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chemotherapy in the treatment of HER2-
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Abstract

Background: It is not known what combination of bevacizumab and chemotherapy agents is the best therapeutic
regimen. Comparative study results among the efficacies of bevacizumab plus chemotherapy remain controversial
in patients with HER2-negative metastatic breast cancer.

Methods: We searched Pubmed, Embase, and Cochrane Library Central Resister of Controlled Trials through were
July 2019 for randomized controlled trials that evaluated the efficacy of bevacizumab plus chemotherapy in HER2-
negative metastatic breast cancer. Data on included study characteristics, outcomes, and risk of bias were
abstracted by two reviewers.

Results: A total of 16 RCT studies involving 5689 patients were included. The results showed that bevacizumab
(Bev) - taxanes (Tax) - capecitabine (Cap) has highest-ranking and is probably more effective for prolonging
progression-free survival (PFS) than Tax, Cap, Bev-Tax and Bev-Cap, which was no convincing differences among
Bev-Cap-vinorelbine, Bev-Tax-everolimus, Bev-Tax-trebananib, Bev-exemestane, Bev-Cap-cyclophosphamide in Bev-
containing regimens. For overall response rate (ORR), Bev-Tax-Cap is superior to Tax, Cap and Bev-Cap, while Bev-
Tax-trebananib is superior to Cap. The cumulative probability ranking showed that Bev-Tax-Cap or Bev-Tax-
trebananib may have best pathological response rate in HER2-negative metastatic breast cancer.

Conclusion: Our results provide moderate quality evidence that bevacizumab-taxanes-capecitabine maybe the
most effective bevacizumab plus chemotherapy on PFS and ORR in HER2-negative metastatic breast cancer,
however it should be also considered that bevacizumab may add toxicity to chemotherapy and whether improve
overall survival (OS) or not.
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Background
As vascular endothelial growth factor (VEGF) – neu-
tralizing antibody, bevacizumab plays a vital role in
the growth and progression of neoplasm angiogen-
esis [1–4]. Compared with chemotherapy alone, the
addition of bevacizumab to chemotherapy improves
overall response rates (ORR) and procession-free
survival (PFS) in patients with HER2-negative meta-
static breast cancer [5, 6].
In four randomized controlled trials (RCTs), adding

bevacizumab to taxanes for HER2-negative metastatic
breast cancer significantly increased PFS and ORR,
while combination of bevacizumab with taxanes did
certainly impact on the safety profile of taxanes [7–
10]. The RCT has showed that patients receiving
bevacizumab-taxanes have better PFS and objective
response than receiving bevacizumab-capecitabine as
first-line treatment for HER2-negative metastatic
breast cancer [11]. For safety profiles, bevacizumab-
capecitabine has good tolerability compared with
bevacizumab- taxanes [12].
Fig. 1 Flow diagram demonstrating inclusion/exclusion process for incorpo
Previous studies have indicated that the addition
of capecitabine to taxanes and bevacizumab signifi-
cantly improved PFS, OS and ORR that compared
with taxanes and bevacizumab as first-line treat-
ment strategies [13, 14]. In contrast to previous
studies, other study suggested that bevacizumab
plus capecitabine and taxanes did not show an im-
provement of PFS and safety in patients with HER2-
negative metastatic breast cancer [15]. Another con-
cern has been the addition of second-line chemo-
therapy agents, such as vinorelbine, everolimus and
trebananib, did not improve the efficacy of bevaci-
zumab and taxanes, while adverse events were even
enhanced [16–18].
However, the best bevacizumab plus chemothera-

