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ABSTRACT
Triple-negative breast cancer (TNBC), accounting for about 10%–20% of all breast cancer cases, is characterized by its aggressive 
nature, high recurrence rates, and poor prognosis. Unlike other breast cancer subtypes, TNBC lacks hormone receptors and spe-
cific molecular targets, limiting therapeutic options. In recent years, immune checkpoint inhibitors (ICIs) have shown promise 
in treating TNBC by targeting immune evasion mechanisms. Despite these advancements, several issues remain unresolved, 
including low response rates in programmed cell death ligand 1 (PD-L1) negative TNBC subtypes and the challenge of predicting 
which patients will benefit from ICIs. Consequently, there is growing interest in identifying reliable biomarkers beyond PD-L1 
expression. This review synthesizes recent studies to provide a comprehensive perspective on ICI therapy in TNBC, clarifying 
the status of single-agent ICI therapies and combination strategies, emphasizing the need for further research into biomarkers. 
These insights provide clues for more personalized and effective treatment approaches, ultimately aiming to improve clinical 
outcomes for patients with TNBC.

1   |   Introduction

Breast cancer is the most common malignancy among women 
worldwide. According to recent global data, 2,261,419 new cases 
and 684,996 deaths from breast cancer were reported in 2020 
[1–3]. Triple-negative breast cancer (TNBC), which is estrogen 
receptor negative, progesterone receptor negative, and human 
epidermal growth factor receptor negative, accounts for about 
10%–20% of all breast cancer cases [4]. TNBC is characterized 

by poor differentiation and is highly invasive with a high risk 
of recurrence and distant metastasis [5–7]. General progress 
has been achieved for breast cancer in surgical treatments, 
chemotherapies, endocrine therapies, and targeted therapies 
[8]. However, most patients with TNBC have not derived ben-
efit from current endocrine therapies or targeted therapies, 
and their responses to chemotherapy are often unsatisfactory. 
Therefore, more efficacious treatment options for TNBC are 
needed [9].
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Accumulated evidences indicate that immunotherapies and 
TROP2-directed antibody-drug conjugates have great po-
tential as therapeutic strategies for breast cancer, including 
TNBC, as well as several other solid malignancies [6–11]. 
Compared with other types of breast cancer, TNBC has in-
creased tumor-infiltrating lymphocytes (TILs), programmed 
cell death ligand-1 (PD-L1) expression, and genomic insta-
bility and mutational load [12–14], suggesting that immuno-
therapeutic approaches could be effective. Currently, these 
strategies mainly consist of cancer vaccines, oncolytic viruses, 
adoptive immune cell transfer and immune checkpoint inhib-
itors (ICIs).

In recent years, encouraging clinical results have ushered 
in a new era of using ICIs for the treatment of TNBC [15, 16]. 
Unfortunately, ICI treatment is not suitable for all TNBC pa-
tients, and thus, studies have been conducted to identify predic-
tive biomarkers that can reliably predict a patient's response to 
ICI therapy [17]. In this review, we provide a broad, up-to-date 
summary of recent advances in the use of ICI therapy for TNBC, 
including molecular mechanisms, patient outcomes, and pre-
dictive biomarkers for identifying patients with TNBC who are 
most likely to benefit from ICI therapy.

2   |   Molecular Mechanisms of ICIs in TNBC

The most studied ICI targets in breast cancers are the pro-
grammed death protein 1 (PD-1, also known as CD279), pro-
grammed death-ligand 1 (PD-L1, also known as CD274), and 
cytotoxic T lymphocyte antigen 4 (CTLA-4, also known as 
CD152) [18]. PD-1 is expressed on the outside surface of nu-
merous immune cells, especially activated T cells, B cells, 
natural killer cells, activated monocytes, and dendritic cells, 
whereas PD-L1 exists on the surface of tumor cells [19, 20]. 
Binding of PD-L1 (on tumor cells) to PD-1 (on activated T cells) 
inhibits the migration and proliferation of T cells, decreases 
the release of anti-tumor cytokines, and thus prevents over-
activation of immune responses, eventually leading to immu-
nosuppression and escape of tumor cells from the anti-tumor 
immune response [21]. Binding between PD-1 and PD-L1 in-
hibits an immune response via several possible mechanisms: 
(1) recruitment of Src homology 2-containing protein tyrosine 
phosphatase-1 (SHP-1) and -2 (SHP-2), which dephosphory-
lates protein kinase B (Akt) and phosphatidylinositol-3-kinase 
(PI3K), and then inhibits T-cell receptor (TCR) signaling and 
T-cell activation [22–24]; (2) prevention of TCR signaling 
termination, which stops the coupling of antigen-carrying 
dendritic cells (DCs) with effector T cells and decreases the 

immune response [25], and (3) modulating the accumulation 
of regulatory T cells (Tregs) in the tumor immune microenvi-
ronment [26].

Whereas PD-1–induced immunosuppression mainly occurs 
during the later stages of tumor progression and mostly regu-
lates effector T cells in peripheral tissues, CTLA-4–mediated 
immunosuppression occurs during the early stage of antigen 
presentation [27]. CTLA-4 (CD152) and CD28 are expressed on 
the external surface of activated T cells and are responsible for 
T cell immune regulation [28]. They bind two distinct ligands, 
CD80 (B7.1) and CD86 (B7.2), which are found on the surface of 
professional antigen-presenting cells (APCs) or other immune 
mediators and regulate signal pathway activation of productive 
immunity at an early stage. When the immune system recog-
nizes an antigen, CD28 first interacts with CD80 and CD86, 
and this interaction activates T cells by increasing T-cell anti-
gen receptor signaling, leading to upregulation of CTLA-4 [9]. 
CTLA-4, which is structurally similar to CD28, binds to CD80 
and CD86 on the surface of APCs and then blocks interaction of 
T cells with APCs, leading to down-regulation of T cells [29, 30]. 
Therefore, targeted inhibition of CTLA-4 activates and promotes 
immune cell proliferation, and this increases the anti-tumor im-
mune response.

