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Breast cancer is a major killer of women’s health worldwide. While breast cancer is
thought to have lower immunogenicity compared with other solid tumors, combination
therapy is able to improve the immunogenicity of the tumor and sensitize breast cancer
cells to immunotherapy. Immunotherapy represented by immune checkpoint inhibitors
(ICIs) has been largely explored in the field of breast cancer, including both early and
advanced disease. Immunotherapy for triple-negative breast cancer (TNBC) has been the
most studied, and the PD-L1 inhibitor atezolizumab combined with nab-paclitaxel has
been used in the first-line treatment of TNBC. Immunotherapeutic data for human
epidermal growth factor receptor-positive and hormone receptor-positive breast cancer
are also accumulating. This review summarizes the clinical trial data of ICIs or ICI-
containing therapies in different types and stages of breast cancer.
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1 INTRODUCTION

Immunotherapy represented by immune checkpoint inhibitors (ICIs) has become an important
strategy for the treatment of malignant tumors. With the increase in the indications of programmed
cell death receptor 1 (PD-1) and programmed cell death 1 ligand 1 (PD-L1) inhibitors, the
treatment pattern of many solid tumors has gradually changed (1). However, the development of
immunotherapy in breast cancer is relatively slow. Breast cancer (BC) is traditionally considered to
be poorly immunogenic. Due to the heterogeneity of molecular subtypes of breast cancer, the
immune microenvironment of each subtype is discrepant (2, 3), which is one of the challenges of
breast cancer immunotherapy. The further research of tumor immune microenvironment brings
new opportunities for immunotherapy of this disease. Based on the Impassion130 study, PD-L1
inhibitor atezolizumab combined with nab-paclitaxel has been approved in the first-line treatment
of triple-negative breast cancer (TNBC) (4, 5), which opens up a new window for the treatment of
advanced TNBC. The exploration of ICI monotherapy and combination therapy involves multiple
disease stages of TNBC. Immunotherapy has also been increasingly explored in human epidermal
growth factor receptor 2 (HER2)-positive and hormone receptor-positive breast cancer.
Immunotherapy may become a new treatment paradigm for breast cancer. As the existence of
heterogeneity in the tumor microenvironment of different molecular types of breast cancer, and the
inconsistent efficacy of immunotherapy, we reviewed the current clinical trial evidence for breast
cancer immunotherapy according to molecular subtypes.
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2 PD-1/L1 INHIBITORS FOR TRIPLE-
NEGATIVE BREAST CANCER

TNBC accounts for about 15%–20% of all breast cancers (6). Due
to the lack of hormone receptor and HER2 expression,
chemotherapy has been the mainstay treatments for TNBC for
many years (7). However, suboptimal survival and tolerance of
chemotherapy impels the development of novel strategies for
treating this difficult-to-treat disease (8). There are several lines
of supporting evidence for the potential of immunotherapy in
TNBC. High expression of the immunomodulatory genes is
associated with better outcomes for patients with TNBC (9).
Higher enrichment of tumor-infiltrating lymphocytes (TILs) has
been shown to be a prognostic predictor in TNBC (10–12).
TNBC cells harbored higher level of PD-L1 expression than non-
TNBC cells (13). Based on these rationale, immune checkpoint
inhibitors (ICIs) represented by PD-1/L1 inhibitors are
increasingly being explored for the treatment of early-stage
TNBC and advanced-stage TNBC.

2.1 Neoadjuvant Therapy
2.1.1 Combination of Immunotherapy
and Chemotherapy
The phase III KEYNOTE-522 study (14) randomized 1,174 early
TNBC patients to the neoadjuvant chemotherapy (carboplatin
plus paclitaxel and sequential doxorubicin/epirubicin plus
cyclophosphamide) combined with pembrolizumab, a PD-1
inhibitor, fol lowed by adjuvant pembrolizumab, or
chemotherapy alone, followed by adjuvant placebo. The results
showed that the pathological complete response (pCR) rate was
significantly higher in the pembrolizumab plus chemotherapy
group (64.8% vs. 51.2%) for the overall population. Moreover,
patients with PD-L1 expression, which was assessed by PD-L1
22C3 pharmDx assay, and positive lymph nodes benefited more
from pembrolizumab. In terms of event-free survival (EFS), the
18-month EFS rates were 91.3% and 85.3%, respectively, and the
hazard ratio (HR) for EFS was supportive of pembrolizumab
addition (HR 0.63, 95% confidence interval (CI) 0.43–0.93). The
phase III NeoTRIPaPDL1 study (15) randomized 280 patients
with early TNBC to atezolizumab (anti-PD-L1) plus carboplatin/
nab-paclitaxel arm or placebo plus carboplatin/nab-paclitaxel
arm. The results showed that the pCR was not significantly
different in neither the overall population (43.5% vs. 40.8%) nor
the PD-L1-positive (determined by VENTANA PD-L1 SP142
assay) population (51.9% vs. 48.0%). IMpassion031 (16), a phase
III trial, showed that atezolizumab plus nab-paclitaxel and
sequential doxorubicin/cyclophosphamide increased pCR rate
to 58%, compared with 41% in the chemotherapy group. In the
PD-L1-positive subgroup (identified by VENTANA SP142
assay), pCR rate was 20% higher in the atezolizumab group
(69% vs. 49%). Treatment-related grades 3–4 AEs were balanced
(57% vs. 53%) and treatment-related serious AEs were 23% and
16%, respectively. PD-L1 inhibitor durvalumab addition to
sequential taxane–anthracycline chemotherapy was investigated
in GeparNuevo (17). In this phase II trial, 117 patients were
randomized to the window-phase durvalumab group
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(durvalumab was administered 2 weeks before the beginning of
nab-paclitaxel). The pCR of these patients was 61.0%, compared
with 41.4% for the placebo cohorts (OR 2.22, 95% CI 1.06–4.64).
While for the nonwindow dosing cohort (n = 57), no advantage
of durvalumab was observed over chemotherapy.

2.1.2 Combination of Immunotherapy and
Targeted Therapy
The phase II I-SPY 2 trial tested the efficacy and safety of
durvalumab plus PARP inhibitor olaparib and paclitaxel
compared with paclitaxel alone in the neoadjuvant setting of
TNBC treatment (18). In 21 TNBC patients, the estimated pCR
rate was 47% with the combination subgroup and 27% with
chemotherapy alone subgroup. Further biomarker analysis
showed that low CD3/CD8 gene signature ratio, high
macrophage/Tc-class 2 ratio, and high proliferation signatures
were associated with a higher pCR in the combination arm.

2.2 Maintenance Therapy
2.2.1 Combination of Immunotherapy
and Chemotherapy
A phase II RCT named SAFIR02-BREAST IMMUNO compared
durvalumab with chemotherapy (paclitaxel, capecitabine, and
FEC) in the maintenance therapy for HER2-negative metastatic
breast cancer (19). Patients with disease that did not progress
after 6 to 8 cycles of first-line or second-line chemotherapy were
included. In the exploratory TNBC subgroup analysis, the OS
was significantly improved in the durvalumab arm (21 months
vs. 14 months, HR 0.54, 95% CI 0.30–0.97); PD-L1-positive
(detected by VENTANA PD-L1 SP142 assay) patients benefited
more from durvalumab administration than from chemotherapy
(HR 0.37, 95% CI 0.12–1.13), while PD-L1-negative patients did
not benefit much (HR 0.49, 95% CI 0.18–1.34). In addition,
TNBC patients with CD274 gain/amplification could benefit
from durvalumab over chemotherapy in OS (HR 0.18, 95% CI
0.05–0.71), compared with patients with CD274 normal/loss
(HR 1.12, 95% CI 0.42–2.99).

