
Abstract. Background: The efficacy of paclitaxel and
bevacizumab (PB) compared with other chemotherapies in
patients with human epidermal growth factor receptor 2-
negative (HER2−) advanced breast cancer is unclear. Patients
and Methods: We retrospectively investigated 301 patients with
HER2− ABC who received first-line chemotherapy from
January 2011 to December 2016. Results: We included 114
patients who received PB and 187 patients who received other
chemotherapies. After propensity score matching, the PB group
showed a significantly superior overall response rate (77.8%
vs. 38.9%, p<0.0001) and median time to treatment failure (7.3
vs. 5.9 months, p=0.035). In subgroup analyses, PB improved
the median overall survival of patients with pleural lesions or
pulmonary lymphangiopathy (not reached vs. 18.9 months,
p=0.037), and of patients with three or more metastatic sites
without liver metastases, (48.0 vs. 27.3 months, p=0.015).
Conclusion: Compared with conventional chemotherapy, PB
improved the overall response rate and time to treatment
failure in patients with HER2− advanced breast cancer and
improved overall survival in some patient subgroups. 

Anthracyclines, taxanes, and capecitabine are used in
cytotoxic regimens against human epidermal growth factor
receptor-2 negative (HER2−) advanced breast cancer (ABC);

bevacizumab combined with a cytotoxic agent is only
considered for selected patients (1). In some clinical trials,
paclitaxel with bevacizumab (PB) improved progression-free
survival (PFS) and the objective response rate (ORR) of
patients with HER2− ABC; however, overall survival (OS)
was not improved (2-8). Recently, significant improvements
in OS with PB as first-line chemotherapy (CTx) for HER2−
ABC have been reported based on the Epidemiological
Strategy and Medical Economics (ESME) database, showing
the efficacy of first-line PB in prolonging OS in a real-world
setting (9).

However, no trials have compared PB with CTx (e.g.
docetaxel, capecitabine, anthracyclines) other than paclitaxel
alone as first-line treatment for HER2− ABC. Furthermore,
subgroups of patients whose OS might be improved by PB
have not been identified. Therefore, we retrospectively
investigated the effectiveness of PB as first-line CTx, as well
as the characteristics of patients with HER2− ABC whose OS
was improved by PB in a multicentre, real-world setting. 

Patients and Methods
Patients. We retrospectively analyzed patients with HER2− ABC who
received first-line CTx at a registered site (Fukuyama City Hospital,
Hiroshima City Hiroshima Citizens Hospital, or Shizuoka Cancer
Centre). Medical information of patients who were treated at these
three institutions between January 2011 and December 2016 were
extracted from medical records and their characteristics and outcomes
analyzed. Tumour subtypes were classified according to the American
Society of Clinical Oncology/College of American Pathologists
guidelines (10). Pathological reports of surgical specimens or initial
biopsy specimens were used. We also preferentially used biopsies
from metastases and recurrent tumours when available. Treatment
responses were assessed by the Response Evaluation Criteria in Solid
Tumours (RECIST) (11). Surveillance intervals were determined by
each physician’s based on the patient’s clinical need. This
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retrospective study was approved by the Institutional Review Boards
of each participating institution (approval number: Fukuyama City
Hospital: 359; Hiroshima City Hiroshima Citizens Hospital: 2019-73;
and Shizuoka Cancer Center: T30-25). All procedures performed
were in accordance with the ethical standards of the institutional and
national research committees and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards. Informed
consent was waived because this study used retrospective clinical data
that were analysed anonymously.

Treatments. CTx regimens, including dose modifications,
interruptions, or discontinuations, were determined based on the
physician's judgment and patient preferences. 

