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Introduction
According to GLOBOCAN 2022, breast cancer is the most 
prevalent and second most lethal malignancy worldwide, after 
lung cancer, with nearly 2.3 million new cases, representing 
approximately 11.6% of all cancers globally. In 2020, breast 
cancer surpassed lung cancer as the most common cancer in 
women, marking a significant public health concern due to its 
substantial impact on both physical and mental well-being.1,2 
Among all kinds of breast cancer, triple-negative breast cancer 
(TNBC) accounts for about 20%.3 TNBC is characterized by a 
unique immunohistochemical phenotype, wherein the expres-
sion of estrogen receptor (ER), progesterone receptor (PR), 
and human epidermal growth factor receptor 2 (HER2) is 

negative. The existing therapies such as endocrine therapy, 
molecular targeted therapy, and chemotherapy are not effective 
for TNBC, given its more aggressive, high risk of recurrence, 
and strong drug resistance.4,5 Referring to the latest National 
Comprehensive Cancer Network (NCCN) guidelines,6 
Paclitaxel still remains the first-line chemotherapy drug for the 
treatment of breast cancer, and it is also widely used in the field 
of tumor immunotherapy. This tetracyclic diterpene compound 
acts as an effective cell cycle inhibitor, reinforcing the impact of 
tumor immunotherapy through multiple mechanisms.7

Over the past decade, the introduction of immunotherapy 
has revolutionized the field of oncology, with extensive research 
focused on agents such as PD-1/PD-L1 inhibitors and 
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ABSTRACT

BACkgRouND: Triple negative breast cancer (TNBC) is a deadly subtype of breast cancer with limited treatment options. Currently, pro-
grammed death 1 (PD-1)/programmed death ligand 1 (PD-L1) inhibitors have become the first choice for breast cancer immunotherapies. 
Despite paclitaxel being considered a cornerstone drug in breast cancer treatment, the effectiveness, safety, and optimal drug selection for 
its combination with PD-1/PD-L1 inhibitors remain uncertain.

METhoDS: We conducted a systematic review and network meta-analysis, performing a comprehensive literature search across PubMed, 
Embase, and the Cochrane Library from the inception of each database through May 18, 2024. Selected trials were those that assessed the 
efficacy and safety of paclitaxel-based PD-1/PD-L1 therapies for the treatment of TNBC. The primary endpoint assessed was overall survival 
(OS), while secondary outcomes included progression-free survival (PFS), adverse events (AEs), overall response rate (ORR), and Pathologi-
cal complete response (pCR). This study is registered in PROSPERO under registration number CRD42023429651.

RESuLTS: A total of 8 RCTs meeting our eligibility criteria were included, involving 4626 patients who received either Paclitaxel (Paclitaxel-
placebo/chemotherapy) or a combination of durvalumab, pembrolizumab, atezolizumab, toripalimab with paclitaxel. The pooled results 
demonstrated that Durvalumab combined with Paclitaxel significantly reduced the hazard ratio for OS (surface under the cumulative ranking 
[SUCRA]: 91.05%) and PFS compared with Paclitaxel alone (SUCRA: 83.52%). Additionally, Durvalumab plus Paclitaxel significantly 
improved the ORR compared with Paclitaxel (odds ratio [OR]: 2.30; 95% credible interval [CrI]: 1.10–5.20). For safety outcomes, Atezoli-
zumab plus Paclitaxel showed a favorable profile in AEs, with no significant differences observed between groups. In the pCR study, Pem-
brolizumab plus Paclitaxel was the most effective treatment option (SUCRA: 81.85%).