peutic strategy is not yet available in existing clinical
trials. To explore the efficacy of bevacizumab plus
chemotherapy in patients with HER2-negative meta-
static breast cancer (MBC), we conducted a network
meta-analysis addressing the relative impact of HER2-
negative MBC on PFS and ORR.
rate studies in final analyses
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Methods
Search strategy
Relevant RCTs was searched in Pubmed, Embase and
Cochrance library databases. Retrieval words includ-
ing “bevacizumab” and “HER2 - negative Metastatic
breast cancer”. In this study, subject words, free
words and Boolean logic operator connection was
used for retrieval without language restriction. The
retrieval time was from the establishment of each
database to July 2019.
Inclusion and exclusion criteria
We included studies that i) randomized controlled
clinical trials of bevacizumab based chemotherapy for
HER2-negative metastatic breast cancer; ii) the base-
line characteristics of patients, including age, severity
of disease and underlying disease, were consistent
and comparable in patients with HER2-negative
metastatic breast cancer. iii) the interventions were
bevacizumab based chemotherapy and conventional
chemotherapy as a control.
To preserve intergroup homogeneity, we excluded

that i) patients were < 18 years; ii) types of publica-
tion were case reports, reviews, commentaries and
editorials, or only reported in abstract form; and iii)
Fig. 2 A network meta-analysis of interventional strategies for the treatmen
Vin = vinorelbine, Cyc = cyclophosphamide, Exm = exemestane, Eve = evero
outcome data was incomplete or incorrect; iv) the at-
trition rate is more than 10%.
The above procedures of study search and selection

were independently performed by two investigators
(Zhengwu Sun and Yalin Xi). Study eligibility was de-
termined by all authors’ consensus.

Data extraction
Two investigators (Zhengwu sun and Yalin Xi) in-
dependently extracted relevant data on patient
characteristics/demographics, treatment detail, out-
comes, and study design, with discrepancies re-
solved by a third investigator. Relevant PFS and
ORR were extracted for primary and secondary
endpoint respectively.

Statistical analysis
We performed direct meta-analysis for all treatment
comparisons, and statistical heterogeneity tested was
performed using I2, a value of I2 > 50% was consid-
ered to have substantial heterogeneity. A fixed-effects
model was selected when the heterogeneity test
showed I2 value < 50%, otherwise a random-effects
model was used. The hazard ratio (HR) with its 95%
CI was calculated for PFS, while the odds ratio (OR)
with 95% CI was calculated for ORR. We used a
t of metastatic breast cancer. Bev = bevacizumab, Cap = capecitabine,
limus, Tre = trebananib, Mot =motesanib
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bayesian random effects network meta-analysis ap-
proach to analyze the indirect data for multiple
treatment comparisons. We compared the results of
direct and indirect meta-analysis to determine the
consistency of network meta-analysis. When it was
not significant difference, we investigated consistency
using consistency model, otherwise a node-splitting
approach was used. All analyses were conducted in
RevMan (version 3.5) and R (version 3.6.1), specific-
ally the GeMTC package (version 0.8.2) was used for
the network meta-analysis.

Result
Search results
The search identified 305 potentially relevant studies,
of which 122 were included after duplicates removed.
Fig. 3 Forest plots of direct and indirect comparison for progression-free s
Tax+Cap. Bev = bevacizumab, Cap = capecitabine, Tax = taxanes. HR [95%CI
In total, 68 studies were retained for title and ab-
stract review. By analyzing detail data, 37 studies
were considered after full-text review. Moreover, 18
studies were included in qualitative synthesis, and
two were duplicated data. Finally, sixteen studies
were identified involving 589 patients that fulfilled
the inclusion criteria in Fig. 1 [7–22]. Figure 2 dem-
onstrates all available direct comparisons across out-
comes in this network meta-analysis.

