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ABSTRACT Objective: This study aimed to assess the efficacy and safety of various neoadjuvant regimens for patients diagnosed with early-stage 

or locally advanced triple-negative breast cancer (TNBC).

Methods: Medline, EMBASE, Cochrane Library, and Web of Science were searched in May 2020 to identify randomized controlled 

trials (RCTs). Bayesian network meta-analysis (NMA) was performed (Registration: PROSPERO CRD42020223012).

Results: A total of 35 RCTs involving 8,424 participants were reviewed, of which 22 RCTs with 5,203 patients were included in this 

NMA focusing on pathologic complete response (pCR). An anthracycline-taxane-based (AT) regimen combined with a platinum 

(ATPt) [odds ratio (OR) = 2.04, 95% credible interval (CrI): 1.69, 2.48] regimen, and a docetaxel regimen combined with a 

carboplatin (TCb; OR = 2.16, 95% CrI: 1.20, 3.91) regimen improved pCR beyond that with AT only. AT and ATPt combined with 

targeted therapy [including bevacizumab (Bev), veliparib, atezolizumab, or pembrolizumab] also improved pCR. Five RCTs included 

in this NMA reported serious adverse events (SAEs) or grade ≥ 3 AEs. TCb was associated with fewer grade ≥ 3 AEs than was AT 

(OR = 0.66, 95% CrI: 0.23, 1.72) alone. In contrast, ATPt, AT + Bev, ATPt + Bev, ATPt + veliparib, and ATPt + pembrolizumab were 

associated with more SAEs than was AT alone.

Conclusions: In patients with TNBC, platinum-based neoadjuvant regimens ATPt and TCb increase pCR beyond that with AT 

alone, but TCb appears to be better tolerated than either AT or ATPt. Platinum-based regimens combined with targeted therapies 

(Bev, PARPi, and PD-1/PD-L1 inhibitor) also improve the pCR rate beyond that with AT alone, but this benefit is accompanied by 

greater toxicity.
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Introduction

Triple-negative breast cancer (TNBC) is defined by cancer 

cells that lack estrogen receptors, progesterone receptors, 

and human epidermal growth factor receptor type 2 (HER2) 

expression. TNBC is a genetically heterogeneous, aggres-

sive molecular subgroup of breast cancer (BC) that accounts 

for approximately 15%–20% of all BCs and often occurs in 

younger women1. Although many studies have been con-

ducted on TNBC, its prognosis remains poor in the long term. 

Approximately 25%–30% of patients with early-stage TNBC 

are estimated to develop distant metastases within 3–5 years 

after diagnosis2. Although adjuvant therapy remains com-

monly used, neoadjuvant chemotherapy is now recognized as 

the standard of care for patients with TNBC3,4.

Neoadjuvant therapy, consisting of systemic therapy before 

surgical tumor removal, can downstage tumors, thus allowing 

for breast-conserving surgery and offering a valuable oppor-

tunity to monitor individual tumor responses1,5,6. Pathologic 

complete response (pCR) is used to interpret prognostic 

information, predict overall outcomes, and guide adju-

vant therapy selection and decision-making2,7. Minckwitz 

et al.8 have reported a pooled analysis exploring the associ-

ation between pCR and long-term clinical benefits in TNBC. 

The results indicated that patients who achieve a pCR have 
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significantly better event-free survival and overall survival 

outcomes than those who do not; however, a similar differ-

ence was not observed in hormone receptor (HP)-positive 

patients. Achieving a pCR is thus highly prognostic in TNBC, 

because such patients have better survival in the long term. 

Although the Create-X9 study has recently shown that adding 

the adjuvant capecitabine after standard neoadjuvant chemo-

therapy prolongs overall survival in patients with TNBC with 

residual invasive disease on pathological testing, gaps exist 

in the medical knowledge regarding how best to increase the 

pCR rate for TNBC. Therefore, more individualized therapy 

strategies are needed for patients without pCR.

Several studies combining standard neoadjuvant regimens 

with platinum or targeted agents, such as bevacizumab (Bev), 

PARP inhibitors (PARPi), and PD-1/PD-L1 inhibitors, have 

been shown to improve pCR rates in TNBC3,4,10.

