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Abstract
Immunology and immunotherapy of cancer is an expanding field in oncology, with recent great achievements obtained 
through the new successful approaches implemented to circumvent immune evasion, which is undoubtedly considered a novel 
hallmark of cancer. Translational research in this topic has revealed targets that can be modulated in the clinical setting with 
new compounds and strategies. Like most of the tumors, breast cancer is considered a complex and heterogeneous disease in 
which host immune responses have been also recently demonstrated of critical relevance. T infiltrating lymphocyte measure-
ment is suggested as a powerful new tool necessary to predict early breast cancer evolution, especially for the her2-positive 
and triple-negative subtypes. Other biomarkers in tissue and peripheral blood are under intense scrutiny to ascertain their 
eventual role as prognostic and/or predictive factors. This background has fueled the interest in developing clinical research 
strategies to test activity of modern immunotherapy in breast cancer, which constitutes the main focus of this review.
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Introduction

It is well recognized that breast cancer (BC) is such a het-
erogeneous disease with different molecular subtypes that 
translate into different biological behaviors and aggressive-
ness, explaining the diverse clinical evolutions observed in 
patients. Beyond classification into different histologic and 
molecular subtypes (luminal A/B, her2 and triple negative), 
in the last few years, new diagnostic approaches have enriched 
and improved our knowledge of this disease. In this sense, 
study of the BC microenvironment, especially with respect 

to its immune components, may proportionate relevant prog-
nostic and even predictive information that could eventually 
guide therapeutic decisions. Moreover, in the era of modern 
immunotherapy with immune checkpoint blockers (ICB), a 
plethora of clinical trials have been conducted or planned and 
first data have already been communicated, showing some 
degree of activity, especially in certain subpopulations. In this 
work, we try to summarize an updated review of the ongoing 
clinical research with immunotherapy in BC.

Rationale for immunotherapy in BC: TILs 
and PD‑L1

Cancer immune edition has been revealed as a major hall-
mark of cancer. As tumors evolve, their specific stroma turns 
into a microenvironment with an overwhelming density of 
immunosuppressive cells such as regulatory T cells (Treg), 
tumor-associated macrophages (TAMs), myeloid-derived 
suppressor cells (MDSC) and T cells of Th-2 type response, 
among others [1, 2].

In BC, T infiltrating lymphocytes (TILs) as a whole 
(helper T cells, cytotoxic T cells, Treg) nowadays repre-
sent a putative prognostic and predictive biomarker [3, 4]. 
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Recently, the International TIL Working Group proposed a 
standardized methodology to measure TILs in BC through 
visual assessment on hematoxylin and eosin sections [5]. 
Main conclusions of this consensus were that full sections 
are preferred over biopsies (although core biopsies were 
acceptable in the neoadjuvant setting), and TILs should be 
measured as a continuous variable as a percentage. Besides, 
stromal compartment is at the moment the location where 
TILs may proportionate more valuable information from 
a clinical point of view. Although there is no formal rec-
ommendation for a clinical relevant threshold yet, the TIL 
Working Group describes the term lymphocyte predominant 
breast cancer (LPBC) for tumors that harbor a very high 
immune infiltrate (> 50–60% of TILs). These LPBC tumors 
may represent from 13 to 30% of BC overall and there 
are differences depending on the specific subtypes, being 
more frequent in triple-negative breast cancer (TNBC) and 
her2+ subpopulations [6].

