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Abstract

Background Triple-negative breast cancer (TNBC) is a life-threatening subtype of breast cancer with limited treat-
ment options. Therefore, this network meta-analysis (NMA) aimed to evaluate and compare the effect of various
neoadjuvant chemotherapy (NCT) options on the long-term survival of patients with TNBC.

Methods PubMed, Embase, Medline, Cochrane Library, Web of Science, and major international conference data-
bases were systematically searched for randomized controlled trials (RCTs) on the efficacy of various NCT options

in patients with TNBC. Searches were performed from January 2000 to June 2023. Study heterogeneity was assessed
using the I? statistic. Hazard ratios (HRs) and 95% confidence intervals (Cls) were used to evaluate disease-free sur-
vival (DFS) and overall survival (OS). Odds ratios (ORs) and 95% Cls were used to evaluate the pathologic complete
response (pCR). The primary outcome was DFS.

Results We conducted an NMA of 21 RCTs involving 8873 patients with TNBC. Our study defined the combination

of anthracyclines and taxanes as the preferred treatment option. On this basis, the addition of any of the following
new drugs is considered a new treatment option: bevacizumab (B), platinum (P), poly-ADP-ribose polymerase inhibi-
tors (PARPi), and immune checkpoint inhibitor (ICl). Based on the surface under the cumulative ranking curve (SUCRA)
values, the top three SUCRA area values of DFS were taxanes, anthracycline, and cyclophosphamide (TAC; 89.23%);

CT (84.53%); and B (81.06%). The top three SUCRA area values of OS were CT (83.70%), TAC (62.02%), and B-containing
regimens (60.06%). The top three SUCRA area values of pCR were B+ P-containing regimens (82.7%), ICl+ P-containing
regimens (80.2%), and ICl-containing regimens (61.8%).

Conclusions This NMA showed that standard chemotherapy is a good choice with respect to long-term survival.
Moreover, B associated with P-containing regimens is likely to be the optimal treatment option for neoadjuvant TNBC
in terms of pCR.
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Introduction

The latest global cancer burden data released by the
World Health Organization International Agency for
Research on Cancer in 2020 indicated that the number of
new breast cancer cases reached 2.26 million worldwide,
exceeding the total number (2.2 million) of lung can-
cer cases [1]. Breast cancer has replaced lung cancer to
become the world’s most prevalent cancer [2]. It poses a
great threat to the physical and mental health of patients
worldwide. Breast cancer treatment is a very long and
complex process, and the cost is also very high, and even
some patients give up treatment because they cannot
afford the treatment cost, and further worsen the condi-
tion. Triple-negative breast cancer (TNBC) is a subtype
of breast cancer characterized by the lack of receptor-
estrogen and progesterone expression and amplifica-
tion of human epidermal growth factor receptor 2 [3, 4].
Clinically, TNBC is one of the most aggressive subtypes
of breast cancer, accounting for approximately 15%—20%
of all breast cancers [5]. Endocrine therapy with hormone
receptor and targeted therapy to block human epidermal
growth factor receptor 2 (HER-2) have proven ineffective
for patients with TNBC [6]. The clinical course of TNBC
is aggressive, with a high probability of visceral and brain
metastases, and its prognosis is the worst among the
breast cancer subtypes [7, 8]. The BRCA 1/2 gene is par-
ticularly strongly associated with triple-negative breast
cancer. In the Chinese population, the BRCA 1/2 muta-
tion rate is less than 1% in the general population and
about 3% in all breast cancer patients, and up to 17.3%
in triple-negative breast cancer. From another perspec-
tive, approximately 60%-80% of breast cancer patients
carrying the BRCA 1 mutation are triple-negative breast
cancer, while approximately 25% of breast cancer patients
carrying the BRCA 2 mutation have triple-negative
breast cancer [9, 10].

Anthracyclines, cyclophosphamides, and taxanes
are the preferred neoadjuvant chemotherapy (NCT)
for TNBC [11, 12]. NCT can reduce the micrometas-
tasis, shrink the tumor, reduce the stage, and increase
the chance of breast preservation treatment, which
improve the radical cure and breast preservation rate
and obtain the drug sensitivity information [13, 14].
Studies confirm that achieving pathological com-
plete response (pCR) after a neoadjuvant treatment
with TNBC has a good predictive value for long-term
survival benefits [15]. Currently, platinum (P) and
poly-ADP-ribose polymerase inhibitors (PARPi) play
important antitumor roles in NCT for TNBC, and their

efficacy is significant in young patients, especially with
BRCA gene mutations. As a DNA cross-linking agent, P
cross-connects with the DNA after entering the tumor
cells, which interferes with DNA replication of the
tumor cells, leading to double-strand DNA breaks of
the tumor cells, and then killing the tumor cells. Sev-
eral single-arm or randomized controlled clinical stud-
ies including GeparSixto, CALGB40603, BrighTNess,
NeoCART have confirmed the efficacy and safety of
P-containing chemotherapy regimens for the treatment
of TNBC [16-19].