Currently, many drugs that target PD-1/PD-L1 or CTLA-4 have 
been or are being investigated for the treatment of various types 
of cancers. Among these ICIs, several PD-1/PD-L1 inhibitors, 
including pembrolizumab [31], nivolumab [32, 33], cemiplimab 
[34], atezolizumab [35], avelumab [36], and durvalumab, are ap-
proved for clinical use in various types of cancers. The U.S. Food 
and Drug Administration (FDA) recently approved pembroli-
zumab in combination with chemotherapy for the treatment 
of TNBC [37]. Moreover, several CTLA-4 inhibitors, including 
ipilimumab and tremelimumab, have also been approved or are 
being tested for the treatment of multiple cancer types [38–41], 
including TNBC [42].

3   |   Clinical Updates With ICIs for TNBC

3.1   |   Locally Advanced or Metastatic TNBC

Early clinical trials examining different applications of ICIs 
are considered “proof-of-concept” studies. These studies ex-
amined the efficacy and safety of ICIs alone (monotherapy) 
or in combination with other therapies (combination therapy), 
for locally advanced or metastatic TNBC (mTNBC) (Figure 1 
and Table 1).

FIGURE 1    |    The list of major clinical trials for ICIs in TNBC patients. Blue points: monotherapy; pink points: combination therapy.
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3.1.1   |   Monotherapy With PD-1 Inhibitors

Recent studies, including KEYNOTE-012, KEYNOTE-086, and 
KEYNOTE-119, have explored pembrolizumab monotherapy as 
a treatment for advanced TNBC, with mixed efficacy results. 
The KEYNOTE-012 phase Ib trial examined the efficacy and 
safety of pembrolizumab monotherapy for the treatment of PD-
L1+ (PD-L1 expression ≥ 1% of tumor cells) advanced TNBC 
(cohort A, n = 32), many of whom (46.9%) had undergone mul-
tiple prior therapies [43]. The objective response rate (ORR) 
was 18.5%, with one patient achieving a complete response 
(CR). Although 15.6% of patients experienced grade 3 or higher 
treatment-related adverse events (TRAEs), these findings high-
lighted some anti-tumor activity in a heavily pretreated popu-
lation [43]. In cohort A (n = 170) of the KEYNOTE-086 phase II 
trial, which evaluated the efficacy and safety of pembrolizumab 
monotherapy in previously treated TNBC, the ORRs were low, 
at 5.3% in the overall population and 5.7% in the PD-L1 positive 
(combined positive score [CPS] ≥ 1) population, with a median 
progression-free survival (PFS) of 2.0 months and a median over-
all survival (OS) of 9.0 months [44]. However, in cohort B (n = 84) 
of KEYNOTE-086, which focused on untreated, PD-L1 positive 
(CPS ≥ 1) TNBC patients, the ORR was 21.4%, with a median 
PFS of 2.1 months and a median OS of 18.0 months, and a low 
rate of adverse effects [45]. These results suggest better efficacy 
in treatment-naive, PD-L1-positive patients and underscored the 
importance of PD-L1 status in response to pembrolizumab.

The KEYNOTE-119 phase III multi-center trial compared 
pembrolizumab to chemotherapy in previously treated TNBC 
patients [46]. While the primary analysis did not show a sta-
tistically significant OS benefit in patients with low CPS (ei-
ther CPS ≥ 10 or CPS ≥ 1), an exploratory post hoc analysis 
revealed longer OS in patients with a higher CPS (≥ 20) in the 
pembrolizumab group (14.9 vs. 12.5 months), suggesting pem-
brolizumab may offer survival benefits in this subgroup [46]. 
Another preliminary phase I open-label dose escalation study 
(NCT02838823) evaluated JS001 (a novel PD-1 antibody) in ad-
vanced TNBC patients who experienced failure after multi-line 
standard systemic therapy [47]. Results showed limited efficacy 
(ORR of 11.1%) and a median PFS of 1.8 months, suggesting that 
while PD-1 inhibitors can be safe, but their efficacy in heavily 
pretreated TNBC remains limited.

These trials showed that PD-1 inhibitor monotherapy has 
demonstrated modest anti-tumor activity and an acceptable 
safety profile in advanced TNBC, especially in PD-L1-positive, 
treatment-naive patients. However, the effectiveness of ICIs in 
broader TNBC populations remains limited, underscoring the 
need for potential combination approaches to improve outcomes.

3.1.2   |   Combination Therapy With PD-1 Inhibitors

Based on the encouraging results with monotherapies of ICIs, 
clinical trials of combination regimens with ICIs, specifically 
PD-1 inhibitors like pembrolizumab and nivolumab, with che-
motherapy for advanced or metastatic TNBC were conducted.

The TONIC trial explored a short induction period with 
agents like cyclophosphamide, doxorubicin, or cisplatin before 

nivolumab in 67 patients with mTNBC who had received pre-
vious chemotherapy. The results showed an improved ORR in 
patients with doxorubicin (35%) or cisplatin (23%) induction 
compared to no induction (17%) or with irradiation or cyclo-
phosphamide induction (8%) [48]. This suggests that selective 
induction strategies can potentially prime the tumor microenvi-
ronment, enhancing the efficacy of PD-1 inhibitors. In another 
phase II clinical trial (NCT02657889), pembrolizumab in combi-
nation with niraparib (a poly ADP-ribose polymerase inhibitor) 
achieved an ORR of 21% and a DCR of 49% in advanced TNBC 
patients [49]. BRCA mutated tumors showed higher response 
rates, with an ORR of 47% versus 11%, a DCR of 80% versus 33%, 
and a median PFS of 8.3 versus 2.1 months, respectively [49]. 
This highlighted the importance of genetic profiling in TNBC to 
optimize combination strategies for maximum efficacy.

Based on the PFS results from the interim analysis of the phase 
III KEYNOTE-355 trial, the U.S. FDA provided accelerated ap-
proval of pembrolizumab plus chemotherapy as first-line treat-
ment for unresectable, locally recurrent or metastatic, PD-L1 
positive (CPS ≥ 10) TNBC [hazard ratio (HR): 0.82 (0.69–0.97)] 
[50]. At the protocol-specified final analysis of this trial, pem-
brolizumab plus chemotherapy significantly improved mOS 
in patients with higher CPS scores (≥ 10: 23.0 vs. 16.1 months) 
compared to chemotherapy alone. However, in patients with a 
CPS ≥ 1, the two treatment groups had a similar median OS (17.6 
vs. 16.0 months) [74], underscoring the need to refine patient se-
lection based on PD-L1 levels.