Association between pathologic complete response (pCR) 
upon neoadjuvant treatment and presence of TILs has been 
described in several studies [7–9]. This is quite relevant in 
daily practice as it may represent a new robust and reproducible 
predictive factor. One of the latest works in this scenario was 
conducted by the German Breast Cancer Group (GBG) which 
studied 3771 patients treated with different neoadjuvant chem-
otherapy schedules in the context of the GeparDuo, Gepartrio, 
GeparQuattro, GeparQuinto, GeparSixto and GeparSepto tri-
als [6]. BC specimens were quantified on H&E sections of 
core biopsies following the TIL Working Group guidelines. 
All BC molecular subtypes were represented, her2+ , lumi-
nal B her2− and TNBC (38, 37 and 25%, respectively), and 
three predetermined subgroups with respect to TILs density 
were considered: high TILs-LPBC (60–100%), intermediate 
TILs (11–59%) and low TILs (0–10%). The so-called LPBC 
cases were more frequent in the TNBC and her2+ subtypes 
(30 and 19%, respectively). Increased concentration of TILs 
was a predictor of response, since pCR was achieved in 20% 
of tumors with low TILs, 27% of tumors with intermediate 
TILs, and 44% of tumors with high TILs, with statistically 
significant differences (p 0.0001) and confirming the findings 
of previous studies. This GBG project also evaluated TILs as a 
prognostic factor, and disease-free survival (DFS) and overall 
survival (OS) of 2570 patients were retrieved. With a median 
follow-up for OS and DFS of 62.8 months and 63.3 months, 
respectively, increased TIL concentration assessed as a con-
tinuous variable was related to longer DFS and OS in TNBC 
and longer DFS but with no impact in OS in her2+ patients. 
In the case of luminal B her2− patients, TIL concentration 
was not associated with DFS, and, surprisingly, a low TIL 
concentration was significantly associated with longer OS than 
was a high TIL concentration, showing opposite results with 
respect to the TNBC and her2+ populations [6]. Explanations 
to these results are yet to be elucidated.

TIL value as a prognostic factor has been assessed in mul-
tiple other studies although most of them are retrospective in 
nature [10–12]. Through these works, it can be inferred that 
stromal TILs represent a reliable prognostic factor in TNBC for 
DFS and OS. The above may also hold true for her2+ patients, 
although data are less robust. Interestingly, when TILs are 
dissected into their different subtypes and CD8+ T cells are 
specifically analyzed, a higher density of these cytotoxic cells 
in the stroma correlates with better long-term BC-specific sur-
vival in the TNBC population. In the case of FOXP3+ Tregs, 
these immunosuppressive cells hinder an effective activity of 
cytotoxic T cells, and thus the CD8+ T cells/FOXP3+ Tregs 
ratio could be another interesting parameter to be evaluated 
in this context [13, 14]. Some studies have revealed that a 
high scoring in the CD8+ T cells/FOXP3+ Tregs ratio pre-
dicts long-term relapse-free survival and OS and, therefore, it 
could represent another valuable prognostic tool in the coming 
future [13, 14].

In addition to TILs and their subtypes, other immune ele-
ments have been recently evaluated in BC. This is the case 
of the programmed death-ligand 1 (PD-L1), one of the two 
ligands described for the co-inhibitory molecule PD-1 which 
can be expressed on tumor and immune cells. The PD1/PD-L1 
axis is a major target for immunotherapy, and its modulation 
seems to be one of the main determinants for efficacy with the 
new immunomodulatory monoclonal antibodies [15, 16]. A 
recent study in 110 BC patients demonstrated PD-L1 positiv-
ity (> 1%) in 23.6% of the patients, being more frequent in 
the TNBC, luminal B and her2+ populations (42.9, 41.7 and 
29.4%, respectively) with respect to luminal A patients (9.3% 
of positivity to PD-L1) [17].

BC is considered a “cold” or non-immunogenic tumor. 
However, as previously mentioned, this is a quite heteroge-
neous disease in which TILs and PD-L1 (as surrogates of 
basal immunogenicity) can vary enormously from tumor to 
tumor. The great success achieved with immune checkpoint 
antibodies in different tumors, especially targeting inhibitory 
molecules, has also opened the door to a great research effort 
with immunotherapy in BC. Most of the clinical trials initi-
ated have tried to enrich populations limiting recruitment to 
specific subtypes (mainly TNBC) and/or PD-L1 positivity. In 
the following sections, we will describe the first clinical results 
obtained with these strategies in BC, and the trials currently 
ongoing that will shed light on the eventual role of immuno-
therapy in this disease.

