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Abstract
Purpose of Review To critically review the existing evidence on immune checkpoint inhibitors (ICIs) in early-stage and 
metastatic breast cancer and discuss emerging strategies in the different breast cancer subtypes.
Recent Findings Immunotherapy has become one of the major milestones in contemporary oncology, revolutionizing the 
treatment of multiple solid tumors. ICI agents combined with chemotherapy have demonstrated significant efficacy in both 
early-stage and metastatic triple-negative breast cancer. However, only a subgroup of patients responds to those agents 
and some associated toxicities, although infrequent, can be life-disabling. Emerging data from immunotherapy studies in 
advanced hormone receptor–positive (HR +) breast cancer as well as HER2-positive disease are arising with mixed results.
Summary Although breast cancer has not classically been considered a hot tumor, ICIs have proven to be effective in a subset 
of breast cancer patients. However, much remains to be learned, and the identification of new biomarkers beyond PD-L1 
expression is essential not only to improve the efficacy of ICI but also to identify patients who can avoid them, together with 
their toxicities and costs.

Keywords Immune checkpoint inhibitors · Immunotherapy · Breast cancer · Biomarkers · Triple-negative breast cancer · 
Hormone receptor–positive breast cancer · HER2-positive breast cancer · PD-L1 · PD-1 · Tumor mutational burden · 
Tumor-infiltrating lymphocytes · Immune response · Immune checkpoint blockade · Tumor subtype · Early stage · 
Metastatic breast cancer

Introduction

The host immune system plays a crucial role not only in 
tumor development but also in tumor progression [1]. In 
recent years, exploiting intrinsic mechanisms of the host 
immune system to eradicate cancer cells has achieved 
impressive success in some solid tumors. Any strategy based 
on enhancing both innate and adaptive immune responses for 
treating cancer is considered immunotherapy. This includes 
immune checkpoint inhibitors (ICIs), cancer vaccines, anti-
body–drug conjugates (ADCs), oncolytic viruses, and adop-
tive immune cell therapies. Traditionally, breast cancer has 
not been considered a highly immunogenic tumor since it is 
characterized by a low tumor mutation burden in compari-
son to other tumors. Nevertheless, breast cancer is a very 
heterogeneous disease, with different treatment sensitivities 
and clinical outcomes [2].

James P. Allison and Tasuku Honjo were awarded the 
Nobel Prize in Medicine for their respective discoveries of 
ICI in 2018. Since these discoveries, ICIs have dramatically 
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changed the treatment landscape of multiple neoplasms 
including lung cancer and melanoma, among others [3, 4]. 
Under normal conditions, the immune system uses an inhibi-
tory checkpoint pathway to regulate the immune response 
against pathogens to prevent exaggerated responses, and 
limit tissue damage and the autoimmune activity. This 
mechanism is conducted by several immune checkpoint 
molecules like the programmed cell death protein 1 (PD-
1) and the cytotoxic T-lymphocyte-associated protein 4 
(CTLA-4). They downregulate and inhibit T cells by bind-
ing to their ligands: the programmed death ligand 1 (PD-
L1), the programmed death-ligand 2 (PD-L2), and CD80/
CD86 [5]. Tumor cells take advantage of this mechanism to 
create an immunosuppressive microenvironment [6]. The 
anti-PD-1, anti-PD-L1, and anti-CTLA-4 monoclonal anti-
bodies circumvent this immune downregulation, providing 
cell-mediated antitumor activity [2].

The aim of this review is to summarize the current status 
of ICI in the treatment of both early-stage and metastatic 
breast cancer, revise predictive biomarkers of response, and 
analyze new potential approaches.

ICIs in Triple‑Negative Breast Cancer

Triple-negative breast cancer (TNBC) is considered the 
most immunogenic subtype of breast cancer with higher 
rates of PD-L1 expression on both tumor and immune cells, 
and higher tumor infiltrating lymphocyte (TIL) density [7]. 
Moreover, whole-exome sequences of DNA breast cancer 
cells demonstrated that basal-like and high-grade tumors 
were associated with the highest rate of tumor mutational 
burden (TMB) [8]. For all these reasons, the majority of 
studies evaluating immune checkpoint blockade have been 
conducted in TNBC. The use of anti-PD1 and anti-PDL1 
monoclonal antibodies as single agent has shown sparse 
response rates [9–12]. Chemotheraphy increases PD-L1 
expression and promotes antitumor immunogenicity. Like-
wise, cell death caused by cytotoxic agents can increase the 
expression of neoantigens, decrease the number of immuno-
suppressive cells, upregulate pro-inflammatory cytokines in 
the tumor environment, and lead to immunogenic death [13]. 
Therefore, the majority of trials have focused on immune-
compatible cytotoxic drugs combined with anti-PD-1 or 
anti-PD-L1 antibodies. Table 1 summarizes key phase II and 
III trials assessing the efficacy of ICI in TNBC.

Advanced TNBC

The first trial that reported clinical benefit of ICIs in 
advanced TNBC was the KEYNOTE-012 trial. This phase 
I evaluated the safety of pembrolizumab in patients with 
metastatic TNBC with at least 1% of PD-L1 expression. 
Most patients had received ≥ 3 lines of treatment. Despite 

this, the trial showed promising results with an ORR of 
18.5%, similar to that reported with chemotherapy in this 
setting [9]. From the subsequent studies evaluating ICI as 
single-agent, we learned that patients who benefit the most 
are those who receive it as first-line treatment and those 
whose tumors express PD-L1. However, even this population 
experienced little or no benefit in terms of PFS and OS [10, 
20]. Low response rates observed with ICI as single-agent 
led research focus on the combination of chemotherapy plus 
immunotherapy.

