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Abstract
Purpose: Some studies have shown that immune checkpoint inhibitors (ICIs) have a favorable e�cacy in early triple-
negative breast cancer (TNBC) patients, but the results are controversial in the rescue therapy stage. The purpose of this
study was to evaluate the e�cacy and safety after chemotherapy plus ICIs in metastatic TNBC patients.

Methods: After slytematically searching PubMed and EMBASE up to December 30, 2021, we de�ned randomized controlled
trials (RCTs) exploring the e�cacy and safety of ICIs plus chemotherapy in metastatic TNBC. The endpoints were
progression-free survival (PFS) and/or overall survival (OS) in intention-to-treat (ITT) populations or in programmed death
protein-1 /programmed cell death-ligand 1 (PD-1/PD-L1) positive populations.

Results: Five RCTs (N=3104) were included in our meta-analysis. ICIs plus chemotherapy signi�cantly improved PFS in both
the ITT (hazard ratio, (HR), 0.82; 95% CI, 0.75–0.90; P < 0.0001) and PD-L1positive populations (hazard ratio, (HR), 0.72;
95% CI, 0.63–0.82; P <0.00001) with mTNBC. However, ICIs plus chemotherapy failed to improve OS in PD-L1 positive or
ITT populationgs. In patients with high PD-L1 expression, ICIs combined with chemotherapy can improve not only PFS but
also OS.

Conclusion: The meta-analysis showed that adding ICIs to therapy signi�cantly improved PFS in both ITT and PD-L1
positive populations with mTNBC. However, there was no bene�t to OS. At the same time, in patients with high PDL-1
expression, ICIs combined with chemotherapy bene�ted both PFS and OS.

Introduction
According to GLOBO CANCER data, 2,261,419 people were diagnosed with breast cancer in 2020, ranking �rst among
malignant tumors worldwide [1]. Up to 20% of all breast cancer diagnoses are represented by triple-negative breast cancers
(TNBCs), which have a worse prognosis than other subtypes [2]. Compared with other types of breast cancer, triple-negative
breast cancer has notable characteristics of high biological heterogeneity, easy metastasis, poor prognosis, and limited
treatment options[3].

The lack of therapeutic targets makes the treatment of TNBC very challenging, especially in metastatic triple-negative
breast cancer (mTNBC). In the treatment of mTNBC, available chemotherapy often results in only a short-term
response and considerable toxic effects[4].
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However, immunotherapy may be bene�cial[5,6]. Recently, immunotherapy, poly ADP ribose polymerase (PRAP) inhibitors
and other targeted therapies have been used for the treatment of mTNBC[7,8,9,10]. In the early setting, the addition of
immune-checkpoint inhibitors (ICIs) to neoadjuvant chemotherapy has been shown to improve endpoints compared to
chemotherapy alone [11]. Based on these data, Narayan et al recently combined an ICIs (atezolizumab) with chemotherapy
for patients with programmed death-ligand 1 (PD-L1)-positive mTNBC in their �rst-line treatment[12]. TNBC patients with
high expression of PD-L1 and a high proportion of tumor-invading lymphocytes might be more effective[13,14]. ICIs plus
chemotherapy can improve effectiveness in patients with mTNBC in the trials IMpassion130 and KEYNOTE-355 [15,16],
while different studies have reported different results [17]. Therefore, our meta-analysis aimed to further clarify the e�cacy
of immunotherapy plus chemotherapy in metastatic TNBC.

Materials And Methods
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Literature search strategy A systematic literature search was performed on the PubMed and Embase databases for the
period up to December 30, 2021, to identify eligible studies. The keywords used in the search strategy
were pembrolizumab OR nivolumab OR atezolizumab OR durvalumab OR avelumab OR cemiplimab OR programmed cell
death 1 OR programmed cell death ligand 1 OR PD-L1 OR PD-1 OR immunotherapy OR immune checkpoint AND (triple-
negative breast cancer OR triple-negative breast carcinoma. The inclusion of studies was not limited to the geographic
location or language of publication of the studies.

Inclusion and exclusion criteria

Eligible studies met the following inclusion criteria to ensure that only high-quality studies were considered for this analysis.
The inclusion criteria were as follows: (1) patients diagnosed with metastatic or advanced TNBC. (2) patients with
metastatic TNBC who were treated with immune checkpoint inhibitors and chemotherapy. (3) The study reported survival
outcomes in metastatic TNBC, such as progression-free survival (PFS) and overall survival (OS). The exclusion criteria were
as follows: (1) articles lacking the original data, (2) studies lacking information on survival outcomes in TNBC. (3) case
reports, letters to the editor, and review articles.

