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Summary
Purpose: This study investigates the therapeutic efficacy of various targeted drugs in combination with chemotherapy on ad-

vanced/metastatic triple-negative breast cancer (TNBC) by a network meta-analysis. Methods: Literatures from PubMed, Web of Sci-
ence, Embase, and CNKI databases were searched to retrieve the relevant published data, and many randomized controlled trials (RCTs)
on TNBC were selected according to the inclusion and exclusion criteria. The progression-free survival (PFS), overall survival (OS),
the adverse effect rate (AEs), and treatment response rate (RR) of TNBC patients for all retrieved literatures were extracted. R software
and Hasse diagrams was used to analyze the therapeutic effects of different targeted drugs combined with chemotherapy. Results: A
total of 16 RCTs were included in the study. The PFS (Hazard ratio (HR) 0.72, 95% CI 0.66-0.79, p < 0.001) and OS (HR 0.92, 95%
CI 0.84-1.0, p = 0.0475) were calculated among the studies. By comparing with combined regimens, we found that Iniparib combined
with chemotherapy has a better therapeutic effect on prolonging PFS (HR p-Score = 0.55, AEs p–Score = 0.80, RR p-Score = 0.82).
Conclusion: Based on the network meta-analysis of combined regimens for TNBC patients with PFS, OS, AEs and RR for screening the
optimal treatment regimen, we propose that the PFS of patients with TNBC could be improved by a combination chemotherapy including
iniparib, cetuximab, taxane or ipatasertib.
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Introduction

Breast cancer is the most common malignant cancer re-
ported in women, with an estimated 1.67 million new cases
diagnosed and more than 50,000 deaths annually [1, 2].
Breast cancer is classified clinically into various subtypes,
and among them the triple-negative breast cancer (TNBC)
is characterized by the lack of estrogen/progesterone recep-
tor (ER/PR) expression, and human epidermal growth fac-
tor receptor 2 (HER2) amplification. TNBC is the most ag-
gressive pathological type comprising 15-20% of all cases
of breast cancer, and usually showing marked refractory to
treatment with poor prognosis [3]. Moreover, many stud-
ies have reported that TNBC have a higher risk of distant
metastasis and increased mortality rate, when compared to
other breast cancers.

TNBC is characterized with extensive intratumor het-
erogeneity, and no specific targeting therapy is available
for TNBC on the clinical settings. Currently, surgical re-
section and chemotherapy are the most common treatments
for TNBC patients. However, most of the TNBC patients
succumb to their disease and is notoriously regarded as the
death sentence by patients as it rapidly progresses to the ad-
vanced stages of metastasis before the patients respond to
further treatment [4]. Recent studies have revealed that the

new monoclonal antibody-based immunotherapies, such as
bevacizumab, an angiogenesis inhibitor for inhibiting vas-
cular endothelial growth factor (VEGF) have showed ex-
cellent synergistic effect on TNBC treatments in combi-
nation with cytotoxic chemotherapies [5]. This combined
therapeutic strategy is more conducive to achieve better
clinical outcomes measured with efficacy parameters like
progression-free survival (PFS) and overall survival (OS),
than chemotherapies alone [6]. The PFS, the time from
treatment initiation to disease progression or worsening,
and OS, the duration of patient survival from the time of
treatment initiation are direct measurements of clinical out-
comes for drug approval [7]. Up to now, there have been
ever-growing reports of using different drug combinations
(targeted drugs plus chemotherapy) to combat the TNBCs.
However, systematically reviewing and comparing these
various targeted drugs combined with chemotherapies for
TNBC based on their clinical outcomes are still desirable
on the clinical settings so as to present a most effective reg-
imen, especially for the advanced and metastatic TNBC.