2.3 First-Line Therapy
2.3.1 Immunotherapy Alone
ICI monotherapy was firstly explored in advanced-stage TNBC
treatment. In cohort B of the international phase II KEYNOTE-
086 study, pembrolizumab as first-line treatment for metastatic
TNBC patients with tumor PD-L1 combined positive score
(CPS) ≥1 was evaluated with PD-L1 22C3 pharmDx assay. In
this cohort, 84 untreated patients with PD-L1-expressing
metastatic TNBC received pembrolizumab 200 mg/3 weeks for
up to 2 years. The ORR, PFS, and OS were 21.4%, 2.1 months,
and 18 months, respectively. As for grade 3 or higher AEs, the
incidence rate was 9.5% (20). The PCD4989g study, an open-
label, multicenter phase 1a study, evaluated atezolizumab
monotherapy in advanced solid and hematologic malignancies,
which enrolled 116 metastatic TNBC patients. In 21 first-line
patients, the ORR was 24% and median OS was 17.6 months. Of
116 patients in all lines, grade 3 or above AEs accounted for 21%.
Patients with PD-L1 ≥1% had higher ORR and longer OS, and
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PD-L1 ≥10% was an independent predictor of better response
and survival, with VENTANA PD-L1 SP142 assay being used for
quantifying PD-L1 expression (21).

2.3.2 Combination of Immunotherapy
and Chemotherapy
Chemotherapy is demonstrated to be capable of enhancing tumor
immunogenicity and T-cell-dependent antitumor response (22).
Several studies of PD-1/L1 antibodies combined with
chemotherapeutic agents have been performed in the first-line
treatment of TNBC. The IMpassion130 study assessed the efficacy
of atezolizumab in combination with nab-paclitaxel in patients
with unresectable, locally advanced, or metastatic TNBC (23, 24).
In the overall intention-to-treat (ITT) population, the combination
of atezolizumab and nab-paclitaxel resulted in a significant
improvement in median PFS (7.2 months vs. 5.5 months; HR
0.80, 95% CI 0.69–0.92); however, no statistically significant
increment in median OS was observed in the atezolizumab arm
(21months vs. 18.7 months; HR 0.86, 95%CI 0.72–1.02). The ORR
in atezolizumab group was 56.0%, versus that of 45.9% in the nab-
paclitaxel group. Furthermore, for the PD-L1 (evaluated by
VENTANA PD-L1 SP142 assay) positive subgroup (41% of all
patients), the median PFS of combination group and
chemotherapy group were 7.5 months and 5.0 months,
respectively (HR 0.62, 95% CI 0.49–0.78); the median OS was
significantly prolonged in the combination group (25 months vs.
18 months, HR 0.71, 95% CI 0.54–0.94), though that could not be
formally concluded owing to the prespecified statistical testing
hierarchy. While, for the PD-L1-negative patients, there was no
difference in OS between the two groups (19.7 months vs. 19.6
months, HR 0.97; 95% CI 0.78–1.20). Patients receiving
atezolizumab experienced more grade 3 or higher AEs (40.4% vs.
30.7%). In March 2019, the FDA approved atezolizumab plus nab-
paclitaxel for first-line treatment of locally advanced or metastatic
TNBC with PD-L1 ≥1%.However, atezolizumab plus paclitaxel,
assessed in IMpassion131 study, failed to improve PFS or OS
compared with paclitaxel alone (25). The phase III IMpassion132
study of gemcitabine plus carboplatin/capecitabine with or without
atezolizumab as the first-line therapy of TNBC is ongoing
(NCT03371017). In the phase III KEYNOTE-355 study (26, 27),
pembrolizumab combined with chemotherapy (nab-paclitaxel;
paclitaxel; or gemcitabine/carboplatin) as the first-line treatment
of advanced TNBC mainly benefited patients with ≥10% PD-L1
expression (detected by PD-L1 22C3 pharmDx assay) disease, with
a median PFS of 9.7 months in combination group versus 5.6
months in chemotherapy group (HR 0.66, 95% CI 0.50–0.88).With
respect to grades 3–5 AEs, 68.1% patients experienced that in the
combination group (2 deaths), in contrast with 66.9% in the
chemotherapy group (0 death). However, more patients suffered
grades 3–4 immune-related AEs and infusion reactions in the
immunochemotherapy group (5.5% vs. 0%).

2.3.3 Combination of Immunotherapy and
Targeted Therapy
Hyperactivation of the PI3K/AKT pathway, resulted from the
downregulation of PTEN gene, is one of the dominant
Frontiers in Oncology | www.frontiersin.org 3
mechanisms of tumor progression (28). Agents targeting the
PI3K/AKT pathway may augment the antitumor adaptive
immune responses (29). Bases on this rationale, a phase 1b
study of combining AKT inhibitor ipatasertib, atezolizumab, and
chemotherapy (paclitaxel or nab-paclitaxel) as first-line
treatment for locally advanced or metastatic TNBC was
performed. The results showed that the ORR reached 54%,
with manageable toxicity (30). Antiangiogenic therapy is
shown to have a synergistic antitumor effect with anti-PD-1
therapy (31). The phase II WJOG9917B NEWBEAT study
evaluated the triple combination of PD-1 inhibitor nivolumab,
bevacizumab, and paclitaxel in the first-line treatment for
patients with TNBC (n = 18, 32%) or hormone receptor-
positive breast cancer (n = 39, 68%) (32). This combination
therapy led to an ORR of 83.3% in patients with TNBC, which
demonstrated promising synergistic efficacy of VEGF inhibitor
addition to immunochemotherapy. Another phase II trial
explored PD-1 inhibitor camrelizumab (SHR-1210) combined
with apatinib for advanced TNBC patients (n = 34). The results
showed that apatinib continuous dosing group (d1–d14
administration) had an ORR and DCR of 47.4% and 68.4%,
respectively. In apatinib intermittent dosing group (d1–d7
administration), there was no confirmed ORR, with a DCR of
44.4% and a PFS of 2 months (33). TNBC usually has
upregulated MAPK pathway and increased sensitivity to MEK
inhibition. MEK inhibitor increases the levels of effector CD8+ T
cells in tumors and synergizes with anti-PD-L1 blockade (34).
The cohort 1 of COLET study showed that MEK1/2 inhibitor
cobimetinib plus paclitaxel could enhance antitumor effects for
the first-line treatment of TNBC (35). IMpassion130 illustrated
that the combination of atezolizumab and nab-paclitaxel as first-
line treatment is effective for TNBC patients (24). Therefore, the
cohort 2 of COLET evaluated the efficacy and safety of
atezolizumab plus cobimetinib plus nab-paclitaxel or paclitaxel
as first-line treatment of locally advanced or metastatic TNBC
(36). The results showed that the ORRs were similar between the
nab-paclitaxel and paclitaxel arms (29% vs. 34%). Patients with
PD-L1-positive disease had numerically higher ORR (44%) and
6-month PFS rate. The safety profile of combined treatments was
consistent with the known individual safety profiles.