CoNCLuSIoNS: When combined with paclitaxel, PD-1/PD-L1 inhibitors exhibit a favorable survival benefit. The combination of Durvalumab 
and paclitaxel represents the optimal treatment option. In the future, attention should be paid to the TNBC subtypes and drug dosage, as 
these factors may help to design personalized TNBC treatment programs.
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CDK4/6 inhibitors.8,9 Notably, research indicates that approxi-
mately 20% of TNBC patients exhibit positive PD-1/PD-L1 
expression, a significantly higher rate compared to non-TNBC 
patients.10 Thus, the introduction of immune-checkpoint 
inhibitors (ICRIs), particularly programmed cell death-ligated 
1 (PD-1/PD-L1) monoclonal antibodies, has brought a new 
era in the combination treatment of TNBC.11,12 According to 
The Society for Immunotherapy of Cancer (SITC) guide-
lines,13 the PD-1/PD-L1 inhibitors used in breast cancer 
include Durvalumab, Pembrolizumab, Atezolizumab and 
Toripalimab. Several large randomized controlled trials (RCTs) 
have demonstrated that using PD-1/PD-L1 agents in 
Paclitaxel-based treatment schemes can reduce the recurrence 
risk of recurrence and improve OS and PFS. However, despite 
these advancements, numerous challenges and issues persist in 
the field. The guideline-recommended regimen of PD-1/
PD-L1 plus Paclitaxel chemotherapy involves only 
Pembrolizumab plus Paclitaxel,6,14 with newer PD-1/PD-L1 
inhibitors like Durvalumab, Toripalimab yet not to be exten-
sively reported.

Most of the current evidence is derived from studies focus-
ing on individual agents, making it challenging to make direct 
comparisons and identify the optimal treatment choice. 
Therefore, we conducted a network meta-analysis (NMA) 
based on the available data to determine the effectiveness of 
these drugs in TNBC. The primary objectives of this study are 
to systematically evaluate the efficacy and safety of Paclitaxel-
based PD-1/PD-L1 immunotherapies, explore and analyze 
the underlying mechanisms of their effects, and provide a theo-
retical foundation for clinical PD-1/PD-L1 immunotherapies 
in TNBC. (This study has been registered in PROSPERO 
under the registration number of CRD42023429651.

Methods
The protocol for this systematic review and NMA has been 
registered in PROSPERO. This analysis was conducted in 
accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-analysis (PRISMA) extended statement.15

Search strategy and selection criteria

We conducted a comprehensive search across 3 main databases, 
including Embase, PubMed, and Cochrane Library, from their 
inception to May 18, 2024. The search used a range of MeSH 
terms related to “randomized controlled trials,” “Paclitaxel,” 
“breast cancer,” and “programmed cell death 1 receptor/antago-
nists and inhibitors.” Further details are provided in 
Supplemental Table S1. We also searched gray literature and 
abstracts of breast cancer-related conferences. Two authors 
independently conducted the literature search, with any dis-
crepancies resolved through consultation with a senior author. 
No restrictions were applied regarding the nationality, publica-
tion date, or publication status of the studies included.

Studies were eligible for inclusion if they met the following 
criteria: (1) patients diagnosed with TNBC confirmed by his-
topathology, with molecular confirmed expression of ER and 
PR less than 1%, and the IHC assay of HER2 was 0-1+,16,17 
regardless of tumor stage. participants aged ⩾18 years, of any 
gender, with an ECOG performance status of ⩽1; (2) trials 
reporting hazard ratios (HRs) with 95% confidence intervals 
(CIs) for overall survival (OS) and progression-free survival 
(PFS), overall response rate (ORR), grade 3/4 adverse events 
(AEs), or pathological complete response (pCR) in TNBC; (3) 
intervention group receiving paclitaxel combined with a PD-1/
PD-L1 inhibitor, and a control group receiving paclitaxel 
(paclitaxel-placebo or other chemotherapy), with no restric-
tions on Paclitaxel type or dosage form; and (4) full-text rand-
omized controlled trials (RCTs).

These following criteria led to study exclusion: (a) involved 
non-TNBC tumor types; (b) provided insufficient data or did 
not meet inclusion criteria; (c) were non-RCTs, animal studies, 
reviews, letters, editorials, conference abstracts, notes, or dupli-
cate publications; or (d) were published in languages other than 
English.

Data extraction and quality assessment

Two researchers conducted a thorough examination of all 
accessible titles and abstracts using EndNote X9 indepen-
dently. In addition, they manually reviewed all references cited 
by the included studies to identify any potentially eligible stud-
ies that may have been missed. All the literature was then 
screened according to the inclusion and exclusion criteria. In 
cases where multiple reports of the same trial were identified, 
only the most up-to-date publication was included in the anal-
ysis. In situations where disagreements arose between the 2 
researchers, a third author was consulted to resolve any 
discrepancies.