The first trial that studied the combination of atezoli-
zumab plus nab-paclitaxel (N = 33) reported an ORR of 
39.4%, and a PFS and OS of 5.5 months and 14.7 months, 
respectively  [26]. Based on these data, the IMpassion130 
was conducted in patients with TNBC, regardless of PD-L1 
status, and no prior treatment. PD-L1 expression was 
assessed by VENTANA SP142 PD-L1 assay on immune 
cells, and levels greater than or equal to 1% were consid-
ered positive. It was the first phase III trial to report positive 
results with ICI and chemotherapy in breast cancer, with 
significant improvement in both PFS and OS in patients with 
PD-L1-positive disease. In March 2019, atezolizumab was 
granted accelerated approval by the FDA for patients with 
advanced TNBC and PD-L1 + expression (≥ 1% by Ventana 
SP142), making it the first immunotherapeutic agent to be 
approved in this setting [22••, 23•].

In the subsequent IMpassion131 trial, the addition of ate-
zolizumab to paclitaxel did not improve survival outcomes 
in the PD-L1-positive population, despite having a similar 
design to IMpassion131.(18) Several hypotheses have been 
proposed to explain the inconsistent results between IMpas-
sion130 and IMpassion13, mostly centered around differ-
ences in the study populations and in the choice of chemo-
therapy partner for each study. Small differences in patient 
selection could have influenced the results, which is sug-
gested by the excellent outcome observed in the placebo arm 
of IMpassion131 compared to the placebo arm of IMpas-
sion130. In terms of chemotherapy partner, IMpassion131 
used paclitaxel, while IMpassion130 used nab-paclitaxel. It 
has been proposed that these two drugs may have differential 
immunologic effects on the TME. Additionally, steroids are 
often administered as premedication for paclitaxel (but not 
for nab-paclitaxel), which could blunt the immune response. 
However, KEYNOTE-355 (described below) allowed either 
paclitaxel or nab-paclitaxel, and no differences in outcome 
were seen between patients who received either regimen 
[22••, 23•, 24•, 25••, 27]. US approval for atezolizumab 
was withdrawn by Genentech in September 2021. In Europe, 
atezolizumab plus nab-paclitaxel is still approved as first-
line treatment for TNBC with positive PD-L1 expression.

The phase III KEYNOTE-355 compared the efficacy 
of several chemotherapy agents (paclitaxel nab-paclitaxel, 
or gemcitabine and carboplatin) in combination with 
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pembrolizumab or placebo as first-line treatment in patients 
with advanced TNBC. PD-L1 expression was tested by Dako 
22C3 pharmDx assay. Patients with CPS ≥ 10 (about 38%) 
treated with pembrolizumab presented better PFS (9.7 vs 
5.6 months, HR 0.65; p = 0.0012) and OS (23 vs 16 months, 
HR 0.73, p = 0.0093) compared to placebo. Following these 
results, the FDA fully approved pembrolizumab with chemo-
therapy in advanced TNBC with CPS ≥ 10. The approval 
does not specify the line of therapy nor the chemotherapy 
backbone [25••].

The phase II NEWBEAT study evaluated the addition 
of nivolumab to the first-line combination of paclitaxel and 
bevacizumab in patients with HER2-negative metastatic 
breast cancer. Twelve-month OS and PFS were 87.1% and 
75.8%, respectively. ORR was 83.3% in patients with TNBC 
[28]. Several other combinations of antiangiogenics with ICI 
have been tested in metastatic TNBC, such as cabozantinib 
and nivolumab reporting small ORR [29]. The phase II ATR 
ACT IB (NCT04408118) trial is evaluating the efficacy and 
safety of first-line atezolizumab plus paclitaxel and bevaci-
zumab in patients with advanced TNBC.

Early‑Stage TNBC

In the neoadjuvant setting, two early trials tested the com-
bination of pembrolizumab and chemotherapy in high risk 
TNBC. The phase II I-SPY2 trial studied pembrolizumab 
with weekly paclitaxel and anthracyclines in early HER2-
negative breast cancer (with TNBC and HR + cohorts), 
regardless of PD-L1 status. In the TNBC cohort, pembroli-
zumab plus chemotherapy triplicated the estimated pCR rate 
with respect to the control arm [15]. The single-arm phase 
Ib trial KEYNOTE-173 studied pembrolizumab in combina-
tion with six different chemotherapy regimens. Interestingly, 
this trial showed that higher rates of PD-L1 expression and 
stromal TIL levels were associated with higher probability 
of achieving a pCR [30].

The largest trial in early TNBC is the KEYNOTE-522, 
which led to the first regulatory approval of an ICI in early-
stage breast cancer. This phase III study assessed neoad-
juvant pembrolizumab in combination with carboplatin 
and paclitaxel followed by AC. After surgery, the patients 
continued blinded treatment with pembrolizumab/placebo 
to complete 1 year. In the first interim analysis including 
602 patients, the addition of pembrolizumab significantly 
improved the pCR rate regardless of PD-L1 expression 
[16••]. The highest pCR though was observed in patients 
whose tumors had an increased PDL-1 positivity. Impor-
tantly, after a median follow-up of 37 months, the 3-year 
event-free survival (EFS) rate was 84.5% in the experimental 
arm vs 76.8% in the control arm (HR = 0.63, p = 0.0003). In 
addition, pembrolizumab improved distant recurrence-free 
survival (DRFS) by 7.5% and showed a favorable trend in 

overall survival (OS) (HR 0.72 [95% CI, 0.51–1.02]). Pem-
brolizumab was also associated with improved EFS among 
patients who had residual disease, and not only among those 
with pCR [17•].