In this paper, we have searched and collected the data
from randomized controlled trials (RCT) of targeted drugs
in combination with chemotherapies for the treatment of
TNBC from 2009 to 2019, and used systematic meta-
analysis to compare the therapeutic effects of the all the in-
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Figure 1. — Flow chart of retrieved literatures from databases and selection criteria.

cluded targeted drugs on PFS, OS, overall incidence of ad-
verse effects (AE), and overall response rate (RR) of TNBC
patients. Hopefully, this study can provide useful guidance
for therapeutic management of TNBC and eventually im-
prove the clinical outcomes for TNBC patients.

Material and Methods

Search strategy
We have searched and collected all eligible articles from

PubMed, Web of Science, Embase, CNKI, and other elec-
tronic database resources published between 2009 to 2019
with the following search strings: “triple negative breast
cancer”, “breast carcinoma”, “metastatic breast cancer” and
“target therapy” and “randomized trail”, or “randomized
control trial (RCT)”.

Exclusion criteria
The exclusion criteria were shown as followed: (1) The

articles or reports that was duplicated when checked with
NoteExpress software; (2) Articles published in the form of
meetings, letters, or reviews; (3) Non-TNBC-related stud-
ies; (4) Articles not focused on targeted drug combination
with chemotherapy; (5) Non-RCT studies; (6) Data dupli-

cated among the reviewed articles; (7) Commentary or ab-
stract; (8) Non- progressive/transfer TNBC-related studies.
Inclusion criteria

We have followed the inclusion criteria matching: (1)
participants who are adult females (> 18 years old);
(2) histological examinations of patients showing ad-
vanced/metastatic TNBC with negative ER/PR, and non-
overexpression of HER-2; (3) designed intervention: tar-
geted drugs only or combined with chemotherapies; (4)
study types: RCT on comparison of effects of various tar-
geted drugs with chemotherapies in the treatment of TNBC;
(5) required monitoring: PFS (defined as the period of time
from the treatment after random grouping to the progression
of disease or the death of patient); (6) non-required detec-
tions: OS (defined as the period of time from the treatment
after random grouping to the death of patient), occurrence
of AE (defined as WHO grading of toxic and side effects of
chemotherapy ≥ III) and therapeutic RR (including com-
plete response and partial response). We have also con-
sidered the fact that the range of studies included were de-
signed with a period of 10 years, and a possible variation in
chemotherapeutic regimens for TNBC therefore may have
appeared.
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Table 1. — Characterisstics of included studies.

Author,
year

Phase Number Ages Treatment Drugs Targets Content

[8]
(a, b) III 127 Elder patients: Bevacizumab 7.5/15 mg/kg + docetaxel

vs. Placebo + docetaxel Bevacizumab VEGF PFS, AEMean (68)

[9] II 123 Mean (54.5) Iniparib + Gemcitabine/carboplatin Iniparib PARP PFS, OS, AE, RR
vs. Gemcitabine/carboplatin

[10] III 519 Mean (53.5) Iniparib + Gemcitabine/carboplatin Iniparib PARP PFS, OS, AE
vs. Gemcitabine/carboplatin

[11] II 217 Mean (52) sunitinib vs. chemotherapy (Capecitabine, Gemcitabine, Vinorelbine, or
Docetaxel)

Sunitinib VEGFR2,
PDGFRβ

PFS, OS, AE

[12] (a,
b, c, d) III 684 Mean (55.4) Bevacizumab + Taxanes/Gemcitabine/ Capecitabine/Vinorelbine vs. Placebo +

chemotherapy Bevacizumab VEGF PFS, OS, AE

[12] II 273 Mean (52.7) Cisplatin + Cetuximab Cetuximab EGFR PFS, OS, AE, RR
vs. Cisplatin

[13] II 229 Mean (54.8) Sorafenib + Capecitabine Sorafenib Raf-1, B-Raf,
VEGFR3 PFS, OS, AE, RR

vs. Placebo + Capecitabine

[14] III 593 Mean (55) Sunitinib + Docetaxel Sunitinib VEGFR2,
PDGFRβ PFS, OS, AE

vs. Docetaxel
[15] (a, b) III 1237 Mean (55.7) Bevacizumab + Capecitabine vs. Capecitabine + Placebo; Taxane