Immune checkpoint inhibitor (ICI) therapy is
directed against the interaction between the pro-
grammed death protein 1 (PD-1) and programmed
death ligand 1 (PD-L1) [20, 21]. PD-1 is a co-inhibitory
molecule expressed by activated T cells when anti-
gen-presenting cells or tumor cells are combined with
PD-L1, which further lead to inhibiting the T-cell acti-
vation and suppressing the body’s antitumor immune
response. Moreover, the view of PD-1/PD-L1 ICI can
improve the suppressed antitumor immune response
to relieve the body’s immune response inhibition state,
further realizing the antitumor effects [22, 23]. ICI
may enhance the endogenous anticancer immunity
after increasing the release of tumor-specific antigens
through chemotherapy. Most current studies show
that ICI treatment has a better therapeutic effect and
lesser toxicity in TNBC [24, 25]. Moreover, the vascu-
lar endothelial growth factor (VEGF) is an important
regulator of tumor angiogenesis and metastasis [26,
27]. Bevacizumab (B) is a recombinant human mono-
clonal antibody against VEGF that plays various roles
in the tumor blood vessels by specifically binding to
VEGF and blocking its interaction with receptors [28].
Relevant studies have reported that adding B based
on chemotherapeutic drugs can improve the pCR.
Antivascular therapy combined with immunotherapy
showed an excellent antitumor activity of different can-
cers [29, 30]. Liu et al. showed that antiangiogenic ther-
apy can improve the sensitivity of PD-L1 expression
and the infiltration of PD-1/PD-L1 immunotherapy,
playing a synergistic sensitization effect and improv-
ing the disease-free survival (DFS) and overall survival
(OS) of patients with TNBC [31, 32].

Although numerous NCT regimens are currently
being used for TNBC, the clinical efficacy of different
treatment regimens, especially in terms of long-term
survival, remains unclear. Therefore, we conducted a
Bayesian meta-analysis of randomized controlled trials
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(RCTs) to evaluate the effectiveness of different treat-
ment regimens (long-term survival and pCR), thereby
providing evidence-based medical information on NCT
for TNBC in clinical practice.

Methods

Search strategy

This network meta-analysis (NMA) was performed
according to the preferred reporting items for system-
atic reviews and meta-analyses statement [33]. PubMed,
EMBASE, Medline, Cochrane Library, Web of Science,
main oncology conference of American Society of Clini-
cal Oncology, the European Society of Medical Oncology,
and San Antonio Breast Cancer Symposium databases
were searched for high-quality RCTs from January 2000
to June 2023. The search was performed using the fol-
lowing keywords without any restrictions: (triple-neg-
ative breast cancer OR triple negative breast neoplasm
OR er-negative pr-negative her2-negative breast cancer
OR TNBC) AND (neoadjuvant therapy OR neoadjuvant
treatment OR neoadjuvant chemotherapy OR neoadju-
vant chemotherapy treatment) AND (DFS OR disease
free survival) AND (OS OR overall survival) AND (pCR
OR pathological complete response). The reference lists
of relevant studies, reviews, and meta-analyses were
manually screened for potentially eligible publications.

Selection criteria

Eligible trials included those that prospectively com-
pared at least two arms of different neoadjuvant chemo-
therapeutic regimens in patients with TNBC. Inclusion
criteria were as follows: patients with pathologically con-
firmed TNBC; those with clinical stages of I and III (T1c,
N1-2 or T2-4, and NO0-2); and those who did not receive
surgical NCT. The study end-points included event-free
survival (EFS) or DFS, OS, and pCR. The exclusion crite-
ria were as follows: studies involving patients with meta-
static TNBC; non-RCTs; articles not written in English;
and studies with no data regarding EFS or DFS, OS, and
pCR. If several publications from the same trial were
identified, only the most recent or complete publications
were included.