A phase II trial (NCT02730130) reported an ORR of 17.6% with 
pembrolizumab and radiotherapy in heavily pretreated patients 
with mTNBC [51]. Three of these patients achieved CR (one 
with DoR up to 108 weeks), and one patient achieved stable dis-
ease for 22 weeks, suggesting radiotherapy as a potential prim-
ing mechanism to boost ICI efficacy in selected patients. Also, 
the KEYNOTE 150 phase Ib/II trial (NCT02513472) evaluated 
the efficacy and safety in 167 patients with mTNBC (≤ 2 prior 
systemic anticancer therapies) treated with pembrolizumab in 
combination with eribulin [52]. ORRs were 25.8% (95% CI: 15.8–
38.0) for stratum 1 with 66 untreated patients and 21.8% (95% 
CI: 14.2–31.1) for stratum 2 with 101 patients after 1–2 line treat-
ment. PD-L1+ patients (CPS ≥ 1) had numerically higher ORR 
than PD-L1- patients, particularly in stratum 1 (34.5% vs. 16.1%; 
p < 0.001) and stratum 2 (24.4% vs. 18.2%; p < 0.05) [52]. In the 
TNBC cohort of the phase 2 LEAP-005 Study (NCT03797326) 
who received lenvatinib (tyrosine kinase inhibitor) plus pem-
brolizumab after one or two lines of therapy, ORR was 32% (95% 
CI, 17%–51%), mPFS was 5.1 (95% CI, 1.9–11.8) months, and the 
mOS was 11.4 (95% CI, 4.1–21.7) [53] months, suggesting that 
combining PD-1 inhibitors with tyrosine kinase inhibitors could 
be a viable option for enhancing treatment response.

These trials emphasize that while PD-1 inhibitors show some 
efficacy in locally advanced or metastatic TNBC, combination 
therapies and patient selection based on biomarkers like PD-L1 
status are essential for optimizing outcomes. Numerous ongo-
ing phase III trials continue to explore different combination 
approaches, aiming to extend the benefits of PD-1 inhibitors to 
a broader TNBC population. For example, TROPION-Breast05 
(NCT06103864) is investigating pembrolizumab + Dato-DXd 
with or without durvalumab for PD-L1+ locally recurrent 

https://clinicaltrials.gov/study/NCT03797326
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inoperable or metastatic TNBC, ASCENT-04 (NCT05382286) 
is assessing pembrolizumab + Sacituzumab Govitecan-hziy 
[an antibody–drug conjugate (ADC) targeting anti-trophoblast 
cell-surface antigen 2] for previously untreated locally advanced 
inoperable or metastatic TNBC, and MK-2870-011/TroFuse-011 
(NCT06841354) examined the effectiveness of pembroli-
zumab + Sacituzumab Tirumotecan in patients with previously 
untreated locally recurrent unresectable advanced or metastatic 
TNBC expressing PD-L1 at CPS less than 10.

3.1.3   |   Monotherapy With PD-L1 Inhibitors

Several early-phase studies have investigated PD-L1 inhibitors 
as monotherapy for metastatic or locally advanced previously 
treated TNBC (≤ 3 prior lines of cytotoxic therapy), show-
ing varying degrees of efficacy. In a phase 1 JAVELIN study 
(NCT01772004), monotherapy with avelumab was investigated 
in 168 patients with heavily pretreated metastatic breast cancer, 
including 58 with TNBC [54]. The ORR was 5.2% in patients 
with TNBC, and a higher ORR (22.2%) was observed in PD-
L1+ patients than in PD-L1− patients (2.6%) [54]. Although this 
study was a relatively small phase I trial, the results provided a 
therapeutic rationale for further clinical evaluation of avelumab 
for patients with advanced TNBC.

The first-in-human phase 1 dose-escalation trial (NCT01375842) 
evaluated the safety and tolerability of atezolizumab in patients 
with solid tumors, including TNBC. For patients with TNBC 
after any number of prior systemic treatments, the mPFS was 
1.4 months and the mOS was 17.6 months. Patients with PD-L1+ 
expression (> 1% PD-L1 expression on immune cells) had lon-
ger OS than those with PD-L1- expression (< 1%) (10.1 months 
vs. 6.0 months; log rank p = 0.002). The ORR was numerically 
higher in patients who received atezolizumab as first-line ther-
apy than in those who received it as second-line or later therapy 
(24% vs. 6%) [55].

The exploratory subgroup analysis of 82 mTNBC patients 
(≤ 1 prior lines of chemotherapy) from the phase II SAFIR02-
BREAST IMMUNO trial (NCT02299999) of durvalumab (vs. 
maintenance chemotherapy) indicated that durvalumab pro-
longed OS (21.2 vs. 14.0 months; p = 0.037) [56].

3.1.4   |   Combination Therapy With PD-L1 Inhibitors

The Impassion130 phase III study (NCT02425891) evaluated 
atezolizumab (vs. placebo) plus chemotherapy (nab-paclitaxel) 
in 902 patients with advanced TNBC, who had no previous 
targeted therapy or chemotherapy [57]. The addition of atezoli-
zumab improved OS (21.0 months) compared to chemotherapy 
alone (18.7 months) [p = 0.077, HR: 0.87 (0.75–1.02)], partic-
ularly in PD-L1-positive patients (25.4 vs. 17.9 months) [57]. 
Although the overall survival benefit was not statistically sig-
nificant for the entire cohort, the combination showed poten-
tial for PD-L1-positive patients. The phase III Impassion131 
clinical trial (NCT03125902) evaluated atezolizumab + pacl-
itaxel (vs. placebo + paclitaxel) as first-line treatment in 651 
patients with unresectable locally advanced or metastatic 
TNBC, who had no previous targeted therapy, endocrine 

therapy, or chemotherapy [58]. In PD-L1-positive patients, PFS 
(6.0 vs. 5.7 months) and final OS (22.1 vs. 28.3 months) were 
comparable between the two groups. However, the atezoli-
zumab arm had a higher unconfirmed ORR (63% vs. 55%) and 
longer median DoR (7.2 vs. 5.5 months), suggesting that com-
bining atezolizumab with chemotherapy may offer durable 
responses.