Most drugs used in neoadjuvant regimens can cause seri-

ous adverse effects (AEs) that may lead to poorer prognosis 

or death. Several studies have reported that participants with-

drew or discontinued treatment because of severe toxicity11. 

Common AEs of neoadjuvant regimens include thrombocyto-

penia, neutropenia, anemia, myelogenous leukemia, alopecia, 

stomatitis, anorexia, pyrexia, conjunctivitis, cardiac disorder, 

and pigmentation12.

Because of the heterogeneity of TNBC and the variety of 

neoadjuvant regimens, finding the optimal neoadjuvant reg-

imen to improve long-term outcomes in patients with ear-

ly-stage TNBC remains a challenge in clinical practice. A 

previous meta-analysis13 has shown that a platinum-based 

regimen may be an option in the neoadjuvant setting; how-

ever, the regimen providing the best benefit/risk ratio when 

combined with targeted agents such as Bev, PARPi, and PD-1/

PD-L1 inhibitors remains unknown. The toxicity of neoadju-

vant regimens may be a barrier for clinicians, who might pre-

fer to select better tolerated agents and dosages for patients 

with TNBC. To help clinicians choose appropriate treatments 

for patients with TNBC, we conducted a network meta-anal-

ysis (NMA) to assess the efficacy and safety of various neo-

adjuvant regimens for patients diagnosed with early-stage or 

locally advanced TNBC.

Materials and methods

This study was registered with the International Prospective 

Register of Systematic Reviews (PROSPERO; registration 

number CRD42020223012)14. The study was conducted 

according to the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA)-NMA checklist15.

Search strategy and selection criteria

Medline, EMBASE, Cochrane Library, and Web of Science 

were searched from inception to September 2020, without 

limitations on the date/time, language, or document type. 

The reference lists of the included studies were examined 

to identify any additional relevant published or unpub-

lished material not retrieved by the electronic search. Search 

strategies for all databases are described in detail in Online 

Appendix 1.

Randomized controlled trials (RCTs) fulfilling the follow-

ing criteria were included: 1) patients with early or locally 

advanced TNBC (clinical stage of I–III or M0); 2) any neo-

adjuvant regimen (concurrent or sequential chemother-

apy) including a single drug or a combination of any of the 

following drugs: paclitaxel, docetaxel, platinum/cisplatin/

carboplatin/oxaliplatin, albumin paclitaxel, capecitabine/

gemcitabine/5-fluorouracil, doxorubicin/epirubicin, cyclo-

phosphamide, pembrolizumab/nivolumab/atezolizumab, 

veliparib/olaparib, or everolimus; and 3) any outcomes of 

interest, namely pCR (ypT0/is ypN0 or ypT0 ypN0), serious 

AEs (SAEs), or grade ≥ 3 AEs.

Patients in studies with subgroup analysis of TNBC were 

included only if they were stratified according to receptor sta-

tus when randomized. Randomized controlled trials (RCTs) 

published only as abstracts without full articles or detailed 

reports were excluded from the analysis. Studies in a language 

other than English were excluded.

Screening, data extraction, and assessment of 
risk of bias

Four reviewers were divided into 2 groups to independently 

screen the articles (JL and LC; FQ and YZ), perform data 

extraction (JL and LC; FQ and YZ), and assess the risk of bias 

(JL and LC; WT and FQ). Disagreements were resolved by 

discussion, with assistance from a third party (ZW or ZS) if 

necessary. The 7 domains of the Cochrane Risk of Bias tool16 

were evaluated, comprising sequence generation, allocation 

concealment, blinding of participants and personnel, blinding 

of outcome assessment, incomplete outcome data, selective 

outcome reporting, and other bias. More details have been 

presented in our protocol14.
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Statistical analysis