/Anthracycline + Capecitabine vs. Taxane /Anthracycline + Placebo
Bevacizumab,

taxane
VEGF PFS, OS, AE,

RR

[16] II 124 Mean (57) Glembatumumab vedotin vs. chemotherapy
(Taxane, Anthracycline, Capecitabine, or Ixabepilone)

Glembatumumab
vedotin

Glycoprotein NMB PFS, OS, AE

[5] III 2559
18-40 (n = 484) Bevacizumab + Anthracycline and/or

Taxane-based chemotherapy vs. chemotherapy Bevacizumab VEGF PFS, OS, AE40-65 (n = 1868)
> 65 (n = 239)

[17] (1) II 684 Mean (55) Bevacizumab + chemotherapy (Taxane, Gemcitabine, Capecitabine, or
Vinorelbine) vs. Placebo + chemotherapy

Bevacizumab VEGF PFS, OS, AE,
RR

[18] II 124 Mean (53.5) Ipatasertib + Paclitaxel vs. Placebo + Paclitaxel Ipatasertib AKT PFS, AE, RR
[19] II 215 Mean (51.5) Bevacizumab + nab-paclitaxel vs. nab-paclitaxel Bevacizumab VEGF PFS, AE

[20] II 141 Mean (56.5) Ramucirumab + Eribulin Ramucirumab VEGFR2 PFS, OS, AE
vs. Eribulin

[21] (a, b) III 302 Mean (44.3) Olaparib vs. Anthracycline and/or Taxane-based chemotherapy Olaparib EGFR PFS, OS, AE

PFS: progression-free survival; OS: overall survival; AE: adverse effects; RR: response rate; VEGF: vascular endothelial growth factor; PARP: poly ADP-ribose polymerase; EGFR:
epidermal growth factor receptor; Raf: proto-oncogene serine/threonine-protein kinase; VEGFR: vascular endothelial growth factor receptor; PDGFRβ: platelet-derived growth factor
receptor β; Glycoprotein NMB: Glycoprotein nonmetastatic melanoma protein B; AKT: serine/threonine-protein kinase.
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Data extraction
Two independent authors were responsible for collect-

ing and reviewing the data from the included studies and
deliberating over any divergence until they reach a con-
sensus. Full-text versions of all potentially relevant stud-
ies were obtained including the detailed information about:
first author, publication year, total number of participating
patients, targeted drugs and chemotherapy regimens, study
endpoints and hazard ratios (HR) (including 95% confi-
dence interval (CI)).
Quality evaluation

Risk of methodological biases in individual studies was
evaluated by Cochrane risk of bias tool. They include ran-
dom sequence generation, allocation concealment, blind-
ing (participants and personnel), blinding (outcome assess-
ment), incomplete outcome data, selection bias and any
other sources of bias. The reviewer assessment shall be
given as “low”, “high”, or “unclear” for each article.
Statistical analysis

The PFS and OS in TNBC patients were analyzed by us-
ing Netmeta software package. Then the collected exper-
imental data was uploaded on software R-3.6.0 for further
analysis. The combined analysis was initially adopted to
determine the heterogeneity. As p < 0.05 was considered
as heterogeneity, the combined effective size was evaluated
with random effect model, and when p > 0.05 represented
no heterogeneity, then the fixed effect model was used. p
< 0.05 demonstrated that the targeted drugs with combina-
tion strategy shows significant curative effects for TNBC
patients. In addition, the incidence of AEs and therapeutic
RR were considered as assisting factors in determining the
efficacy of various targeted drugs, and their efficacies were
compared by Hasse diagrams.

