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Abstract
We performed a pairwise and network meta-analysis to compare pathological complete response (pCR) among neoadjuvant
chemotherapy in patients with triple-negative breast cancer. We searched PubMed for randomized clinical trials between
January 1, 2000 and December 1, 2020. Abstracts from meetings were also searched. A frequentist random-effect model was
applied to compare pCR and toxicities. The P-score was used to rank treatment effects. Nineteen trials with 16 treatments and
7794 patients were included. On the basis of SoC, the addition of carboplatin (OR = 1.82, 95% CI, 1.24 to 2.68, P < .01) and the
addition of checkpoint inhibitors (OR = 1.69, 95% CI, 1.23 to 2.32, P < .01) increased pCR in pairwise meta-analysis; compared
with paclitaxel, nab-paclitaxel did not improve pCR rates (OR = 1.81, 95% CI, .80 to 4.12, P = .16). The anthracycline-sparing
regimen led to similar pCR compared with the anthracycline-containing regimen (OR = 1.50, 95% CI, .82 to 2.76, P = .19). In
network meta-analysis, the addition of carboplatin plus a PD-1 inhibitor (pembrolizumab), carboplatin plus bevacizumab, and
carboplatin plus veliparib ranked as the top three treatments for achieving pCR, with corresponding P-scores of .91, .84, and .72,
respectively. Among patients with homologous recombination deficiency, the addition of carboplatin (OR = 1.31, 95% CI, .69 to
2.50, P = .41) or carboplatin plus PARP inhibitors (OR = 1.19, 95% CI, .58 to 2.47, P = .63) did not increase pCR. For triple-
negative breast cancer, combining carboplatin with taxane-anthracycline-containing neoadjuvant chemotherapy could be the
standard of care, and the combination containing checkpoint inhibitor is promising. However, their role in long-term oncologic
outcome remains to be determined.
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What do we already know about
this topic?

Neoadjuvant chemotherapy with taxane-
anthracycline-based regimens is a preferred
approach for high-risk early triple-negative
breast cancer.
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How does your research contribute to
the field?

Carboplatin-containing regimens as neoadjuvant
chemotherapy for triple-negative breast cancer
could be the standard of care and adding a
checkpoint inhibitor to such regimens is
promising.

What are your research’s implications
toward theory, practice, or policy?

A new standard of neoadjuvant treatment in
triple-negative breast cancer should be
supported by long-term oncologic outcome.

Introduction

Triple-negative breast cancer is characterized by a lack of
estrogen receptor, progesterone receptor, and human epi-
dermal growth factor 2 expression, but it represents a highly
heterogeneous subtype in breast cancer.1 Neoadjuvant
chemotherapy is a preferred approach for high-risk early
triple-negative breast cancer.2 Regimens with taxanes and
anthracyclines are standard of care, resulting in a patho-
logical complete response (pCR) rate in approximately 40%
of patients.3 pCR has been validated as a surrogate for
disease-free and overall survival for patients with early
triple-negative breast cancer who received neoadjuvant
chemotherapy.4

Platinum and poly (ADP-ribose) polymerase (PARP) in-
hibitors both exhibit antitumor activities against triple-negative
breast cancer in the metastatic setting,5,6 and they have been
shown to increase pCR rates in triple-negative breast cancer
when added to standard neoadjuvant chemotherapy.7,8 In
addition, breast cancers with homologous recombination de-
ficiency, including BRCA1/2-proficient tumors, are relatively
sensitive to platinum and PARP inhibitors.9

Immunotherapy with checkpoint inhibitors has also shown
antitumor activities when combined with chemotherapy in
triple-negative breast cancer.9 A phase 1b trial of neoadjuvant
pembrolizumab plus chemotherapy reported remarkable pCR
rates in triple-negative breast cancer.10 Despite all efforts to
improve pCR, the role of neoadjuvant chemotherapy on long-
term survival remains undefined in triple-negative breast
cancer, and pCR improvement is usually accompanied by
increased toxicity.