Characteristics and methodological quality of the
included studies
According to the PICOS principle (including “P” =
patients, “I” = intervention, “C” = control, “O” = out-
come, “S” = style), we presented the basic feature de-
scriptions of the sixteen studies in Table 1. The age
urvival (PFS) - I. A = Tax, C = Bev + Tax, D = Bev + Cap, G = Bev +
] = hazard ratio with 95% confidence interval, NA = not applicable
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of enrolled patients arranged from 23 to 90 years. In
hormone receptor status, the majority of HER2-
negtive MBC patients were estrogen receptor (ER)
positive and / or progesterone receptor (PR) positive,
but the minority is patients with triple negative
breast cancer. Moreover, more than half of the en-
rolled patients had received prior chemotherapy,
while more than half of the patients with ER positive
and / or PR positive had received prior hormonal
therapy. Outcomes of all studies included PFS and
ORR. All including studies were RCTs with a total
of 5689 patients, which include one 3-arm trial and
sixteen 2-arm trials. Eleven treatments, including
Fig. 4 Forest plots of direct and indirect comparison for progression-free s
Bev + Exm, F = Mot + Tax, H = Bev + Cap+Cyc, I = Bev + Cap+Vin, J = Bev + T
Tax = taxanes, Vin = vinorelbine, Cyc = cyclophosphamide, Exm = exemestan
hazard ratio with 95% confidence interval, NA = not applicable
Tax, Cap, Bev + Tax, Bev + Cap, Bev + Exm, Mot +
Tax, Bev + Tax+Cap, Bev + Cap+Cyc, Bev + Cap+Vin,
Bev + Tax+Eve, Bev + Tax+Tre, were involved in pa-
tients with HER2-negative metastatic breast cancer
(Table 1).
For the sixteen included studies, two investigators

independently collected data and assessed methodo-
logical quality using the Cochrane collaboration’s tool
for assessing risk of bias. Remarkably, most assess-
ment items have high/moderate levels of methodo-
logical quality in this network meta-analysis (“A” and
“B” level on the risk of bias), which results are shown
in Table 2.
urvival (PFS) - II. A = Tax, B = Cap, C = Bev + Tax, D = Bev + Cap, E =
ax+ Eve, K = Bev + Tax+Tre. Bev = bevacizumab, Cap = capecitabine,
e, Eve = everolimus, Tre = trebananib, Mot = motesanib. HR [95%CI] =
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Heterogeneity, consistency and publication bias analysis
Direct comparisons often suffered from limitations of
risk of bias and imprecision, even heterogeneity after
pooled. On PFS, Bev + Tax+Cap versus Bev + Tax has
high heterogeneity (88%), however which reduce to
moderate heterogeneity (51%) after subgroup analysis.
Since one study show that Bev + Tax+Cap is not su-
perior to Bev + Tax on PFS [15], which is contrary to
the findings of two other studies [13, 14]. On ORR,
Bev + Tax+Cap versus Bev + Tax has low heterogeneity
(34%) in direct and indirect comparison, which may
be because the ORR of Bev + Tax+Cap is higher than
Bev + Tax, but close in one study [15]. The forest plot
of direct and indirect comparison shows that Bev +
Tax versus Tax has moderate heterogeneity (53%) on
PFS and 47% on ORR. In subgroup analysis, there is
no heterogeneity, except of one study which enrolled
MBC not previously treated with chemotherapy [10].
The comparison of Bev + Cap versus Bev + Tax has no
heterogeneity on PFS and ORR in Figs. 3 and 5.
For all comparisons across all outcomes, Node-

splitting analysis suggested that there was no signifi-
cantly consistency between direct and indirect estimates
in Figs. 3, 4, 5 and 6. In Tax (A) - Bev + Tax (C) - Mot +
Tax (F) closed loop, there is no significant difference on
Fig. 5 Forest plots of direct and indirect comparison for overall response r
Bev = bevacizumab, Cap = capecitabine, Tax = taxanes. OR [95%CI] = Odds r
PFS and on ORR (the p-value of A versus C is 0.995775,
A versus F is 0.997075 and C versus F is 0.993300) in
Figs.3, 4, 5 and 6.
In addition, six direct comparisons, including Bev +

Tax versus Tax, Bev + Cap versus Bev + Tax, Bev +
Tax+Cap versus Bev + Tax on PFS and ORR were
close to symmetric and no significant publication bias
in Fig. 7.