Patients were divided into two groups, PB and non-PB, according
to the first-line therapy each patient received. The non-PB group was
further classified by their treatment regimens into anthracycline (such
as epirubicin with cyclophosphamide), taxane (such as docetaxel),
eribulin, 5-fluorouracil [5-FU; such as capecitabine, S-1 (combination
of tegafur, gimeracil, and oteracil potassium)], and ‘other’ (such as
vinorelbine or gemcitabine) groups. We were able to use eribulin as
first-line CTx because eribulin is reimbursed as any-line CTx in
Japan. Because of the retrospective nature of the study, some patients
in the non-PB group eventually received PB as later-line therapy.

We defined OS as the time from the initiation of first-line CTx
until death from any cause, disease-free survival (DFS) as the time
from the initiation of primary therapy for primary disease to the
diagnosis of recurrence, and time to treatment failure (TTF) as the
time from the initiation of CTx to discontinuation of CTx for any
reason (e.g. disease progression, intolerable toxicity, withdraw of
consent or death from any cause). ORR was defined as the proportion
of patients who achieved complete response (CR) or partial response
(PR) according to the RECIST criteria. The clinical benefit rate
(CBR) was defined as the proportion of patients who achieved CR,
PR, or maintained stable disease for more than 6 months. 

Statistical analysis. Student’s t-test was used to compare averages
of age and Fisher’s exact tests to compare proportions of categorical
variables (such as metastatic sites) between the groups. Survival
analyses were estimated using the Kaplan-Meier method.
Comparisons between the groups were performed using the log-rank
test or generalized Wilcoxon test. For multivariate analyses, Cox
regression models were used. Data were subjected to propensity
score matching (PSM). The adjustment factors used in the PSM
were selected according to the ESME (9) and TURANDOT studies
(12) and included age, diagnosis (advanced or recurrent), subtype
[oestrogen receptor (ER)+/ER−], liver metastases (yes/no), visceral
disease (yes/no), number of metastatic sites (<3/≥3), disease-free
survival (DFS; <24 months/≥24 months), and prior (neo)adjuvant
anthracycline-based regimen and/or taxane-based regimen (yes/no).
Values of p<0.05 were considered statistically significant. Statistical
analyses were performed using JMP 14.0 Japanese version (SAS
Institute Inc., Cary, NC, USA).

Results

Patient characteristics. We identified 301 patients with
HER2− ABC among three institutions, with 114 patients in
the PB group and 187 patients in the non-PB group.
Regimens in the non-PB group were anthracycline in 24,
taxane in 28, eribulin in 23, 5-FU in 99, and other in 13. The

median follow-up duration was 28.8 months (95%
confidence interval (CI)=25.2-32.7 months). Characteristics
at baseline (at the initiation of first-line CTx) are shown in
Table I. The mean age in the PB group (55.1 years) was
significantly younger than that in the non-PB group (59.1
years; p=0.0073). The PB group was also diagnosed less
often with recurrent disease (58.8% vs. 74.3%, p=0.0071),
but had a higher prevalence of lymph node (78.1% vs.
62.6%, p=0.005) and liver (48.2% vs. 29.4%, p=0.0013)
metastases. Patients in the PB group also had more sites of
metastases (≥3; 66.7% vs. 52.9%, p=0.022), and tended to
have shorter DFS (<24 months; 64.9% vs. 53.5%, p=0.055).
After PSM, these characteristics were generally well-
balanced between the two groups (Table I). Of the 301
patients, 44 (14.6%) discontinued first-line CTx due to
toxicity prior to PSM (PB: 21/114 patients, 18.4%; non-PB:
23/187 patients, 12.3%).

Response rates. ORR and CBR were higher in the PB group
than in the non-PB group (ORR: 75.4% vs. 34. 2%,
p<0.0001, CBR: 81.6% vs. 56. 7%, p<0.0001). ORR and
CBR by CTx regimen were 62.5% and 66.7% for those
treated with anthracycline, 39.3% and 57.1% for those
treated with taxane, 17.4% and 43.5% for the group treated
with eribulin, 29.3% and 56.6% for treatment with 5-FU, and
38.5% and 61.5% for the group treated with other agents,
respectively. 