Two investigators independently extracted the following 
information from the included articles: the first name of the 
author, publication year, gender identity, age, number of 
patients, type and stage of breast cancer, methods of treatment 
and specific doses in each arm, median follow-up, EGCO 
grade, efficacy for outcomes as OS, PFS, ORR, AEs (grade ⩾ 3), 
pCR, HRs, and 95% CIs. When available, intention-to-treat 
(ITT) analyses were extracted. If ITT data were not provided, 
we used the data reported by the authors. Data reported at the 
end of treatment were extracted unless unavailable. Our pri-
mary outcome was OS, measured as the time from randomiza-
tion to death from any cause. We also assessed PFS as the time 
from randomization to the progression of TNBC. Adverse 
events, ORR, and pCR were considered as secondary end-
points. All discrepancies regarding data extraction were reached 
by consensus through discussion among the collaborators. The 
quality of the included studies was evaluated using the 
Cochrane framework ROB2.0 (version 5.1.0; The Cochrane 
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Institute), assessing aspects like random sequence generation, 
allocation concealment, and blinding, as outlined in the 
Cochrane Handbook for Systematic Reviews of Interventions. 
Two investigators independently and in duplicate summarized 
the assessment of bias for each study. In the event of any disa-
greements, they sought guidance from the supervisor, and if 
needed, a third author was consulted to reach a resolution. The 
details of the quality assessment can be found in Appendix 2 
and 3.

Statistical analysis

Our NMA applied the model proposed by Woods et al.18 In 
contrast to traditional meta-analyses, our approach allowed for 
indirect comparisons of treatments based on common com-
parator groups using a Bayesian framework. This analysis was 
conducted in R (version 4.2.2) using the gemtc package (ver-
sion 1.0-1) with Markov Chain Monte Carlo (MCMC) simu-
lation.19,20 This analysis follows the following the National 
Institute for Health and Care Excellence (NICE) framework.21 
The estimated treatment effects included both available direct 
and indirect evidence. HRs with 95% CrIs (credible interval) 
were used to represent OS and PFS for each study, while odds 
ratios (ORs) with 95% CrIs quantified the risk of AEs, ORR, 
and pCR. A random-effects model was selected for the net-
work meta-analysis to produce conservative estimates by 
accounting for heterogeneity across trials within individual 
comparisons. The MCMC simulation was conducted with an 
initial burn-in of 20 000 iterations, followed by 50 000 itera-
tions across 4 Markov chains. When HRs and 95% CIs were 
not directly available, data conversion was performed using rel-
evant literature.22 Heterogeneity was assessed both visually 
using forest plots and quantitatively using the I² statistic, with 
the analysis conducted through the “mtc.anohe” command.23 
An I2 > 50% was considered to present statistically significant 
heterogeneity. Nodal analysis was employed for further testing 
of heterogeneity. Owing to the variability between the different 
studies included, a random effects model was used for analysis 
in this study. To rank preferences for each treatment, we calcu-
lated the surface under the cumulative ranking (SUCRA) 
probability. The SUCRA value ranges from 0% to 100%.24 For 
effectiveness measures (OS, PFS, ORR, and pCR), a higher 
SUCRA value indicates greater therapeutic efficacy. Conversely, 
for the safety index (AEs), a lower SUCRA value signifies 
enhanced safety of the therapy. Publication bias was not 
assessed due to the insufficient number of eligible studies (<10 
studies).25 These methods have been previously used in similar 
NMAs on this subject.26

Results
Characteristics of the studies

The electronic search yielded approximately 469 Creations, 
and after the full-text screening, 17 articles were considered 
potentially eligible. Eventually, 8 trials were included from the 

database search,27-34 involving a total of 4626 patients. Figure 1 
shows the complete screening process. Table 1 summarizes the 
baseline characteristics of the included studies. The mean age 
of the participants in these studies ranged from 48.0 to 
56.0 years, with almost 100% of the patients being women. 
Most of the participants were of the white race, except for one 
study by Masaya Hattori, which included participants from 
Japan. The duration of median follow-up in the trials varied 
between 14.0 and 44.7 months.