Data extraction

Eight reviewers were divided into four groups to inde-
pendently screen the articles (ZL and JL, FZ and QX, DR
and ZL, and YC and SH), perform data extraction (ZL
and JL and LZ and ZY), and assess the risk of bias (ZL
and JL and LZ and MW). Disagreements were resolved
by discussion, with assistance from a third party (GS or
JZ) if necessary. The following information was recorded:
study, author—year, journal, country, arms, medicine,
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clinical stage, trial phase, TNBC definition, sample size,
and study outcomes (EFS or DFS, OS, and pCR).

Explanation of treatment regimens and outcome
definitions

Currently, the standard treatment options for TNBC are
not yet established, and NCT with anthracycline and
purple line represents the cornerstone historical standard
for TNBC treatment [34]. Our study defined the com-
bination of anthracyclines and taxanes as the preferred
treatment option. On this basis, any addition of other
therapeutic drugs is a new treatment option.

Statistical analysis

Hazards ratio (HR) and odds ratio (OR) were used to esti-
mate pooling effect sizes. For pairwise meta-analysis, the
Cochrane Q statistic and the I test were used to calculate
heterogeneity. Statistical heterogeneity was defined as P
of <0.1 and/or I* of >50%. A pairwise meta-analysis was
performed using a random-effects model or a fixed-effect
model depending on the presence of statistical heteroge-
neity. All pairwise meta-analyses were performed using
the Review Manager version 5.3. Results are reported as
HR, OR, and corresponding 95% confidence intervals
(CIs). All P-values were two sided, and differences with
P<0.05 were considered statistically significant. A Bayes-
ian NMA was performed using the Aggregate Data Drug
Information System version 1.16.6 (http://www.drugis.
org). Node splitting analyses were performed to verify
the consistency between direct and indirect evidence.
If no significant inconsistency was detected, a consist-
ency model was used to analyze the relative effects of
the interventions. Otherwise, an inconsistency model
was applied. The “gemtc” package of the R (v14.1) soft-
ware was used for sorting chats and analyze the data. The
NMA results are presented as HR and its correspond-
ing 95% Cls. The “network” packages of the Stata (v14.2)
software were used for sorting chats and data analysis.
The NMA results are presented as OR and correspond-
ing 95% CIs. The rank probability for each treatment was
calculated to determine the treatment ranking. When
assessing the merit of the drug efficacy, the surface under
the cumulative ranking curve (SUCRA) values was used.
It has a value of O to 1, and higher SUCRA values indicate
better efficacy of the agent.

Results

Study selection and characteristics of the included studies
Figure 1 illustrates the study retrieval process. A total of
10,000 results were obtained from the database, and 1500
studies were automatically removed by Zotero. Based on
titles and abstracts, 120 suitable full-text studies were
screened, and 31 studies were excluded due to the lack of
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Fig. 1 A flowchart of the study selection process

assessment results. Ultimately, 21 studies involving 8873
patients were included in our reticulated meta-analysis
[16-19, 25, 34—49]. Table 1 summarizes the characteris-
tics of the included RCTs. A total of 18 phase III trials
and 3 phase II trials were identified. This study evalu-
ated nine treatment regimens in the form of network
maps: standard chemotherapeutic agents, TAC (taxa-
nes, anthracycline, and cyclophosphamide), TC (taxanes
and cyclophosphamide), B, P, B+ P, P+PARPj, ICI, and
ICI+P (Fig. 2).

DFS

Of the 21 studies, 20 reported data on DFS, with 3 stud-
ies including standard chemotherapy, 8 studies including
P-containing regimen, 1 study including B + P-containing
regimen, 4 studies including B-containing regimen, 1
study including P+ PARPi-containing regimen, 2 studies
including ICI-containing regimen, and 1 study includ-
ing ICI+ P-containing regimen, all of which were NCTs.
Results showed that CT compared with P (HR, 0.8; 95%
CIL, 0.68-0.94), B+ICI (HR, 0.29; 95% CI, 0.12-0.73),

Page 4 of 16

Records removed due to
duplicate(n=3495)

Records excluded after title and
abstract screening(n =4726)

Full-text records excluded(n=2875)
with following reasons:

- Not English(n=264)

- Not RCT(n=849)

- Not TNBC patient(n=781)

- Not survival outcome(n=981)

and B+P (HR, 0.43; 95% CI, 0.23-0.8) had a significant
benefit of DES. Figure 3A summarizes the results of DFS
analysis.