2.4 Second-Line or Later Therapy
2.4.1 Immunotherapy Alone
In the TNBC cohort of the phase 1b KEYNOTE-012 study,
pembrolizumab as the first-line or later treatment yielded an
ORR of 18.5%, PFS of 1.9 months, OS of 10.2 months, and
≥grade 3 AEs of 18.8% (37, 38). Cohort A of KEYNOTE-086
tested the efficacy of pembrolizumab as second-line or later
therapy of metastatic TNBC. In the total patients (n = 170),
the ORR was 5.3%, and PFS and OS were 2.0 months and 9.0
months, respectively; grade 3 or above AEs were 12.9%. The PD-
L1 ≥1% population derived similar benefits as the overall
patients, with an ORR of 5.7%, PFS of 2.0 months and OS of
8.8 months (39). KEYNOTE-119 compared pembrolizumab
with chemotherapy (capecitabine, eribulin, gemcitabine, and
vinorelbine) in second-line or third-line setting for metastatic
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TNBC patients (40). The results showed that pembrolizumab did
not present superior efficacy over chemotherapy, except the
exploratory subgroup who had PD-L1 CPS of 20 or higher,
with OS being 14.9 months versus 12.5 months (HR 0.58, 95% CI
0.38–0.88). Moreover, the grades 3–5 AEs were lower in the
pembrolizumab group (14% vs. 36%). The phase 1b JAVELIN
study evaluated avelumab, an PD-L1 inhibitor, in patients with
metastatic breast cancer who had received a median of three
prior cytotoxic therapies. In the TNBC cohort (n = 58), the ORR
was 5.2% in PD-L1 nonselected patients, and patients with PD-
L1-positive (assessed by PD-L1 73-10 pharmDx assay) disease
had an ORR of 22.2% (41), which further clarified the PD-L1
prevalence is an important predictor of immunotherapy.
Additionally, the PCD4989g study showed that atezolizumab
monotherapy yielded an ORR of 11% and an OS of 7.3 months
for TNBC patients in second-line and beyond setting (21).

2.4.2 Induction Therapy and
Sequential Immunotherapy
To date, the timing of immunotherapy dosing remains to be further
explored and studied. The TONIC study is a phase II RCT of
nivolumab after induction therapy for metastatic TNBC (42).
Patients were randomized into induction therapy groups
(radiotherapy, doxorubicin, cyclophosphamide, cisplatin) or no
induction therapy groups, followed by sequential nivolumab. The
results showed that the ORR was 20% in all-line patients, including
23%, 45%, and 32% ORR for 1, 2, and later lines of patients,
respectively. The ORR was 8%, 35%, 8%, and 23% in the
radiotherapy, doxorubicin, cyclophosphamide, and cisplatin
induction groups, respectively, compared with 17% in the
noninduction group. Therefore, induction therapy with
doxorubicin and cisplatin could improve the sensitivity of TNBC
to immunotherapy. Future randomized controlled studies with
larger samples comparing the efficacy differences between
simultaneous versus sequential administration are expected.

2.4.3 Combination of Immunotherapy and
PARP Inhibitor
DNA repair deficiency in cancer cells contributes to immunogenic
neoantigens accumulation, and PARP blockade can upregulate PD-
L1 expression in breast cancer cells (43). Thereby, the combined
treatment of PARP inhibitor and PD-1/L1 inhibitor is a potential
strategy to treat breast cancer. The phase II TOPACIO/KEYNOTE-
162 trial showed promising antitumor activity of PARP inhibitor
niraparib plus pembrolizumab in patients who had received a
median of 1 prior line of therapy (0–3) in the metastatic setting
(44). The ORR was 21% and DCR was 49%. In 15 BRCA-mutated
patients, the ORR, DCR, and PFS was 47%, 80%, and 8.3 months,
respectively, which were both greater than that of patients with
wild-type BRCA (11%, 33%, 2.1 months). Furthermore, patients
with PD-L1-positive (examined by PD-L1 22C3 pharmDx assay)
cancers responded better than those with PD-L1-negative ones
(32% vs. 8%). The most common grade 3 or higher AEs were
anemia (18%), thrombocytopenia (15%), and fatigue (7%).
The breast cancer cohort of the MEDIOLA study (open-label,
multicenter, phase I/II) explored the efficacy of PARP inhibitor
Frontiers in Oncology | www.frontiersin.org 4
olaparib combined with durvalumab in advanced BRCA-mutated
HER2-negative metastatic breast cancer, and the results showed that
the ORR reached 63.3%, and the PFS and OS were 8.2 months and
21.5 months, respectively (45).

2.4.4 Combination of Immunotherapy
and Immunomodulator
Imprime PGG (Imprime) is a novel immune agonist that activates
the innate immune system to reregulate the immunosuppressive
tumor microenvironment, activate antigen-presenting cells, and
stimulate antigen-specific T-cell activation (46, 47). Preclinical
studies showed that Imprime significantly enhanced the
antitumor efficacy of ICIs (48). The phase II IMPRIME1 study
investigated Imprime addition to pembrolizumab for second-line
and later TNBC patients (49). The ORR was 15.9% and PFS
was 16.4 months. The 12-month and 18-month OS rates were
57.6% and 36.7%, respectively. Notably, the study observed an
ORR of 50% and an OS of 17.1 months in 12 patients who
initially had hormone receptor-positive disease but converted to
TNBC after endocrine therapy. Grades 3–4 AEs occurred in
6.8% of patients. These data validate the preclinical findings and
provide clinical evidence for the immunomodulator-ICI
combination in the treatment of TNBC. Large randomized
controlled studies are needed to further clarify the advantages of
this novel therapy.

Taken together, ICIs have been assessed in multiple settings for
TNBC treatment. Two studies of pembrolizumab and atezolizumab
in the adjuvant treatment of TNBC (SWOG S1418/NRG BR006,
IMpassion030) are recruited (50, 51). The role of immunotherapy in
the neoadjuvant treatment of TNBC still needs to be verified by
updated EFS and OS data. We could see that the subset of TNBC
patients benefited from immunotherapy mainly were these with
PD-L1 expression ≥1%. Although the predictive threshold of PD-L1
varies across studies, in general, the benefit may be more
pronounced with higher levels of PD-L1 expression. TMB is
another predictor of ICI efficacy in TNBC patients. Furthermore,
applying immunotherapy at earlier lines was associated with higher
response rate. ICI is superior to chemotherapy in the maintenance
treatment of metastatic TNBC. ICI monotherapy leads to
suboptimal tumor response and patients’ survival, and its
combination with chemotherapy and (or) targeted therapy is
more effective but accompanied by increased incidence of AEs.
These findings suggest a meaningful clinical benefits of ICI addition
to standard chemotherapy and (or) targeted agents for the
treatment of locally advanced or metastatic TNBC. However,
several questions such as optimal chemotherapeutic partner and
sequence of administration and difference between anti-PD-1 and
anti-PD-L1 inhibitors remain unknown. A phase II trial of
pembrolizumab versus nivolumab versus atezolizumab, all
combined with chemotherapy, for metastatic TNBC treatment is
ongoing (NCT03952325). Additionally, according to transcriptomic
profile, TNBC can be classified into luminal androgen receptor,
immunomodulatory, basal-like immune-suppressed, and
mesenchymal-like subtypes (52). Immunomodulatory TNBC is
deemed to be sensitive to immune checkpoint blockade therapy
(52). However, there are no data on the difference in the
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responsiveness of TNBC subtypes to immunotherapy. Further
studies of subtypes are needed to select benefited population and
achieve precise immunotherapy for TNBC.
3 PD-1/L1 INHIBITORS FOR
HER2-POSITIVE BREAST CANCER