After PSM, ORR and CBR were still higher in the PB
group than in the non-PB group (ORR: 77.8% vs. 38.9%,
p<0.0001; CBR: 84.4% vs. 62.2%, p=0.0012). ORR and
CBR by CTx group were 70.6% and 76.5%, 42.9% and
64.3%, 27.3% and 54.5%, 27.1% and 52.1%, and 14.3% and
42.9%, respectively.

Time to treatment failure. Median TTF did not significantly
differ between the PB and non-PB groups [7.0 vs. 5.7
months; hazard ratio (HR)=0.87; 95% CI=0.68-1.10, log-
rank p=0.24; Wilcoxon p=0.054; Figure 1A]. After PSM,
significant differences were observed between the two
groups based on Wilcoxon tests (7.3 vs. 5.9 months;
HR=0.79; 95% CI=0.59-1.07, log-rank p=0.13, Wilcoxon
p=0.035; Figure 1B). We used univariate analysis to
determine the effect of PB on PFS (Table II). After PSM,
DFS (<24 vs. ≥24 months; HR=1.47; 95% CI=1.09-2.01)
was associated with TTF. When compared by CTx
administered, the PB group showed a trend for superior TTF
to the other groups.

Overall survival. Median OS did not significantly differ
between the two groups before PSM (23.6 vs. 29.1 months;
HR=1.09; 95% CI=0.82-1.45, log-rank p=0.54; Wilcoxon
p=0.083; Figure 2A), nor after PSM (26.0 vs. 28.4 months;
HR=0.95; 95% CI=0.66-1.36, log-rank p=0.77; Wilcoxon
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p=0.56; Figure 2B). We used univariate analysis to
determine the effect of PB on OS (Table III). After PSM,
liver metastases (HR=2.01, 95% CI=1.40-2.88), visceral
disease (HR=1.75, 95% CI=1.18-2.65), and prior
(neo)adjuvant anthracyclines- and/or taxane-based regimen
(HR=1.59, 95% CI=1.11-2.28) were significantly associated
with OS. When compared by CTx administered, the PB
group did not appear to experience an obvious OS benefit.

Subgroup analyses. To identify patients who experienced an
OS benefit from PB, subgroup analyses were performed in
groups of patients after PSM (Table IV). In the group with
pleural lesion, pulmonary carcinomatous lymphangitis or
both in 40, median OS was significantly better in the PB
group than in the non-PB group [not reached (NR) (95%

CI=13.7 months-NR) vs. 18.9 months (95% CI=10.0-29.8);
HR=0.44 (95% CI=0.19-0.96) log-rank p=0.037; Figure 3A].

In addition, patients who benefited from PB were
investigated based on combinations of risk factors. When
limited to patients with three or more metastatic sites but
without liver metastases in 59, significantly better median
OS was observed in the PB group compared with the non-
PB group [48.0 months (95% CI=28.8-NR) vs. 27.3 months
(95% CI=17.6-36.2); HR=0.41 (95% CI=0.19-0.85); log-
rank p=0.015; Figure 3B]. Furthermore, two subgroups
which obtained significantly superior median TTF by PB
therapy were identified; patients with pleural lesion,
pulmonary carcinomatous lymphangitis or both [8.0 vs. 5.5
months; HR=0.49 (95% CI=0.24-0.98), log-rank p=0.037],
and patients with three or more metastatic sites excluding
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Table I. Patient characteristics at time of administration of first-line chemotherapy. 