A cumulative ranking of the nine treatment regimens
was also analyzed. The results showed that TAC (89.23%),
CT (84.53%), B (81.06%), and P (55,30%) ranked first to
forth, while ICI (37.86%), ICI+ P (30.94%), B+ P (15.48%),
and B +ICI (5.58%) ranked fifth to eighth (Fig. 3B).

oS

Of the 21 studies, 17 reported data on OS, with 3 stud-
ies including B-containing regimen, 3 studies including
standard chemotherapy, 8 studies including P-containing
regimen, 2 studies including ICI-containing regimen, and
1 study including PARPi+ P-containing regimen, all of
which were NCTs. Results showed that PARPi+ P-con-
taining regimen compared with B (HR, 0.24; 95% CI,
0.06—-0.99), P (HR, 0.24; 95% CI, 0.07—0.89), and standard
chemotherapy (HR, 0.21; 95% CI, 0.05—-0.8) had a signifi-
cant benefit of OS. Figure 4A summarizes the results of
OS analysis.
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A Be\fpl@lusCT

ICIp]usCT

B 1) Cbp@CT
ICH@sCT Bevi)sCT
PARPip@bplusCT 1@
c TAC

ICI+Ch+CT

PARPi+Cb+CT

Fig. 2 Network plots for eligible comparisons were included

in the network meta-analysis. A Network diagram of the disease-free
survival (DFS). B Network diagram of the overall survival (OS).

C Network diagram of the pathological complete response (pCR)

A cumulative ranking of the nine treatment regi-
mens was also analyzed. The results showed that CT
(83.70%), TAC (62.02%), and B-containing regimens
(60.06%) ranked first to third, while P-containing regi-
mens (58.89%), ICI-containing regimens (31.48%), and
PARPi+ P-containing regimens (3.85%) ranked forth to
sixth (Fig. 4B).

Page 11 of 16

pCR

All 21 included trials reported pCR, with 3 studies
including standard chemotherapy, 8 studies including
P-containing regimen, 1study including B+ P-containing
regimen, 4 studies including B-containing regimen, 1
study including P+ PARPi-containing regimen, 2 studies
including ICI-containing regimen, and 2 studies includ-
ing ICI+ P-containing regimen, all of which were NCTs.
The incidence of pCR in the PARPi+ P-containing regi-
men (OR, 0.43; 95% CI,—0.02 to 0.89), P-containing
regimen (OR, 0.43; 95% CI, 0.24—0.62), and B-containing
regimen (OR, 0.34; 95% CI, 0.06—0.63) was significantly
higher than that of standard chemotherapeutic agents.
Figure 5A summarizes the results of pCR analysis.

A cumulative ranking of the nine treatment regimens
was also analyzed. The results showed that B+ P-con-
taining regimens (82.7%), ICI+P-containing regimens
(80.2%), ICI-containing regimens (61.8%), and P-con-
taining regimens (55.0%) ranked first to forth, while
PARPi+P-containing regimens (53.5%), B-containing
regimens (44.4%), CT (20.5%), TAC (1.8%), and TC (1.5%)
ranked fifth to ninth (Fig. 5B).

Discussion

Currently, the combination of P, B, PARPi, and ICI based
on anthracyclines, cyclophosphamides, and taxanes
has paved a new avenue for TNBC treatment [50-54].
However, the long-term survival after neoadjuvant treat-
ment in patients with TNBC under different treatment
regimens remains unclear. Therefore, we conducted a
Bayesian meta-analysis of RCTs to evaluate the effective-
ness of different treatment regimens (long-term survival
and pCR) and provide evidence-based medical informa-
tion on NCT for TNBC in clinical practice. The results
showed that, based on SUCRA values, standard chemo-
therapy is still a better choice for long-term survival
consideration compared with NCT for TNBC, and the
B+ P-containing regimen is most likely the optimal NCT
option for TNBC based on pCR results.

In 2022, Li et al [53]. published an NMA evaluating
eight neoadjuvant treatment options for TNBC. The
treatment regimen included the combination of P, B,
PARPi, and ICI. In this previous study, the observation
indicator was pCR; our study added survival indicators
to determine the efficacy ranking of several treatment
options for TNBC.