Data extraction and quality assessment

A standardized data extraction form was used to extract relevant information from each study. Data included names of
authors, publication year, study design, patients enrolled, tumor characteristics, number of participations, regimen
of chemotherapy, PD-L1 status, patients’ ages and countries, and outcomes. Outcomes were measured as follows: 1) PFS,
progression-free survival; 2) OS, overall survival, the time from randomization to the date of death in clinical trials or
duration of survival after diseases were diagosed/treated in observational studies; 3) adverse events (AEs) were extracted
using a data collection form; 4) grade 3/4/5 adverse events as de�ned by the original study.

     We assessed the quality of randomized controlled trials (RCTs) using the Cochrane risk bias tool assessment scale[18],
while the Newcastle-Ottawa Scale (NOS) was used for non-RCT studies [19]. Only high-quality studies were included in the
meta-analysis.

Statistical analysis

Hazard ratios (HRs) or odds ratios (ORs) and corresponding 95% con�dence intervals (CIs) were used to compare the
outcomes, namely, PFS, OS, and AEs. When conducting   meta -analysis, Cochran's Q test and I² calculation index statistical
heterogeneity (I²> 50% or P <0.10 indicates a high degree of heterogeneity)[20]. When there was a high degree of statistical
heterogeneity between the studies, the random effects model was used; otherwise, the �xed effects model was used[21].

Meta-analysis was conducted using Review Manager 5.3 (Copenhagen: The Nordic    Cochrane Centre, The Cochrane
Collaboration). P values less than 0.05 were considered statistically signi�cant.

Results
According to the search strategy, 575 documents were preliminarily retrieved and by further reading the abstract and full
text of the document and pressing according to the inclusion and exclusion criteria of this study, the literature was
screened; �nally, 5 RCT studies of 3104 patients met the eligibility criteria[15,16,22-27]. Figure 1 illustrates the eligibility
criteria of articles enrolled in this meta-analysis.

The study characteristics, study design, authors, study enrollment sample size and treatment solutions across studies for
each study are provided in Table 1. The number of patients per study ranged from 622 to 902 (total, n =3104 patients). Two
RCTs (IMpassion130 and IMpassion131) used atezolizumab, another two RCTs (KEYNOTE-119 and KEYNOTE-355) used
pembroli -zumab, and the RCT (SAFIR02-BREAST IMMUNO) used durvalumab. Of these 3104 patients, 882 received



Page 4/11

atezolizumab, and 878 received pembrolizumab. Atotal of 1262 patients received chemotherapy alone. Overall, the tumors
of 1746 patients expressed PD-L1, while those of 1358 patients did not.

Table 1 Characteristics of the randomized trials included in the meta-analysis.

Trial

Name

Year Phase Patients

enrolled

Treatment No. No. of

patients

No. of
patients
    (PD-
L1+

Median

age

 Out

-comes

IMpassion130

P.Schmid

2021 3 Metastatic

TNBC

 atezo+ nab-p

 placebo+nab-p

 

902 451

451

185

184

55

56

 PFS,OS

 

IMpassion131

D.Miles

2021 3 Advanced

/metastatic

TNBC

atezo+ p

 placebo+p

651 431

220

191

101

54

53

 PFS,OS

KEYNOTE-119

Eric P Winer

2021 3 Metastatic

TNBC

pembro

chemo

622 312

310

203

202

50

53

OS

 

KEYNOTE-355

Javier Cortes

2020 3 Inoperable

/Metastatic

TNBC

pembro+chemo

placebo+chemo

847 566

281

425

211

53

53

  PFS

 

 

SAFIR02-
BREAST
IMMUNO

Thomas
Bachelot

2021 2 metastatic

TNBC

Durvalumab

chemotherapy

82 NA

NA

44 NA

 

PFS,OS

 TNBC=triple negative breast cancer; no.=number; atezo=atezolizumab; pembro=pembrolizumab; nab-p=nab-paclitaxel;
p=paclitaxel; chemo=chemotherapy; PD-L1+=/programmed cell death -Ligand 1(PD-1/PD-L1) positive; PFS=progression-
free survival; OS= overall survival; NA==not available.

PFS and OS in the intention-to-treat (ITT) population

     Five studies included 3104 patients. In the ITT population,ICIs plus chemotherapy improved PFS compared with
chemotherapy alone (HR, 0.82; 95% CI, 0.74–0.90; P < 0.0001) (Fig. 2A). ICIs plus chemotherapy improved OS compared
with chemotherapy, while there was no signi�cant difference (Fig. 2B).