Other trials of combination therapies with PD-L1 inhibitors also 
provided promising results. The phase Ib trial (NCT01633970) of 
33 patients with advanced or locally recurrent TNBC (≥ 2 prior 
systemic cytotoxic regimens) showed that atezolizumab + nab-
paclitaxel was effective, with an ORR of 39.4%, a DCR of 51.5%, 
a mPFS of 5.5 months, and a mOS of 14.7 months [59]. The phase 
II randomized COLET trial (NCT02322814) evaluating cobime-
tinib (a MEK inhibitor) plus taxane chemotherapy (paclitaxel/
nab-paclitaxel) with or without atezolizumab as first-line treat-
ment for patients with locally advanced or metastatic TNBC re-
ported a modest clinical response. Respectively, the confirmed 
ORR was 38.3% versus 20.9% and mPFS was 5.5 months versus 
3.8 months in the cobimetinib plus paclitaxel arm versus the 
placebo plus paclitaxel arm. Moreover, the confirmed ORR was 
34.4% versus 29.0% and mPFS was 3.8 months versus 7.0 months, 
respectively, in the cobimetinib + atezolizumab + paclitaxel 
versus the cobimetinib + atezolizumab + nab-paclitaxel arms 
[60]. Of interest, further exploratory analysis for the COLET 
trial showed a trend toward improved ORR and PFS in PD-L1 
positive patients treated with cobimetinib + atezolizumab + pa-
clitaxel/nab-paclitaxel [60]. In addition, in the multicenter, 
open-label, phase 1/2, MEDIOLA basket trial (NCT02734004), 
the combination of durvalumab and olaparib (PPAR inhibitor) 
in the cohort with germline BRCA-mutated TNBC (≥ 2 prior 
systemic cytotoxic regimens) achieved an ORR of 63.3%, with a 
mPFS of 4.9 months and a mOS of 20.5 months [61], suggesting 
combining immunotherapy with DNA repair inhibitors could 
be particularly effective for this subgroup of TNBC patients. 
However, a recent phase III trial IMpassion132 in rapidly relaps-
ing PD-L1-positive aTNBC found that atezolizumab plus chemo-
therapy resulted in an ORR of 40% versus 28% in chemotherapy 
placebo [HR: 0.95 (0.74–1.22)] [62]. The mPFS was 4.2 (95% CI 
3.7–5.6) months in the atezolizumab arm compared to 3.6 (95% 
CI 3.4–4.2) months in the placebo arm, and the mOS was 12.1 
(95% CI 10.1–15.1) in the atezolizumab arm [62] compared to 
11.2 (95% CI 9.0–13.3) months in the placebo arm [62], indicat-
ing a modest benefit in this challenging patient population.

Several ongoing clinical trials are examining the safety and 
efficacy of various combination therapies of different PD-L1 
inhibitors for locally advanced TNBC or mTNBC, including 
NCT02685059, which is evaluating the therapeutic efficacy of 
durvalumab + taxane-anthracycline chemotherapy.

3.1.5   |   CTLA-4 Inhibitors

Preliminary clinical evidence suggested that CTLA-4 inhibitors 
have potential for the treatment of TNBC, but such evidence was 
based only on several small studies. A pilot study (NCT02536794) 
showed that second-line durvalumab plus tremelimumab re-
sulted in an ORR of 42.9% (3/7) in patients with mTNBC, and 
that the responders had a higher CD8 expression and tumor 
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mutational burden (TMB) than the non-responders [75]. 
Although many clinical trials were investigating the efficacy 
and toxicity of ipilimumab for treating solid tumors [76–78], only 
one pilot study evaluated the safety and tolerability of first-line 
ipilimumab therapy in patients with early-stage breast cancer 
[79], and studies on ipilimumab for advanced TNBC are lacking.

3.2   |   Early TNBC

3.2.1   |   PD-1 Inhibitors

Based on the encouraging results of ICIs for treating locally ad-
vanced TNBC or mTNBC, numerous recent studies have been 
initiated to investigate their efficacy for early TNBC, especially 
used in neoadjuvant combination therapy.

The phase II I-SPY2 trial showed a significantly higher patho-
logical complete response (pCR) rate in patients with TNBC re-
ceiving neoadjuvant pembrolizumab + chemotherapy compared 
to chemotherapy alone (60% vs. 22%), underscoring the potential 
benefit of incorporating pembrolizumab early in treatment [63].

The phase Ib KEYNOTE-173 (NCT02622074) trial showed that 
neoadjuvant pembrolizumab + chemotherapy was tolerable and 
efficacious for the treatment of early-stage TNBC, with an over-
all pCR of 60% (range 30%–80%) and both the 12-month EFS 
and OS rates ranging from 80% to100% among the six arms [67]. 
Further exploratory analysis also demonstrated that the pCR 
rate was positively correlated with both PD-L1 expression (de-
fined as CPS ≥ 1) and TILs [67], suggesting a potential predictive 
role for these markers in response to the treatment combination.

The phase III KEYNOTE-522 study (NCT03036488) of neoadju-
vant and adjuvant chemo-immunotherapy in 1174 patients with 
previously untreated stage II or III TNBC showed that pembroli-
zumab + chemotherapy significantly improved pCR rate (58.7% 
vs. 40.0%; p < 0.001) [64], 5-year event-free survival (EFS) [81.3% 
(78.4–83.9) vs. 72.3% (67.5–76.5)] [65] and 5-year OS [86.6% vs. 
81.7%; p = 0.002, HR: 0.65 (0.51–0.83)] [66] compared to chemo-
therapy alone. Adverse events were predominantly observed 
during the neoadjuvant phase of treatment and were consis-
tent with the previously established safety profiles of pembroli-
zumab and chemotherapy. Based on primary outcomes (pCR 
and EFS), FDA approved its application for high-risk early-stage 
TNBC in combination with chemotherapy as neoadjuvant treat-
ment or continued as a single agent as adjuvant treatment after 
surgery [80].

The phase II AGO-B-041 trial (NCT03289819) showed pem-
brolizumab in combination with nab-paclitaxel for early-stage 
TNBC achieved an overall pCR of 66.0% (95% CI: 51.2%–78.8%) 
[68]. The phase II NeoPACT trial (NCT03639948) reported neo-
adjuvant pembrolizumab and carboplatin plus docetaxel for 
TNBC resulted in a pCR of 58% (95% CI, 48%–67%), with an es-
timated 3-year EFS of 86% in all patients [69]. Another phase 
II trial (NCT04676997) neoadjuvant camrelizumab plus chemo-
therapy for early-stage TNBC led to a total pCR rate of 65% [70].