The primary objective was to compare pCR among all included 

RCT regimens in the network. The second objective was to 

compare aggregated AEs (defined as total SAEs or grade ≥3 AEs, 

owing to different AE reports in the RCTs) among all included 

RCT regimens in the network. A fixed-effect NMA within a 

Bayesian framework was performed in R 3.6.2 software (gemtc 

package)17. The pooled estimation and the probability of a given 

drug being optimal were obtained according to the Markov chain 

Monte Carlo method. The model convergence was assessed 

with trace plots and Brooks-Gelman-Rubin plots18. The results 

of dichotomous outcomes are reported as odds ratios (ORs) 

and credible intervals (CrIs). The ranking probabilities for all 

neoadjuvant regimens were estimated and are reported as the 

area under the cumulative ranking curve (SUCRA). Evidence 

inconsistency and clinical similarities in patient characteristics 

and settings across trials were carefully assessed before analysis. 

Network geometry was performed in STATA 16.0 software.

Results

Results of the search

A total of 2,205 articles were identified [2,197 articles identified 

through an electronic database search in August 2020, and 8 

articles identified from abstracts and posters for the American 

Society of Clinical Oncology (ASCO) and the European 

Society for Medical Oncology (ESMO) annual meetings, and 

the San Antonio Breast Cancer Symposium (SABCS)]. After 

removal of duplicates, 1,719 articles were identified for screen-

ing. An additional 1,566 articles were excluded after inspection 

of the titles and abstracts. The remaining 153 articles were read 

in full, and 106 articles were subsequently excluded for various 

reasons (further details in Figure 1). Thirty-five RCTs (with 47 

references) were eligible according to the inclusion criteria; of 

these, 22 RCTs (with 29 references) were included in the NMA.

Characteristics of the included studies

A total of 35 RCTs (published from 2012 to 2020) involving 

8,424 participants met the inclusion criteria for this review. 

A total of 28 RCTs (80%) were multicenter trials. Participants 

were recruited from South America (Brazil, Columbia), 

Mexico, the United States, Canada, Australia, Europe (includ-

ing Belgium, Czechia, France, Germany, Hungary, Ireland, 

Italy, the Netherlands, Poland, Portugal, Russia, Spain, Sweden, 

Turkey, and the United Kingdom), and Asia (including China, 

India, Israel, Japan, Korea, and Singapore). The average age of 

the included participants was approximately 50 years. Table 1 

(Online Appendix 4) and Online Appendix 2 (Supplementary 

Tables S1 and S2) provide more details on the study and pop-

ulation characteristics.

All included RCTs reported pCR outcomes (neoadjuvant 

regimens in 22 RCTs were connected for NMA); 11 RCTs 

reported SAEs or grade ≥ 3 AEs (neoadjuvant regimens in 5 

RCTs were connected for NMA). Data were extracted from 

subgroup analyses for TNBC in 15 RCTs. More details are pre-

sented in Online Appendix 2 (Supplementary Tables S3 and 

S4). A detailed risk of bias assessment is reported in Online 

Appendix 3 (Supplementary Figure S1).

Effects of interventions (pCR)

A total of 22 RCTs and 5,203 patients were included in 

the NMA, and a network plot is shown in Figure 2A (more 

details in Online Appendix 5: Supplementary Tables S5–8). 

An improved pCR was detected for the taxane-platinum- 

anthracycline (ATPt; OR = 2.04, 95% CrI: 1.69, 2.48) and 

docetaxel- carboplatin (TCb) (OR = 2.16, 95% CrI: 1.20, 3.91) 

chemotherapy regimens compared with the anthracycline- 

taxane-based (AT) regimen. The addition of Bev also improved 

pCR outcomes in patients receiving AT + Bev (OR = 1.67, 95% 

CrI: 1.32, 2.10) and the ATPt + Bev (OR = 2.70, 95% CrI: 1.72, 

4.25). Combination with PARP inhibitors improved pCRs only 

for the ATPt + veliparib (OR = 2.10, 95% CrI: 1.66, 2.68) reg-

imens. Adding PD-1/PD-L1 inhibitors improved pCRs in the 

AT + atezolizumab (OR = 1.96, 95% CrI: 1.27, 3.03), the AT + 

pembrolizumab (OR = 5.49, 95% CrI: 2.20, 14.4), and the ATPt 

+ pembrolizumab (OR = 3.58, 95% CrI: 2.42, 5.33) regimens. 