Previous studies indicated that substantial quantities of
lymphocytic infiltrate in the tumor stroma is associated with
achieving a pathological complete response and having improved
survival in patients with HER2-positive breast cancer (53–56).
High expression of PD-1/L1 and other checkpoint molecules was
observed in TILs (56, 57). Trastuzumab, an antibody of HER2,
can exert antitumor immune effects through antibody-
dependent cellular cytotoxicity and phagocytosis and
complement-dependent cytotoxicity (58). Preclinical studies
discovered that the combination of ICIs and trastuzumab
could reverse trastuzumab resistance (59). Based on these
evidences, several clinical trials evaluated the value of ICIs
combined with anti-HER2 treatment in HER2-positive
advanced breast cancer.

3.1 Second-Line or Later Therapy
3.1.1 Combination of Immunotherapy and
Anti-HER2 Treatment
The phase Ib-II PANACEA study investigated the efficacy and
safety of pembrolizumab plus trastuzumab in advanced HER2-
positive breast cancer resistant to previous multiple lines of
trastuzumab-containing therapies (60). Its phase II results
showed that in HER2-positive, advanced, heavily pretreated
breast cancer patients, the ORR of PD-L1-positive patients (n =
40, selected by PD-L1 22C3 pharmDx assay) was 15%, the median
PFS was 2.7 months, the estimated 6-month PFS rate was 25%,
and the 12-month PFS rate was 12%; the median OS has not been
reached, and the 6-month and 12-month OS rates were estimated
to be 87% and 65%, respectively. However, for PD-L1-negative
patients (n = 12), no one achieved objective response or disease
control, the median PFS was 2.5 months, and the estimated 6-
month and 12-month PFS rates were 13% and 0%, respectively;
the median OS was 7.0 months, 6-month OS rate was estimated to
be 64%, and 1-year OS rate was estimated to be merely 12%.
Moreover, patients achieving response and disease control had
more TILs in metastatic lesions. In terms of AEs, 29% patients
experienced treatment-related grades 3–5 AEs. The phase Ib
CCTG IND.229 study tested the combination of durvalumab
and trastuzumab in HER2-positive metastatic breast cancer
patients who pretreated with trastuzumab, pertuzumab, T-DM1,
and lapatinib (61). All enrolled 15 patients had PD-L1-negative
(assessed by VENTANA PD-L1 SP263 assay) disease, and
evaluable pretreatment and on‐treatment tumor biopsies (n = 5)
had sparse CD8 cell infiltration. The results showed that none of
these patients achieved response and their long-term survival was
also disappointing. Another phase Ib study explored the safety and
efficacy of pembrolizumab in combination with T-DM1 in
patients with HER2-positive metastatic breast cancer previously
Frontiers in Oncology | www.frontiersin.org 5
treated with trastuzumab, pertuzumab, and paclitaxel (62). The
results showed that the overall ORR was 20%, PFS was 9.6 months,
and DOR was 10.1 months. Additionally, no correlation between
the expression level of PD-L1 (examined by PD-L1 22C3
pharmDx assay) or the proportion of TILs and efficacy was
observed. The randomized phase II KATE2 study compared the
efficacy of T-DM1 combined with atezolizumab with T-DM1
alone in the second-line treatment of HER2-positive breast
cancer (63). The results showed that there was no significant
difference in PFS between the T-DM1 plus atezolizumab group
and the T-DM1 plus placebo group (8.2 months vs. 6.8 months,
HR 0.82, 95% CI 0.55–1.23), neither in the PD-L1-positive
(diagnosed by VENTANA PD-L1 SP142 assay) subgroup (8.5
months vs. 4.1 months, HR 0.60, 95% CI 0.32–1.11) nor in the PD-
L1-negative subgroup (6.8 months vs. 8.2 months, HR 1.02, 95%
CI 0.60–1.74). In the PD-L1-positive subgroup, the ORR was
higher in the atezolizumab group (54% vs. 33%). However, in PD-
L1-negative patients, the ORR was inferior in the combination
group (39% vs. 50%). The OS curves of the two groups separated
after 1 year of follow-up, and the median OS has not been reached.

From the above studies, the efficacy of PD-1/L1 inhibitors
combined with anti-HER2 therapy for heavily pretreated HER2-
positive advanced breast cancer seems to be unsatisfactory. There
are no reliable markers that can accurately predict the benefited
population. Notably, these studies had small sample sizes,
included patients who had heavy tumor burden and progressed
on multiple prior anti-HER2 therapies, which possibly explained
the suboptimal results. In the future, it may be worth to assess the
tumor microenvironment, explore practical immune-related
predictive biomarkers of efficacy, and apply ICIs combined
with anti-HER2 therapy in early-stage or first-line setting of
HER2-positive breast cancer.
4 PD-1/L1 INHIBITORS FOR
HORMONE RECEPTOR-POSITIVE/
HER2-NEGATIVE BREAST CANCER

Compared with other subtypes, hormone receptor-positive breast
cancer is characterized as immunologically cold nature with lower
PD-L1 expression, lower levels of TILs, and lower TMB (13, 64,
65). The efficacy of PD-1/PD-L1 inhibitor monotherapy in
hormone receptor-positive metastatic breast cancer is limited
(41, 66). Therefore, immune combination therapy is an
approach to improve the efficacy of immunotherapy in hormone
receptor-positive breast cancer. The I-SPY2 study included 52
hormone receptor-positive/HER2-negative patients (18). The
combination of durvalumab, olaparib, and chemotherapy was
promising for hormone receptor-positive breast cancer patients
at high risk of MammaPrint, with a pCR of 28% compared with
14% in the chemotherapy-alone group (18). The phase II
CheckMate7A8 (NCT04075604) (67) and phase III
CheckMate7FL (NCT04109066) (68) about nivolumab
combined with endocrine therapy in the neoadjuvant setting of
hormone receptor-positive/HER2-negative breast cancer are
enrolling. However, the addition of pembrolizumab to eribulin
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for metastatic hormone receptor-positive breast cancer patients
who pretreated with 0 to 2 lines of salvage chemotherapy did not
improve ORR, PFS, or OS (immature) compared with eribulin
alone (69). Cyclin-dependent kinase (CDK) 4 and 6 inhibitors
were demonstrated to be capable of increase levels of tumor-
infiltrating T cells and yield synergic antitumor efficacy with anti-
PD-1/L1 inhibitors in preclinical studies (70, 71). A phase Ib trial
assessed the safety and antitumor activity of pembrolizumab plus
abemaciclib in endocrine-resistant hormone receptor-positive/
HER2-negative patients who were pretreated with 1 or 2
chemotherapy regimens for metastatic disease (72). The results
showed that the ORR and DCR was 29% and 82%, respectively.
Median PFS reached 8.9 months, and OS reached 26.3 months.
Safety was generally tolerable and consistent with known side
effects of individual drug.
5 PREDICTIVE BIOMARKERS
OF EFFICACY

Current studies suggested that not all patients were sensitive to
immunotherapy or immune combination therapy. Therefore, it
is essential to explore biomarkers predictive of efficacy to screen
beneficiary populations and avoid blind application of expensive
but minimally effective agents. Some studies have shed some
light on us about selecting sensitive subpopulation.