The risk of bias assessment was performed for each RCT 
and summarized in Supplemental Table S2 and Figure S1. 
Most of the studies were found to have a low risk of bias in 
categories such as random processes (5/8, 62.50%) and devia-
tions from intended interventions (4/8, 50.00%). In the aspect 
of incomplete outcome data, measurement of the outcome, and 
selective reporting, all included studies were shown to be low 
risk. However, in terms of overall bias, 3 study (3/8, 37.50%) 
was deemed to have a low risk, while the remaining studies 
were unclear.

Network meta analyzes

After screening abstracts and conducting full-text reviews, a 
total of 8 trials met our inclusion criteria. Among these trials, 5 
reported on OS, 6 reported on PFS, 6 reported on ORR, 7 
reported on AEs, and 3 reported on pCR. The network was 
created using the paclitaxel arm of each trial as the comparator. 
The network was composed of 4 nodes and 3 edges, represent-
ing paclitaxel, atezolizumab plus paclitaxel, pembrolizumab 
plus paclitaxel, and durvalumab plus paclitaxel treatment strat-
egies. Supplemental Figure S2 shows an NMA plot of the effi-
cacy and safety of different paclitaxel-based PD-1/PD-L1 
strategies.

Overall survival

The survival data from the randomized phase 3 study 
NCT0303648834 and NCT00262028029 were excluded 
from the analysis as they are currently immature and have 
not been reported. The remaining studies reported on OS 
and were included in the primary analysis. The result of the 
NMA is depicted in Figure 2A. Among the 4 interventions, 
none showed clear superiority over the others, as they were 
not statistically comparable. However, durvalumab plus 
paclitaxel demonstrated a distinct advantage, having the 
lowest HR compared to the paclitaxel group (HR 0.24, 95% 
CrI: 0.04-1.30). Estimated HRs for all comparisons of 
treatments are reported in Supplemental Table S3(A). The 
outcome of the heterogeneity test is depicted in Supplemental 
Figure S3, with the pembrolizumab-plus-paclitaxel group 
showing greater heterogeneity. The SUCRA indicated that 
there is a 91.05% probability that durvalumab plus pacli-
taxel is the preferred treatment to prolong OS. The second-
ranked treatment was pembrolizumab plus paclitaxel 
(SUCRA, 56.38%), followed by toripalimab plus paclitaxel 
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(SUCRA, 54.47%), atezolizumab plus paclitaxel (SUCRA, 
24.76%) ranked forth. The ranking results are presented in 
Figure 3A.

Progression-free survival

The PFS data of NCT00262028029 is currently immature 
and has not been reported, leading to its exclusion from the 
analysis. However, the remaining 8 studies reported on PFS 
and were included in the primary analysis. The NMA results 
revealed that all 3 interventions were effective in prolonging 
PFS compared to the paclitaxel (Figure 2B). Among them, 
durvalumab plus paclitaxel had the absolute lowest HR com-
pared with paclitaxel (HR 0.49, 95% CI: 0.42-1.70). 
Estimated HRs for all comparisons of treatments are 
reported in Supplemental Table S3(B). The outcome of the 
heterogeneity test is presented in Supplemental Figure S4, 
revealing no significant heterogeneity (P > .05). Therefore, a 
ranking probability chart was employed to assess the efficacy 
of the 11 dosage forms in improving PFS (Figure 3B). The 
highest-ranked treatment in terms of improving PFS was 
durvalumab plus paclitaxel (SUCRA, 84.52%), followed by 
toripalimab plus paclitaxel (SUCRA, 66.11%) in the second 
position, pembrolizumab plus paclitaxel (SUCRA, 54.63%) 

in the third position, and atezolizumab plus paclitaxel 
(SUCRA, 37.44%) ranked forth.

Adverse events

At the time of analysis, all trials have reported AEs grade ⩾ 3 
results. Among these, toripalimab plus paclitaxel and pem-
brolizumab plus paclitaxel did not demonstrate a significant 
advantage in reducing AEs compared to paclitaxel alone. The 
analysis of AEs revealed that the risk of relative injury was 
higher in the durvalumab plus paclitaxel compared to other 
drugs. Among the interventions, atezolizumab plus paclitaxel 
had the absolute lowest OR compared with paclitaxel (OR 
0.82, 95% CI: 0.41-1.50) (Figure 2C). The ranking probability 
diagram showed that the probability of adverse events (AEs) 
was highest for the pembrolizumab-plus-paclitaxel group 
(SUCRA, 71.07%), followed by toripalimab plus paclitaxel 
(SUCRA, 58.58%), paclitaxel in the third position (SUCRA, 
50.01%), and durvalumab plus paclitaxel in the fourth position 
(SUCRA, 41.06%) (Figure 3C). The outcome of the heteroge-
neity test is presented in Supplemental Figure S5, with the 
atezolizumab-plus-paclitaxel group exhibiting greater hetero-
geneity (I2 = 82.13%). The estimated ORs for all treatment 
comparisons are reported in Supplemental Table S3(C).