This study included 21 RCTs involving 8873 patients
with TNBC. Of these, 20 RCTs reported data on DFS;
however, only 7 RCTs reported statistical significance
for DFS, with 2 studies using standard chemotherapies,
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Fig. 3 Bayesian network meta-analysis for disease-free survival (DFS). A League comparison table. Data are expressed as hazards ratio (HR)
and 95% confidence interval (Cl). HR of < T supports column definition processing, whereas HR of > 1 supports row definition processing. B Plot
of sequencing probabilities for nine DFS schemes. The larger the area of the curve and the X-axis, the higher the recommended treatment
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Fig. 4 Bayesian network meta-analysis of the overall survival (OS). A League comparison table. Data are expressed as hazards ratio (HR) and 95%
confidence interval (Cl). HR of < 1 supports the column definition processing, whereas HR of > 1 supports the row definition processing. B Plot
of sequencing probabilities for nine OS schemes. The larger the area of the curve and the X-axis, the higher the recommended treatment
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Fig. 5 Bayesian network meta-analysis of pathological complete response (pCR). A The league table of comparisons. Data are presented as odds
radio (OR) and 95% confidence intervals (Cl). An OR of > 1 favors the column-defining treatment, and an OR of < 1 favors the row-defining treatment.
B Cumulative sequence diagram of nine pCR schemes. The higher the SUCRA value, the higher the ranking

3 studies using P-containing regimens, 1 using ICI-
containing regimens, and 1 trial using B+ P-contain-
ing regimens. Longer survival was also reported in
the remaining 13 trials without significant statistical
significance. Due to limited DFS data, we treated data
regarding EFS, relapse-free survival, and distant DFS
reported in these studies as DFS data; however, the
significant DFS data remained somewhat unsatisfac-
tory. It may be related to the small number of patients
included in the study or the lack of relevant data. When
we summarized 20 studies based on SUCRA values,
the proportion of studies using standard chemother-
apy was relatively high, and the top three treatment

options were standard chemotherapy (89.23%), B-con-
taining regimens (81.06%), and P-containing regimens
(55.30%).

In our NMA, 17 of 21 trials reported data on OS, but
only 5 of them reported statistical significance for OS,
which included 1 study using standard chemotherapy,
2 studies using P-containing regimens, 1 study using
ICI-containing regimens, and 1 study using B-contain-
ing regimens. Longer survival was also reported in the
remaining 12 trials, but without significant statistical
significance. This may be related to the small number of
patients included in the study or the short follow-up time;
however, the addition of P, B, and ICI to the standard
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chemotherapy can partly prolong the OS of patients with
TNBC [55-59]. Further large-scale clinical trials are war-
ranted to confirm their efficacy in the future. In terms of
OS, when we summarized 17 studies based on SUCRA
values, a high proportion of studies were based on stand-
ard chemotherapy, and the top three treatment options
were standard chemotherapy (83.70%), B-containing reg-
imens (60.06%), and P-containing regimens (58.89%).

All 21 trials reported pCR data, which were shown
to be statistically significant. Compared with standard
chemotherapeutic agents alone, P-containing regimens,
PARPi-containing regimens, or neoadjuvant regimens
based on B or ICI showed significant associations with
better pCR. Moreover, a recent paired meta-analysis
revealed that NCT based on the above regimens signifi-
cantly improved pCR in patients with TNBC compared
with standard chemotherapy [53], which is consistent
with our findings. The results of reticulation analysis
based on SUCRA values suggested that B+ P-containing
regimens are most likely the optimal NCT option for
TNBC. The subsequent regimens were ICI+P (80.2%)
and ICI (61.8%), and the final recommendation was
standard chemotherapy.

This study has some limitations. First, the small
number of clinical patients included in these studies
or insufficient follow-up time may have caused a bias
on the study results. Second, the RCTs included in this
study were mainly based on standard chemotherapy,
and the proportion of pairs among nine neoadjuvant
regimens was small, which may have led to missing
indirect contrast data, resulting in inaccurate estima-
tion of the optimal treatment regimen. Third, although
we included survival indicators, survival data of differ-
ent treatment regimens remained insufficient. How-
ever, we believe that the use of our carefully pooled
data and statistical methods can overcome these limita-
tions of reticulation analysis.

Conclusions

This NMA demonstrated that standard chemotherapy
is a good choice with respect to long-term survival, and
B-containing regimens are associated with significantly
higher pCR rates among patients with neoadjuvant
TNBC. Future research should focus on evaluating larger
clinical studies to obtain further survival data to help
optimize personalized treatment for patients with TNBC.
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