First results with immunomodulatory agents 
as single therapy

Monoclonal antibodies (MAbs) against immune check-
point inhibitors have demonstrated clinical activity in 
several cancer types as single therapy. Therefore, also in 
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BC, a set of different clinical trials has been initiated for 
testing the efficacy and safety of these new compounds. In 
this section, we will try to analyze the main characteristics 
of them and the first results already reported (Table 1).

A phase IB multicohort study of pembrolizumab 
in subjects with advanced solid tumors 
(Keynote‑012) (NCT01848834)

Keynote-012 study was a phase Ib trial designed to evalu-
ate the safety and activity of the anti-PD-1 monoclonal 
antibody pembrolizumab [18] in a set of PD-L1-positive 
advanced tumors that included a cohort of TNBC patients. 
Although most of the 32 TNBC patients included were 
heavily pretreated [19, 20], treatment was deemed safe 
with low-grade 3–4 toxicities. Sixteen (62%) patients 
experienced a treatment-related AE of any grade, includ-
ing two (8%) with one or more events of grade 3. The 
most common treatment-related AEs of any grade included 
arthralgia (18.8%), fatigue (18.8%), myalgia (18.8%), and 
nausea (15.6%). Overall response rate (ORR) observed was 
18.5%, and median progression free survival (PFS) and 
overall survival (OS) were 1.9 months and 10.2 months, 
respectively. The disease control rate (DCR) that included 
stabilization of disease (SD) was 25.9% and three of the 
five responders were considered to have long-lasting ben-
efit from pembrolizumab.

To summarize, pembrolizumab may provide long-lasting 
responses in patients with mTNBC, with 22% of patients 
alive at 2 years in this study, thereby supporting its further 
development for heavily pretreated patients who have gen-
erally poor prognosis [20]. Keynote-012 is one of the first 
studies to offer proof of principle of activity for anti-PD1 

MAb as single therapy in populations of TNBC patients 
heavily pretreated.

Phase IB study of pembrolizumab in subjects 
with select advanced solid tumors (Keynote‑028) 
(NCT02054806)

A second phase 1 study that has communicated data is 
the Keynote-028 trial. This was a multicohort, open-label 
phase 1b study evaluating the safety and efficacy of pem-
brolizumab in patients with PD-L1-positive advanced solid 
tumors, including BC [21]. Twenty-five patients with ER +/
her2-negative BC and PD-L1-positivity were enrolled. 
Median age was 53 years (range 36–79). 76% of the BC 
patients have received ≥ 3 lines of therapy for advanced dis-
ease, including 44% who received ≥ 5 prior lines. After a 
median follow-up duration of 7.3 months, ORR was 14.0% 
and CBR was 23.0%. The three patients who responded to 
treatment had remained on study for ≥ 26 weeks at time of 
data cutoff. Median time to response was 8 weeks and, again, 
median DOR was not reached (range 8.7–44.3 weeks).

With respect to toxicity, serious AEs were reported in 
16% of the cases and main irAEs observed were autoim-
mune hepatitis, hyperthyroidism, hypothyroidism, and pneu-
monitis. No treatment-related discontinuations or deaths 
occurred.

The two aforementioned studies included patients 
from two different BC subtypes (TNBC and ER +/her2−) 
although both studies shared as a prerequisite that tumors 
should be PD-L1+ . Positivity for PD-L1 and TIL infiltration 
seems higher in TNBC subtypes. Whether these findings 
may translate into an improvement in clinical outcomes with 
anti-PD1 MAbs is a question yet to be resolved.