Figure 1. Flow chart of the search strategy.
RCT indicates randomized control trial.
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Overall response rate

The result of the NMA is depicted in Figure 2D, for which 
paclitaxel plus durvalumab showed the highest OR compared 
with paclitaxel (OR 2.30, 95% CrI: 1.10-5.20). All 3 interven-
tions demonstrated significantly improved ORR compared 
with paclitaxel group. The calculated SUCRA suggests that 
there is a 94.87% probability that paclitaxel plus durvalumab is 
the preferred treatment option to improve ORR. The second-
ranked treatment was atezolizumab plus paclitaxel (SUCRA, 
65.83%), followed by pembrolizumab plus paclitaxel (SUCRA, 
42.80%) in the third position, toripalimab plus paclitaxel 
(SUCRA, 26.72%) in the forth position. Figure 3D describes 
the ranking of the treatments in terms of the likelihood of 
being the superior treatment. The result of the heterogeneity 
test is reported in Supplemental Figure S6, showing no signifi-
cant heterogeneity. Estimated ORs for all comparisons of 
treatments are reported in Supplemental Table S3(D). The 
total calculated SUCRA is shown in Supplemental Table S4.

Pathological complete response

Figure 2E illustrates the NMA result of pCR, showing that 
pembrolizumab plus paclitaxel had the highest or compared 
with the paclitaxel group (OR 1.70, 95% CrI: 0.81-3.80). All 
interventions demonstrated significantly improved pCR com-
pared with the paclitaxel group. The calculated SUCRA 

suggests that there is 81.85% probability that pembrolizumab 
plus paclitaxel is the preferred treatment option to improve 
pCR. The second was paclitaxel plus durvalumab (SUCRA, 
49.30%), the third was atezolizumab plus paclitaxel (SUCRA, 
45.43%), the fourth was paclitaxel (SUCRA, 23.42%). Figure 
3E provides a visualization of the ranking of treatments in 
terms of the likelihood of being the superior treatment. 
Estimated ORs for all treatment comparisons are reported in 
Supplemental Table S3(E). The total calculated SUCRA is 
provided in Supplemental Table S4.

Heterogeneity analyses

We conducted a thorough heterogeneity analysis for each out-
come measure to identify potential influencing factors. 
However, for pathological complete response (pCR), the num-
ber of studies reporting data was insufficient to perform a het-
erogeneity analysis. In contrast, the ORR index exhibited no 
heterogeneity. When analyzing the PFS indicators, we found 
that the 3 studiesinvolving pembrolizumab plus paclitaxel 
demonstrated low heterogeneity, with an I² = 13.7%. In the OS 
analysis, 2 studies related to pembrolizumab plus paclitaxel 
showed significant heterogeneity, with an I² value of 90.9%. In 
addition, in the AES index analysis, the 3 studies examining 
atezolizumab plus paclitaxel also revealed high heterogeneity, 
with an I²= 90.8% (Supplemental Figures S3-S6).

Figure 2. Forest plot of Bayesian random-effect consistency model for all studies compared with paclitaxel: ((A) Overall survival (OS); (B) Progression-
free survival (PFS); (C) Adverse events (AEs); (D) Overall response rate (ORR); (E) Pathological complete response (pCR)).
Ate + p, atezolizumab plus paclitaxel; Cri, credible interval; Dur + P, durvalumab plus paclitaxel; HR, hazard ratios; OR, odds ratio; P, paclitaxel; Pem + P, pembrolizumab 
plus paclitaxel; Tor + P, toripalimab plus paclitaxel.
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Discussion
Triple-negative breast cancer is an exceptionally aggressive breast 
cancer subtype with poor survival, high mortality, and a tendency 
for recurrence and metastasis, making it challenging to find effec-
tive treatments in clinical settings.35,36 Chemotherapy remains a 
cornerstone of treatment, with taxanes, such as paclitaxel, com-
monly administered as monotherapy or in combination with other 