The IMpassion031 is another phase III trial in which 
patients were randomized to receive either atezolizumab 
or placebo with nab-paclitaxel for 12 weeks, followed by 
4 cycles of AC. Although atezolizumab provided higher 
pCR rate in the PD-L1-positive population (69% vs. 49%), 
patients without PD-L1 expression also showed a higher 
pCR rate with atezolizumab (48% vs. 34%) [18••].

Atezolizumab was also studied in combination with 
neoadjuvant chemotherapy in the phase III NeoTRIP trial 
that compared carboplatin plus nab-paclitaxel with atezoli-
zumab/placebo in high-risk TNBC. Following surgery, 4 
cycles of anthracycline-based regimen were administered 
as per the investigator’s choice. The addition of atezoli-
zumab did not significantly increase the pCR rate, but [19] 
results from other primary endpoints like EFS are still pend-
ing. The lack of benefit in terms of pCR could be related to 
the decision to use anthracyclines post-operatively. Early 
modulation of biological pathways and immune microenvi-
ronment by anthracyclines and taxanes might be different, 
with anthracyclines eliciting a stronger immune-modulatory 
effect compared to nab-paclitaxel/carboplatin, which could 
be particularly evident in “immune low” tumors [31].

The phase II GeparNuevo trial investigated the addition 
of durvalumab to neoadjuvant chemotherapy. Interestingly, 
although the pCR rate with durvalumab was not significantly 
increased, after 42.2 months of follow-up, the addition of 
durvalumab showed significant differences in invasive dis-
ease-free survival, distant disease-free survival, and OS. 
These results raise the hypothesis that immunotherapy in 
early breast cancer may develop immunological memory 
with a long-term protective effect [14, 32].

A systematic review and meta-analysis of all randomized 
chemo-immunotherapy trials for early-stage TNBC con-
firmed a significant benefit in terms of pCR with the addition 
of PD-1 or PD-L1 blockade to neoadjuvant chemotherapy 
[33]. The evaluation of ICI as adjuvant therapy in early-
stage TNBC is being assessed in the ongoing IMpassion030 
(NCT03498716) trial, which is testing atezolizumab in com-
bination with adjuvant chemotherapy. Several trials are also 
evaluating the use of ICI for patients with invasive residual 
disease following neoadjuvant treatment, including its com-
bination with capecitabine (NCT03756298).

ICIs in Patients with gBRCA1/2 Mutated TNBC

TNBC has the highest incidence of germline BRCA1/2 
(gBRCA1/2) mutations, with prevalence rates of 10–15% 
[34]. PARP inhibitors have demonstrated antitumor effi-
cacy in HER2-negative breast cancer harboring gBRCA1/2 
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mutations [35, 36]. Interestingly, PARP blockade appears 
to increase PD-L1 expression in TNBC cells [37], making 
them potentially targetable by ICI. The phase II TOPACIO 
trial evaluated the safety and efficacy of niraparib and pem-
brolizumab in patients with advanced TNBC irrespective 
of BRCA mutation and PD-L1 status. Among the 45 evalu-
able patients, ORR was 29%, with a DCR of 49%. Higher 
clinical effectiveness was found in patients with gBRCA1/2 
mutations [38]. The phase Ib/II MEDIOLA trial tested 
olaparib in combination with durvalumab in patients with 
solid tumors, including a cohort of patients with gBRCA1/2 
mutated HER2-negative metastatic breast cancer. Median 
PFS was longer in treatment-naïve patients and in the TNBC 
subgroup, with a median PFS of 4.9 months and OS of 
20.5 months [39]. Given the encouraging preliminary results 
obtained so far, several studies are assessing PARP inhibitors 
in combination with ICI in breast cancer (NCT02849496, 
NCT03801369).

ICIs in Hormone Receptor–Positive, 
HER2‑Negative Breast Cancer

Hormone receptor–positive (ER +), HER2-negative breast 
is characterized by an immunologically cold nature, with 
lower rates of PD-L1 expression, lower TILs levels, and 
less genomic instability and TMB [40]. ICIs have also been 
tested in this subtype, with less encouraging results than 
those observed in TNBC. The main trials in ER + HER2-
negative breast cancer are listed in Table 2.

In the phase I JAVELIN trial evaluating avelumab mon-
otherapy in pretreated patients with all subtypes of meta-
static breast cancer, the ORR was only 3%, and the response 
was not correlated with tumor PD-L1 expression [11]. The 
phase Ib KEYNOTE-028 trial tested pembrolizumab as 
single-agent in heavily pretreated patients with ER + HER2-
negative breast cancer. The ORR was 12%, but a promising 
median DOR of 12 months was observed [41]. Evidence for 
the combination of chemotherapy and immunotherapy in 
ER + , HER2-negative breast cancer is scarce. A randomized 
phase II study assessing the addition of pembrolizumab to 
eribulin in patients that had received endocrine therapy and 
up to 2 lines of chemotherapy failed to demonstrate any 
benefit in terms of PFS, ORR, or OS over eribulin alone in 
either the intention-to-treat or PD-L1 + population. A 65% 
of grade ≥ 3 toxicity was reported, including two treatment-
related deaths in the combination group [42].