In SAFIR02-BREAST IMMUNO study, exploratory analyses
identified CD274 gene (encodes the CD274 molecule namely
PD-L1) amplification as a potential biomarker of sensitivity to
durvalumab (19); however, tumor infiltration lymphocytes
(CD8, FoxP3, and CD103) and homologous recombination
deficiency did not predict that (19). Exploratory efficacy
analyses in IMpassion130 suggested that PD-L1 expressed on
tumor-infiltrating immune cells is the most powerful biomarker
for predicting survival benefits of immunotherapeutic regimen
for patients with untreated advanced or metastatic TNBC (73).
In the study by Schmid et al., AKT inhibitor plus atezolizumab
and chemotherapy benefited TNBC patients irrespective of PD-
L1 status and PIK3CA/AKT1/PTEN alteration status (74).
Tolaney et al. found that PD-L1 detected by PD-L1 22C3 assay
did not predict the efficacy of pembrolizumab in combination
with eribulin in hormone receptor-positive patients (69).
Notably, PD-L1 detection approaches differ in studies because
of the differences in assays and interpretation standards, which
leads to inconsistent PD-L1 prevalence. For example, the post-
hoc analysis of IMpassion130 found that the PD-L1-positive
percentage was 46% for SP142 assay, 81% for 22C3 assay, and
75% for SP263 assay (75). Standardization of detection assays is
another challenge of precisely guiding the prescription of
immunotherapy. Studies have shown that high tumor mutation
burden (TMB) can predict the efficacy of breast cancer
immunotherapy (76, 77), but there is no uniform standard for
TMB threshold. Although there are some discoveries in
biomarker exploration currently, and PD-L1 is recognized, it is
still insufficient for tumor microenvironment and biomarker
research. Future studies that identify biomarker-defined
Frontiers in Oncology | www.frontiersin.org 6
subgroups are needed to select breast cancer patients that
could significantly benefit from immunotherapy.
6 CONCLUSIONS AND EXPECTATIONS

Immunotherapy has developed rapidly in the field of breast cancer,
especially in the exploration of TNBC treatment. Immune
combination therapy including immunotherapy combined with
chemotherapy, targeted therapy, or immune agonists has shown
good efficacy and tolerable safety, which is superior to ICI
monotherapy. However, there is no consensus on the difference
between PD-1/L1 antibodies, optimal partners for combined
treatments, the effect of dosing sequence on efficacy, and how
long immunotherapy should be administered. The identification
of predictive biomarkers of efficacy requires further exploration.
Although a correlation between PD-L1 expression level and efficacy
has been illustrated in multiple studies, some studies observed that
PD-L1-negative patients could also benefit from immunotherapy.
There are considerable variations between subtypes (triple-negative
vs. other subtypes) and disease settings (early-stage vs. advanced-
stage). Overall, the earlier stage immunotherapy is dosed, the higher
the response rate. In addition, studies on immunotherapy combined
with radiotherapy or local ablation therapy are ongoing.
Immunotherapy is promising in the treatment of various types of
breast cancer.
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25. Miles D, Gligorov J, André F, Cameron D, Schneeweiss A, Barrios C, et al.
Primary Results From IMpassion131, a Double-Blind, Placebo-Controlled,
Randomised Phase III Trial of First-Line Paclitaxel With or Without
Atezolizumab for Unresectable Locally Advanced/Metastatic Triple-
Negative Breast Cancer. Ann Oncol (2021) 32:994–1004. doi: 10.1016/
j.annonc.2021.05.801

26. Cortes J, Cescon DW, Rugo HS, Nowecki Z, Im SA, Yusof MM, et al.
Pembrolizumab Plus Chemotherapy Versus Placebo Plus Chemotherapy for
Previously Untreated Locally Recurrent Inoperable or Metastatic Triple-
Negative Breast Cancer (KEYNOTE-355): A Randomised, Placebo-
Controlled, Double-Blind, Phase 3 Clinical Trial. Lancet (London England)
(2020) 396:1817–28. doi: 10.1016/S0140-6736(20)32531-9

27. Rugo JC HS, Cescon DW, Im S, Md Yusof M, Gallardo C, Lipatov O, et al.
LBA16 - KEYNOTE-355: Final Results From a Randomized, Double-Blind
Phase III Study of First-Line Pembrolizumab + Chemotherapy vs Placebo +
Chemotherapy for Metastatic TNBC. Ann Oncol (2021) 32(suppl_5):S1289–
90. doi: 10.1016/j.annonc.2021.08.2089

28. Jiang N, Dai Q, Su X, Fu J, Feng X, Peng J. Role of PI3K/AKT Pathway in
Cancer: The Framework of Malignant Behavior.Mol Biol Rep (2020) 47:4587–
629. doi: 10.1007/s11033-020-05435-1

29. Peng W, Chen JQ, Liu C, Malu S, Creasy C, Tetzlaff MT, et al. Loss of PTEN
Promotes Resistance to T Cell-Mediated Immunotherapy. Cancer Discov
(2016) 6:202–16. doi: 10.1158/2159-8290.CD-15-0283

30. Schmid P, Savas P, Espinosa E, Boni V, Italiano A, White S, et al. Abstract
PS12-28: Phase 1b Study Evaluating a Triplet Combination of Ipatasertib
(IPAT), Atezolizumab, and a Taxane as First-Line Therapy for Locally
Advanced/Metastatic Triple-Negative Breast Cancer (TNBC). Cancer Res
(2021) 81(suppl_4):PS12–28. doi: 10.1158/1538-7445.SABCS20-PS12-28

31. Guo F, Cui J. Anti-Angiogenesis: Opening a New Window for
Immunotherapy. Life Sci (2020) 258:118163. doi: 10.1016/j.lfs.2020.118163

32. Ozaki Y, Mukohara T, Tsurutani J, Takahashi M, Matsumoto K, Futamura M,
et al. Abstract PD1-03: A Multicenter Phase II Study Evaluating the Efficacy of
Nivolumab Plus Paclitaxel Plus Bevacizumab Triple-Combination Therapy as
a First-Line Treatment in Patients With HER2-Negative Metastatic Breast
Cancer: WJOG9917B NEWBEAT Trial. Cancer Res (2020) 80:PD1–03.
doi: 10.1158/1538-7445.SABCS19-PD1-03