Before matching After matching

PB Non-PB p-Value PB Non-PB p-Value

Total 114 187                            90 90                           
Age

Mean±SD 55.1±12.3 59.1±12.5                     0.007a 56.5±12.5 55.1±12.4                   0.44a
>60 Years 47 (41.2%) 99 (52.9%)                    0.057 42 (46.7%) 33 (36.7%)                  0.23

ER, n (%)
Positive 77 (67.5%) 134 (71.7%)                   0.33 67 (74.4%) 64 (71.1%)                  0.87
Negative 30 (26.3%) 48 (25.7%)                      19 (21.1%) 22 (24.4%)                    
ND 7 (6.1%) 5 (2.7%)                        4 (4.4%) 4 (4.4%)                      

Diagnosis, n (%)
De novo 47 (41.2%) 48 (25.7%)                    0.007 37 (41.1%) 32 (35.6%)                  0.54
Recurrent 67 (58.8%) 139 (74.3%)                     53 (58.9%) 58 (64.4%)                    

Metastases, n (%)
CNS 7 (6.1%) 10 (5.3%)                     0.80 5 (5.6%) 9 (10.0%)                   0.40
Bone 68 (59.6%) 108 (57.8%)                   0.81 53 (58.9%) 55 (61.1%)                  0.88
Lung 44 (38.6%) 68 (36.4%)                    0.71 31 (34.4%) 30 (33.3%)               >0.99
Pleura/lymphangiopathy 31 (27.2%) 36 (19.3%)                    0.12 24 (26.7%) 16 (17.8%)                  0.21
Lymph node 89 (78.1%) 117 (62.6%)                   0.005 70 (77.8%) 61 (67.8%)                  0.18
Liver 55 (48.2%) 55 (29.4%)                    0.001 40 (44.4%) 38 (42.2%)                  0.88
Breast 50 (43.9%) 72 (38.5%)                    0.40 40 (44.4%) 48 (53.3%)                  0.30
Other 28 (24.6%) 35 (18.7%)                    0.24 26 (28.9%) 16 (17.8%)                  0.11

Type of metastases, n (%)
Visceral 80 (70.2%) 114 (61.0%)                   0.11 59 (65.6%) 61 (67.8%)                  0.87
Non-visceral 34 (29.8%) 73 (39.0%)                      31 (34.4%) 29 (32.2%)                  0.75

Metastatic sites, n (%)
≥3 76 (66.7%) 99 (52.9%)                    0.022 59 (65.6%) 62 (68.9%)                  0.75
<3 38 (33.3%) 88 (47.1%)                      31 (34.4%) 28 (31.1%)                    

NAC, n (%)
Yes 48 (42.1%) 99 (52.9%)                    0.075 36 (40.0%) 41 (45.6%)                  0.55
No 66 (57.9%) 88 (47.1%)                      54 (60.0%) 49 (54.4%)                    

DFS, n (%)
<24 Months 74 (64.9%) 87 (46.5%)                    0.055 33 (36.7%) 34 (37.8%)               >0.99
≥24 Months 40 (35.1%) 100 (53.5%)                     57 (63.3%) 56 (62.2%)                    

CNS: Central nervous system; DFS: disease-free survival; ER: oestrogen receptor; NAC: prior (neo) adjuvant anthracycline and/or taxane (including
anthracycline and taxane-based regimens, anthracycline-based regimen only, and taxane-based regimen only); ND: not determined; PB: paclitaxel
plus bevacizumab; SD: standard deviation. at-Test was performed. Bold values show significance.
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Table II. Patient characteristics at time of administration of first-line chemotherapy. 

Before matching After matching

Factor Subgroup HR 95% CI p-Value HR 95% CI p-Value

Age ≥60 Years 0.84 0.67-1.06 0.15 0.76 0.56-1.03 0.076
<60 Years 1 1

ER Positive 0.88 0.68-1.16 0.36 0.96 0.68-1.40 0.85
Negative 1 1

Diagnosis De novo 1 1
Recurrent 1.24 0.96-1.58 0.096 1.33 0.97-1.80 0.075

Metastases CNS 0.82 0.47-1.32 0.44 0.92 0.49-1.56 0.77
Bone 1.21 0.96-1.53 0.12 1.09 0.80-1.48 0.59
Lung 0.98 0.77-1.24 0.87 0.91 0.66-1.23 0.54
Pleura/lymphangiopathy 0.95 0.71-1.24 0.70 0.83 0.57-1.17 0.29
Lymph node 1.06 0.83-1.36 0.63 0.85 0.61-1.20 0.36
Liver 1.16 0.91-1.47 0.24 1.33 0.98-1.79 0.066
Breast 1.36 1.07-1.72 0.012 1.50 1.11-2.03 0.009
Other 0.76 0.67-1.00 0.047 0.79 0.55-1.11 0.19