CDK4/6 inhibitors in combination with endocrine ther-
apy have become the gold standard first-line treatment for 
advanced ER + , HER2-negative breast cancer. CDK4/6 
inhibitors suppress retinoblastoma phosphorylation in can-
cer cells, which induces cell cycle arrest and inhibits cell 
proliferation. In addition, they inhibit immunosuppressive 

regulatory T cell proliferation, increase neoantigen presenta-
tion, and induce the release of proinflammatory cytokines 
[40]. These findings suggested that it could exist a synergic 
mechanism between CDK4/6 inhibitors and ICI [48–50]. 
The NEWFLAME trial evaluated the combination of abe-
maciclib, endocrine therapy, and nivolumab in patients with 
ER + HER2-negative metastatic breast cancer, but it had to 
prematurely stop due to safety concerns [51]. The combina-
tion of palbociclib and endocrine therapy with pembroli-
zumab as first-line therapy in metastatic breast cancer was 
tested in a phase II single-arm study. The investigational 
combination was well tolerated and demonstrated an ORR of 
56% and PFS of 25.2 months. Grade III–IV adverse events 
were neutropenia (83%), leucopenia (65%), thrombocytope-
nia (17%), and elevated liver enzymes (17%) [52].

In the early stage, the combination of neoadjuvant pal-
bociclib and anastrozole with nivolumab in postmenopau-
sal patients with ER + /HER2-negative breast cancer was 
evaluated in the phase II Checkmate 7A8 study. The study 
was closed after the safety run-in phase ended, due to higher 
incidence of grade 3 hepatic toxicity than historical single-
agent profiles [53].

Findings from the cohort of ER + /HER2-negative breast 
cancer from I-SPY 2 trial showed an estimated pCR of 
30% in the chemotherapy plus pembrolizumab arm, which 
doubled the estimated pCR of 13% observed in the chemo-
therapy arm alone. Moreover, patients who reached pCR 
following pembrolizumab plus chemotherapy had a 3-year 
EFS of 93% at a median follow-up of 2.8 years.(14) Two 
large ongoing phase III studies are evaluating the role of ICI 
as neoadjuvant treatment in early-stage ER + breast cancer 
(see Table 3).

ICIs in HER2‑Positive Breast Cancer

HER2-positive breast cancers are generally considered 
more immunogenic than ER + , HER2-negative tumors, but 
less immunogenic than TNBC. Immune TME has emerged 
not only as a potential prognostic factor in HER2-positive 
breast cancer but seems also to modulate the response to 
anti-HER2 therapies [54]. Importantly, ERBB family mem-
bers seem to play an important role in evading the antitumor 
response by modulating the immunological landscape of the 
TME [55]. Differences in immunogenicity exist also among 
intrinsic molecular subtypes. HER2-enriched subtype has 
higher levels of TILs and higher expression of immune 
activation genes. Additionally, some HER2-targeted thera-
pies have immunogenic properties, activating the antibody-
dependent cellular cytotoxicity. In this context, ICIs have 
mainly been tested in combination with anti-HER2-directed 
therapy, where preclinical studies showed promising results. 
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Nevertheless, these data have been inconsistent with the 
clinical evidence.

Trastuzumab has shown to induce both local and sys-
temic immunomodulation, which have been correlated 
with therapeutic outcomes [56]. In addition, trastuzumab-
resistant tumors exhibit an upregulated expression of PD-1/
PD-L1 [57]. In the advanced setting, none of the trials eval-
uating the combination of trastuzumab plus durvalumab 
(NCT02649686) [47], or avelumab (NCT01772004) [58], 
observed a significant clinical benefit. The single-arm 
phase I/Ib PANACEA trial studied the combination of 
pembrolizumab plus trastuzumab in trastuzumab-resistant 
patients, resulting in an ORR of 15% in the PD-L1 + popu-
lation, but no responses were observed in patients with 
PD-L1 − tumors [45]. A phase II (NCT03125928) and a 
phase III (NCT03199885) trials are currently assessing the 
combination of paclitaxel, trastuzumab, pertuzumab, and 
atezolizumab as first-line treatment in metastatic breast can-
cer. The phase II KATE2 study randomized patients to either 
T-DM1 plus atezolizumab or placebo irrespective PD-L1 
status, as second-line treatment. No improvement in PFS was 
observed; however, a prespecified exploratory analysis of the 
PD-L1 + population showed a trend in favor of the combina-
tion (8.5 vs 4.1; HR 0.60 95% CI 0.32–1.11) [46]. The phase 
III KATE3 study is evaluating T-DM1 plus atezolizumab 
or placebo in HER2-positive and PD-L1-positive popula-
tion. Other ICIs, such as pembrolizumab, are currently being 
studied in combination with T-DM1 (NCT03032107). There 
are also ongoing trials evaluating ICIs with the novel anti-
HER2 agents. Trastuzumab-deruxtecan (T-DXd) is an ADC 
that has recently appeared in the battery of treatments for 
HER2-positive disease with robust and practice-changing 
results [59]. The combination of T-DXd with nivolumab 
showed synergic antitumor efficacy in mice [60, 61]. A 
phase I trial (NCT03523572) studied the combination in 
HER-2 positive and HER-2 low breast cancer. Preliminary 
outcomes indicate antitumor activity in both HER2-positive 
and HER2-low breast cancer patients (ORR of 59.4% and 
37.5%, respectively). The safety profile was generally man-
ageable with interstitial lung disease reported in 10.4% of 
the patients (grade 2 in 4 and grade 5 in 1 patient) [44]. The 
combination of tucatinib and pembrolizumab is also under 
study in a phase II trial (NCT04789096).