(Figure 3A; Online Appendix 5: Supplementary Table S9).

Safety

The incidence of aggregated AEs reported in RCTs is sum-

marized in Table 2. A total of 5 RCTs with 2,965 patients 

were connected in the NMA, and a network plot is shown 

in Figure 2B (more details are shown in Online Appendix 6: 

Supplementary Tables S11–14). The incidence of aggregated 

AEs was lower with TCb than with AT (OR = 0.66, 95% CrI: 

0.23, 1.72), but the difference was not statistically significant. 

In contrast, a significantly higher incidence of aggregated AE 
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was observed with ATPt (OR = 6.91, 95% CrI: 4.97, 9.68), AT 

+ Bev (OR = 8.25, 95% CrI: 4.56, 15.0), ATPt + Bev (OR = 

10.1, 95% CrI: 5.63, 18.1), ATPt + veliparib (OR = 8.85, 95% 

CrI: 6.49, 12.2), and ATPt + pembrolizumab (OR = 9.41, 95% 

CrI: 6.05, 14.7) than with AT (Figure 3B; Online Appendix 6: 

Supplementary Table S15).

The trace plot and density plot showed a good degree of 

convergence (Online Appendix 5: Supplementary Figure 

S4 and Online Appendix 6: Supplementary Figure S6). 

Except for interventions in which the loop could not be con-

structed, we observed no significant inconsistencies between 

the direct and indirect results [inconsistency test results in 

Online Appendix 5 (Supplementary Figure S3)]. Online 

Appendix 5 and Online Appendix 6 show the mean SUCRA 

values for providing the hierarchy ranking of the different 

neoadjuvant regimens in terms of pCR (Supplementary 

Table S10 and Supplementary Figure S2) and aggregated 

AEs (Supplementary Table S16 and Supplementary Figure 

S5). The ranking might be highly biased, and interpretation 

should be made with caution. Funnel plots were not con-

structed because the number of included studies in one com-

parison was less than 10.
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Figure 1 PRISMA flow diagram.
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Discussion

TNBC presents a more proliferative pattern with a poorer 

prognosis than that of the HR-positive pattern, and the bio-

logical characteristics of TNBC remain unclear. Some studies 

have examined the biological characteristics of TNBC and 

their links to different treatment responses19. However, to date, 

chemotherapy-based treatment remains the first choice to 

decrease the risk of relapse, and insufficient evidence is availa-

ble to recommend the routine addition of target drugs, such as 

immune checkpoint inhibitors, to neoadjuvant chemotherapy 

in patients with early-stage TNBC6.

Currently, neoadjuvant therapy is a standard treatment 

strategy that can decrease the relapse rate and prolong sur-

vival20. According to breast cancer guidelines, all adjuvant 

treatment regimens may be used20. To date, many RCTs eval-

uating neoadjuvant therapy in TNBC have been reported, and 

no evidence has indicated that any one regimen is superior to 

others.

As a surrogate for long-term survival21, pCR has been used 

as the primary endpoint in many neoadjuvant clinical trials. 

This NMA is the first to compare the efficacy and safety of 

neoadjuvant RCTs combining chemotherapy with VEGF 

inhibitors, PARP inhibitors, immunotherapy, and other 

drugs. In this NMA, most of the included studies used the 

pCR definition of ypT0/is ypN0, which is the most com-

monly used definition according to the Miller and Payne cri-

teria. Several studies using ypT0 ypN0 were included; this 

limitation was a result of changes in the pCR definition over 

the years. In several articles reviewed herein22-27, to include as 

many studies in the NMA as possible, we considered 2 pCR 

definitions to be coincident, according to clinical practice. 