therapeutic agents.37 Immunotherapy targeting the PD-1/PD-L1 
pathway has emerged as a promising novel approach in the man-
agement of TNBC.38 Several studies have affirmed the potential 
of combining PD-1/PD-L1 inhibitors with paclitaxel to favorably 
impact patient outcomes. However, no studies have directly com-
pared these treatment combinations to establish the optimal ther-
apeutic strategy. To address this gap, a network meta-analysis of 8 

Figure 3. Rank gram of treatment modality. ((A) Overall survival (OS); (B) Progression-free survival (PFS); (C) Adverse events (AEs); (D) Overall response 

rate (ORR); (E) Pathological complete response (pCR)).
SUCRA, surface under the cumulative ranking.
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RCTs was conducted to compare the efficiency and safety of cur-
rently approved PD-1/PD-L1 inhibitors combined with pacli-
taxel. This study aims to provide a scientific and rational treatment 
option by comparing the efficacy and safety of different combina-
tion therapies. By analyzing OS, the study seeks to identify the 
most effective treatment options, as OS is globally recognized as a 
key endpoint for supporting the approval of new anti-cancer ther-
apies. In addition, the incidence of PFS, ORR, AEs, and pCR 
were used as secondary endpoints to provide a more comprehen-
sive evaluation of therapeutic efficacy and safety.

Given that most outcomes were not statistically significant, 
we used SUCRA to compare treatment regimens and identify 
those with the most favorable outcomes. Our findings indicate 
that durvalumab plus paclitaxel exhibited superior efficacy in 
prolonging OS, PFS, and improving ORR. Since OS serves as 
the primary endpoint for assessing treatment effectiveness, we 
conclude that durvalumab plus paclitaxel is the optimal thera-
peutic option for treating TNBC. In terms of pCR, pembroli-
zumab plus paclitaxel exhibited significant advantages. 
Nonetheless, it is important to note that atezolizumab plus 
paclitaxel showed significant improvement in the incidence of 
AEs. However, toripalimab as a relatively emerging PD-L1 
inhibitor, did not show a significant advantage in the compari-
son of these combinations. Further clinical trials are needed to 
validate the efficacy and safety of toripalimab.

The survival benefit may be partly attributed to the superior 
efficacy of paclitaxel. Paclitaxel functions as a mitotic inhibitor 
of tumor cells, effectively halting their proliferation. In addi-
tion, it has been shown to synergize with PD-1/PD-L1 inhibi-
tors, enhancing their therapeutic effects.39,40 Different from 
paclitaxel, PD-1/PD-L1 inhibitors reactivate T cell-mediated 
antitumor immunity by blocking the interaction of PD-1/
PD-L1 targets in tumor cells.10,41,42 In the tumor microenvi-
ronment, PD-1/PD-L1 plays an important role in tumor pro-
gression and survival.43 Combining paclitaxel and PD-1/
PD-L1 inhibitors offers a dual mechanism of action, directly 
targeting tumor cells while simultaneously modulating the 
immune system. Programmed death-1/PD-L1 inhibitors’ 
immunotherapeutic effect enhances the immune cells’ capabili-
ties, counteracting the potential inhibitory impact of paclitaxel 
on the body’s immune response.11,40,44

Durvalumab was first approved by the US Food and Drugs 
Administration (FDA) in 2017 for tumor immunotherapies 
and has since found widespread use in bladder cancer and non-
small-cell lung cancer.45 However, in the context of TNBC 
immunotherapies, it remains relatively new. Survival-related 
results of many trials, such as the I-SPY 2 trial, are still pend-
ing.46 Up to now, the available research on durvalumab com-
bined with paclitaxel in breast cancer treatment is still limited. 
According to the latest NCCN guidelines,6 durvalumab is not 
included in the recommended drugs. The analysis of our study 
shows that durvalumab plus paclitaxel can significantly pro-
long OS and PFS, and improve ORR compared with other 

drug combinations. Durvalumab activates the patient’s immune 
system, stimulating the production of tumor-specific T cells.47 
By restoring T cell activity, durvalumab helps mitigate immune 
evasion often induced by chemotherapy agents such as pacli-
taxel. This synergistic effect can significantly improve the ther-
apeutic effect. However, the reasons behind these findings are 
yet to be fully understood due to the limited amount of litera-
ture and experiments available. Therefore, more RCTs are need 
to explore the optimal dosage form and compatibility to make 
informed decisions about its usage in TNBC treatment.