Results
Search results

A total of 798 literatures were retrieved from the elec-
tronic databases and other resources that were published
between January 2009 to June 2019. Following the selec-
tion criteria, 782 papers were screened and only 16 RCT of
TNBC treatment studies were included in accordance with
the inclusion criteria for further analysis. The flow chart of
detailed search criteria and excluding process was shown in
Figure 1.
Characteristic features of included literature

All the 16 analyzed literatures were multi-center clinical
studies, including 9 Phase II and 7 Phase III clinical tri-
als for drug development. Moreover, all papers presented
the PFS and AE of explored drugs, while 13 out of them
reported OS and 6 papers showed RR in the TNBC pa-
tients. Generally, these 16 RCT papers had used 8 different
targeted drugs, including bevacizumab (VEGR targeting),
iniparib (poly ADP-ribose polymerase (PARP) targeting),
cetuximab (EGFR targeting), sorafenib (proto-oncogene

serine/threonine-protein kinase (Raf) and vascular endothe-
lial growth factor receptor 3 (VEGFR3) targeting), suni-
tinib (VEGFR2 and platelet-derived growth factor receptor
β (PDGFRβ) targeting), glembatumumab vedotin (Glyco-
protein nonmetastatic melanoma protein B (NMB) target-
ing), ipatasertib (AKT targeting), ramucirumab (VEGFR2
targeting), and olaparib (EGFR targeting), that collectively
produced 12 different therapeutic regimens when combined
with chemotherapeutics (Table 1). Importantly, the results
of evaluation of risk of biases in individual studies were
shown in Figure 2. Most RCTs were designed as random-
ized double-blind trials, and only a few studies concealed
unknown risks and other sources of risk.

PFS network analysis
The 16 articles encompassed 11 different targeted drugs

in combination with chemotherapies (Figure 3a), where 23
independent RCT clinical trials for the targeted drugs in
treatment of TNBC patients reported PFS (Figure 4). The
network analysis of PFS showed the heterogeneity test re-
sult, I2 = 51% and p < 0.01. Therefore, the random effects
model was evaluated for the combined effects. The Dia-
monds shown in Figure 4 represented the overall summary
of HR for PFS analysis, while the width of the diamonds
indicated the 95% CI. Generally, the combined effects in-
creased the outcome of PFS, as the hazard ratio (HR) was
0.72, 95% confidence interval (CI) was 0.66-0.79, and p
< 0.001, suggesting that these targeted drug interventions
could significantly extend PFS of TNBC patients. Addi-
tionally, the subgroup analysis based on stages of clinical
trials have also supported the above results. The HR = 0.66,
95% CI = 0.52-0.83, p < 0.001 was observed for phase II
trials, while HR = 0.74, 95% CI = (0.67, 0.81), p < 0.001
was noted for phase III clinical trials, which have indicated
that the PFSs were obviously prolonged in patients who re-
ceived treatment of targeted drugs.

Therapeutic regimens analyzed through network were
ranked according to p-Scores as well as incidence of AE
and therapeutic RRs as provided in each study. Compared
to simple ranking, this method may provide a superior way
to find the optimal treatment. As shown in Figure 5, ini-
parib combined with chemotherapy was the optimum (p-
Score was 0.55, 0.80, and 0.82 for HR, AEs, and RR, re-
spectively), closely followed by cetuximab combined with
chemotherapy (p-Score was 0.41, 0.82, 0.74 for HR, AEs,
and RR, respectively), with reference to existing data from
clinical drug trials.

OS network analysis
Of the all included studies, 3 papers[18, 22, 8] did not

show any specific OS information, while 9 different tar-
geted drugs in combination with chemotherapies (Figure
3b) and 13 independent RCT clinical trials for the targeted
drugs in treatment of TNBC patients reported OS (Figure
6). Network analysis of heterogeneity test showed I2 =
20%, and p = 0.24. Therefore, fixed effect model was eval-
uated for the combined effects. Diamonds shown in Figure
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Figure 2. — Risk bias assessment among the included RCT studies.