PFS and OS in the PD-L1 positive population

    Our analysis mainly assessed PFS and OS in mTNBC. Five studies included 1746 PD-L1 positive patients, and three
studies reported OS and PFS, while the KEYNOTE-355 study reported  PFS, and KEYNOTE-119 reported OS. In the PD-L1
positive population, ICIs plus chemotherapy improved PFS compared with chemotherapy alone (HR, 0.72; 95% CI, 0.63–
0.82; P < 0.00001) (Fig. 3A), while there was no signi�cant difference in OS (Fig.3B).

Treatment-related adverse events (AEs)

Four studies with 3022 patients with mTNBC were analyzed. The results showed that ICIs plus chemotherapy did not
increase grade 3–5 AEs relative to chemotherapy alone. (OR: 1.03; 95% CI: 0.87–1.22; P=0.71) (Fig. 5).
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Discussion
TNBC has special biological behavior and clinicopathological features, and the prognosis is poorer than that of other types.
Meanwhile, the treatment of mTNBC is even more challenging. Traditional TNBC treatment options include only
chemotherapy and no other treatments. However, in recent years, an increasing number of studies and experiments have
prove that immune checkpoint inhibitors (ICIs) are effective for TNBC, especially for PD-1/PD-L1 positive patients.

We included �ve studies with a total of 3104 patients with mTNBC and showed that ICIs plus chemotherapy signi�cantly
improved PFS not only in PD-L1-positive patients but also in the ITT population. At the same time, in the population with
high PD-L1 expression, the addition of ICIs to therapy improved both PFS and OS. However, ICIs combined with
chemotherapy did not improve OS in PD-L1 positive patients or in the ITT population. For grade 3-5 AEs, our  meta-analysis
showed that there was no signi�cant difference in the ICIs group compared with the chemotherapy alone group.

The IMpassion130 [15,22] study was the �rst to show positive results in the 2018 European Society for Medical Oncology
(ESMO) advanced TNBC Phase III clinical trial and was also published in the New England Medical Published in the journal
Science. The two primary endpoints were PFS and OS. The results of the �rst reported study[15] showed that in the ITT
population, PFS was 7.2 months in the combination treatment group and 5.5 months in the control group (HR=0.8, 95% CI:
0.69-0.92; P=0.002). In the PD-L1positive population, the bene�t was further expanded, and the PFS in the combination
therapy group was 2.5 months longer than that in the control group (7.5 vs 5.0 months, HR=0.62, 95% CI: 0.49-0.78;
P<0.001). Later data reported [23,24] suggested that ICIs combined with chemotherapy have better PFS, while there was no
signi�cant difference in OS. Later, the IMpassion131 [17] study showed that combining ICIs with chemotherapy did not
improve PFS or OS versus chemotherapy alone. We believe that these factors may be responsible for the different results
between IMpassion130 and IMpassion131. First, the chemotherapeutic drug in IMpassion131 was paclitaxel, while in
IMpassion130, it was nab-paclitaxel. At the same time, paclitaxel repuires more use of dexamethasone, which may reduce
the e�cacy. Second, the ratios of the experimental group and the control group were different between
1:1 (IMpassion130) and 1:2 (IMpassion131),respectively. The IMpassion132 study [28], a multinational double-blind,
placebo-controlled, two-arm, randomized phase III trial comparing atezolizumab plus chemotherapyversus placebo plus
chemotherapy in early-stage relapsed TNBC, has not been published so far.

The KEYNOTE-355 [16] study demonstrated that pembrolizumab in combination with chemotherapy can signi�cantly and
clinically improve PFS compared to the placebo plus chemotherapy group among patients with mTNBC with CPS of 10 or
more. These �ndings suggest that the addition of pembrolizumab to standard chemotherapy is the �rst-line
treatment for mTNBC. The KEYNOTE-119 [26] study showed that pembrolizumab did not signi�cantly improve OS
compared with chemotherapy in previously treated mTNBC patients, and in patients treated with pembrolizumab, higher
PD-L1 expression (CPS≥20) was associated with a higher long median OS.

The IMpassion130 [15,22], KEYNOTE-119 [26] and KEYNOTE-355[16] studies suggested that different PD-L1 expression has
different sensitivities toICI treatment and that overexpression can better improve PFS/OS. Several RCTs have been
performed in mTNBC patients treated with ICIs. In the era of monotherapy, the results suggest that these patients can
compare the associated clinical bene�ts of immunotherapy with chemotherapy alone.