This NMA provides several findings of interest for physi-

cians, because it compares neoadjuvant regimens that could 

not have been compared through conventional meta-analy-

ses, owing to a lack of head-to-head evidence. Before analy-

sis, clinical heterogeneity was fully discussed for the various 

regimens, and sensitivity analysis was conducted to assess 

the consistency of the conclusions (Online Appendix 7: 

Supplementary Figures S7–11 and Supplementary Tables 

S17–22 and Online Appendix 8: Supplementary Figures 

S12–15 and Supplementary Tables S23–28). The network 

AT + Bev ATPt + Bev

AT + Bev

A B

ATPt + Bev

ATPt

ATPt

ATPt + Pembro

ATPt + Pembro

AT + Pembro

AT

ATAT + Durva

AT + Atezo

AT + Eve

TC

TCb

AT + Olaparib

ATPt + Veliparib

ATPt + Veliparib

TCb

Figure 2 Network structure (A, pCR; B, aggregated AEs). Notes: Direct comparisons are represented by the black lines connecting the neo-
adjuvant therapy regimens. Line width is proportional to the number of trials including every pair of neoadjuvant regimens, whereas circle size 
is proportional to the total number of trials for each neoadjuvant regimen in the network. A, doxorubicin; Atezo, atezolizumab; Bev, bevaci-
zumab; C, cyclophosphamide; Cb, carboplatin; Durva, durvalumab; Pt, platinum; pCR, pathologic complete response; Pembro, pembrolizumab; 
T, Taxane; In network meta-analysis, regimens including FEC-T, P-FAC, ACT, AC-nabP, and ACP (E, epirubicin; F, 5-fluorouracil; nabP, albumin 
paclitaxel) were merged as anthracycline-taxane based (AT) regimens, and regimens including EC-TCb, PA + Cis/Cb, PCb-FEC, and PCb-AC (Cis, 
cisplatin) were merged as anthracycline-taxane based + platinum (ATPt) regimens.
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inconsistency was also low in this analysis. In addition, we 

performed a comprehensive search with no limitations on 

language, date, document type, or publication status to 

identify all relevant published or unpublished RCTs. Four 

reviewers divided into 2 groups performed the screening, 

data extraction, and assessment independently to minimize 

possible bias in the review process.

NCCN guidelines20 recommend AC (where A indicates 

doxorubicin, and C indicates cyclophosphamide) followed 

by biweekly or weekly paclitaxel as the preferred regimens 

for HER2-negative breast cancer. AC-T (where T indicates 

docetaxel) (q3w) or TAC are both commonly used regimens 

for neoadjuvant/adjuvant therapy in clinical practice. The 

combination of carboplatin with paclitaxel/docetaxel can be 

used in patients with TNBC in preoperative settings but is not 

routinely recommended for most patients.

In this NMA, we found that adding platinum to an 

AT-based regimen resulted in a significantly greater pCR 

than observed with the AT regimen alone. Removing anth-

racycline from the taxane-platinum regimen showed a pCR 

benefit comparable to that of ATPt, but with a relatively bet-

ter safety profile, possibly because it combines only 2 chem-

otherapeutic agents. We additionally conducted an analy-

sis without combining similar regimens (Supplementary 

Figure S8). An improvement effect of pCR was detected for 

chemotherapy regimens including AC-nabP (where nabP 

TC

Compared with AT
A

B

Odds ratio (95% Crl)

Compared with AT Odds ratio (95% Crl)

ATPt

TCb

AT + Eve

AT + Olaparib

AT + Bev

ATPt + Bev

ATPt + Veliparib

AT + Durva

AT + Atezo

ATPt + Pembro

AT + Pembro

TCb
ATPt
AT + Bev
ATPt + Veliparib
ATPt + Pembro
ATPt + Bev

Favour AT Favour other neoadjuvant regimen

Favour ATFavour other neoadjuvant regimen

0.34 (0.12, 0.91)

2.04 (1.69, 2.48)

2.16 (1.20, 3.91)

1.26 (0.35, 4.48)

1.78 (0.65, 4.69)

1.67 (1.32, 2.10)

2.70 (1.72, 4.25)

2.10 (1.66, 2.68)

1.45 (0.80, 2.66)

1.96 (1.27, 3.03)

3.58 (2.42, 5.33)

5.49 (220, 14.4)