Taken together, these results indicate that neoadjuvant pembroli-
zumab combined with chemotherapy has significant clinical 

potential for the treatment of early-stage TNBC. Accordingly, 
TROPION-Breast04 (NCT06112379) is an ongoing phase III trial 
assessing neoadjuvant pembrolizumab plus chemotherapy fol-
lowed by adjuvant pembrolizumab with or without chemother-
apy in participants with previously untreated TNBC; ASCENT-05 
(NCT05633654) is assessing Sacituzumab Govitecan-hziy and 
pembrolizumab for TNBC with residual invasive disease after 
surgery and neoadjuvant therapy; another NCT06393374 is 
investigating adjuvant sacituzumab tirumotecan + pembroli-
zumab for TNBC who received neoadjuvant therapy and did 
not achieve a pCR at surgery; while another NCT05675579 trial 
is investigating neoadjuvant pembrolizumab + Sacituzumab 
Govitecan therapy for immunochemotherapy-resistant early-
stage TNBC.

3.2.2   |   PD-L1 Inhibitors

The phase III IMpassion031 trial (NCT03197935) showed that 
neoadjuvant atezolizumab + chemotherapy versus chemother-
apy alone led to a significantly improved pCR (58% vs. 41%, 
p = 0.0044) in patients with early-stage TNBC [71]. The bene-
fit of atezolizumab was found to be unrelated to PD-L1 status. 
Atezolizumab-related adverse events were manageable and 
largely attributed to chemotherapy, marking atezolizumab as a 
feasible neoadjuvant option for early-stage TNBC.

In the GeparNUEVO phase II window trial (NCT02685059), 
174 patients with early-stage primary TNBC were randomized 
to receive neoadjuvant durvalumab or placebo for 2 weeks, 
followed by durvalumab or placebo plus nab-paclitaxel for 
12 weeks and then by durvalumab or placebo plus epirubicin/
cyclophosphamide for 8 weeks. Significantly higher 3-year inva-
sive disease-free survival (iDFS) and OS rates were observed in 
the durvalumab arm than in the placebo arm (85.6% vs. 77.2%, 
log-rank, p = 0.036 and 95.2% vs. 83.5%, p = 0.006, respectively) 
[72]. Among patients who achieved a pCR, the 3-year iDFS rate 
was also significantly higher in the durvalumab arm than in the 
placebo arm (95.5% vs. 86.1%). Multivariate regression analysis 
confirmed the long-term iDFS and OS efficacy for durvalumab, 
which was independent of pCR.

A phase II trial (NCT02530489) evaluated the efficacy of 
atezolizumab and nab-paclitaxel as the second phase of neo-
adjuvant therapy in patients with anthracycline-resistant 
early-stage TNBC [73], achieving a 46% pCR rate. Other clin-
ical trials of neoadjuvant therapy with PD-L1 inhibitors are 
ongoing, including the GeparDouze study (NCT03281954) 
of neoadjuvant chemotherapy with atezolizumab followed 
by adjuvant atezolizumab in patients with TNBC, the A-
BRAVE study (NCT02926196) of adjuvant avelumab therapy 
in patients with high-risk TNBC, and the Impassion030 study 
(NCT03498716) of atezolizumab combined with adjuvant an-
thracycline/taxane-based chemotherapy in patients with op-
erable TNBC.

3.2.3   |   CTLA-4 Inhibitors

Although some CTLA-4 inhibitors, such as ipilimumab, have 
been approved for use as monotherapy or in combination with 
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a PD-1/PD-L1 inhibitor for treatment of various malignan-
cies [81–83], very few studies have investigated their efficacy 
for treating breast cancer. One pilot study of 19 patients with 
early-stage breast cancer showed that single-dose ipilimumab 
monotherapy or combination therapy with ipilimumab and 
cryoablation were safe and tolerable, and combination therapy 
was associated with increased levels of T helper type 1 cytokines 
as well as CD4+ and CD8+ T cells [79]. Additional clinical trials 
of CTLA-4 inhibitors for the treatment of early-stage TNBC are 
needed.

These trials collectively emphasize that ICIs, particularly pem-
brolizumab and atezolizumab, can improve outcomes in early-
stage TNBC, with a growing body of evidence supporting their 
integration into neoadjuvant and possibly adjuvant settings. 
Future research is essential to validate biomarkers like PD-L1 
and TILs for selecting patients who would benefit most from 
ICI-based therapies.

4   |   Predictive Biomarkers for Response to ICIs

4.1   |   PD-L1 Expression

PD-L1 expression has shown potential as a biomarker across 
solid tumors, including TNBC. Patel et al. [84] tested 654 tumor 
specimens from different sites and showed that the PD-L1 ex-
pression level was higher in TNBC than in other hormone-
driven tumors of breast cancers (18% vs. 0%). Gatalica et al. [85] 
revealed that PD-L1 was significantly over-expressed in TNBC 
compared to luminal-type tumors (odd ratio = 1.70, p < 0.001). 
Zhang et al. [86] reported that PD-L1 expression was common 
in TNBC. In addition, multiple studies have provided evidence 
that PD-L1 is a useful biomarker for predicting the efficacy of 
ICIs in other solid tumors [87–89]. Despite these studies, the 
predictive value of PD-L1 as a reliable biomarker of treatment 
response to ICIs remains controversial, as many patients with 
PD-L1-negative tumors also respond to ICIs [90].