In addition, KEYNOTE-012 [29],a nonrandomized phase Ib trial of the single-agent pembrolizumab given to patients with
advanced PD-L1 positive advanced TNBC, showed a single-agent pembrolizumab-related ORR (18.5%) for capecitabine that
was reported twice as much (9%).

Thus far, chemotherapy combined with ICIs can also improved prognosis in early TNBC. Several RCTs have been conducted
in patients with early TNBC [11,30,31], and ICIs plus chemotherapy have a higher PFS/OS than chemotherapy alone. This is
especially true in patients who achieve pathological complete response (pCR) after neoadjuvant chemotherapy. KEYNOTE
-522[32], a multicenter, randomized, double-blind, placebo-controlled phase III clinical study. A total of 1174 patients with
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stage II-III TNBC were randomized 2:1 to immunotherapy or placebo plus chemotherapy. Compared with the placebo
combined chemotherapy group (201 patients), the pembrolizumab combined chemotherapy group (401 patients) increased
pCR by 13.6% (64.8% vs 51.2%, P<0.001); among them, the PD-L1 positive population (CPS ≥1%) and pCR were 68.9% and
54.9% in the two groups and 45.3% and 30.3% in the PD-L1-negative population, respectively[32].

      Based on the results of the NeoTRIPaPDL1 study, atezolizumab in combination with chemotherapy did not improve PFS
in patients with mTNBC[33]. The ENHANCE 1 study showed that eribulin plus pembrolizumab was generally well tolerated
and promised antitumor activity in mTNBC[34].

As the most important immune checkpoint drugs, PD-1/PD-L1 inhibitors have transformed the treatment practice of TNBC,
including neoadjuvant therapy and advanced �rst-line therapy. However, the existing treatment mode still needs to be
combined with chemotherapy, and there is still a long way to go to �nd "precise biomarkers" for predicting immunotherapy
and �nally achieve "de-chemotherapy".

In the analysis of AEs, their results showed that the addition of ICIs increased the incidence of AEs, while our AE analysis
showed different results.

      Another meta-analysis [35] included four RCTs; their sample size was smaller than ours (2482 vs 3104), and the result of
the PFS in ITT or PD-L1 positive analysis was consistent with ours (HR, 0.82; 95% CI, 0.74–0.90; P <.001/HR, 0.69; 95% CI,
0.59– 0.80; P <.001). Nevertheless,subgroup analysis only analyzed PFS without OS in PD-L1 positive patients, whereas we
had a different result.

Conclusion
     In conclusion, the meta-analysis based on �ve RCTs showed that adding ICIs to therapy signi�cantly improved PFS in
both ITT and PD-L1 positive populations with mTNBC. However, ICIs plus chemotherapy failed to improve OS in PD-L1
positive patients or in the ITT population. This result further suggests that ICIs may play an important role in the treatment
of PD-L1 positive and high-risk populations with positive nodal disease mTNBC. More immunotherapy survival data remain
unclear. Therefore, increasing e�cacy assessments and prognostic analyses are needed to con�rm the importance of
immunotherapy in breast cancer.

Abbreviations
ICIs:immune checkpoint inhibitors (ICIs); TNBC:triple-negative breast cancer; mTNBC:metastatic triple-negative breast
cancer .RCTs:randomized controlled trials (RCTs); PFS:progression-free survival; OS:overall survival; ITT:intention-to-treat
(ITT) ; (PD-1/PD-L1) :programmed death protein-1 /programmed cell death-ligand 1; HR:hazard ratio; PRAP:poly ADP ribose
polymerase; AEs:adverse events; NOS:Newcastle-Ottawa Scale; ORs:odds ratios (ORs) ; CIs: corresponding 95% con�dence
intervals; pCR:pathological complete response; ESMO:European Society for Medical Oncology (ESMO) .
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Figure 1
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Flow diagram for the identi�cation of relevant studies

Figure 2

A Effect of adding ICIs to chemotherapy on PFS in the ITT population.

B Effect of adding ICIs to chemotherapy on OS in the ITT population.

Figure 3

A Effect of adding ICIs to chemotherapy on PFS in the PD-L1positive population.
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B Effect of adding ICIs to chemotherapy on OS in the PD-L1positive population.

Figure 4

A Effect of adding ICIs to chemotherapy on PFS in the high PDL-1 expression population.

B Effect of adding ICIs to chemotherapy on OS in the high PDL-1 expression population.

Figure 5

AEs in ICIs versus chemotherapy