Atezolizumab was the first PD-L1 drug approved by the 
FDA for TNBC.48 Whereas, it has not shown therapeutic 
advantage. The results from its large RCT trials, IMpassion130 
and IMpassion13133,49 also illustrated the same disappointing 
result. Another study, NCT002620280 which use pCR as pri-
mary outcomes also ended in failure.29 In addition, the new 
trial IMpassion132 is still in progress,50 so the results can be 
expected. Although the effectiveness of the treatment was not 
significant, our study’s findings highlight that atezolizumab 
plus paclitaxel is the safest option. Atezolizumab is a high-
affinity, low-immunogenicity humanized IgG1 monoclonal 
antibody with stable metabolism and a moderate half-life, 
minimizing the risk of accumulation and long-term toxicity.51 
The drug is primarily excreted through the kidneys, reducing 
residual effects and potential adverse reactions,52 which may 
contribute to its favorable safety profile. However, significant 
heterogeneity was observed among the 3 studies on atezoli-
zumab, which warrants consideration. Potential sources of het-
erogeneity include the inclusion of male patients in the studies 
by D. Miles and L.A. Emens, as well as the differences in 
median age between studies—less than 50 years in L. Gianni’s 
study compared to approximately 60 years in the studies by D. 
Miles and L.A. Emens. The observed heterogeneity in AEs 
outcome analysis may partially explain the lack of statistical 
significance in these findings.

After reviewing the included literature, the primary adverse 
reactions identified were rashes, pruritus, gastrointestinal dis-
orders, cardiotoxicity, and endocrine-related conditions. The 
adverse reactions observed in tumor patients may be attributed 
to the unique mechanism of action of PD-1/PD-L1 inhibitors, 
which can disrupt immune tolerance and trigger autoimmune 
and inflammatory responses in normal tissues.53,54 In addition, 
research suggests that redox mechanisms is the primary cause 
of cardiotoxicity.55 Patient variability, including factors such as 
gender and age, can also influence the incidence of adverse 
reactions. As indicated by heterogeneity analysis, both gender 
and age are significant determinants. Studies have shown that 
the prognosis for male breast cancer patients may be poorer 
compared to females, partly due to a lack of preventive pro-
grams, low awareness, and insufficient information among 
men, leading to later diagnoses and higher mortality rates at 
comparable stages and subtypes.56-58 Furthermore, age is a crit-
ical risk factor for breast cancer, with a median age at diagnosis 
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of approximately 61 years.59 Therefore, when considering drug 
safety, attention should be paid to the potential impact of dif-
ferences in patient populations. While most immune-related 
AEs are usually manageable and reversible, it is crucial to 
closely monitor patients for any adverse effects.60 Early detec-
tion and appropriate interventions are crucial to ensure patients 
continue to benefit from the combination of PD-1/PD-L1 
inhibitors and chemotherapy, mitigating potential risks and 
maximizing treatment efficacy.

Pembrolizumab combined with paclitaxel is the recom-
mended drug option for TNBC immunotherapies.6 In our 
study, pembrolizumab combined with paclitaxel significantly 
improved pCR. Pembrolizumab can not only facilitate the 
direct elimination of tumor cells by T cells but also boosts the 
formation of immune memory.61 These effects can reduce 
tumor cell burden and lower the risk of recurrence, potentially 
explaining its impressive improvement in pCR rates. However, 
pembrolizumab exhibited moderate performance in OS and 
PFS analyses. Heterogeneity analysis revealed discrepancies in 
OS and PFS outcomes between the 2 studies combining pem-
brolizumab with paclitaxel. These variations may be attributed 
to differences in TNBC stage, median follow-up time, and eth-
nic factors, which could explain the lack of significant improve-
ments in OS and PFS. Notably, pCR, an emerging biomarker 
for evaluating the efficacy of neoadjuvant therapy, has been 
associated with prolonged OS and a reduced mortality risk in 
patients who achieve it.62,63 Consequently, the current evidence 
supports the reliability of pembrolizumab combined with 
paclitaxel as a first-line treatment for TNBC. These findings 
further reinforce the therapeutic efficacy of this combination 
regimen.

