MBC have improved; however, the greatest improvements in outcomes have been seen in women with human
epidermal growth factor receptor 2 (HER2)-positive tumors,
while outcomes in patients with HER2-negative tumors have
lagged behind.5
Members of the vascular endothelial growth factor
(VEGF) family of proteins are key players in the process
of neoangiogenesis, which is crucial for the development
and progression of breast cancer.6 The VEGF family of
glycoproteins are powerful mitogens that, once bound to
a VEGF receptor (principally VEGF-receptor 2), activate
intracellular signaling cascades that lead to endothelial cell
proliferation and migration.7 VEGF expression is upregulated
in the hypoxic conditions that predominate in tumors, and
its transcription is activated by hypoxia-inducible factor-1
(HIF-1).7 A number of factors may contribute to VEGF
expression in breast cancer, including hypoxia and estrogen,7
and high levels of VEGF and VEGF receptor expression are
adverse prognostic marker in breast cancers.8,9
It has been demonstrated that some chemotherapies, in
particular metronomic chemotherapy, have anti-angiogenic
effects.10,11 HIF-1 is activated in response, and the tumor
mounts a reactive response by upregulating VEGF.12 This
feedback loop can be blocked by combining chemotherapy
with an anti-angiogenic drug,12 which is the rationale for
using chemotherapy in combination with an anti-VEGF drug
to treat MBC. The combination can help to restore the balance between pro- and anti-angiogenic stimuli in the tumor,
“normalizing” perfusion, and vascular permeability in the
tumor vasculature, and allowing more efficient delivery of
chemotherapies.12
Bevacizumab is a recombinant humanized monoclonal
antibody against VEGF.13 In Phase III clinical studies, the
first-line combination of bevacizumab and chemotherapy significantly improved progression-free survival (PFS), without
affecting overall survival (OS), in patients with metastatic or
locally recurrent breast cancer.14–17 These findings were later
confirmed in a large, international, open-label study of .2,200
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patients.18 Furthermore, in a real-world, non-randomized
study of 3,426 patients with HER2-negative MBC, the
first-line combination of bevacizumab and paclitaxel was
associated with significant improvement in PFS, as well as
OS, compared with paclitaxel alone.19 The efficacy of bevacizumab has also been evaluated in combination with hormonal
therapy (letrozole or fulvestrant). However, in patients with
advanced breast cancer, these treatment regimens failed to
produce significant improvements in PFS or OS compared
with hormonal therapy alone in a Phase III clinical study.20
The European Medicines Agency (EMA) and the Food
and Drug Administration (FDA) of the USA approved
bevacizumab in combination with chemotherapy for firstline treatment of HER2-negative MBC. The FDA later
withdrew its approval due to the risk of adverse events (AEs)
and lack of evidence supporting long-term clinical benefit.
While the EMA’s approval remained in place, the clinical
use of bevacizumab to treat breast cancer was considered
controversial by some experts. The third European School
of Oncology – European Society of Medical Oncology
International Consensus Guidelines for Advanced Breast
Cancer21 state that, due to the absence of improvement in
OS and because no factors predicting effective bevacizumab
treatment have been identified, its use can only be recommended in selected cases.
The aim of this ambispective, observational, real-world
study was to describe the clinical characteristics of patients
with HER2-negative MBC who experienced long-term benefits with first-line bevacizumab-based therapy.

Patients and methods
Design and objectives
This ambispective, observational, multicenter study was
conducted at 38 hospitals in Spain. Patients were eligible to
participate if they were aged $18 years, had a histologically
confirmed, metastatic or locally-advanced, HER2-negative
breast cancer, received first-line treatment with a combination of bevacizumab and chemotherapy, and had a PFS $12
months from the beginning of bevacizumab treatment.
Data on patient characteristics, tumor description, duration of bevacizumab treatment, and prior neo/adjuvant
chemotherapy or other therapies, were collected retrospectively at the time of enrollment. Grade $3 AEs related to
bevacizumab and AEs related to bevacizumab that led to discontinuation were recorded in accordance with the Medical
Dictionary for Regulatory Activities 17.1 and their intensity
was assessed using the Common Terminology Criteria for
Adverse Events v4.0.22 For patients who were alive at the time
of inclusion, data were prospectively updated over the next
OncoTargets and Therapy 2018:11
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18 months. During the intervening period, patients continued
to attend routine follow-up visits.
The main objective of the study was to describe the
clinical characteristics of patients with HER2-negative
MBC who were treated with the first-line combination of
bevacizumab and chemotherapy and had a PFS $12 months.
Secondary objectives included assessment of patients who
experienced objective response (overall response rate, ORR),
PFS, OS, and factors predictive of clinical benefit, as well as
assessment of safety and tolerability. Clinical response was
evaluated using the Response Evaluation Criteria in Solid
Tumors 1.0. PFS was defined as the time from treatment
initiation to progression or death due to any cause, and was
determined by an investigator using routine clinical practice
criteria. OS was defined as the time from the date of treatment
initiation to the date of death due to any cause.
The study was approved by the ethics committee from
Centro Oncológico de Galicia (A Coruña, Spain), and patients
participating in the prospective phase provided written
informed consent.