0.66 (0.23, 1.72)
6.91 (4.97, 9.68)
8.25 (4.56, 15.0)
8.85 (6.49, 12.2)
9.41 (6.05, 14.7)
10.1 (5.63, 18.1)

Figure 3 Network meta-analysis (A, pCR; B, aggregated AEs). A. NMA results for all regimens compared with the AT regimen. B. NMA results 
for all regimens compared with the AT regimen. Notes: A, doxorubicin; Atezo, atezolizumab; Bev, bevacizumab; C, cyclophosphamide; Cb, car-
boplatin; Durva, durvalumab; Pt, platinum; pCR, pathologic complete response; Pembro, pembrolizumab; T, Taxane. In network meta-analysis, 
regimens including FECT, P-FAC, ACT, AC-nabP, and ACP (E, epirubicin; F, 5-fluorouracil; nabP, albumin paclitaxel) were merged as anthracy-
cline-taxane based (AT) regimens, and regimens including EC-TCb, PA + Cis/Cb, PCb-FEC, and PCb-AC (Cis, cisplatin) were merged as anthra-
cycline-taxane based + platinum (ATPt) regimens.
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indicates albumin paclitaxel; OR = 1.82, 95% CrI: 1.27, 

2.65), TCb (OR = 2.38, 95% CrI: 1.03, 5.46), and PCb-AC 

(OR = 2.60, 95% CrI: 2.02, 3.36), as compared with AC-P 

(where P indicates paclitaxel) (Supplementary Figure S8A). 

Including a platinum agent in TNBC neoadjuvant therapy 

appears to be important to improve pCR benefits, and TCb 

appears to be effective but better tolerated than an ATPt 

regimen.