Type of metastases Visceral 1.15 0.90-1.46 0.26 1.20 0.88-1.65 0.26
Non-visceral 1 1

Metastatic sites ≥3 1.20 0.95-1.51 0.13 1.02 0.75-1.41 0.89
<3 1 1

NAC Yes 0.94 0.75-1.19 0.61 0.99 0.73-1.34 0.97
No 1 1

DFS <24 Months 1.44 1.14-1.82 0.002 1.47 1.09-2.01 0.012
≥2 Months 1 1

Therapy PB 0.87 0.68-1.10 0.24 0.79 0.59-1.07 0.13
Non-PB 1 1
PB 1 1
Anthracycline 2.53 1.6-3.99 <0.001 2.84 1.65-4.90 <0.001
Taxane 1.81 1.19-2.75 0.009 1.50 0.85-2.65 0.19
Eribulin 1.71 1.09-2.69 0.027 1.81 1.04-3.14 0.050
5-FU 0.88 0.67-1.16 0.35 0.85 0.58-1.26 0.41
Other 1.06 0.60-1.89 0.84 1.61 0.74-3.49 0.26

CI: Confidence interval; CNS: central nervous system; DFS: disease-free survival; ER: oestrogen receptor; HR: hazard ratio; NAC: prior (neo)
adjuvant anthracycline and/or taxane (including anthracycline and taxane-based regimens, anthracycline-based regimen only, and taxane-based
regimen only); PB: paclitaxel plus bevacizumab. Bold values show significance.

Figure 1. Time to treatment failure before (A) and after (B) propensity score matching. CI: Confidence interval; PB: paclitaxel and bevacizumab
therapy.



liver ([10.2 vs. 6.0 months; HR=0.42 (95% CI=0.24-0.72),
log-rank p=0.0012].

Discussion

Bevacizumab with CTx is reportedly efficacious as first-line
CTx for HER2− ABC (2, 12, 13). In the E2100 study that
compared paclitaxel monotherapy with PB, significant
improvements in median PFS (11.8 vs. 5.9 months;
HR=0.60, p<0.001) and ORR (36.9% vs. 21.2%, p<0.001)
were observed in the PB arm (2). Furthermore, the AVADO
study, which compared docetaxel monotherapy with
docetaxel plus bevacizumab, showed significantly better PFS
(10.1 vs. 8.2 months; HR=0.77, p=0.006) and ORR (64.1%
vs. 46.4%, p<0.001) in the docetaxel plus bevacizumab arm

(13). Additionally, the RIBBON-1 study, which compared
conventional CTx (based on taxane, anthracycline, or
capecitabine) with CTx with bevacizumab, found similar
favourable results for both PFS and ORR with the
combination therapy (14). However, none of these three
prospective, randomized trials found OS to have improved;
a meta-analysis that included these three studies showed
bevacizumab provided significant PFS and ORR benefit
[HR=0.70 (95% CI=0.57-0.86) and HR=1.81 (95% CI=1.53-
2.14) respectively] but no significant gain in OS (HR=0.95,
95% CI=0.85-1.06) (15), and a recent report from Miyashita
et al. showed similar results based on a meta-analysis of
eight prospective clinical trials (16). Bevacizumab was
approved for HER2− ABC by the US Food and Drug
Administration in 2008 based on the results of the E2100
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Figure 2. Overall survival before (A) and after (B) propensity score matching. CI: Confidence interval; PB: paclitaxel and bevacizumab therapy. 