By searching relevant trials investigating neoadjuvant
chemotherapy in triple-negative breast cancer, we conducted a
pairwise and network meta-analysis to compare pCR rates and
toxicities among different regimens. We also performed

subgroup analysis in patients with homologous recombination-
deficient tumors.

Methods

Study Eligibility and Identification

We searched PubMed and Cochrane Central Register of
Controlled Trials for prospective randomized controlled trials
that investigated neoadjuvant chemotherapy in patients with
early triple-negative breast cancer. For unpublished studies, we
searched abstracts from meetings of the American Society of
Clinical Oncology, the San Antonio Breast Cancer Sympo-
sium, and the St. Gallen Conference. We limited our search
between January 1, 2000 and December 1, 2020. This study
was conducted under the recommendations of the PRISMA
protocol.

The following terms were used for the search: breast
neoplasm, cancer, or carcinoma; triple-negative; neoadjuvant
chemotherapy; platinum; checkpoint inhibitor; PARP in-
hibitor; systemic review; meta-analysis; and randomized
controlled trials.

Inclusion criteria of trials for this analysis were those with
the following characteristics: (1) randomized controlled trials
included triple-negative breast cancer; (2) early breast cancer;
and (3) published with available data of pCR and toxicities.

Exclusion criteria of trials for this analysis were those with
the following characteristics: (1) non-randomized trials; (2)
phase-I trials; (3) without sufficient results for pCR; and (4)
with metastatic breast cancer.

Data Extraction and Assessment for Risk of Bias

We extracted the following information from the included
trials: study name, year of publication or meeting presenta-
tion, trial phase, sample size, pCR rates, and regimens. The

Figure 1. Flow chart of the literature search and article selection
process.
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numbers of patients who achieved pCR were directly
extracted for analysis. A pCR (ypT0/isypN0) was defined as
the absence of any invasive tumor cells in the breast and
lymph nodes. Data extraction was conducted by 2 authors

(X. L and J. L) independently, and disagreement was resolved
by discussion with the third author (S.W). Cochrane Col-
laboration Recommendations for Assessment was used to
evaluate the risk of bias (RoB2) by 2 authors, and discrepancy

Table 1. Main characteristics of included studies.

Study Year Phase TNBC patients, n Treatments pCR rate, % Ref

GEICAM 2012 II 46 EC-D 30 21
48 EC→DCb 30

Ando M et al 2014 II 91 P→CEF 17.6 22
88 PCb→CEF 31.8

GeparSixto 2014 II 157 P+A+Beva 36.9 19
158 P+A+Beva+Cb 53.2

Mexico 2017 II 31 P→AC 39.2 23
30 PCis→AC 58.6

CALGB 40603 2015 II 107 P→AC 39 17
105 P+Bev→AC 43
111 P+Cb→AC 49
110 P+Cb+Bev→AC 60