Statistical analysis
Descriptive statistics were used to summarize patient characteristics. Qualitative variables were described using frequency and percentage per modality. When relevant, the
95% CI was calculated. OS and PFS were estimated using
the Kaplan–Meier method. A post hoc investigation of factors predictive of long-term survival was performed using a
Cox multivariate model for PFS and OS. Factors analyzed
included age, tumor characteristics, and antineoplastic treatments. Factors entered into the regression were first tested
using univariate analysis. The final model was constructed
with all variables presenting log-rank P-value #0.05. Hazard
ratios (HR) and 95% CIs were calculated for factors predictive of long-term survival. SPSS software version 21.0 was
used for all statistical calculations.

Long-term response to bevacizumab in metastatic breast cancer

Table 1 Baseline patient demographics and tumor characteristics
(n=148)
Characteristics

Value

Median age (range), years
ECOG performance status, n (%)
0–1
$2
ND
Menopausal status, n (%)
Pre-menopausal
Post-menopausal
ND
TNM stage of disease at initial diagnosis, n (%)
I
II
III
IV
ND
Number of metastasis organ sites, n (%)
#3
.3
Site of metastasis, n (%)
Non-visceral
Visceral
Both
Histology, n (%)
Invasive ductal carcinoma
Invasive lobular carcinoma
Other
Histological grade, n (%)
I
II
III
ND
Estrogen receptors, n (%)
Positive
Negative
ND
Progesterone receptors, n (%)
Positive
Negative
ND
Ki67, n (%)
,10%
10%–20%
.20%

50 (29, 81)
132 (89.19)
8 (5.41)
8 (5.41)
64 (43.24)
73 (49.32)
11 (7.43)
12 (8.11)
53 (35.81)
38 (25.67)
42 (28.38)
3 (2.03)
140 (94.59)
8 (5.41)
56 (37.84)
39 (26.35)
53 (35.81)
126 (85.14)
12 (8.11)
10 (6.76)
10 (6.76)
49 (33.11)
44 (29.73)
45 (30.41)
110 (74.32)
32 (21.62)
6 (4.06)
91 (61.49)
52 (35.14)
5 (3.38)
17 (11.49)
32 (21.62)
45 (30.41)

Results
Patient characteristics

Abbreviations: ECOG, Eastern Cooperative Oncology Group; ND, no data.

Between March 2012 and October 2013, 166 patients were
screened for inclusion, and 148 met the eligibility criteria and
were included in the final analysis (median age: 50 years;
range: 29–81 years) (Table 1). At the time of inclusion, 110
patients were alive and included in the 18-month prospective
phase of the study.
At initial diagnosis, 42 (28%) patients had stage IV cancer and 28 (19%) had triple-negative tumors. The majority
(n=140, 95%) had #3 sites of metastases and in 92 patients
(62%), at least 1 visceral site was affected (Table 1). The most