33. Liu J, Jiang Z, Li Q, Li Y, Liu Q, Song E. Efficacy and Safety of Anti-PD-1
Antibody SHR-1210 Combined With Apatinib in Patients With Advanced
January 2022 | Volume 11 | Article 724424

https://doi.org/10.1126/science.aar4060
https://doi.org/10.1016/j.lfs.2019.117009
https://doi.org/10.1007/s10549-020-05954-2
https://doi.org/10.1007/s10549-020-05954-2
https://bit.ly/2RItKSl
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-atezolizumab-pd-l1-positive-unresectable-locally-advanced-or-metastatic-triple-negative
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-atezolizumab-pd-l1-positive-unresectable-locally-advanced-or-metastatic-triple-negative
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-atezolizumab-pd-l1-positive-unresectable-locally-advanced-or-metastatic-triple-negative
https://doi.org/10.1093/annonc/mds187
https://doi.org/10.1634/theoncologist.2011-S1-01
https://doi.org/10.1038/nrclinonc.2016.66
https://doi.org/10.1158/1078-0432.CCR-07-4756
https://doi.org/10.1200/JCO.2011.41.0902
https://doi.org/10.1200/JCO.2011.41.0902
https://doi.org/10.1186/bcr3148
https://doi.org/10.1200/JCO.2013.55.0491
https://doi.org/10.1158/2326-6066.CIR-13-0127
https://doi.org/10.1056/NEJMoa1910549
https://doi.org/10.1158/1538-7445.SABCS19-GS3-04
https://doi.org/10.1016/S0140-6736(20)31953-X
https://doi.org/10.1093/annonc/mdz158
https://doi.org/10.1158/1538-7445.AM2020-CT011
https://doi.org/10.1158/1538-7445.AM2020-CT011
https://doi.org/10.1038/s41591-020-01189-2
https://doi.org/10.1093/annonc/mdy518
https://doi.org/10.1093/annonc/mdy518
https://doi.org/10.1001/jamaoncol.2018.4224
https://doi.org/10.1016/j.immuni.2015.11.024
https://doi.org/10.1016/S1470-2045(19)30689-8
https://doi.org/10.1056/NEJMoa1809615
https://doi.org/10.1016/j.annonc.2021.05.801
https://doi.org/10.1016/j.annonc.2021.05.801
https://doi.org/10.1016/S0140-6736(20)32531-9
https://doi.org/10.1016/j.annonc.2021.08.2089
https://doi.org/10.1007/s11033-020-05435-1
https://doi.org/10.1158/2159-8290.CD-15-0283
https://doi.org/10.1158/1538-7445.SABCS20-PS12-28
https://doi.org/10.1016/j.lfs.2020.118163
https://doi.org/10.1158/1538-7445.SABCS19-PD1-03
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. Anti-PD-1/L1 Therapy in Breast Cancer
Triple-Negative Breast Cancer. J Clin Oncol (2019) 37:1066. doi: 10.1200/
JCO.2019.37.15_suppl.1066

34. Ebert PJR, Cheung J, Yang Y, McNamara E, Hong R, Moskalenko M, et al.
MAP Kinase Inhibition Promotes T Cell and Anti-Tumor Activity in
Combination With PD-L1 Checkpoint Blockade. Immunity (2016) 44:609–
21. doi: 10.1016/j.immuni.2016.01.024

35. Brufsky A, Miles D, Zvirbule Z, Eniu A, Lopez-Miranda E, Seo J, et al. Abstract
P5-21-01: Cobimetinib Combined With Paclitaxel as First-Line Treatment for
Patients With Advanced Triple-Negative Breast Cancer (COLET Study):
Primary Analysis of Cohort I. Cancer Res (2018) 78:P5–21-01. doi: 10.1158/
1538-7445.SABCS17-P5-21-01

36. Brufsky A, Kim SB, Zvirbule Z, Dirix LY, Eniu AE, Carabantes F, et al. Phase II
COLET Study: Atezolizumab (A) + Cobimetinib (C) + Paclitaxel (P)/nab-
Paclitaxel (Np) as First-Line (1L) Treatment (Tx) for Patients (Pts) With
Locally Advanced or Metastatic Triple-Negative Breast Cancer (mTNBC).
J Clin Oncol (2019) 37(Supplement 15):1013. doi: 10.1200/JCO.2019.37.
15_suppl.1013

37. Nanda R, Chow LQ, Dees EC, Berger R, Gupta S, Geva R, et al.
Pembrolizumab in Patients With Advanced Triple-Negative Breast Cancer:
Phase Ib KEYNOTE-012 Study. J Clin Oncol (2016) 34:2460–7. doi: 10.1200/
JCO.2015.64.8931

38. Nanda R, Specht J, Dees C, Berger R, Gupta S, Geva R, et al. Abstract P6-10-03:
KEYNOTE-012: Long-Lasting Responses in a Phase Ib Study of Pembrolizumab
for Metastatic Triple-Negative Breast Cancer (mTNBC). Cancer Res (2017) 77:
P6–10-03-P6-10-03. doi: 10.1158/1538-7445.SABCS16-P6-10-03

39. Adams S, Schmid P, Rugo HS, Winer EP, Loirat D, Awada A, et al.
Pembrolizumab Monotherapy for Previously Treated Metastatic Triple-
Negative Breast Cancer: Cohort A of the Phase II KEYNOTE-086 Study.
Ann Oncol (2019) 30:397–404. doi: 10.1093/annonc/mdy517

40. Winer EP, Lipatov O, Im SA, Goncalves A, Muñoz-Couselo E, Lee KS, et al.
Pembrolizumab Versus Investigator-Choice Chemotherapy for Metastatic
Triple-Negative Breast Cancer (KEYNOTE-119): A Randomised, Open-
Label, Phase 3 Trial. Lancet Oncol (2021) 22:499–511. doi: 10.1016/S1470-
2045(20)30754-3

41. Dirix LY, Takacs I, Jerusalem G, Nikolinakos P, Arkenau HT, Forero-Torres
A, et al. Avelumab, an Anti-PD-L1 Antibody, in Patients With Locally
Advanced or Metastatic Breast Cancer: A Phase 1b JAVELIN Solid Tumor
Study. Breast Cancer Res Treat (2018) 167:671–86. doi: 10.1007/s10549-017-
4537-5

42. Kok M, Voorwerk L, Horlings H, Sikorska K, Vijver KVD, Slagter M, et al.
Adaptive Phase II Randomized Trial of Nivolumab After Induction
Treatment in Triple Negative Breast Cancer (TONIC Trial): Final Response
Data Stage I and First Translational Data. J Clin Oncol (2018) 36:1012.
doi: 10.1200/JCO.2018.36.15_suppl.1012

43. Jiao S, Xia W, Yamaguchi H, Wei Y, Chen MK, Hsu JM, et al. PARP Inhibitor
Upregulates PD-L1 Expression and Enhances Cancer-Associated
Immunosuppression. Clin Cancer Res: an Off J Am Assoc Cancer Res (2017)
23:3711–20. doi: 10.1158/1078-0432.CCR-16-3215

44. Vinayak S, Tolaney SM, Schwartzberg L, Mita M, McCann G, Tan AR, et al.
Open-Label Clinical Trial of Niraparib Combined With Pembrolizumab for
Treatment of Advanced or Metastatic Triple-Negative Breast Cancer. JAMA
Oncol (2019) 5(8):1132–40. doi: 10.1001/jamaoncol.2019.1029