GeparSepto 2016 III 137 P→AC 26 13
139 nabP→AC 48

I-SPY2 2016 II 44 P-AC 26 15
72 P+Cb+Veli→AC 51

Zhang et al 2016 II 47 PCb 38.6 24
44 PE 14

WSG-ADAPT-TN 2017 II 146 nabP+Cb 45.9 25
178 nabP+Gem 28.7

BrightNess 2018 III 158 P→AC 31 18
160 P+Cb→AC 58
316 P+Cb+Veli→AC 53

ETNA 2018 II 110 P→AC 37.3 16
109 nabP→AC 41.3

GeparNeuvo 2019 II 86 nabP→AC 53.4 37
88 nabP+Durv→AC+Durv 44.2

GeparOLA 2019 II 50 P+Olap→AC 56 14
27 P+Cb→AC 59.3

NeoTRIP 2019 III 138 nabP+Cb+Ate 43.5 27
142 nabP+Cb 40.8

GeparOcto 2019 II 470 E→P→C 48 20
475 PMCb 48.3

NeoStop 2019 II 48 PCb→AC 55 28
52 DCb 52

KEYNOTE 522 2020 III 401 P+Cb+Pem→AC+Pem 64.8 26
201 P+Cb→AC 51.2

NeoCart 2020 II 44 EC→D 38.6 30
44 DCb 61.4

TBCRC 030* 2019 II 71 Cis 38 32
67 P 43.3

TBCRC 031* 2020 II 60 Cis 18 29
58 AC 26

IMpassion031 2020 III 168 nabP→AC 41 31
165 nabP+Ate→AC+Ate 58

A, doxorubicin; Ate, atezolizumab; Bev, bevacizumab; C, cyclophosphamide; Cb, carboplatin; Cis, cisplatin; D, docetaxel; Durv, durvalumab; E, epirubicin; F,
fluorouracil; Gem, gemcitabine; M, non-pegylated liposomal doxorubicin; NabP, nab-paclitaxel; Ola, olaparib; P, pacalitaxel; pCR, pathological complete
response; PD-1, program death-1; PD-L1, program death ligand-1; Pem, pembrolizumab; TNBC, triple-negative breast cancer; Veli, veliparib. *These 2 trials
were not included in the network meta-analysis.
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was resolved by discussion. The resulting plot was produced
by the R software using the robvis package. Publication bias
was assessed by the funnel plot and the Egger’s test.

Statistical Analysis

We conducted a traditional pairwise meta-analysis of pCR
rates among 5 subgroups: taxane-anthracycline-containing
regimens with carboplatin vs without; regimens with
PARP inhibitors plus carboplatin vs without; regimens with
checkpoint inhibitors vs without; regimens with nab-
paclitaxel vs that with paclitaxel; and regimens with an-
thracycline vs without. The pooled OR was estimated using a
general variance-based method.

Next, we performed network meta-analysis to rank the
effects of treatments regarding pCR and toxicity (including
neutropenia, anemia, thrombopenia, peripheral neuropathy,
and vomiting). The pooled OR was estimated by the fre-
quentist weighted least-squares algorithm, which is more user-
friendly due to easier computation and programming but
produces similar results and rankings for network analysis.11,12

Using the netrank function of the netmeta package in R,
the P-score was obtained for each treatment and was used to
rank treatment effects and toxicities, with higher scores in-
dicating a greater probability for an event to occur.

Heterogeneity and inconsistency in the network were
assessed by the Q total statistic, which can be decomposed
into within-design heterogeneity and between-design in-
consistency. The built-in net heat function enables the vi-
sualization of inconsistency between direct and indirect
evidence in a network estimate, which was applied in this
study. The red color in the corresponding graph indicates high
inconsistency; blue indicates low inconsistency. When sig-
nificant heterogeneity and inconsistency were found, a
random-effect model was used; otherwise, a fixed-effect
model was employed.

All analyses were performed with R (version i386.3.3.2).
A statistical test with P<.05 was considered significant.
Hypothesis tests were two-sided.

Results

For network meta-analysis, we identified 19 trials in-
cluding 14 full publications13,15-22,24-26,29,31 and 5 meeting
abstracts14,23,27,28,30 by the search strategy, as illustrated in
the flow chart (Figure 1). Of the 19 trials (with 7794 patients),
15 were limited to patients with triple-negative breast cancer;
for the 4 remaining trials (the GeparSepto,13 GeparOLA,14

ISPY2,15 and the ETNA16 trial), only patients with triple-
negative breast cancer were included in the analysis. Three
trials were designed with multi-arms (the CALGB 4060317

and BrightNess18 trials). The risk of bias for all included trials
was low (Figure S1). The funnel plot and linear regression
test (P = .052 for Egger’s test) both indicated little publication
bias. (Figure S2)

For analysis of patients whose tumors showed homolo-
gous recombination deficiency, 2 studies limited to patients
with confirmed status of homologous recombination defi-
ciency (the TBCRC 030 32 and TBCRC 03129 trials) and
subgroups in 4 trials that reported pCR rates (the Gepar-
OLA,14 BrightNess,18 GeparSixto,19 and the GeparOcto20

trial) were included, with a total of 551 patients.
The main characteristics of the included trials are shown in

Table 1. Sixteen treatments formed the network, as depicted
in Figure 2. Regimens using paclitaxel and an anthracycline
(epirubicin or doxorubicin), designated the PA-based regi-
men, were considered the reference arm in the network. The
investigation arms involved agents such as platinum agents
(carboplatin or cisplatin), PARP inhibitors (veliparib or
olaparib), checkpoint inhibitors (pembrolizumab, durvalu-
mab, or atezolizumab), and nab-paclitaxel (Table S1).