Figure 3. Subgroup analyses for overall survival after propensity score matching among patients treated with and without paclitaxel plus
bevacizumab (PB). A: Patients with pleural lesion, pulmonary carcinomatous lymphangitis or both. B: Patients with three or more metastatic sites
but without liver metastases. CI: Confidence interval; PB: paclitaxel and bevacizumab therapy.



trial (2), however, this approval was withdrawn in 2011 due
to the lack of OS benefit and concerns about toxicities raised
by subsequent studies (13, 14). Nevertheless, bevacizumab
has been approved in combination with paclitaxel in Japan,
based on the results of the Japanese clinical trial (4). Under
these circumstances, the ESME study found an OS benefit
with PB over paclitaxel monotherapy as first-line CTx using
real-world data (9). Furthermore, recent findings of a cost-
effectiveness analysis using the ESME database showed that
in France, the addition of bevacizumab to paclitaxel
compared with paclitaxel alone was likely to represent a
cost-effective treatment for patients with HER2− ABC (17).

The ESME study aimed to describe outcomes after use of
first-line paclitaxel with or without bevacizumab in France,
with OS as the primary endpoint. PB prolonged median OS
compared with paclitaxel monotherapy [27.7 vs. 19.8
months; HR=0.739 (95% CI=0.672-0.813)]. The results for

OS and PFS with PB were consistent with those in clinical
trials, and the ESME study showed the superior efficacy of
the combination therapy compared with paclitaxel
monotherapy (9). The efficacy of PB in the present study
after PSM was comparable with that in the ESME and other
clinical trials (present study vs. ESME study vs. clinical trials
(ORR: 77.8% vs. no data vs. 36.9-74.0%; TTF: 7.3 vs. 8.1
vs. 8.1-12.9 months; OS: 26.0 vs. 27.7 vs. 26.7-35.8 months,
respectively) (2-9, 12). In addition, results with CTx alone
(the non-PB group in the present study) were comparable
with those of the control groups (paclitaxel-, docetaxel-,
capecitabine-, or anthracycline-based) in previous studies
(ORR: 38.9% vs. 21.2-46.4%; TTF: 5.9 vs. 5.7-8.8 months;
OS: 28.4 vs. 21.2-31.9 months, respectively) (2-8, 13, 14).
As previously mentioned, the effects of PB on TTF and ORR
in the present study were very similar to those in clinical
trials (2-8, 12-14) and the ESME study (9), however, unlike
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Table III. Univariate analyses of overall survival (Cox hazard model). 

Before matching After matching

Factor Subgroup HR 95% CI p-Value HR 95% CI p-Value

Age ≥60 Years 1.23 0.94-1.62 0.13 1.44 1.00-2.06 0.052
<60 Years 1 1

ER Positive 0.65 0.49-0.88 0.006 0.71 0.48-1.09 0.11
Negative 1 1

Diagnosis De novo 0.89 0.65-1.19 0.43 0.85 0.58-1.23 0.38
Recurrent 1 1

Metastases CNS 0.99 0.47-1.82 0.98 0.80 0.31-1.66 0.57
Bone 1.40 1.06-1.86 0.017 1.18 0.82-1.72 0.36
Lung 1.03 0.78-1.36 0.81 0.99 0.67-1.43 0.95
Pleura/lymphangiopathy 1.25 0.89-1.71 0.20 1.00 0.63-1.53 >0.99
Lymph node 1.07 0.80-1.44 0.66 0.98 0.66-1.49 0.91
Liver 1.85 1.40-2.44 <0.001 2.01 1.40-2.88 <0.001
Breast 1.11 0.84-1.46 0.48 1.22 0.85-1.75 0.28
Other 0.74 0.52-1.05 0.09 0.74 0.46-1.14 0.18

Type of metastases Visceral 1.54 1.16-2.08 0.003 1.75 1.18-2.65 0.005
Non-visceral 1 1