Progression-free survival
Sixteen RCTs with 5689 patients reported on PFS. For
six comparisons, the network estimate provided
moderate-quality evidence with Bev + Tax versus Tax
(HR = 0.65, 95%CI = 0.48–0.88), Bev + Tax+Cap versus
Tax (HR = 0.38, 95%CI = 0.23–0.65), Bev + Tax+Cap ver-
sus Cap (HR = 0.32, 95%CI = 0.12–0.87), Bev + Tax+Cap
versus Bev + Tax (HR = 0.59, 95%CI = 0.39–0.91), Bev +
Tax+Cap versus Bev + Cap (HR = 0.44, 95%CI = 0.23–
0.83), Bev + Tax+Cap versus Mot + Tax (HR = 0.42,
95%CI = 0.18–0.99). Other pairwise comparisons were
not statistically significant difference (Table 3). The cu-
mulative probability statistic showed that Bev + Tax+Cap
ranked first, followed by Bev + Cap+Vin, Bev + Tax+Eve,
Bev + Tax+Tre, Bev + Tax, Bev + Exm, Bev + Cap, Bev +
Cap+Cyc, Mot + Tax, Tax and Cap. To reasonable
ates (ORR) - I. A = Tax, C = Bev + Tax, D = Bev + Cap, G = Bev + Tax+Cap.
atio with 95% confidence interval, NA = not applicable



Fig. 6 Forest plots of direct and indirect comparison for overall response rates (ORR) - II. A = Tax, B = Cap, C = Bev + Tax, D = Bev + Cap, E = Bev +
Exm, F = Mot + Tax, H = Bev + Cap+Cyc, I = Bev + Cap+Vin, J = Bev + Tax+ Eve, K = Bev + Tax+Tre. Bev = bevacizumab, Cap = capecitabine, Tax =
taxanes, Vin = vinorelbine, Cyc = cyclophosphamide, Exm = exemestane, Eve = everolimus, Tre = trebananib, Mot =motesanib. OR [95%CI] = Odds
ratio with 95% confidence interval, NA = not applicable

Sun et al. BMC Cancer          (2020) 20:180 Page 9 of 17
evaluated the efficacy of bevacizumab-contained chemo-
therapy, the independent rank of bevacizumab combined
with two chemotherapy agents is as flowing: Bev + Tax+-
Cap>Bev + Cap+Vin>Bev + Tax+Eve>Bev + Tax+Tre>-
Bev + Cap+Cyc; the rank of bevacizumab combined with
chemotherapy agent: Bev + Tax>Bev + Exm>Bev + Cap
(Fig. 8).

Objective response rate
For objective response rate, sixteen studies (5689 pa-
tients) proved eligible. The results provide moderate
quality evidence that Cap versus Tax (OR = 0.21,
95%CI = 0.051–0.85), Bev + Tax+Cap versus Tax (OR =
2.5, 95%CI = 1.3–4.9), Bev + Tax versus Cap (OR = 7.1,
95%CI = 1.9–28.0), Bev + Tax versus Tax (OR = 2.06,
95%CI = 1.20–2.81), Mot + Tax versus Cap (OR = 6.5,
95%CI = 1.4–31.0), Bev + Tax+Cap versus Cap (OR = 12,
95%CI = 2.8–52.0), Bev + Cap+Vin versus Cap (OR = 5.4,
95%CI = 1.3–24.0), Bev + Tax+Eve versus Cap (OR = 9.3,
95%CI = 1.7–53.0), Bev + Tax+Tre versus Cap (OR = 12,
95%CI = 2.1–69.0), Bev + Cap versus Bev + Tax (OR =
0.48, 95%CI = 0.26–0.88), Bev + Tax+Cap versus Bev +
Cap (OR = 3.5, 95%CI = 1.5–8.0), Bev + Cap versus Cap
(OR = 0.3, 95%CI = 0.085–0.96) and other pairwise com-
parisons were not statistically significant difference in
Table 4. The therapeutic strategies ranking: Bev + Tax+-
Tre, Bev + Tax+Cap, Bev + Tax+Eve, Bev + Tax, Mot +
Tax, Bev + Cap+Vin, Bev + Cap+Cyc, Tax, Bev + Cap,
Bev + Exm, and Cap. Moreover, the independent rank of
bevacizumab combined with two chemotherapy agents:
Bev + Tax+Tre>Bev + Tax+Cap>Bev + Tax+Eve>Bev +
Cap+Vin>Bev + Cap+Cyc; the rank of bevacizumab