The Q total statistic indicated heterogeneity and inconsis-
tency in the network (Q = 30.56, P < .01). The subtotal Q
statistic for heterogeneity indicated that the within-study design
was the main source for heterogeneity (Q = 22.70, P < .001),
whereas the subtotal Q statistic for inconsistency showed little
between-design inconsistency (Q = 7.86, P = .09). Therefore,
we used a random-effect model in this study for all network
analyses, and the net heat plot indicated low inconsistency
when a random-effect model was used (Figure S3).

In pairwise meta-analysis of pCR (Figure 3), adding
carboplatin to the PA-based regimen increased pCR (OR =
1.82, 95% CI, 1.24 to 2.68, P < .01); adding carboplatin and
PARP inhibitors to the PA-based regimen also increased pCR
rates (OR = 2.64, 95% CI, 1.84 to 3.79, P < .01). The addition
of checkpoint inhibitors to chemotherapy led to a significant
improvement in pCR (OR = 1.69, 95% CI, 1.23 to 2.32, P <
.01). Compared with paclitaxel, nab-paclitaxel did not im-
prove pCR rates (OR = 1.81, 95% CI, .80 to 4.12, P = .16).
The anthracycline-sparing regimen led to similar pCR

Figure 2. Network of comparisons of sixteen treatments. Each
node denoted each treatment. The width of the lines was
proportional to the number of trials comparing 2 treatments, and
the size of the node was proportional to the sample size of each
treatment.
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compared with the anthracycline-containing regimen (OR =
1.50, 95% CI, .82 to 2.76, P = .19).

In network meta-analysis of pCR (Figure 4), on the basis
of a PA-based regimen, the addition of carboplatin plus a PD-
1 inhibitor (pembrolizumab), carboplatin plus bevacizumab,
and carboplatin plus PARP inhibitors ranked as the top three
treatments to achieve pCR, with corresponding P-scores of
.91, .84, and .72, respectively. Network meta-analysis also
showed that three anthracycline-sparing treatments (pacli-
taxel plus carboplatin, docetaxel plus carboplatin, and nab-
paclitaxel plus carboplatin) induced comparable pCR when
compared with the standard PA-based treatment. Table 2
presents the pairwise comparisons of the 16 treatments.

On the basis of paclitaxel and anthracycline, the addition
of carboplatin (OR = 1.31, 95% CI, .69 to 2.50, P = .41) or
carboplatin plus PARP inhibitors (OR = 1.19, 95% CI, .58 to
2.47, P = .63) did not increase pCR for patients with ho-
mologous recombination deficiency (Figure 5). Cisplatin
yielded similar pCR rates as paclitaxel or doxorubicin-
cyclophosphamide did (OR = .74, 95% CI, .43 to 1.27, P
= .27).

Regarding nonhematologic toxicities, the nab-paclitaxel-
containing regimen ranked highest in neuropathy develop-
ment (Figure S4), although no differences in vomiting were
observed among all regimens (Figure S5). In terms of he-
matologic adverse events, carboplatin plus PARP inhibitors

Figure 3. Forest plot of odds ratios for pathological complete response of 5 subgroup analyses by pairwise meta-analysis. The squares in the
figure represent odds ratios (OR) for each trial, and the horizontal lines indicate the 95% confidential interval (CI) for the OR. The diamond
represents the pooled OR, as based on a random-effect method. All statistical tests were 2-sided.
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caused the most neutropenia (Figure S6) and thrombocyto-
penia (Figure S7), and carboplatin plus bevacizumab caused
more anemia than any other treatments (Figure S8).