common sites of metastasis were the bones (n=82, 55%),
lungs (n=57, 39%), liver (n=46, 31%), lymph nodes (n=30,
20%), and soft tissues (n=15, 10%). At baseline, 110 patients
had received prior treatment for non-MBC, including surgery
(n=110, 74%), radiotherapy (n=83, 58%), chemotherapy
(n=99, 67%), and hormonal therapy (n=76, 51%). Among
those who had received chemotherapy, 36 (24% of total)
were treated only with anthracyclines and 4 (3%) only with
taxanes, while 48 (32%) were treated with both. A total of
52 patients (35%) received prior treatment with taxanes.
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Bevacizumab treatment
The mean duration of first-line bevacizumab treatment was
19.1 months (SD 11.5 months). In 108 patients (73%), the
duration of treatment was $12 months, while in 84 (57%), it
was .15 months. Bevacizumab 10 mg/kg every 2 weeks was
used in 100 patients (68%), while 15 mg/kg every 3 weeks
was used in 46 (31%; data not available for 2 patients). A total
of 138 patients discontinued first-line bevacizumab treatment
for reasons that included disease progression in 67 patients
(48.5%), AEs in 25 (18%), and death in 1 (,1%); 45 (33%)
withdrew for other reasons, primarily the oncologist’s or
patient’s decision.
First-line bevacizumab treatment was given in combination with chemotherapy in 138 patients (93%) and the mean
(SD) number of cycles was 10.7 (6.9). Chemotherapy consisted primarily of taxanes (n=128; 93%), most commonly
paclitaxel (n=105; 82%).
Following first-line chemotherapy, 89 patients (60%)
received maintenance hormonal therapy (MHT), and 19
of these 89 patients (21%) continued to receive MHT until
the last visit. Aromatase inhibitors were used in 55 patients
(62%), while tamoxifen or fulvestrant was used in 34 patients
(38%). The mean (SD) duration of MHT was 17.4 (12.9)
months.
Second-line therapy was prescribed to 91 patients (61%);
of these, 43 patients (47%) received capecitabine (alone or
in combination) and 29 (32%) continued to receive bevacizumab. Overall, 73 patients (49%) received $3 lines of
therapy at the end of the study.
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Figure 1 PFS in the entire patient population (n=148).
Abbreviation: PFS, progression-free survival.

associated with increased PFS (HR: 1.86, 95% CI: 1.25–2.77,
P=0.002; Figure 2). Median PFS was 25.3 months (95% CI:
21.5–32.6) in patients who received MHT and 19.1 months
(95% CI: 16.0–21.0) in those who did not.
The median OS was 58.2 months (95% CI: 48.4–66.4;
Figure 3). Univariate analysis revealed that advanced age,
prior surgery, chemotherapy, treatment with taxanes, and the
absence of MHT had a statistically significant negative influence on OS (Table 2). Two variables showed near-significant
negative influence: diagnosis of triple-negative breast cancer
(P=0.055) and prior radiotherapy (P=0.055). Multivariate
analysis of prognostic factors for OS included all variables
that demonstrated statistical significance or near significance
in the univariate analysis. Only 2 of these were independently
associated with improved OS: MHT (HR: 2.04, 95% CI:
1.19–3.50, P=0.009) and the absence of prior treatment with
taxanes (HR: 3.37, 95% CI: 1.91–5.94, P,0.0001; Figure 4).
Median OS in patients who received MHT was 66.1 months
1.00

Effectiveness

Maintenance hormonal therapy
No
Yes

0.75

PFS

Objective response data were available for 120 patients.
Overall, 85 patients had a partial response (71%) and 35
had a complete response (29%), yielding an ORR of 81%
(response data were not available for 28 patients).
Median PFS was 22.7 months (95% CI: 20.2–25.2
months; Figure 1). Factors associated with increased PFS on
univariate analysis were the absence of adjuvant treatment
with taxanes (HR: 1.83, 95% CI: 1.26–2.65, P=0.001) and
the use of MHT (HR: 1.96, 95% CI: 1.34–2.86, P=0.0004).
A multivariate analysis that included these 2 factors demonstrated that MHT was the only factor independently

Median PFS
22.7 months (95% CI: 20.2–25.2)

0.75

PFS

At baseline, 30 patients (20%) had concomitant cardiovascular conditions, while 10 (7%) had neurological, 24
(16%) had hormonal, 11 (7%) had gastrointestinal, 1 (,1%)
had hemostatic, and 6 (4%) had infectious conditions;
66 patients (45%) had other concomitant conditions.

Median PFS
25.3 versus 19.1 months
HR: 1.86 (95% CI: 1.25–2.77)
P=0.002
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Figure 2 Multivariate analysis. PFS in patients with and without maintenance
hormonal therapy.
Abbreviations: HR, hazard ratio; PFS, progression-free survival.
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Figure 3 OS in the entire patient population (n=148).
Abbreviation: OS, overall survival.

(95% CI: 59.8–80.9) compared with 43.0 months in those
who did not (95% CI: 37.2–48.8).

Safety
All patients who received at least 1 dose of bevacizumab
were included in the safety analysis (n=148). Sixty-nine
patients died during the course of the study, but none of
these deaths occurred as a result of AEs. There were 57 AEs
of grades 1–4 that led to discontinuation of bevacizumab
therapy, of which 26 AEs were of grade $3. A total of 44
AEs of grade $3 related to bevacizumab were reported in
37 patients (25%; Table 3).