As previously described, clinical trials have demonstrated that 
ICIs improve therapeutic outcomes in patients with PD-L1 pos-
itive breast tumors, including TNBC [43, 54]. In some of these 
trials, PD-L1 expression levels were evaluated as biomarkers to 
be associated with or predict the therapeutic efficacy. In the ran-
domized phase III KEYNOTE-119 trial, patients with mTNBC 
who had received previous systemic treatments for metastasis 
were randomized to receive second-line or third-line pembroli-
zumab monotherapy or chemotherapy. The ORR was similar 
between the two arms (30% vs. 33%). However, the ORR was 
correlated with PD-L1 levels in the pembrolizumab arm; the 
rates were 12%, 18%, and 26%, respectively, in patients with 
CPS ≥ 1, CPS ≥ 10, and CPS ≥ 20, whereas the rates were 9%, 
9%, and 12%, respectively, in the chemotherapy arm [46]. In the 
phase 3 KEYNOTE-355 trial, patients with mTNBC were ran-
domized to receive first-line pembrolizumab + chemotherapy 
or placebo + chemotherapy. The median PFS was longer in the 
pembrolizumab + chemotherapy arm than in the placebo + che-
motherapy arm (7.5 vs. 5.6 months). Moreover, the median PFS 
in the pembrolizumab + chemotherapy arm, with CPS ≥ 1 and 
CPS ≥ 10, were 7.6 and 9.7 months, as compared to 5.6 months in 
both CPS populations in the placebo + chemotherapy arm [50].

In the phase III IMpassion130 study, first-line atezoli-
zumab + nab-paclitaxel demonstrated longer PFS and nu-
merically improved OS in patients with TNBC who had ≥ 1% 
PD-L1–expressing tumor-infiltrating immune cells, compared 
with nab-paclitaxel alone [57]. In the biomarker analysis of 
KEYNOTE-086 (NCT02447003), baseline tumor PD-L1 pos-
itive status was associated with improved clinical efficacy of 
pembrolizumab monotherapy [91]. Similarly, the JAVELIN 
study showed that a higher PD-L1 expression was associ-
ated with improved efficacy of atezolizumab in patients with 
mTNBC [52]. These studies have demonstrated that PD-L1 
levels can identify those patients who can benefit from ICIs in 
advanced TNBC. In contrast, trials in early-stage TNBC, such 
as KEYNOTE-522 and IMpassion 031, demonstrated that the 
efficacy of neoadjuvant ICIs appears to be independent of PD-
L1 expression [71, 92].

Potential biomarkers based on PD-L1 expression for the identifi-
cation of patients with TNBC who respond to ICI treatment are 
shown in Table 2. It is important to note that although PD-L1 ex-
pression is regularly used to guide the selection of single-agent 
immunotherapy or combination therapy, inconsistencies may 
result due to variations in the methods to detect PD-L1 expres-
sion, the criteria to define PD-L1 positivity, and the heteroge-
neous nature of PD-L1 expression. Therefore, for current clinical 
applications, other predictive biomarkers for the response to ICI 
therapy in addition to PD-L1 are needed.

4.2   |   TILs

Considering the complex mechanisms underlying tumor im-
munity, parameters related to TILs in the tumor microenvi-
ronment have been suggested as important biomarkers for the 
promotion of tumor immunogenicity [93]. Patients with TNBC 
have a higher proportion of tumor-infiltrating immune cells 
and higher TIL activity than those with other types of breast 
cancers, potentially making them respond better to ICI ther-
apy [37, 94–98].

Dieci et  al. [99] retrospectively analyzed the use of TIL levels 
after chemotherapy for predicting the prognosis of 278 patients 
with TNBC and reported a 5-year OS rate of 91% for patients 
with high levels of TILs (intratumoral and stromal TILs > 60%) 
compared with only 55% for patients with low levels of TILs, 
indicating that patients with high TILs obtain greater benefit 
from chemotherapy. In addition, Denkert et al. [96] showed that 
a high level of TILs (stromal TILs > 60%) was associated with 
longer survival in patients with TNBC, and a high residual 
level of TILs after neoadjuvant chemotherapy corresponded to 
a more favorable prognosis. A real-world study of 108 patients 
with TNBC who had at least 5 years of follow-up after surgical 
resection showed that those with high-level TILs (TILs > 60%) 
had significantly longer survival and better prognosis (p < 0.05) 
[98]. Moreover, in the biomarker analysis of KEYNOTE-086 
(NCT02447003), stromal TILs were associated with improved 
clinical efficacy of pembrolizumab monotherapy [91]. Lotfinejad 
et al. conducted a meta-analysis of seven studies with 1152 pa-
tients and showed that TILs levels were a significant indicator 
for long-term OS and DFS [100]. Nevertheless, none of these 
studies evaluated the association between TIL levels and the 
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response to ICI combination therapy. An initial data analy-
sis for the phase Ib KEYNOTE-173 trial [67] in patients with 
early-stage TNBC showed that those with higher pre- and on-
treatment TIL levels had a higher pCR rate with neoadjuvant 
pembrolizumab + chemotherapy. However, whether the level of 
TILs is an independent predictor or prognostic factor for patients 
with early-stage TNBC in response to ICI therapy requires fur-
ther investigation.

4.3   |   TMB

In addition to PD-L1 expression, TMB, defined as the num-
ber of somatic mutations per megabase in the genomic se-
quence of targeted genes, has consistently been shown to 
be an important biomarker for predicting the treatment ef-
ficacy with ICI therapy across multiple cancer types [101]. 
In CHECKMATE-032, high TMB was associated with 
greater clinical improvement following ICI treatment in pa-
tients with small cell lung cancer [102]. Samstein et al. [103] 
demonstrated an association between high TMB and OS in 
ICI-treated patients (n = 1662), but not in non-ICI-treated pa-
tients (n = 5371). However, the heterogeneity of different can-
cer types and a lack of consensus regarding the cut-off value 
for defining high TMB remain challenges to the use of TMB 
as a biomarker for predicting treatment efficacy [104, 105]. 
Barroso-Sousa et al. [106] performed whole exome sequencing 
for patients with breast cancer and reported that the incidence 
of hypermutation was only 5%, with the rate being higher in 
metastatic tumors than in primary tumors, and the median 
TMB was 2.63 mut/Mb, which was different among tumor 
types and between metastatic and primary tumors. In addi-
tion, they also observed that patients with TMB ≥ 10 mut/Mb 
appeared to benefit from pembrolizumab-based therapy [106]. 
In a retrospective study of patients with TNBC who received 
ICI therapy in multiple clinical trials, patients with high 
TMB (≥ 10 mut/Mb) benefited more than those with low TMB 
(< 10 mut/Mb) from pembrolizumab-based therapy (PFS: 12.5 
vs. 3.7 months, p < 0.05) [107]. These findings were confirmed 
by the KEYNOTE 158 (NCT02628067) study, in which high 
TMB (≥ 10 mut/Mb) was significantly associated with tumor 
response to pembrolizumab monotherapy in patients with 
previously treated, advanced solid tumors, including TNBC 
[105], and the biomarker analysis of the KEYNOTE-086 study, 
in which TMB levels were associated with improved clini-
cal efficacy of pembrolizumab monotherapy in patients with 
previously treated mTNBC [91]. Additional studies, like the 
NIMBUS (NCT03789110) phase II prospective clinical trial, 
are currently in progress and expected to determine whether 
high TMB can be an adequate biomarker for predicting the 
survival time of mTNBC patients treating with ICIs.