Discussion

Early triple-negative breast cancer is associated with a high
risk of recurrence.34 Neoadjuvant chemotherapy induces
relatively high pCR rates, and Oxford meta-analysis has
confirmed the role of pCR in prognosis in early triple-
negative breast cancer.4 Indeed, neoadjuvant chemotherapy
in triple-negative breast cancer is an active area of research
involving novel agents in the pursuit of higher pCR rates.
This pairwise and network study compared pCR rates among
16 neoadjuvant regimens, with recent advances in early
triple-negative breast cancer.

Nab-paclitaxel has been compared with paclitaxel in 2 large
randomized trials.13,18 In the GeparSepto study,13 nab-
paclitaxel significantly enhanced the pCR rate by 22%
(48% vs 26%), although the ETNA study was unable to repeat
these results.18 Based on pairwise and network analyses in our
study, nab-paclitaxel did not increase pCR rates compared with
paclitaxel. Regarding invasive disease-free survival, the up-
dated GeparSepto study showed a significant benefit for nab-
paclitaxel in the overall study population but not for patients
with triple-negative breast cancer.35 Taking toxicity and cost
into account, nab-paclitaxel was not recommended as a sub-
stitute for paclitaxel, but it remained a reasonable treatment
choice for patients who had contradictions to paclitaxel.

Platinum salts have been extensively evaluated in triple-
negative breast cancer in both metastatic and neoadjuvant

settings. The results of our study support incorporating
carboplatin into taxane- and anthracycline-based regimens to
induce higher pCR rates. A recent meta-analysis had the same
recommendation.36 However, platinum-based neoadjuvant
chemotherapy is associated with worse hematological tox-
icities. Although the GeparSixto study found a significant
improvement in disease-free survival,37 the CALGB 40603
study did not.38 Neither of these 2 studies demonstrated a
benefit in overall survival.

When carboplatin is used as a component in the neo-
adjuvant setting, an anthracycline-free regimen is of sub-
stantial clinical interest.25,28,30 The advantages of
anthracyclines include shortened treatment duration, avoid-
ance of potential cardiac toxicity, and possible pCR im-
provement. The combination of a taxane (docetaxel,
paclitaxel, or nab-paclitaxel) with carboplatin in our study
resulted in comparable pCR rates when compared with taxane
and anthracycline-based regimens.

PARP inhibitors exhibit synergistic antitumor effects
when combined with carboplatin in triple-negative breast
cancer. Two studies included in the present meta-analysis
added veliparib and carboplatin to standard neoadjuvant
treatment. The phase 2 I-SPY study reported pCR rates that
nearly doubled in patients who received veliparib plus car-
boplatin compared to those who received a standard neo-
adjuvant AT-based regimen.15 However, the phase III
BrightNess trial showed that the addition of veliparib did not
increase pCR rates in patients who received paclitaxel and
carboplatin.18 Similarly, our network meta-analysis detected
no improvement in pCR rates when adding veliparib to a
regimen containing carboplatin, taxane, and anthracycline.

Figure 4. Forest plot of odds ratios for pathological complete response of neoadjuvant therapies compared with the reference arm
(paclitaxel-anthracycline-based therapy) by network meta-analysis. The squares in the figure represent hazard ratios (OR) for each trial, and
the horizontal lines indicate the 95% confidential interval (CI) for the OR. The diamond represents the pooled OR, as based on a random-
effect method. All statistical tests were 2-sided.
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Overall, not all patients with triple-negative breast cancer
respond to PARP inhibitors. Theoretically, only tumors with
homologous recombination deficiency, such as alterations in
BRCA 1/2 and ATM genes, are sensitive to PARP inhibitors.
The GeparOLA trial enrolled patients with homologous
recombination deficiency and showed that the addition of
olaparib to paclitaxel resulted in pCR rates similar to those
obtained with the addition of carboplatin to paclitaxel,
though formal comparison between the 2 arms was not
planned.14

Nonetheless, our subgroup pairwise meta-analysis in
patients with homologous recombination deficiency did not
find an increase in the pCR rate with the addition of car-
boplatin or carboplatin plus PARP inhibitors to standard
neoadjuvant. As anthracyclines inhibit DNA replication and
transcription, they might be potent drugs against tumors with
homologous recombination deficiency.39 In this context,
regimens containing anthracyclines were of sufficient effi-
cacy for these tumors. However, these findings should be
interpreted cautiously because they are based on patients from
unplanned subgroup analysis from each included trial.