In the early stage, the combination of pertuzumab, tras-
tuzumab, and chemotherapy is the standard neoadjuvant 
treatment in high-risk, HER2-positive early breast cancer. 
The IMpassion050 (NCT03726879) is a phase III study 
evaluating the efficacy and safety of pertuzumab, trastu-
zumab, chemotherapy, and atezolizumab. The first analysis 
did not show any benefit in terms of pCR in the ITT or 
PD-L1-positive populations, so the trial was stopped pre-
maturely [62]. However, longer follow-up is needed for 
secondary endpoints, which include EFS and OS. There 

are several clinical trials testing the combination of ICIs, 
HER2-blockade, and chemotherapy in early breast cancer, 
such as the neoadjuvant randomized, open-label phase III 
APTneo study (NCT03595592), and the ASTEFANIA 
study (NCT04873362), which evaluates adjuvant atezoli-
zumab/placebo plus T-DM1 in patients with residual dis-
ease following preoperative treatment (see Table 3).

Predictive Biomarkers

One of the key issues in ICI research is to find and inte-
grate robust biomarkers to improve the efficacy of ICI by 
identifying which patients with breast cancer are more 
likely to respond to these therapies and those who will 
not. Most of these biomarkers have been extrapolated from 
other solid tumors.

PD‑L1/PD‑1 Expression

PD-1 is an inhibitory surface receptor mainly expressed 
by cytotoxic effector T cells, and also by B-cells, natu-
ral killer, activated monocytes, and dendritic cells. The 
ligands of PD-1 are PD-L1 and PD-L2, which can be 
expressed by tumor cells, but also by other cells in the 
TME, such as TILs, macrophages, and fibroblasts [63]. 
Although PD-L1 expression has shown to have good pre-
dictive value for ICI’s efficacy in metastatic TNBC [22••, 
25••], several challenges have hampered the generaliza-
tion of PD-L1 as a biomarker. One important issue is its 
determination, as each sponsor implemented a different 
IHC-based assay for PD-L1 evaluation using different 
antibodies, different quantification technics, and different 
cutoffs to define PD-L1 positivity. In early-stage TNBC, 
the benefit of ICI in combination with chemotherapy is 
obtained, regardless of PD-L1 expression. Nevertheless, 
PD-L1 expression was associated with higher rates of 
pCR regardless of treatment, suggesting it is a marker of 
immune activation and therefore a prognostic marker in 
this setting [16••, 18••]. Other challenges include vari-
ability and dynamic changes of PD-L1 expression among 
tumors, and between primary tumors and metastases.(62) 
This raises the question whether an archival tumor can be 
representative of what is happening in the current TME. 
An appealing and quick alternative is the detection of 
soluble PD-L1, since it is minimally invasive and can be 
repeated over the course of the disease. However, differ-
ent physiological conditions such as pregnancy or auto-
immune diseases can increase it [64, 65]. The utility of 
soluble PD-L1 as a predictive biomarker for ICI is under 
active investigation.
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Table 3  Ongoing phase III trials with checkpoint inhibitors in early and metastatic breast cancer (by March 31, 2022)

TNBC, triple-negative breast cancer; AC, adriamycin and cyclophosphamide; pbo, placebo; pCR, pathologic complete response; EFS, event-free 
survival; DFS, disease-free survival; iDFS, invasive disease-free survival; OS, overall survival; PFS, progression-free survival; ITT, intention to 
treat; EC, epirubicin and cyclophosphamide; HTCP, docetaxel, carboplatin, and trastuzumab

Trial
N

Setting Study treatment Principal endpoint

TNBC
  GeparDouze
  NCT03281954
1520 patients

Early TNBC Neoadjuvant chemotherapy (pacli-
taxel + carboplatin + followed by AC) 
plus atezolizumab/pbo and adjuvant 
atezolizumab/pbo

pCR
5 year-EFS

  A-BRAVE
  NCT02926196
474 patients

Early TNBC 1 year of adjuvant avelumab vs observa-
tion

DFS

  NCT02954874
1050 patients

Adjuvant treatment in early TNBC, 
patients with residual disease after 
neoadjuvant chemotherapy

Pembrolizumab/observation iDFS

  IMpassion132
  NCT03371017
572 patients

1st line in metastatic TNBC with early 
recurrence (12 months)

Chemotherapy (carboplatin, carboplatin-
gemcitabine or capecitabine) plus 
atezolizumab/pbo

OS in PD-L1 positive
OS in ITT population

  NCT04177108
242 patients

1st line in metastatic TNBC Paclitaxel plus ipatasertib/pbo plus 
atezolizumab/pbo

PFS

  KEYLYNK-009
  NCT04191135
932 patients

1st line in metastatic TNBC Induction chemotherapy with carboplatin-
gemcitabine plus pembrolizumab 
followed by pembrolizumab ± olaparib 
maintenance

PFS
OS

  KEYNOTE-119
  NCT02555657
692 patients

2nd or 3rd line in metastatic TNBC Pembrolizumab vs chemotherapy 
(capecitabine, eribulin, gemcitabine, or 
vinorelbine)