Metastatic sites ≥3 1.42 1.08-1.89 0.012 1.31 0.90-1.96 0.16
<3 1 1

NAC Yes 1.37 1.05-1.81 0.022 1.59 1.11-2.28 0.012
No 1 1

DFS <24 Months 1.37 1.04-1.81 0.027 1.23 0.85-1.81 0.27
≥24 Months 1 1

Therapy PB 1.09 0.82-1.45 0.54 0.95 0.66-1.36 0.77
Non-PB 1 1
PB 1 1
Anthracycline 0.56 0.31-1.00 0.037 0.79 0.41-1.51 0.47
Taxane 0.71 0.42-1.23 0.21 0.93 0.44-1.96 0.86
Eribulin 2.14 1.31-3.48 0.005 2.49 1.38-4.50 0.006
5-FU 0.90 0.65-1.24 0.52 0.91 0.58-1.45 0.70
Other 1.08 0.56-2.09 0.83 1.24 0.50-3.10 0.65

CI: Confidence interval; CNS: central nervous system; DFS: disease-free survival; ER: oestrogen receptor; HR: hazard ratio; NAC: prior (neo)
adjuvant anthracycline and/or taxane (including anthracycline and taxane-based regimens, anthracycline-based regimen only, and taxane-based
regimen only); PB: paclitaxel plus bevacizumab. Bold values show significance.



the ESME study, the present study and the clinical trials
showed no OS benefit with PB. In prospective, randomized
clinical trials, possible reasons for these discrepancies
between PFS and OS included the facts that some patients in
the control group eventually crossed over to receive PB,
post-treatment was heterogeneous, and there may have been
an influence of post-progression survival (2, 14, 18). Several
reasons may account for why OS did not significantly differ
in this study after PSM. Firstly, in our non-PB group, 50.3%
(94/187) of patients before PSM and 54.4% (49/90) after
PSM underwent PB in second- or later-line therapies.
Secondly, our non-PB group had a better median OS (28.4
months) than did the control groups (paclitaxel only) in the
clinical trials (19.8-25.8 months) (2, 3, 7, 9). Therefore, in
order to identify patients who experienced OS benefit from
PB in this study, we performed subgroup analyses in groups
of patients after PSM (Table IV).

Some clinical trials have attempted to identify factors
associated with the effect of bevacizumab, including vascular
endothelial growth factor A (VEGF), which has been
implicated in tumour progression and metastasis (19, 20) and
has therefore been studied as a predictive biomarker for the
efficacy of bevacizumab in various carcinomas. However,
the predictive value of plasma VEGFA levels is unclear (7,
21-25), and it is not easily measured in ordinary clinical

practice. We therefore investigated predictors of PB efficacy
that we would be able to access conveniently, such as patient
clinicopathological characteristics. We performed subgroup
analyses after PSM to identify patients whose OS improved
after PB, and found that, among those with pleural lesions
and/or pulmonary carcinomatous lymphangitis, OS was
significantly better in the PB group than in the non-PB
group. Bevacizumab has been shown to be effective against
malignant pleural effusion in lung cancer (26-28), and our
results may demonstrate its utility in HER2− ABC. We also
found that PB improved OS among patients with three or
more metastatic sites, but without liver metastases. Liver
metastases are a poor prognostic factor for patients with
ABC (29-31); Llombart-Cussac et al. reported that the
presence of liver metastases was a risk factor for patients
with HER2− ABC treated with first-line CTx with
bevacizumab (32). Our results also demonstrate that liver
metastasis is a risk factor in the real world, and the clinical
utility of PB therapy in HER2− ABC will be limited when
patients have liver metastases. The above subgroup analyses
should be interpreted with caution because of the multiplicity
issue due to the repetition of statistical tests.

This study has some limitations because of its retrospective
design. Therefore, in order to minimize selection biases from
the results, PSM was used to adjust for differences in patient
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Table IV. Hazard ratios for overall survival (Cox hazard model). 