Discussion
This ambispective, observational study in Spain showed that,
during routine clinical practice, patients with metastatic or
locally advanced HER2-negative breast cancer who have a
PFS of $12 months after first-line bevacizumab + chemotherapy have a high ORR ($81%), a PFS of almost 2 years
(median 22.7 months), and survival for almost 5 years
(median 58.2 months). The only independent predictor of
prolonged PFS in this cohort was MHT, but predictive factors
Table 2 Univariate analysis of predictive factors for overall
survival (Cox proportional hazards analysis)
Variables

HR (95% CI)

P-value
(log-rank)

Age (,50 vs $50 years old)
Prior surgery (no vs yes)
Prior chemotherapy (no vs yes)
Prior taxanes (no vs yes)
Hormonal maintenance therapy
(yes vs no)

0.58 (0.36–0.94)
2.13 (1.01–4.48)
2.19 (1.17–4.12)
3.34 (2.01–5.56)
2.45 (1.51–4.00)

0.02
0.04
0.01
,0.0001
0.0002

Abbreviation: HR, hazard ratio.

OncoTargets and Therapy 2018:11

of improved OS were MHT and the absence of prior treatment
with taxanes. Bevacizumab demonstrated a favorable safety
profile, with no new safety signals identified.
In the present study, bevacizumab-based treatment
regimens showed a greater effectiveness compared with
previous randomized controlled and real-world studies. This
was likely due to the recruitment criteria that restricted entry
to patients who were long-term responders. To the best of
our knowledge, the median PFS and OS observed in the
present study are the highest described to date, exceeding
those of the subgroup of patients from the ATHENA study
who were treated with bevacizumab for .12 months (PFS:
19.9 months; OS: 29.6 months).23 In real-world studies, the
median PFS and OS ranged from 8 to 14 months and from
21 to 40 months, respectively.19,24–27 Furthermore, the ORR
was also higher in the present study than in other real-world
studies (60%–70%),26,27 as well as in the long-term treatment
subgroup in the ATHENA study (68%).23
It should be noted that in the present study, some of the
patients’ baseline and clinical characteristics were different
from those of other real-world studies of bevacizumab in
the treatment of MBC. Patients in the present study were
younger (median age: 50 vs 53–58 years), and a greater
proportion of them were premenopausal (43% vs 16%) and
had stage IV cancer at diagnosis (28% vs 16%–19%).19,26
The younger median age of the patients in our study, and
the consequent higher proportion of premenopausal women,
relative to other published series could be related to the tolerability of bevacizumab in older women, and the impact this
has on maintaining long-term bevacizumab treatment. Data
show that older women receiving bevacizumab may be more
susceptible to certain AEs, particularly hypertension, than
their younger counterparts.28
The proportion of patients who had .3 metastatic sites
was lower in the present study (5%) than in the ATHENA
study (69%), even when only the subgroup of patients
who were treated for $12 months was considered (63%).23
Nevertheless, the proportion of patients in our study who
had visceral metastases, and liver metastases specifically,
was similar to that observed in other studies. In regard to
hormone receptor status, there were few differences between
our patient cohort and those of other similar studies: the
proportion of patients with triple-negative tumors was
similar to that reported in a real-world study conducted in
Germany and in the subgroup of patients from the ATHENA
study who received long-term treatment (19%, 18%, and
16%, respectively), while it was lower than in the entire
patient population of the ATHENA study (26%) and in a
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Figure 4 Multivariate analysis.
Note: (A) Overall survival in patients with and without maintenance hormonal therapy and (B) overall survival in patients with and without prior taxane therapy.
Abbreviations: HR, hazard ratio; OS, overall survival.

real-world study conducted in France (31%).19,23,26 While in
the ATHENA study (both the entire patient population and
the subgroup of patients who were treated for $12 months)
and the real-world study conducted in France, the majority of
patients received neo/adjuvant chemotherapy (88%–95%); in
the present study, only 67% did, a proportion similar to that
reported in a real-world study conducted in Germany.19,23,26
Compared with the latter, the proportion of patients who
received prior treatment with taxanes was higher in the present study (35% vs 24%), a surprising finding considering
the fact that the use of taxanes was identified as a potential
negative prognostic factor.26
What cannot be determined from our data is whether
these patient characteristics could, in any way, be considered predictive factors of a longer benefit/response with the
Table 3 Adverse events of grade $3 related to bevacizumab
Adverse events

Grade 3
n (%)

Grade 4
n (%)

Total
n (%)