Fig. 7 Funnel plots of the publication bias tests for direct comparisons of progression-free survival (PFS) and overall response rates (ORR). A = Tax,
C = Bev + Tax, D = Bev + Cap, G = Bev + Tax+Cap. Bev = bevacizumab, Cap = capecitabine, Tax = taxanes
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combined with chemotherapy agent: Bev + Tax>Bev +
Cap>Bev + Exm (Fig. 9).

Safety
Summary frequency of treatment-related grade ≧ 3 ad-
verse events (AE), including hematologic AE (anemia,
leukopenia and neutropenia) and non-hematologic AE
(hypertension, haemorrhage/bleeding, thromboembolic
events, neuropathy, nausea/vomiting, diarrhea, mucositis/
stomatitis, edema, proteinuria, hepatobiliary disorders,
hand-foot syndrome, fatigue, pain, alopecia and infection)
are pooled for analysis in Table 5. We found that the
toxicity of regimens significantly increases with the
addition of bevacizumab or chemotherapy drugs in
general, even though the adverse events of Cap and Bev +
Cap+Cyc regimens are not applicable.

Discussion
In this network meta-analysis, we included 16 RCTs
enrolling 5689 patients comparing various chemotherapy
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Fig. 8 Cumulative ranking probability of progression-free survival (PFS) for the treatment of metastatic breast cancer. A = Tax, B = Cap, C = Bev +
Tax, D = Bev + Cap, E = Bev + Exm, F = Mot + Tax, G = Bev + Tax+Cap, H = Bev + Cap+Cyc, I = Bev + Cap+Vin, J = Bev + Tax+Eve, K = Bev + Tax+Tre.
Bev = bevacizumab, Cap = capecitabine, Tax = taxanes, Vin = vinorelbine, Cyc = cyclophosphamide, Exm = exemestane, Eve = everolimus, Tre =
trebananib, Mot = motesanib. Serial number 1–11 represent probability ranking
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strategies. The use of indirect comparisons within this
network meta-analysis adds additional information be-
yond the multiple direct comparison meta-analysis
that have compared Bev + Tax, Bev + Cap, Bev + Tax+-
Cap with Tax, Cap and with other new chemother-
apy. According to our results, it is certain that the
addition of bevacizumab improved PFS and ORR
compared with chemotherapy alone, which is consist-
ent with previous studies [7, 8, 21]. Moreover, we
found that more patients who received Bev + Tax had
an objective response than did those who received
Bev + Cap, and that Bev + Tax is superior to Bev +
Cap in therapeutic strategies ranking, but there was
no significant difference between Bev + Tax and Bev +
Cap on PFS in HER2-negative breast cancer. Previous
studies have also showed that progression-free sur-
vival with Bev + Tax is superior to that noted with
Bev + Cap, but one of included RCTs has indicated
that the advantage of Bev + Tax to Bev + Cap have not
statistically difference on PFS [11, 12]. In addition,
most included trials directly compared Bev + Tax with
Tax, while few trials directly compared Bev + Cap
with Cap and with Bev + Tax, which could impact our
results in the indirect comparison of network meta-
analysis.
The efficacy of bevacizumab combined with two