OS in CPS ≥ 1
OS in CPS) ≥ 1
OS ITT population

ER positive HER2 negative breast cancer
  The Checkmate 

7FL
  NCT04109066
1200 patients

Neoadjuvant treatment in ER + breast 
cancer

Chemotherapy (weekly paclitaxel fol-
lowed by AC/EC) plus nivolumab/pbo 
and adjuvant ET plus nivolumab/pbo

pCR
EFS

  KEYNOTE-756
  NCT03725059
1140 patients

Neoadjuvant treatment in ER + breast 
cancer

Chemotherapy (weekly paclitaxel fol-
lowed by AC/EC) plus pembrolizumab/
pbo and adjuvant ET plus pembroli-
zumab/pbo

pCR
EFS

  AMBITION
  NCT04732598
280 patients

1st line in metastatic ER-positive HER2-
negative breast cancer

Paclitaxel plus bevacizumab ± atezoli-
zumab

PFS

  KEYNOTE-B49
  NCT04895358
800 patients

Endocrine resistant, ER-positive 
metastatic breast cancer with 
PD-L1 + expression

Chemotherapy (nab-paclitaxel, liposo-
mal doxorubicin or capecitabine) plus 
pembrolizumab/pbo

PFS and OS in CPS ≥ 10 and ≥ 1

HER2 positive breast cancer
  APTneo
  NCT03595592
650 patients

Neoadjuvant treatment in early HER2-
positive breast cancer

HTCP
AC plus atezolizumab followed by HTCP 

plus atezolizumab
HTCP plus atezolizumab

pCR

  ASTEFANIA
  NCT04873362
1700patients

Early breast cancer patients with
residual invasive disease following
preoperative therapy

Atezolizumab/pbo with
T-DM1

IDFS

  NCT03199885
600 patients

1st line in HER2 positive metastatic 
breast cancer

Pertuzumab, trastuzumab, and taxanes 
plus atezolizumab/pbo

PFS

  KATE3
  NCT04740918
350 patients

Up to 3rd line HER2-
positive and PD-L1 + 
breast cancer

TDM1 plus atezolizumab/pbo PFS
OS
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Tumor‑Infiltrating Lymphocytes

TILs have emerged as an attractive biomarker due to its 
easy and feasible determination. In early breast cancer, the 
increase in stromal TILs predicts response to neoadjuvant 
chemotherapy in all breast cancer subtypes. Moreover, 
increased TIL levels are associated with a survival benefit 
in HER2-positive and especially TNBC, but not in luminal-
HER2-negative tumors [66]. In luminal breast cancer, the 
value of TILs is controversial [67]; nevertheless, TILs are an 
established prognostic biomarker in TNBC and several inter-
national consensuses for early-stage breast cancer already 
recommend its systematic determination in clinical practice 
[68, 69].

The value of TILs as a biomarker of response to immu-
notherapy is under development. A retrospective analysis 
performed on tumor samples from the IMpassion130 trial 
showed that stromal TILs were associated with PD-L1 posi-
tivity. In the control arm, TILs ≥ 10% (pre-specified thresh-
old) were not associated with a benefit in PFS or OS; how-
ever, patients with increased stromal TILs had longer PFS 
and OS when treated with atezolizumab plus nab-paclitaxel 
[27]. In HER2-positive breast cancer breast, the KATE2 trial 
showed that higher TILs levels were associated with PD-L1 
positivity and in patients with higher TILs, the addition of 
atezolizumab to T-DM1 showed a greater benefit in PFS 
[46]. In the PANACEA trial, patients with higher TILs had 
higher ORR to pembrolizumab plus trastuzumab compared 
to patients with low TIL tumor samples [45]. In a recent 
meta-analysis, evaluating 2500 patients with 33 different 
tumor types and treated with immunotherapy, CD8 + TIL 
levels were associated with improved patient’s outcomes, 
regardless of ICI agent [70].

Tumor Mutational Burden

TMB is the number of mutations within the coding region 
of a tumor genome, and it is commonly reported as the 
number of non-synonymous mutations per megabase (Mut/
Mb). Highly mutated tumors can produce many neoan-
tigens, and these might increase T cell reactivity. In June 
2020, the FDA approved pembrolizumab monotherapy for 
the treatment of previously treated patients with unresect-
able or metastatic TMB-high (TMB-H; ≥ 10 Mut/Mb) solid 
tumors, based upon the results of KEYNOTE-158 trial. In 
this non-randomized, multi-cohort phase II trial, patients 
with TMB-H tumors had an ORR of 29% vs 6% in non-
TMB-H tumors [71]. However, high TMB is uncommon 
in breast cancer, although it is more frequently observed 
in invasive lobular cancer (8%). Barroso-Sousa et al. ana-
lyzed 3969 breast cancer samples by either whole-exome 
or gene panel sequencing, and around 5% had a TMB ≥ 10. 
Median TMB significantly varied according to tumor 

subtype (TNBC > HER2-positive > HR + /HER2-negative, 
p < 0.05) and tumor sample type (metastatic > primary, 
p = 2.2 × 10–16). In this series, anecdotal responses to ICI 
were noted in TMB-H tumors [72]. The TAPUR study is a 
phase II basket trial assessing the safety and efficacy in real-
world practice of commercially available, targeted anticancer 
drugs in patients with advanced cancer whose tumor har-
bors a potentially actionable genomic variant. Data from 28 
patients with high TMB (9–37 Mut/Mb) revealed a disease 
control rate and ORR of 37% (95% CI 21–50) and 21% (95% 
CI 8–41), respectively. Median PFS was 10.6 weeks [73].