Table 2 Incidence of aggregated AEs

Study ID   Neoadjuvant regimen   Neoadjuvant regimen in 
network meta-analysis

  No. of participants 
with aggregated AEs

  Sample size   Incidence

Alba 2012   EC-T   NA   25   46   54.35%

Alba 2012   EC-TCb   NA   26   47   55.32%

Geyer 2017   PCb-AC + Veli   ATPt + Veli   272   316   86.08%

Geyer 2017   PCb-AC   ATPt   136   160   85.00%

Geyer 2017   P-AC   AT   71   158   44.94%

Gluz 2018   q3w nabPG   NA   31   178   17.42%

Gluz 2018   q3w nabPCb   NA   16   146   10.96%

Harbeck 2020   nabP-AC + Atezo   NA   103   165   62.42%

Harbeck 2020   nabP-AC   NA   101   168   60.12%

Jovanovic 2017   PCis + Eve   NA   22   96   22.92%

Jovanovic 2017   PCis   NA   6   49   12.24%

Llombart-Cussac 2015  P   NA   5   46   10.87%

Llombart-Cussac 2015  P + weekly Ini   NA   5   46   22.34%

Llombart-Cussac 2015  P + q2w Ini   NA   16   48   33.33%

Loibl 2018   PCb-AC + Veli   ATPt + Veli   222   313   70.93%

Loibl 2018   PCb-AC   ATPt   108   158   68.35%

Loibl 2018   P-AC   AT   23   157   14.65%

Loibl 2019   nabP-AC + Durva   NA   30   92   32.61%

Loibl 2019   nabP-AC   NA   29   82   35.37%

Schmid 2020   PCb-AC/EC + Pembro   ATPt + Pembro   633   781   81.05%

Schmid 2020   PCb-AC/EC   ATPt   295   389   75.84%

Sharma 2019   PCb-AC   ATPt   35   48   72.92%

Sharma 2019   TCb   TCb   11   52   21.15%

Sikov 2015   P-AC   AT   15   107   14.02%

Sikov 2015   P-AC + Bev   AT + Bev   39   105   37.14%

Sikov 2015   PCb-AC   ATPt   29   111   26.13%

Sikov 2015   PCb-AC + Bev   ATPt + Bev   46   110   41.82%

A, doxorubicin; Atezo, atezolizumab; Bev, bevacizumab; C, cyclophosphamide; Cb, carboplatin; Cis, cisplatin; Durva, durvalumab; E, epirubicin; 
Eve, everolimus; G, gemcitabine; Ini, iniparib; nabP, albumin paclitaxel (weekly cycle if not specifically noted); No.: number;  
P, paclitaxel (weekly cycle if not specifically noted); Pt, platinum; Pembro, pembrolizumab; q2/3w: every 2/3 weeks; T, docetaxel; Veli, veliparib. 
In network meta-analysis, regimens including FECT, P-FAC, ACT, AC-nabP, and ACP were merged as anthracycline-taxane based (AT) regimens, 
and regimens including EC-TCb, PA + Cis/Cb, PCb-FEC, and PCb-AC were merged as anthracycline-taxane based + platinum (ATPt) regimens.
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The VEGF inhibitor Bev combined with chemotherapy 

has demonstrated an improvement over chemotherapy 

alone, with respect to patient outcomes in several cancers, 

such as NSCLC28 and colorectal cancer29. In breast cancer, 

NCCN guidelines recommend Bev in combination with 

chemotherapy for only selected patients with recurrent or 

stage IV disease20. In this NMA, we report an improvement 

in pCR when Bev is added to chemotherapy in the neoad-

juvant setting; adding platinum to AT plus Bev appears to 

be associated with even higher pCR rates, but this bene-

fit is accompanied by higher toxicity (Online Appendix 5: 

Supplementary Table S9).

This NMA also suggests that the use of PD-1/PD-L1 inhib-

itors (including atezolizumab, pembrolizumab, and veliparib) 

combined with various chemotherapy regimens, compared 

with AT alone, significantly improves pCR in patients with 

TNBC. However, no clear difference was identified between 

AT plus durvalumab and AT alone. In addition, none of the 

regimens including a PD-1/PD-L1 inhibitor showed superi-

ority to TCb (Online Appendix 5: Supplementary Table S9). 

Head-to-head trials are needed to confirm these data. In all 

reported studies, the chemotherapy regimens  combined with 

PD-1/PD-L1 inhibitors were paclitaxel- or nab- paclitaxel-

based dose dense regimens, but this combination was associ-

ated with a high incidence of aggregated AEs (Table 2)25,30,31. 

Additional clinical trials are thus needed to define the optimal 

chemotherapy regimen to be combined with a PD-1/PD-L1 

inhibitor. The superiority of TCb vs. AT supports future clini-

cal trials combining TCb with immunotherapy. The results of 

the NeoPACT (NCT03639948) study, an ongoing phase II sin-

gle-arm clinical trial combining TCb with pembrolizumab in 

neoadjuvant treatment of TNBC, are awaited. Immunotherapy 

may also result in different responses according to the PD-L1 

expression level, and patients with PD-L1-positive expression 

have been found to have higher pCR rates25,31,32. Therefore, 

additional research is needed to define which patients would 

benefit most from immunotherapy.

This NMA has some limitations. First, the methods (par-

ticularly random process and allocation, and the blinding of 

outcome assessment) were not always adequately reported 

in the included studies; thus, the risk was unclear for several 

domains of bias risk. Second, owing to a lack of head-to-head 

evidence and insufficient data in the included studies, we were 

unable to explore the comparative effects in some subgroups, 

such as BRCA mutation, dosage, and treatment duration. 

Third, owing to limited reports on survival data, long-term 

survival outcomes should be further assessed.

Conclusions

In conclusion, the key messages of this NMA are as follows. 

First, adding platinum to TNBC neoadjuvant therapy (ATPt 

and TCb) significantly increases pCR beyond that with AT 

alone. TCb and ATPt show comparable pCR rates, but TCb is 

better tolerated than ATPt. Second, adding Bev, veliparib, and 

PD-1/PD-L1 inhibitors to AT and ATPt improves pCR rates. 

We observed no significant differences between regimens, 

including PD-1/PD-L1, but ATPt plus PD-1/L1 inhibitor led 

to relatively higher rates of aggregated AEs. The increased 

efficacy of regimens should be balanced with patients’ qual-

ity of life.
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