chemotherapeutic agents was generally superior to
bevacizumab combined with mono-chemotherapy on
ORR, but there was no significant difference on PFS
in patients with HER2-negative breast cancer [16–18].
In order to avoid the influence on the addition of
second chemotherapy agent improves PFS and ORR
compared with Bev + mono-chemotherapy alone in
bevacizumab-containing regimens, the efficacy of bev-
acizumab combined with one or two chemotherapy
agents has also been independent evaluated and
ranked in this network meta-analysis. Of even greater
concern is that Bev + Tax+Cap could be the best
therapeutic strategy to improve PFS and ORR based
on our currently evidences, which has highest-ranking
in bevacizumab plus two chemotherapy agents, even
the whole ranking. Besides, there were significant stat-
istical differences compared with Bev + Cap or Bev +
Tax or Cap or Tax, while several studies suggested
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Fig. 9 Cumulative ranking probability of overall response rate (ORR) for the treatment of metastatic breast cancer. A = Tax, B = Cap, C = Bev + Tax,
D = Bev + Cap, E = Bev + Exm, F = Mot + Tax, G = Bev + Tax+Cap, H = Bev + Cap+Cyc, I = Bev + Cap+Vin, J = Bev + Tax+Eve, K = Bev + Tax+Tre.
Bev = bevacizumab, Cap = capecitabine, Tax = taxanes, Vin = vinorelbine, Cyc = cyclophosphamide, Exm = exemestane, Eve = everolimus, Tre =
trebananib, Mot = motesanib. Serial number 1–11 represent probability ranking
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that Bev + Tax+Cap significantly improved PFS and
ORR, even have manageable tolerability, compared
with Bev + Tax as first-line treatment [13, 14]. How-
ever, Bev + Tax+Cap cannot be recommended as first-
line chemotherapy in a phase III study, while there
was no significant difference between Bev + Tax+Cap
and Bev + Tax [15]. In addition, We found that two
antiangiogenic agents, bevacizumab and trebananib,
combined with taxanes is great potential chemother-
apy strategy in our independent ranking results of
bevacizumab plus two chemotherapy agents, but only
the comparisons of Bev + Tax+Tre and Cap have stat-
istical differences in HER2-negative breast cancer.
Based on available evidence, Bev + Cap+Cyc might not
even be a better therapeutic regimen compared with
bevacizumab plus mono-chemotherapy, which is con-
sistent with the result of previous study [19]. Also of
concern, the toxicity of therapeutic drugs could inev-
itably increase with multidrug treatment regimens in
our pooled analysis of treatment-related grade ≧ 3 ad-
verse events, thus it is necessary that finding a bal-
ance between the efficacy and toxicity when we
choose appropriate therapeutic regimens.
Several limitations of our study deserve comment.
First, the included RCTs on second-line chemothera-
peutic agents (such as exemestane, everolimus, treba-
nanib and motesanib) may not be sufficient, which
caused the bias of our finding. Second, overall sur-
vival (OS) was not applicable to include and evaluate
the efficacy of bevacizumab-containing chemotherapy
regimens in this network meta-analysis. Third, we
found that the cause of heterogeneity maybe the
baseline of eligible patients in direct comparison, in-
cluding MBC not previously treated with chemother-
apy. However, hormone receptor status may also
influent on the heterogeneity and which need to be
further confirmed. And previous study suggested that
bevacizumab-containing regimens are superior to
chemotherapy alone on pathological complete re-
sponse (pCR) in triple-negative breast cancer (TNBC),
which maybe different than non-TNBC [23]. Fourth,
due to the inconsistencies of adverse events among
the included studies, it is hard to more accurate
evaluate the safety of therapeutic regimens for meta-
analysis in patients with HER2-negative metastatic
breast cancer.
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Conclusions
In summary, our network meta-analysis results showed
that Bev + Tax+Cap maybe the best therapeutic regimen
on PFS and ORR, which was superior to bevacizumab
combined with other chemotherapy drugs in HER2-
negative metastatic breast cancer. However it should be
also considered that bevacizumab may add toxicity to
chemotherapy and whether improve overall survival
(OS) or not.
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