Table 1   First clinical results with monoclonal antibodies against immune checkpoint inhibitors in breast cancer as single therapy

BC breast cancer, ER estrogen receptor, ORR overall response rate, pos positivity, TNBC triple-negative breast cancer, n sample size, N/R not 
registered

Trial (reference) Phase n BC subtype Median age Immunotherapy PDL1 status 
(% pos)

ORR (%) Grade 3–4 
toxicity 
(%)

Keynote 012 (NCT01848834)
[18]

IB 32 TNBC 50.5 Pembrolizumab 58.6 18.5 15.6

Keynote-028 (NCT02054806)
[21]

IB 25 ER+
HER2-

53 Pembrolizumab 19 14 16

Keynote-086 (NCT02447003)
[22]

II 170 TNBC 54 Pembrolizumab 62 4.7 12

Keynote-086 (NCT02447003)
[23]

II 52 TNBC 53 Pembrolizumab 100 23.1 8

PCD4989 g trial (NCT01375842)
[25]

IA 112 TNBC 48 Atezolizumab 74 10 11

JAVELIN (NCT01943461)
[28]

IA 168 Mixed N/R Avelumab 63.2 4.8 13.7
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Phase 2 study of pembrolizumab monotherapy 
for previously treated metastatic triple‑negative 
breast cancer (mTNBC): cohort A Keynote‑086 
(NCT02447003)

The use of pembrolizumab as monotherapy in metastatic 
TNBC was further evaluated in a phase II, single-arm mul-
ticohort study (Keynote-086). Patients were divided into 
three cohorts depending on their clinical treatment setting 
and PD-L1 status: cohort A (previously treated patients 
and PD-L1 unselected), cohort B (no prior systemic anti-
cancer therapy and a tumor PD-L1 combined positive score 
[CPS] ≥ 1%) and cohort C. CPS evaluates PD-L1 expression 
on tumor and immune cells. Early data from cohort A [22] 
and B [23] have been reported, not for cohort C.

Keynote‑086 cohort A results

A total of 170 patients were enrolled in cohort A Keynote-086 
[22] which examined the efficacy and safety of pembrolizumab 
in previously treated patients with ≥ 1 prior chemotherapy for 
metastatic disease mTNBC, regardless of PD-L1 expression. Of 
170 patients enrolled with a median age of 54 years, 44% had 
received ≥ 3 prior lines of therapy, and 74% had visceral metas-
tasis. 62% of the patients had PD-L1+ tumors (CPS ≥ 1%). 
After a median follow-up of 10.9 months, 9 (5%) patients 
remained on pembrolizumab. Treatment-related adverse events 
of any grade and grade 3–4 occurred in 60 and 12% of patients, 
respectively; 4% discontinued due to AEs. ORR was 4.7%, and 
this was independent of PD-L1 expression although the unique 
complete responder had PD-L1-positive disease. One patient 
had a complete response to pembrolizumab monotherapy, seven 
patients (27%) had a reduction in target lesions (PRs) and 35 
patients had SD. The median duration of response and PFS 
was 6.3 months (range 1.2+  to 10.3+) and 2.0 months (95% CI 
1.9–2.0), respectively. Median overall survival was 8.9 months 
and at 9 months, 100% of responders were alive, as were 89.6% 
of stable patients, compared with 39.0% of patients failing to 
show a benefit. In subgroup analyses, ORR was improved in 
patients with a low tumor burden, normal LDH at baseline 
and non-visceral disease and it appeared regardless of PD-L1 
expression.

Keynote‑086 cohort B results

This cohort of the Keynote-086 trial [23] assessed the safety 
and antitumor activity of pembrolizumab as first-line therapy 
for patients with PD-L1-positive mTNBC. 79 of the first 137 
patients included with PD-L1-evaluable tumors (58%) had 
PD-L1 CPS ≥ 1%. Of the first 52 patients enrolled, median 
age was 53, 40% had elevated LDH, 69% had visceral 
metastases, and 87% received prior (neo)adjuvant therapy. 

After a median follow-up of 7.0 months (range 4.4–12.5), 
15 (29%) patients remained on pembrolizumab. Treatment-
related AEs occurred in 37 (71%) patients, most commonly 
fatigue (31%), nausea (15%), and diarrhea (13%). Four (8%) 
patients experienced five grade 3–4 treatment-related AEs. 
No patients died or discontinued pembrolizumab due to 
an AE. ORR was 23% (95% CI 14–36%) and best overall 
response was CR in 4%, PR in 19%, SD in 17% and PD 
in 58% of the patients. Median duration of response was 
8.4 months, with eight (67%) responses ongoing at cutoff in 
Nov 2016. Median PFS was 2.1 months and the estimated 
6-month PFS rate was 29%. These data from the first 52 
patients enrolled in Keynote-086 cohort B suggest that pem-
brolizumab monotherapy has a manageable safety profile 
and promising antitumor activity as first-line therapy for PD-
L1-positive mTNBC. Tumor shrinkage was more common 
in cohort B than in the previously treated cohort A [22] with 
any degree of PD-L1 status.