Diagnosis of TNBC relies on the detection of ER, PR, and 
HER2 status. Imaging tests can identify TNBC prior to the 
onset of symptoms, facilitating early detection.64 Research has 
shown a correlation between the molecular subtypes of cancer 
and their imaging characteristics. A deeper understanding of 
TNBC’s molecular and imaging features may enhance early 
diagnosis and treatment strategies. Further studies are needed 
to optimize therapies and improve outcomes for TNBC 
patients.

Strength and Limitations
Our review has several strengths. First, the included studies 
were all large RCTs with high level of evidence, which greatly 
increased the number of participants included and ensured the 
reliability of evidence sources. Second, we included the latest 
results from the same studies. This can provide a more accurate 
range of results for evaluation than previously reported studies, 
instill confidence in the use of web meta-analysis, and produce 
reliable results. Furthermore, our study marks an important 
advancement from previous network meta-analyses. The inclu-
sion of studies involving paclitaxel in combination with PD-1/
PD-L1 agents, which were previously overlooked, has 

contributed to a more comprehensive understanding of the 
treatment options. This, in turn, has led to a different conclu-
sion from previous NMAs, suggesting that the combination of 
PD-1/PD-L1 inhibitors with chemotherapy, specifically pacli-
taxel, may be the preferred treatment option.

The study has several limitations. Many conclusions rely on 
indirect comparisons, which are not an adequate substitute for 
direct comparisons of randomized data. In the analysis of out-
come measures, 95% CI for some drugs did not show statisti-
cal significance, warranting cautious interpretation of the 
results. In addition, the quality of the RCT studies included in 
this analysis may have potential data bias issues. First of all, 
the patients included in this analysis were almost all women 
with a median age of 48.0 to 56.0, that is, perimenopause. 
Subgroup analysis by sex and age was not performed, which 
may affect the accuracy of the results. Second, some of the 
studies included in this analysis had a short median follow-up 
time. Shorter follow-ups may fail to capture long-term sur-
vival outcomes, potentially impacting the stability and reliabil-
ity of the findings. Many of RCTs included have not yet 
reached maturity in terms of survival data. Moreover, we did 
not impose restrictions on the staging of TNBC, and varia-
tions in tumor stage—particularly the progression from early 
to advanced stages—can significantly influence patients’ ther-
apeutic responses and survival rates. Third, this study did not 
limit the race. Different races can exhibit variations in drug 
sensitivity, receptor sensitivity, and other factors, which can 
influence treatment outcomes significantly.65,66 In addition, 
we did not conduct subgroup analyses for different TNBC 
subtypes anddifferent patient types. Therefore, there is a lack 
of discussion regarding potential drug interactions and the 
variability of their effects across different patient populations. 
Moreover, the limited number of studies available for inclu-
sion in the durvalumab-and-toripalimab group may introduce 
bias into the analysis.

Conclusion
Based on our research, the combination of PD-1/PD-L1 
inhibitors with paclitaxel demonstrates a survival advantage. 
Specifically, durvalumab plus paclitaxel emerges as a promising 
therapeutic option for the treatment of TNBC. Atezolizumab 
in combination with paclitaxel is identified as the safest regi-
men, while pembrolizumab combined with paclitaxel offers a 
unique advantage in improving pCR. These findings support 
current treatment strategies recommended by oncology guide-
lines and suggest potential new drug options. However, it is 
important to note that most drug comparisons did not yield 
statistically significant results, meaning the current evidence 
cannot definitively identify the preferred drug for TNBC treat-
ment. Factors such as age, gender, race, and tumor staging may 
influence the efficacy and safety of these therapies. Future 
studies should integrate multiple diagnostic approaches, 
including imaging, to facilitate early detection and tumor 
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profiling. In addition, further RCTs are needed to provide 
more robust evidence comparing the efficacy and safety of 
additional PD-1/PD-L1 inhibitors combined with paclitaxel.
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