4.4   |   Emerging Biomarkers

In addition to PD-L1 CPS, sTIL, and TMB, other genomic indices 
have emerged as potential biomarkers for TNBC. For example, 
defective mismatch repair (MMR) genes have been established 
for predicting patient prognosis in many solid tumors, especially 
colorectal cancer [108, 109]. Özcan et  al. [110] observed com-
plete/partial loss of MMR, with or without high TIL levels, in 

a substantial proportion of patients with PD-L1 negative TNBC, 
suggesting that these biomarkers in addition to PD-L1 may help 
select patients who would derive the greatest benefit from ICI 
immunotherapy. However, the incidence of defective MMR and 
microsatellite instability-high (MSI-H) in patients with TNBC 
is extremely low [111], which may limit their predictive value as 
biomarkers.

Phosphatase and tensin homolog (PTEN), a tumor suppres-
sor that downregulates Akt/PKB signaling, is involved in the 
complex molecular mechanism regulating PD-L1 expression 
[112]. PTEN knockdown leads to upregulation of PD-L1 and 
inhibition of T-cell proliferation, and agents targeting the PI3K 
pathway might increase adaptive immune responses [113]. 
Approximately half of TNBC tumors with PD-L1 expression 
have PTEN deletions [107]. A study in Chinese patients showed 
that PTEN deletion was present in 35% of basal-like breast tu-
mors (mostly TNBC) [114]. Sasak et al. found that the PTEN loss 
rate was higher in tumors with high TIL levels than in tumors 
with low TIL levels (60% vs. 25%) [115]. Tavares et al. evaluated 
the association between PTEN expression and clinical outcomes 
and reported that lack of PTEN expression was associated with 
improved OS in non-metastatic TNBC [116]. Iqbal et al. showed 
that a high percentage of PTEN loss and increased insulin 
growth factor receptor-1 expression can predict early recurrence 
in TNBC [117].

Beyond genomic biomarkers, several studies evaluated the 
association between a series of potential biomarkers in the 
tumor microenvironment and clinical outcomes in patients 
with TNBC who were treated with pembrolizumab monother-
apy. An exploratory analysis of the FUTURE trial suggests 
that a CD8 immunohistochemical score may be a potential 
biomarker for predicting immunotherapy outcomes in pa-
tients with the immunomodulatory subtype of TNBC [118]. 
Recently, the KEYNOTE-119 (NCT02555657) trial showed 
that the T-cell inflamed gene expression profile (GEP) was sig-
nificantly associated with better clinical outcomes in patients 
with TNBC who were treated with pembrolizumab [91, 119]. 
In addition, the KEYNOTE-086 (NCT02447003) trial re-
vealed that the T-cell-inflamed GEP was significantly associ-
ated with improved ORR, PFS, and OS with pembrolizumab 
monotherapy in TNBC [91, 119]. Notably, the sample sizes of 
these biomarker studies were small, which may limit the pre-
dictive value.

In conclusion, while PD-L1 remains a key biomarker for select-
ing patients with TNBC for ICI therapy, it has limitations in ac-
curately predicting outcomes. Emerging biomarkers like TMB, 
TILs, and GEP offer additional predictive value, highlighting 
the need for a multi-biomarker approach. Additional research is 
essential to establish these markers' predictive value, optimize 
patient selection, and improve treatment outcomes in TNBC.

5   |   Future Perspectives

Besides currently established immune checkpoints, future re-
search may extend to explore emerging targets such as lympho-
cyte activation gene-3 (LAG-3), T cell immunoreceptor with Ig 
and ITIM domains (TIGIT), and T cell immunoglobulin and 

https://clinicaltrials.gov/study/NCT03789110
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TABLE 2    |    Application of different biomarkers for predicting the response to ICI treatment in TNBC.

Biomarkers Trials
Biomarker 
grouping ORR mPFS (months)

mOS 
(months)

Locally advanced or metastatic TNBC

PD-L1 NCT02447003
KEYNOTE-086 
Cohort A [44]

CPS ≥ 1 5.7%

CPS < 1 4.7%

NCT02555657
KEYNOTE-119 [46]

CPS ≥ 1 12.3% 10.7

CPS ≥ 10 17.7% 12.7

CPS ≥ 20 26.3% 14.9

NCT02657889
KEYNOTE-162 [49]

PD-L1+ 32%

PD-L1− 8%

NCT02819518
KEYNOTE-355 [74]

CPS ≥ 1 44.9% 7.6 17.6

CPS ≥ 10 52.7% 9.7 23.0

NCT01772004
JAVELIN [54]

≥ 1% tumor cells 2.4% 5.9 weeks 6.5

≥ 5% tumor cells 4.3% 6.0 weeks 6.5

≥ 25% tumor cells 0 6.0 weeks 9.2

≥ 10% tumor-
associated ICs

16.7% 6.1 weeks 11.3

NCT03125902
IMpassion131 [58]

≥ 1% tumor cells 6.0 22.1

NCT02322814
COLET [60]

≥ 1% tumor-
infiltrating ICs

39.0% 7.0

NCT02513472
KEYNOTE-150 

Stratum 1

CPS ≥ 1 34.5%
24.4%

KEYNOTE-150 
Stratum 2

NCT03797326
LEAP-005 [53]

CPS ≥ 10 50%

CPS < 10 27%

< 1% tumor-
infiltrating ICs

19% 3.7

PD-L1 with 
others

NCT02425891
IMpassion130 [16]

≥ 1%, ICs 7.6 25.0

< 1%, ICs 5.6 19.7

TMB NCT02555657
KEYNOTE-119 [46]