Figure 3. — Network plots for targeted drugs in combination with chemotherapy for PFS (A) and OS (B). Chemo, chemotherapy.

6 represented the overall summary of HR for OS analysis,
while width of the diamonds indicated the 95% CI. Gen-
erally, the combined effects enhanced the outcome of OS,
as the HR was 0.92, 95% CI was 0.84-1.0, and p value
was 0.0475, indicating that these targeted drug interven-
tions could also improve patients’ OS (Figure 6). However,
subgroup analysis based on stages of clinical trials demon-
strated phase II clinical trial group with HR = 0.84, 95% CI
= (0.71-0.99), p = 0.04, while phase III clinical trial group
had HR = 0.92, 95% CI = (0.84, 1.0), p = 0.29, which have
indicated that the OS were not significantly improved in pa-
tients who received treatment of targeted drugs. Besides,
the Hasse plots obtained from p-Scores of HR, AEs, and
RR did not yield an optimal treatment.

Discussion

Recent studies demonstrated that the targeted drugs
combining with chemotherapy exhibit great significance in
treatment of TNBC, while they also cause high incidence
rate of adverse side effects [23]. Therefore, exploiting rel-

atively safe and efficient targeted drugs and chemother-
apy regimens through numerous clinical drug trials are
still desirable. In this study, we have screened a total of
798 literatures from various databases and other resources,
and finally obtained 16 RCT papers of targeted drugs in
combination with chemotherapy for treatment of progres-
sive/advanced TNBC patients. Altogether, from these 16
papers, we have noticed that 8 targeted drugs have been
used clinically in Phase II and III trials. Different aspects of
clinical outcomes were analyzed after using these targeted
drugs, such as PFS, OS, AEs, and RR, and the data was sub-
jected to meta-analysis. Finally, we have concluded that,
iniparib combined with chemotherapy can be presented as
ideal for the optimal treatment for TNBC, followed by
cetuximab combined with chemotherapy. This Network
meta-analysis of various targeted drugs in the treatment of
TNBC can provide useful information for ranking the treat-
ments, and also to suggest a guideline to the clinicians to
treat the TNBC patients with optimal approach.

In this study, we noticed that iniparib, a poly ADP-ribose
polymerase (PARP) inhibitor has showed preferable effects
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Figure 4. — Forest plot for PFS in TNBC patients. Diamonds represent the overall summary of HR for PFS analysis (width of the
diamonds indicate the 95% CI). HR, hazard ratio; CI, confidence interval.

on PFS, but no particular advantages on OS of TNBC pa-
tients. Iniparib inhibits the massive growth of cancer cells
by suppressing the post-translational modification of pro-
teins by PARP, including histones, RNA polymerase, DNA
polymerase, and ligase, etc. [24]. Moreover, its derivatives,
olaparib and veliparib, both exhibits similar inhibitory ef-
fects on TNBC cells. In addition, iniparib also has wide-
spectrum of anti-cancer effects and has been used in treating
other types of cancers, such as ovarian cancer, non-small
cell lung cancer, and uterine carcinosarcoma [25-28], in
phase II clinical trials. Additionally, our study has demon-
strated that cetuximab, taxane, sorafenib, and ipatasertib
following iniparib also have reduced the excellent com-
bined effects for TNBC treatments.

Interestingly, there are over 100 clinical trials for TNBC
treatment that have been completed on the website of clin-
icaltrials.gov, while some of them were clinical trials in-
vestigating the combination effects of different chemother-
apeutic drugs, such as paclitaxel, carboplatin, endoxan,
doxorubicin, towards the treatment of TNBC patients.
From a small cohort of study, Houts et al. have re-
ported that the most common first line drugs for metastatic

TNBC patients were bevacizumab, capecitabine, carbo-
platin/gemcitabine, carboplatin/others, and paclitaxel. Ad-
ditionally, capecitabine, and carboplatin/gemcitabine were
also used as second line therapy, and capecitabine and
paclitaxel for third line therapy [29]. In our study, the
most common chemotherapeutic drugs used in 16 analyzed
RCT studies were capecitabine, gemcitabine, taxane, car-
boplatin, paclitaxel, docetaxel, cisplatin, etc., which was
consistent with other reports.