Dual checkpoint inhibition with nivolumab plus ipili-
mumab may be a promising treatment option for patients 
with HER2-negative metastatic breast cancer and high 
TMB, according to results of the NIMBUS trial. This phase 
II study (N = 30) assessed this immunotherapy doublet in 
patients with metastatic HER2-negative breast cancer (70% 
ER + disease) and high TMB (≥ 9 mutations/Mb). There 
were five (16.7%) confirmed ORR, meeting the study’s pri-
mary endpoint. Interestingly, the ORR among patients with 
a TMB of ≥ 14 Mut/Mb was 60%, with a median PFS of 
9.5 months compared to 4% and 1.4 months, respectively, in 
the lower TMB group [74]. Approximately 10% of patients 
with metastatic breast cancer have high TMB and could 
potentially benefit from this approach; however, the optimal 
TMB cutoff for selecting suitable patients remains unclear.

Next‑Generation Sequencing

The gain of function mutation (amplification) in CD274 
gene (which encodes for PD-L1) predicted better outcomes 
with durvalumab in metastatic TNBC [75]. One study exam-
ined the genomic mutational landscape of more than 3000 
metastatic breast cancers and found that most frequent muta-
tions occurred in PIK3CA, FGFR1, and PTEN; however, 
these mutations were not associated with response to ICI. 
Mutations in BRAF, STK11, and MDM2 have been associ-
ated to immunotherapy response but in breast cancer, those 
are rare mutations (< 1%) [76]. Microsatellite instability 
(MSI) is a pattern of hypermutation that occurs in genomic 
microsatellites, and it is caused by defects in the mismatch 
repair system (MMR). Increased mutational load caused by 
MMR deficit (dMMR) or MSI-high has been shown to pre-
dict response to anti-PD-1/PD-L1 in different tumors [77]. 
FDA approved pembrolizumab for patients with advanced 
MSI-H/dMMR solid tumors, and also dostarlimab in the 
same setting [78, 79]. Using large breast cancer datasets, an 
analysis of 2195 breast cancer patients showed an associa-
tion between ICI benefit and tumors with somatic mutations 
in the homologous recombination pathway, with improved 
OS (HR 0.55, p = 0.005, FDR < 0.10) [80]. The APOBEC 
family of zinc-coordinating enzymes converts cytosine 
to uracil in single-strand DNA. Dysregulated activity is a 
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major source of mutations in various cancer types. Different 
mutational signatures are present in this population, with 
APOBEC activity being the most common dominant pro-
cess. The hypermutation occurs in 5% of all breast cancers 
with the highest enrichment in metastatic tumors. This sig-
nature could be used as a potential ICI biomarker but there 
is still a lack of research in this field [72, 81, 82].

Current Challenges

Given the statistically significant improvement in pCR and 
EFS observed in the KEYNOTE-522 study, pembrolizumab 
in combination with neoadjuvant chemotherapy is now con-
sidered the new standard of care for patients with high-risk 
TNBC [17•]. However, new questions arise in this scenario. 
In this study, patients who achieved a pCR had excellent 
EFS, regardless of the use of pembrolizumab. Therefore, 
do those patients really need the adjuvant pembrolizumab? 
On the other hand, management of patients with TNBC 
and residual disease following KEYNOTE-522 neoadju-
vant treatment is unclear. In patients with residual disease, 
the current standard of treatment is adjuvant capecitabine 
based upon the CREATE-X trial, in which significant sur-
vival benefits were observed [83]. Importantly, in the KEY-
NOTE-522, adjuvant capecitabine was not allowed. Never-
theless, patients with residual disease treated with adjuvant 
pembrolizumab had a significant EFS benefit compared to 
placebo. However, it remains unknown whether this EFS 
benefit is derived from the neoadjuvant portion or the adju-
vant portion of pembrolizumab. Immunotherapy may lead 
to immunologic memory, and response may not tell the 
whole story of how these drugs work. Remarkably, in the 
GEPARNUEVO clinical trial, there was a similar EFS ben-
efit observed with ICI, even though ICI was only adminis-
tered in combination with neoadjuvant chemotherapy and 
not continued adjuvantly (XX). Combination therapy of 
adjuvant pembrolizumab plus capecitabine in this setting 
is an appealing approach and, based upon studies on other 
malignancies, could be safely combined; however, there is 
no data to support this strategy. Similarly, in patients with 
gBRCA1/2-mutated TNBC and residual disease following 
neoadjuvant treatment, adjuvant olaparib demonstrated a 
significant improvement not only in DFS, but also in OS.(82) 
Combination of adjuvant pembrolizumab and olaparib in 
patients with residual disease is also unexplored. Another 
challenge is patients who relapse after having received an 
ICI-based treatment in the early setting. Those patients will 
probably not be sensitive to PD-1/PD-L1 blockade anymore, 
highlighting the need for emergent strategies beyond con-
ventional chemotherapies and ICI [84].

Response rates have classically been used as a marker of 
effectiveness. However, we have learned that immunotherapy 

can generate a pattern of response that is maintained even 
after treatment cessation [85]. Future studies may need to 
consider not only the depth of response, but also its duration. 
On the other hand, most trials in metastatic breast cancer 
have studied the simultaneous combination of chemotherapy 
and immunotherapy. It is possible that other schemes such 
as induction with chemotherapy and ulterior maintenance 
with immunotherapy may induce even stronger responses 
and delay tumor progression.