45. Domchek SM, Postel-Vinay S, Im S-A, Park YH, Delord J-P, Italiano A, et al.
Olaparib and Durvalumab in Patients With Germline BRCA-Mutated
Metastatic Breast Cancer (MEDIOLA): An Open-Label, Multicentre, Phase
1/2, Basket Study. Lancet Oncol (2020) 21:1155–64. doi: 10.1016/S1470-2045
(20)30324-7

46. Fraser K, Ottoson N, Qiu X, Chan ASH, Jonas A, Kangas T, et al. Imprime
PGG, an Innate Immunomodulator for Cancer Immunotherapy has the
Potential to Modulate Macrophages in the Tumor and the Spleen to an
Anti-Tumor M1-Like Phenotype. J ImmunoTher Cancer (2015) 3:P404.
doi: 10.1186/2051-1426-3-S2-P404

47. Leonardo SM, Gorden K, Fulton R, Wurst L. Abstract 5034: Imprime PGG
Decreases Regulatory T Cell Suppression and Enhances T Cell Proliferation
and Differentiation Revealing Additional Mechanisms for Its Anti-Tumor
Activity. Cancer Res (2015) 75:5034–. doi: 10.1158/1538-7445.AM2015-5034

48. Danielson M, Chan A, Ottoson N, Fulton R, Bose N, Graff J. Imprime PGG, a
Yeast b-glucan PAMP, induces a Unique Cytokine Profile and Enhances
Frontiers in Oncology | www.frontiersin.org 8
Immune Checkpoint Inhibitor Therapy. Eur J Cancer (2016) 69:S106.
doi: 10.1016/s0959-8049(16)32914-8

49. O’Day SJ, Borges VF, Chmielowski B, Rao RD, Abu-Khalaf M, Stopeck A,
et al. Abstract CT073: IMPRIME 1 (NCT02981303): A Novel Phase 2 Study in
Second-Line +, Metastatic Triple Negative Breast Cancer Patients Shows
Promising Clinical Benefit for the Combination of the Immune Checkpoint
Inhibitor, Pembrolizumab (Pembro), With the Novel Innate Immune
Activator, Imprime PGG. Cancer Res (2020) 80:CT073–CT. doi: 10.1158/
1538-7445.AM2020-CT073

50. Pusztai L, Barlow W, Ganz P, Henry N, White J, Jagsi R, et al. Abstract OT1-
02-04: SWOG S1418/NRG -BR006: A Randomized, Phase III Trial to Evaluate
the Efficacy and Safety of MK-3475 as Adjuvant Therapy for Triple Receptor-
Negative Breast Cancer With > 1 Cm Residual Invasive Cancer or Positive
Lymph Nodes (>pN1mic) After Neoadjuvant Chemotherapy. Cancer Res
(2018) 78:OT1-02-4-OT1-4. doi: 10.1158/15387445.SABCS17-OT1-02-04

51. McArthur HL, Ignatiadis M, Guillaume S, Bailey A, Martinez JL, Brandao M,
et al. ALEXANDRA/IMpassion030: A Phase III Study of Standard Adjuvant
ChemotherapyWith or Without Atezolizumab in Early-Stage Triple-Negative
Breast Cancer. J Clin Oncol (2019) 37:TPS598–TPS. doi: 10.1200/
JCO.2019.37.15-suppl.TPS598

52. Jiang YZ, Ma D, Suo C, Shi J, Xue M, Hu X, et al. Genomic and
Transcriptomic Landscape of Triple-Negative Breast Cancers: Subtypes and
Treatment Strategies. Cancer Cell (2019) 35:428–40.e5. doi: 10.1016/
j.ccell.2019.02.001

53. Salgado R, Denkert C, Campbell C, Savas P, Nuciforo P, Aura C, et al. Tumor-
Infiltrating Lymphocytes and Associations With Pathological Complete
Response and Event-Free Survival in HER2-Positive Early-Stage Breast
Cancer Treated With Lapatinib and Trastuzumab: A Secondary Analysis of
the NeoALTTO Trial. JAMA Oncol (2015) 1:448–54. doi: 10.1001/
jamaoncol.2015.0830

54. Ali HR, Provenzano E, Dawson SJ, Blows FM, Liu B, ShahM, et al. Association
Between CD8+ T-Cell Infiltration and Breast Cancer Survival in 12,439
Patients. Ann Oncol (2014) 25:1536–43. doi: 10.1093/annonc/mdu191

55. Denkert C, Loibl S, Noske A, Roller M, Müller BM, Komor M, et al. Tumor-
Associated Lymphocytes as an Independent Predictor of Response to
Neoadjuvant Chemotherapy in Breast Cancer. J Clin Oncol (2010) 28:105–
13. doi: 10.1200/JCO.2009.23.7370

56. Denkert C, von Minckwitz G, Brase JC, Sinn BV, Gade S, Kronenwett R, et al.
Tumor-Infiltrating Lymphocytes and Response to Neoadjuvant
Chemotherapy With or Without Carboplatin in Human Epidermal Growth
Factor Receptor 2-Positive and Triple-Negative Primary Breast Cancers. J Clin
Oncol (2015) 33:983–91. doi: 10.1200/JCO.2014.58.1967

57. Savas P, Salgado R, Denkert C, Sotiriou C, Darcy PK, Smyth MJ, et al. Clinical
Relevance of Host Immunity in Breast Cancer: From TILs to the Clinic. Nat
Rev Clin Oncol (2016) 13:228–41. doi: 10.1038/nrclinonc.2015.215

58. Corraliza-Gorjón I, Somovilla-Crespo B, Santamaria S, Garcia-Sanz JA,
Kremer L. New Strategies Using Antibody Combinations to Increase
Cancer Treatment Effectiveness. Front Immunol (2017) 8:1804.
doi: 10.3389/fimmu.2017.01804

59. Stagg J, Loi S, Divisekera U, Ngiow SF, Duret H, Yagita H, et al. Anti-ErbB-2
mAb Therapy Requires Type I and II Interferons and Synergizes With Anti-
PD-1 or Anti-CD137 mAb Therapy. Proc Natl Acad Sci U S A (2011)
108:7142–7. doi: 10.1073/pnas.1016569108

60. Loi S, Giobbie-Hurder A, Gombos A, Bachelot T, Hui R, Curigliano G, et al.
Pembrolizumab Plus Trastuzumab in Trastuzumab-Resistant, Advanced,
HER2-Positive Breast Cancer (PANACEA): A Single-Arm, Multicentre,
Phase 1b-2 Trial. Lancet Oncol (2019) 20:371–82. doi: 10.1016/S1470-2045
(18)30812-X

61. Chia S, Bedard PL, Hilton J, Amir E, Gelmon K, Goodwin R, et al. A Phase Ib
Trial of Durvalumab in Combination With Trastuzumab in HER2-Positive
Metastatic Breast Cancer (CCTG IND 229). The Oncologist (2019) 24:1439–
45. doi: 10.1634/theoncologist.2019-0321

62. Waks AG, Keenan T, Li T, Tayob N, Wulf GM, Richardson ET, et al. A Phase
Ib Study of Pembrolizumab (Pembro) Plus Trastuzumab Emtansine (T-DM1)
for Metastatic HER2+ Breast Cancer (MBC). J Clin Oncol (2020) 38:1046.
doi: 10.1200/JCO.2020.38.15_suppl.1046