Hypertension
Hypertensive crisis
Proteinuria
Kidney failure
Fatigue
Epistaxis
Pulmonary embolism
Neutropenia
Periodontal osteonecrosis
Mandibular osteonecrosis
Hemorrhagic diarrhea
Oral bleeding
Paresthesia
Skin toxicity
Anorexia

19 (12.83)
2 (1.35)
5 (3.38)
0
4 (2.70)
2 (1.35)
1 (0.68)
2 (1.35)
1 (0.68)
0
1 (0.68)
1 (0.68)
1 (0.68)
1 (0.68)
1 (0.68)

0
1 (0.68)
0
1 (0.68)
0
0
0
0
0
1 (0.68)
0
0
0
0
0

19 (12.83)
3 (2.03)
5 (3.38)
1 (0.68)
4 (2.70)
2 (1.35)
1 (0.68)
2 (1.35)
1 (0.68)
1 (0.68)
1 (0.68)
1 (0.68)
1 (0.68)
1 (0.68)
1 (0.68)
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weekly paclitaxel–bevacizumab combination, or if they are
simply prognostic factors that would be present in any series
of patients with MBC and affect their long-term response to
any form of therapy.
The subgroup analysis from the E2100 study showed
that the benefit of combining bevacizumab with weekly
paclitaxel was somewhat greater in patients who had previously received chemotherapy (taxanes or anthracyclines),
in younger patients, and in patients with ,3 metastatic
sites.14 In contrast, among those who received paclitaxel
without bevacizumab, PFS was worse in younger vs older
patients and those who had been pretreated with taxanes
vs those without taxane pretreatment.14 Therefore, some of
the characteristics of our long-term responders may not be
specific for bevacizumab–paclitaxel treatment, and include
factors generally associated with better PFS and OS in MBC,
such as stage IV at diagnosis or ,3 metastatic sites. Other
characteristics, such as younger age and prior treatment with
taxanes, may be specific indicators of a favorable response
to bevacizumab + paclitaxel, because they are generally
associated with worse prognosis.29,30
The absence of prior treatment with taxanes and the use
of MHT were identified in the present study as factors independently predictive of improved OS, while the latter was
also a predictor of improved PFS. The results of the E2100
and AVADO randomized trials showed that patients who had
received adjuvant treatment with taxanes experienced greater
clinical benefits with the addition of bevacizumab.15,16 However, in the E2100 trial, the improvement in the median PFS in
patients previously treated with taxanes, with chemotherapy
without taxanes, and without prior chemotherapy were relatively small (12.0, 10.8, and 13.6 months, respectively).14,16
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Nevertheless, similar to the findings of the present study,
absence of prior taxane therapy was a predictor of increased
PFS in a real-world study of 78 patients treated with bevacizumab at La Paz University Hospital (13.7 vs 8.3 months,
HR: 0.63, P=0.062).31 Therefore, it is likely that patients
with a history of taxane treatment can benefit from adding
bevacizumab to first-line therapy, but they would be expected
to have a shorter PFS than those without such history.
In routine clinical practice, the use of MHT is common in
patients with hormone receptor-positive tumors after completion of chemotherapy. The benefit of MHT after chemotherapy is not well established in the literature. A systematic
review of studies demonstrated that MHT is associated with
improvements in PFS, control of symptoms, and quality of
life in patients with MBC.32 Furthermore, several real-world
studies have shown that MHT in combination with maintenance bevacizumab is associated with either improved PFS,33
or improved PFS and OS.27,31 These findings, in conjunction
with the findings of the present study, suggest that the addition of hormonal therapy to maintenance bevacizumab after
first-line bevacizumab-based therapy is a promising treatment
option for patients with hormone receptor-positive MBC.

Limitations
The limitations of the present study include its observational
design, which also included a retrospective phase. These
features increase the risk of selection bias and reduce the
possibility of inferring causality in comparison with a purely
prospective, interventional study. Nevertheless, by examining
outcomes in real-world patients representative of those that
physicians encounter in day-to-day practice, observational
studies provide a valuable adjunct to data from randomized
controlled studies.

Conclusion
The results of this study suggest that patients with metastatic
or locally advanced HER2-negative breast cancer who experience long-term response to first-line bevacizumab-based
therapy are relatively young (,50 years of age), more often
premenopausal, have stage IV disease at diagnosis, and have
,3 sites of metastases. In this patient population, the benefit
of bevacizumab-based therapy is increased if there is no prior
treatment with taxanes and when MHT is added to maintenance bevacizumab after stopping chemotherapy.
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