The TBCRC 031 and TBCRC 030 trials both only en-
rolled patients with homologous recombination deficiency
and used investigational cisplatin in a comparison with
doxorubicin-cyclophosphamide or paclitaxel,32,33 respec-
tively, showing similar pCR rates between the cisplatin and
control arms. The results from the meta-analysis of these 2
trials in our study were in line with these reports. However,
neither trial used established regimens that usually contain a
taxane-anthracycline backbone. Available evidence did not
support platinum alone as neoadjuvant therapy for TNBC.

The addition of checkpoint inhibitors to chemotherapy can
improve efficacy in patients with metastatic TNBC,40,41

prompting trials to investigate such agents in the neo-
adjuvant setting. In the phase 1b trial KEYNOTE-173, ne-
oadjuvant pembrolizumab and chemotherapy induced a pCR
of 60%.10 The subsequent phase III KEYNOTE-522 trial
validated data from the KEYNOTE-173 trial. Our meta-
analysis included 3 studies investigating three checkpoint
inhibitors, with 1 study using the anti-PD-1 antibody pem-
brolizumab29 and 2 using the anti-PD-L1 antibodies atezo-
lizumab27 and durvalumab.26 The conventional pairwise

Figure 5. Forest plot of odds ratios for pathological complete response in patients with homologous recombination deficiency tumors.
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meta-analysis showed increased pCR with the combination of
checkpoint inhibitors and chemotherapy, but the network
meta-analysis showed that only the combination of an anti-PD-
1 antibody (pembrolizumab in this study) and chemotherapy
led to higher pCR, whereas the combination of an anti-PD-L1
antibody (atezolizumab and durvalumab) and chemotherapy
did not. It should be noted that the chemotherapy backbones in
these trials were different, which may impact the efficacy of
checkpoint inhibitors. Moreover, the duration of immuno-
therapy and the patients’ baseline characteristics varied among
trials. Finally, the effect of immunotherapy might be better
measured by survival outcomes, not only among patients with
pCR but also among those with residual disease. Currently, no
study in this area has reported conclusive evidence of im-
proved long-term survival outcomes in patients with TNBC
who had received neoadjuvant checkpoint inhibitors.

Several limitations existed in the present study. First, sig-
nificant heterogeneity was detected. Some obvious factors
contributed to such heterogeneity: different study designs,
multiple treatment arms, and various patient characteristics. Five
included trials were presented as abstracts without detailed
information. In addition, some trials enrolled small proportions
of patients other than those with TNBC who were excluded
from the analysis. Accordingly, a random-effect model was
used. Second, our study compared pCR among different neo-
adjuvant regimens in TNBC but was unable to evaluate survival
outcomes, which is a substantial limitation for most meta-
analyses. Long-term oncologic outcomes were the goal of
neoadjuvant therapy for this patient population, which has a high
risk of relapse. However, in most trials, follow-up was insuf-
ficient to assess survival. We believe that a meta-analysis based
on individual patient data would yield more informative results.

Conclusion

In conclusion, the results from our pairwise and network
meta-analysis did not support nab-paclitaxel as a routine
substitute for paclitaxel but do support the addition of car-
boplatin to standard neoadjuvant regimens. The role of PARP
inhibitors remains to be investigated. For tumors with ho-
mologous recombination deficiency, taxane-anthracycline-
containing regimens should still be the standard of care.
Finally, the combination of anti-PD-1 antibody pem-
brolizumab and chemotherapy was associated with the
highest pCR rates, but its impact on long-term survival re-
mains to be determined.
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