63. Emens LA, Esteva FJ, Beresford M, Saura C, De Laurentiis M, Kim SB, et al.
Trastuzumab Emtansine Plus Atezolizumab Versus Trastuzumab Emtansine
January 2022 | Volume 11 | Article 724424

https://doi.org/10.1200/JCO.2019.37.15_suppl.1066
https://doi.org/10.1200/JCO.2019.37.15_suppl.1066
https://doi.org/10.1016/j.immuni.2016.01.024
https://doi.org/10.1158/1538-7445.SABCS17-P5-21-01
https://doi.org/10.1158/1538-7445.SABCS17-P5-21-01
https://doi.org/10.1200/JCO.2019.37.15_suppl.1013
https://doi.org/10.1200/JCO.2019.37.15_suppl.1013
https://doi.org/10.1200/JCO.2015.64.8931
https://doi.org/10.1200/JCO.2015.64.8931
https://doi.org/10.1158/1538-7445.SABCS16-P6-10-03
https://doi.org/10.1093/annonc/mdy517
https://doi.org/10.1016/S1470-2045(20)30754-3
https://doi.org/10.1016/S1470-2045(20)30754-3
https://doi.org/10.1007/s10549-017-4537-5
https://doi.org/10.1007/s10549-017-4537-5
https://doi.org/10.1200/JCO.2018.36.15_suppl.1012
https://doi.org/10.1158/1078-0432.CCR-16-3215
https://doi.org/10.1001/jamaoncol.2019.1029
https://doi.org/10.1016/S1470-2045(20)30324-7
https://doi.org/10.1016/S1470-2045(20)30324-7
https://doi.org/10.1186/2051-1426-3-S2-P404
https://doi.org/10.1158/1538-7445.AM2015-5034
https://doi.org/10.1016/s0959-8049(16)32914-8
https://doi.org/10.1158/1538-7445.AM2020-CT073
https://doi.org/10.1158/1538-7445.AM2020-CT073
https://doi.org/10.1158/15387445.SABCS17-OT1-02-04
https://doi.org/10.1200/JCO.2019.37.15-suppl.TPS598
https://doi.org/10.1200/JCO.2019.37.15-suppl.TPS598
https://doi.org/10.1016/j.ccell.2019.02.001
https://doi.org/10.1016/j.ccell.2019.02.001
https://doi.org/10.1001/jamaoncol.2015.0830
https://doi.org/10.1001/jamaoncol.2015.0830
https://doi.org/10.1093/annonc/mdu191
https://doi.org/10.1200/JCO.2009.23.7370
https://doi.org/10.1200/JCO.2014.58.1967
https://doi.org/10.1038/nrclinonc.2015.215
https://doi.org/10.3389/fimmu.2017.01804
https://doi.org/10.1073/pnas.1016569108
https://doi.org/10.1016/S1470-2045(18)30812-X
https://doi.org/10.1016/S1470-2045(18)30812-X
https://doi.org/10.1634/theoncologist.2019-0321
https://doi.org/10.1200/JCO.2020.38.15_suppl.1046
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. Anti-PD-1/L1 Therapy in Breast Cancer
Plus Placebo in Previously Treated, HER2-Positive Advanced Breast Cancer
(KATE2): A Phase 2, Multicentre, Randomised, Double-Blind Trial. Lancet
Oncol (2020) 21:1283–95. doi: 10.1016/S1470-2045(20)30465-4

64. Denkert C, von Minckwitz G, Darb-Esfahani S, Lederer B, Heppner BI, Weber
KE, et al. Tumour-Infiltrating Lymphocytes and Prognosis in Different
Subtypes of Breast Cancer: A Pooled Analysis of 3771 Patients Treated
With Neoadjuvant Therapy. Lancet Oncol (2018) 19:40–50. doi: 10.1016/
S1470-2045(17)30904-X

65. Luen S, Virassamy B, Savas P, Salgado R, Loi S. The Genomic Landscape of
Breast Cancer and Its Interaction With Host Immunity. Breast (Edinburgh
Scotland) (2016) 29:241–50. doi: 10.1016/j.breast.2016.07.015

66. Rugo HS, Delord JP, Im SA, Ott PA, Piha-Paul SA, Bedard PL, et al. Safety and
Antitumor Activity of Pembrolizumab in Patients With Estrogen Receptor-
Positive/Human Epidermal Growth Factor Receptor 2-Negative Advanced
Breast Cancer. Clin Cancer Res (2018) 24:2804–11. doi: 10.1158/1078-
0432.CCR-17-3452

67. Tolaney SM, Jerusalem G, Salgado R, Liu X, Chen T, Zhang H, et al. 133tip A
Phase II Trial of Nivolumab + Palbociclib + Anastrozole in Postmenopausal
Women With ER+/HER2– Primary Breast Cancer: CheckMate 7a8. Ann
Oncol (2020) 31:S60. doi: 10.1016/j.annonc.2020.03.235

68. Curigliano G, McArthur H, Harbeck N, Pusztai L, Delaloge S, Letrent K, et al.
134tip A Phase III Trial of Nivolumab With Neoadjuvant Chemotherapy and
Adjuvant Endocrine Therapy in ER+/HER2– Primary Breast Cancer:
CheckMate 7fl. Ann Oncol (2020) 31:S60–S1. doi: 10.1016/j.annonc.2020.03.236

69. Tolaney SM, Barroso-Sousa R, Keenan T, Li T, Trippa L, Vaz-Luis I, et al.
Effect of Eribulin With or Without Pembrolizumab on Progression-Free
Survival for Patients With Hormone Receptor-Positive, ERBB2-Negative
Metastatic Breast Cancer: A Randomized Clinical Trial. JAMA Oncol (2020)
6:1598–605. doi: 10.1001/jamaoncol.2020.3524

70. Deng J, Wang ES, Jenkins RW, Li S, Dries R, Yates K, et al. CDK4/6 Inhibition
Augments Antitumor Immunity by Enhancing T-Cell Activation. Cancer
Discov (2018) 8:216–33. doi: 10.1158/2159-8290.CD-17-0915

71. Schaer DA, Beckmann RP, Dempsey JA, Huber L, Forest A, Amaladas N, et al.
The CDK4/6 Inhibitor Abemaciclib Induces a T Cell Inflamed Tumor
Microenvironment and Enhances the Efficacy of PD-L1 Checkpoint
Blockade. Cell Rep (2018) 22:2978–94. doi: 10.1016/j.celrep.2018.02.053

72. Rugo HS, Kabos P, Beck JT, Chisamore MJ, Hossain A, Chen Y, et al. A Phase
Ib Study of Abemaciclib in Combination With Pembrolizumab for Patients
With Hormone Receptor Positive (HR+), Human Epidermal Growth Factor
Receptor 2 Negative (HER2-) Locally Advanced or Metastatic Breast Cancer
(MBC)(NCT02779751): Interim Results. J Clin Oncol (2020) 38:1051.
doi: 10.1158/1538-7445.AM2020-CT108
Frontiers in Oncology | www.frontiersin.org 9
73. Emens L, Loi S, Rugo H, Schneeweiss A, Diéras V, Iwata H, et al. Abstract
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