≥ 10 14.3%

< 10 12.7%

(Continues)

https://clinicaltrials.gov/study/NCT01772004
https://clinicaltrials.gov/study/NCT03125902
https://clinicaltrials.gov/study/NCT03797326
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mucin domain-containing protein 3 (TIM-3). Recent studies 
have demonstrated the potential clinical relevance of these mol-
ecules in TNBC. High levels of LAG-3 expression have been 
detected in TNBC patients, highlighting its role in tumor im-
munology [120, 121]. A Phase I/II study (NCT02460224) investi-
gated the safety and efficacy of LAG525 alone or in combination 
with spartalizumab in patients with advanced malignancies, 
including TNBC, showing promising antitumor activity  [122]. 
Moreover, the ongoing NCT06259162 trial is evaluating the 
relationship between LAG-3 expression and treatment out-
comes in neoadjuvant chemotherapy combined with ICI. The 
NCT03499899 trial is also assessing the efficacy and safety of 
LAG525 (an anti-LAG-3 antibody) in combination with spar-
talizumab, with or without carboplatin, in advanced TNBC. 
Similarly, the TIGIT pathway is emerging as a promising ther-
apeutic target [123]. Additionally, TIM3 expression on TILs has 
been associated with poor responses to neoadjuvant chemo-
therapy in patients with locally advanced TNBC [124]. These 
findings underscore the need for further investigation of LAG3, 
TIGIT, and TIM3 as potential therapeutic targets, which may ul-
timately lead to more personalized and effective treatment strat-
egies for TNBC patients.

Despite the encouraging preclinical and clinical data that have 
introduced ICIs into clinical practice and helped shape the 
strategies for the diagnosis and treatment of TNBC, several 

unresolved issues remain. The first issue is identifying the 
patients most likely to benefit from ICIs. TNBC is highly het-
erogeneous, leading to considerable variability in responses to 
ICIs. Although PD-L1 is the most commonly used biomarker, 
its predictive reliability is limited due to inconsistencies in de-
tection methods and cutoff thresholds across assays, as evi-
denced in trials like KEYNOTE-355 and IMpassion130. These 
differences highlight the need for standardized PD-L1 testing to 
improve patient screening. Other potential biomarkers, includ-
ing TMB, MMR status, and TIL levels, also show promise but 
currently lack universally accepted cut-off values. For instance, 
while TMB has been associated with better responses to ICIs, 
variations in testing and its low incidence in TNBC limit its 
broad applicability as a clinical marker. Furthermore, distinct 
immune microenvironment profiles in early- versus advanced-
stage TNBC may require stage-specific biomarker analyses. 
Addressing these gaps will be essential for refining patient strat-
ification and optimizing ICI-based therapeutic strategies.

Optimizing treatment regimens is another area of focus, as ICI 
monotherapy has shown limited efficacy in TNBC. Combination 
therapies, such as ICIs with chemotherapy, targeted agents, 
or ADCs, are now under active investigation, with early stud-
ies demonstrating enhanced responses. Several ADCs such as 
Sacituzumab govitecan, Ladiratuzumab vedotin, Trastuzumab 
deruxtecan (DS-8201a) and Glembatumumab vedotin have 

Biomarkers Trials
Biomarker 
grouping ORR mPFS (months)

mOS 
(months)

TILs NCT02425891
IMpassion130 [16]

sTILs < 10% 5.6 19.2

sTILs ≥ 10% 8.3 25

Other 
Biomarkers

NCT02425891
IMpassion130 [16]

CD8 < 0.5% 5.6 19.2

CD8 ≥ 0.5% 7.4 22.6

BCRA mutant 7.4 28.9

BCRA wild-type 7.2 20.8

Early TNBC

NCT02685059
GeparNUEVO [72]

PD-L1 ≥ 1% 
tumor cells

pCR 54.3%

PD-L1 < 1% 
tumor cells

pCR 30.0%

sTILs < 10% pCR 36.4%

sTILs ≥ 10% pCR 56.5%

NCT03639948
NeoPACT [69]

PD-L1+ pCR 75%

PD-L1− pCR 40%

sTILs ≥ 30% pCR 74%

sTILs < 30% pCR 42%

Abbreviations: CPS: combined positive score; ICs: immune cells; mOS: median overall survival; mPFS: median progression-free survival; ORR: objective response rate; 
pCR: pathologic complete response; PD-1: programmed death protein 1; PD-L1: programmed cell death ligand-1; sTILs: tumor-infiltrating immune cells; TNBC: triple-
negative breast cancer.

TABLE 2    |    (Continued)

https://clinicaltrials.gov/study/NCT06259162
https://clinicaltrials.gov/study/NCT03499899
https://clinicaltrials.gov/study/NCT03639948
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shown promising efficacy for TNBC, and Sacituzumab govite-
can has been approved for advanced TNBC in the US and China 
[125, 126]. ICIs with these ADCs may synergize by leveraging 
ADCs' tumor-targeted cytotoxicity to induce immunogenic cell 
death, thereby enhancing antigen release and T-cell activation. 
These combinations aim to boost the immune response to tu-
mors, and ongoing trials are assessing their efficacy and safety 
in more diverse patient populations.

Lastly, a deeper understanding of TNBC immunogenicity is cru-
cial for better ICI response prediction. TNBC frequently has high 
TIL counts, which correlate with improved prognosis and ICI re-
sponse, but the exact mechanisms driving immunogenicity and 
immune resistance are not yet fully understood. Further research 
is needed to identify new biomarkers or therapeutic targets, allow-
ing for a more personalized approach to immunotherapy.

6   |   Conclusions

Many clinical trials have been completed or are underway to 
determine the efficacy of ICIs in patients with TNBC. In gen-
eral, improved responses to treatment with different combina-
tions of ICIs with radiotherapy, chemotherapy, and targeted 
therapy have been observed. Therefore, such combination 
therapies are a main direction for the treatment of TNBC. 
Besides, the identification of the most appropriate predictive 
biomarkers (e.g., whether individual biomarkers such as TMB, 
TIL level, and PD-L1 expression or a combination of several of 
these biomarkers) to predict responses to ICI immunotherapy 
is a key focus of current research related to TNBC treatment. 
Standardizing these markers and refining treatment strategies 
will be essential for optimizing outcomes and advancing pre-
cision medicine in TNBC.
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