Novel Approaches

New approaches are moving toward environmental modi-
fiers of immunity including the microbiome, and metabolic 
and hormonal parameters. Combination strategies do not 
only focus on chemotherapy, but also on other therapies 
like cryoablation, radiotherapy, oncolytic viruses, antibody 
associations, or other targeted therapies [86]. Table 3 synthe-
tizes a selection of ongoing phase III trials that evaluate ICI 
and novel combinations, and Table 4 shows new treatments 
beyond ICI such as cancer vaccines, oncolytic viruses, cell 
therapies, and modulation of cytokines.

As we are moving toward a more personalized medi-
cine, targeted therapies are object of growing interest. The 
PI3K/AKT/mTOR pathway has shown to play an impor-
tant role in endocrine resistance [97]. Emerging evidence 
supports its importance in creating an immunosuppressive 
TME [98], providing an interesting rational for combina-
tion strategies. In a phase I clinical trial, ipatasertib plus 
taxane and atezolizumab (NCT03800836) showed benefit 
in terms of ORR [99, 100]. An ongoing phase III trial will 
provide further results of the combination of these three 
agents (NCT04177108). Likewise, alterations in the mito-
gen-activated protein kinase signaling haven been associated 
with negative immunity regulation, and resistance to taxanes 
in cell cultures [101]. Based on this, the phase II COLET 
trial tested the combination of cobimetinib, taxanes (nab-
paclitaxel or paclitaxel), and atezolizumab as first-line in 
TNBC, showing clinical benefit with an acceptable safety 
profile. Noteworthily, patients receiving paclitaxel experi-
enced better ORR and PFS than those with nab-paclitaxel.

The combination of PD-1/PD-L1 inhibitors with anti-
bodies targeting other co-inhibitory molecules, such as 
anti-LAG3, anti-TIM3, and anti-TIGIT (NCT02913313; 
NCT03099109), or with antibodies targeting co-stimu-
latory molecules like OX40 (NCT03971409) or 4-1BB 
(NCT03364348, NCT03414658), has triggered research 
interest in breast cancer. The use of anti-RANKL has 
shown activation also of the immune system in breast can-
cer [102]. The combination of the PD-L1 inhibitor dur-
valumab and the anti-CTLA4 tremelimumab was studied 
in metastatic breast cancer with clinical benefit in TNBC 
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[103]. Bempegaldesleukin is a selective agonist of the 
βɣ-receptor complex of IL-2. Studies supported the abil-
ity of this drug to turn PD-L1-negative tumors into posi-
tive ones. It is currently being tested in combination with 
nivolumab in metastatic solid tumors (NCT02983045). 
Preliminary results from the metastatic TNBC cohort 
indicate an acceptable safety profile with similar disease 
control rates (50%) both in the PD-L1-negative and in the 
PD-L1-positive population.

Finally, the combination of ICI with local ablative thera-
pies is another immunotherapy approach. Irradiating tumor 
lesions may boost the systemic immune response and even-
tually impact in distant metastatic sites, which is known as 
the abscopal effect. Although the bulk of the evidence is pre-
clinical so far, several trials have evaluated the integration of 

radiotherapy with checkpoint inhibition in breast cancer, with 
contradictory results. Many trials evaluating different drugs, 
radiation dosing, and fractioning are ongoing (NCT04990921, 
NCT02730130, NCT0523369). Figure 1 illustrates some of 
the current challenges and novel immunotherapy approaches 
for breast cancer.

Conclusions

Immunotherapy is the fourth pillar of modern oncology and 
although the most robust evidence of its use is for TNBC, 
more and more data are arising on its use in other breast cancer 
subtypes. Ongoing clinical trials will further refine immuno-
therapy strategies in breast cancer. This must be accompanied 
by the identification and integration of robust biomarkers to 

Fig. 1  Current challenges and novel immunotherapy approaches 
in breast cancer. There are still many questions to be resolved, like 
which is the best adjuvant treatment for patients with residual disease 
following neoadjuvant treatment with ICI in TNBC. In metastatic dis-
ease, after a combined therapy of ICI and chemotherapy (Ch.), could 
ICI be used as maintenance treatment? Another important point on 
the research agenda is which combinations will increase the efficacy 
of ICI not only in TNBC but also in other breast cancer subtypes: 
combinations of ICI plus AKT inhibitors, PARP inhibitors, antian-
giogenic, or with HER2-targeted therapies, are under investigation. 

Novel immune approaches beyond antiPD-1/PDL-1, such as vaccines, 
gene therapy, and oncolytic viruses, are being developed. Finally, 
identification and integration of robust biomarkers to select optimal 
patients for immunotherapy is crucial. Abbreviations: ICI, immune 
checkpoint inhibitors; PARP, diphosphate-ribose polymerase; CDK, 
cyclin-dependent kinase; ADC, antibody–drug conjugate; PD-L1, 
programmed death-ligand 1; PD-1, programmed cell death protein, 
NGS, next-generation sequencing; TMB, tumor mutational burden; 
MSI-h, microsatellite instability high; TILs, tumor infiltrating lym-
phocytes. Figure created with biorender.com
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improve the efficacy of immunotherapy and also to identify 
patients who can avoid them, and therefore, their associated 
toxicities and costs.
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