Overall survival 

Factor Subgroup No. of patients PB therapy (months) Non-PB therapy (months) HR 95% CI p-Value

Age ≥60 Years 75 19.2 (13.7-32.4) 23.1 (16.8-33.9) 1.03 0.60-1.78 0.92
<60 Years 105 29.9 (16.6-NR) 30.5 (19.3-35.7) 0.85 0.51-1.38 0.50

ER Positive 131 30.8 (18.2-41.8) 29.2 (19.3-35.4) 0.88 0.58-1.35 0.57
Negative 41 14.1 (7.9-27.8) 21.9 (10.7-36.0) 1.42 0.69-2.92 0.34

NAC Yes 77 19.2 (13.7-32.4) 23.1 (16.8-33.9) 1.08 0.64-1.82 0.77
No 103 29.9 (16.6-NR) 30.5 (19.3-35.7) 0.88 0.53-1.46 0.63

DFS <24 Months 113 30.8 (18.2-41.8) 29.2 (19.3-35.4) 0.97 0.61-1.51 0.88
≥24 Months 67 14.1 (7.9-27.8) 21.9 (10.7-36.0) 0.97 0.51-1.83 0.93

Metastatic sites ≥3 121 30.8 (18.2-NR) 33.9 (25.7-38.6) 0.73 0.47-1.13 0.16
<3 59 18.3 (14.3-30.8) 26.7 (19.0-33.9) 1.56 0.82-3.00 0.18

Type of metastases Visceral 120 33.2 (18.6-48.0) 33.9 (17.9-38.6) 0.93 0.61-1.43 0.75
Non-visceral 60 26.0 (17.9-43.9) 26.4 (16.8-30.5) 1.07 0.53-2.14 0.84

Liver Yes 78 24.6 (13.4-38.1) 35.4 (19.0-60.9) 1.20 0.73-1.98 0.47
No 102 22.2 (14.3-38.1) 26.4 (15.3-33.1) 0.73 0.42-1.23 0.24

Lung Yes 61 29.9 (17.9-NR) 34.4 (21.9-60.9) 0.74 0.39-1.37 0.34
No 119 15.3 (10.6-18.6) 26.4 (14.1-33.1) 1.09 0.70-1.70 0.70

Pleura/ Yes 40 43.9 (26.0-NR) 34.3 (20.1-38.4) 0.44 0.19-0.96 0.040
lymphangiopathy No 140 27.8 (17.3-NR) 29.8 (15.3-35.4) 1.18 0.78-1.76 0.43

Bone Yes 108 24.6 (14.3-33.2) 27.3 (19.0-34.4) 1.00 0.62-1.58 0.99
No 72 NR (13.7-NR) 18.9 (10.0-29.8) 0.94 0.52-1.67 0.83

CI: Confidence interval; DFS: disease-free survival; ER: oestrogen receptor; HR: hazard ratio; mo: months; NAC: prior (neo) adjuvant anthracycline
and/or taxane (including anthracycline and taxane-based regimens, anthracycline-based regimen only, and taxane-based regimen only); NR: not
reached; PB: paclitaxel plus bevacizumab.



characteristics between the groups. In this study, the
effectiveness of PB may have been obscured because many
patients in the non-PB group eventually used PB after their
cancer progressed. However, a strength of our study was its
use of real-world data, which allowed us to compare PB with
anthracycline- or 5-FU-based regimens, which are not used as
comparators in clinical trials; thus, our findings might assist
in managing HER2− ABC. Furthermore, real-world setting
evidence was important for describing the efficacy and safety
of investigated treatments and for bridging the gap between
clinical trials and clinical practice (16). Thus, we should note
both clinical trials results and real-world setting evidence. In
addition, we did not assess adverse events. Prospective studies
are needed to verify the benefit/harm profile of PB as first-line
CTx for patients with HER2− ABC.

By using PSM, we have shown PB to significantly
improve TTF and ORR as a first-line CTx option for HER2−
ABC in a real-world setting and have identified a subgroup
of patients whose OS can benefit from PB. 
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