In addition to the targeted drugs we have investi-
gated in this study, other therapeutic strategies for effec-
tive treatment of TNBC with a combination of immune-
checkpoint blockade therapy based on monoclonal antibod-
ies (anti-programed cell death-1 (PD-1) or anti-programed
cell death ligand 1 (PD-L1) drugs) and chemotherapy in
phase II/III trails has exhibited remarkable clinical out-
comes [30-32]. The therapeutic efficacy of PD-L1 target-
ing antibodies, atezolizumab, durvalumab and avelumab,
and the PD-1 targeting antibodies, nivolumab and pem-
brolizumab, have been investigated in TNBC patients.
However, some of clinical trials for combined regimens
with chemotherapy are still on-going [33]. Vinayak et
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Figure 5. — Hasse plot for the optimal treatment. Chemo, chemotherapy.

Figure 6. — Forest plot for OS in TNBC patients. Diamonds represent the overall summary of HR for OS analysis (width of the diamonds
indicate the 95% CI). HR: hazard ratio; CI: confidence interval.

al. have reported that atezolizumab when combined
with nab-paclitaxel has prolonged the PFS among the

TNBC patients with PD-L1-positive tumors (7.5 months
vs. 5.0 months in placebo + nab-paclitaxel group),
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while AEs were shown with known safety profiles of
each agent [32]. A combination chemotherapy with im-
munotherapy including pembrolizumab, such as pacli-
taxel/carboplatin, doxorubicin/cyclophosphamide or epiru-
bicin/cyclophosphamide, in PD-1 positive TNBC patients
showed a significantly higher comprehensive pathologi-
cal response than chemotherapy alone [30]. With these
advanced developments, further investigations including
more rational and optimal approach for comparing those
targeted drugs are required to accomplish better rankings
of the treatments of TNBC.

There are some limitations associated with this study.
Firstly, the comparative analyses presented in this paper are
point-to-point testing rather than closed-loop researches,
and thus the evaluation of inconsistency is precluded. Sec-
ondly, the non-negligible heterogeneities among these ana-
lyzed papers were uncontainable factors and yet cannot be
enrolled in subgroup analysis of the stages of disease, treat-
ment abandonment or alteration of regimens. Finally, the
specific chemotherapeutic drugs were not clearly differen-
tiated in the current study, since the highly heterogeneous
features of TNBC and the sensibilities of TNBC patients
to the same drugs varied greatly. Generally, it is evident
that most of the combined regimens may present differ-
ent outcomes when applied with different chemotherapeu-
tic drugs. To substantiate this scenario, Brufsky et al. con-
ducted a study and reported that there was no significant
difference in PFS and OS between bevacizumab + vinorel-
bine group and chemotherapy group, while the other drugs,
taxane, gemcitabine, and capecitabine, in combination with
bevacizumab could significantly improve the PFS [12].

Conclusions

A network meta-analyses of the targeted drugs in com-
bination with chemotherapies for TNBC patients were per-
formed by analyzing PFS, OS, the incidence of AEs, and
therapeutic RR to determine the optimal treatment regi-
mens. Our analysis greatly suggests a rationale towards us-
ing chemotherapy combined with iniparib, cetuximab, tax-
ane or ipatasertib in the treatment of TNBC patients, on the
ground of clinical conditions. Furthermore, personalized
therapies can be effectively implemented based on the in-
vasiveness and heterogeneity of TNBCs and also consider-
ing specific clinical conditions towards individualized ap-
proach.
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