Beyond PD-L1, relationship between the ORR and stro-
mal TIL levels was analyzed in the cohorts A and B of the 
Keynote-086 trial. At this point, the ORR with pembroli-
zumab in patients with stromal TIL level above or below 
the median was, respectively, 6.4 versus 1.9% in cohort A 
and 39.1 versus 8.7% in cohort B. In addition, taking into 
account the combined cohorts, higher stromal TIL levels 
were associated with significantly improved ORR as a con-
tinuous variable. Therefore, as described in this substudy of 
the Keynote-086 trial, pembrolizumab response showed a 
significant relationship to stromal TIL levels [24].

A Phase I, open‑label, dose‑escalation study 
of the safety and pharmacokinetics of atezolizumab 
administered intravenously as a single agent 
to patients with locally advanced or metastatic solid 
tumors or hematologic malignancies (PCD4989 g 
trial) (NCT01375842)

The PCD4989 g trial studied the safety and activity of ate-
zolizumab in TNBC [25, 26]. This phase 1a trial had a dose 
escalation and an expansion cohort. The updated long-term 
clinical outcomes and biomarker analyses of a cohort of 115 
mTNBC patients from this study were reposted by Schmid 
and Colleagues at the AACR annual meeting 2017 [27]. Of 
the 112 patients evaluable for response, 93 had received at 
least two lines of prior therapy. Two-third of tumors had high 
levels of PD-L1 expression, defined as ≥ 5% positive immune-
infiltrating cells. The ORR was 10% overall and 13% in the 
group with PD-L1 positivity. ORR was 26% in patients who 
were treated in the first-line setting and 11% for the second-
line group. Disease control (including stabilization of disease) 
was achieved in 30% of patients overall and 58% of those 
treated in the first line. Among responders, median duration 
of response was 21.1 months. Median OS was 9.3 months 
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in all patients. The 1-year overall survival rate was 41% and 
the 2-year survival rate was 22%. Among responders, 1- and 
2-year survival rates were 100 vs 33 and 11%, respectively, 
for nonresponders. Exploratory analysis evaluated biomarkers 
and found that higher response rates seemed to be associated 
with higher levels of tumor-infiltrating lymphocytes (> 10% 
TIL), CD8+ T cells (> 1.35% intratumoral CD8+ TIL), and 
PD-L1 expression (but patients with lower PD-L1 expres-
sion also benefited from treatment with atezolizumab). Only 
11% of patients experienced treatment-related grade 3–4 side 
effects, which led to treatment discontinuation in only in the 
3% of the cases.

Avelumab for metastatic or locally advanced 
previously treated solid tumors (JAVELIN Solid 
Tumor): a phase 1a, multicohort, dose‑escalation 
trial (NCT01943461)

The fully human anti-PD-L1, IgG1 antibody avelumab was 
assessed as a single agent in 168 patients with unselected 
advanced or metastatic BC in the open-label, dose-escala-
tion JAVELIN phase I trial [28]. The BC subtype distribu-
tion included approximately 43% ER+/PR+/her2− , 35% 
TNBC, and 16% her2+ tumors. The ORR in this unselected 
population was quite modest (4.8%) with subgroup analyses 
demonstrating a higher RR in patients with TNBC (ORR 
8.6%). In this study, PD-L1 expression was not related to 
the efficacy of the treatment. With respect to toxicity, ave-
lumab demonstrated an acceptable safety profile with few 
cases (17%) of grade 3–4 events: autoimmune disorder 
(5.6%), increased blood creatine phosphokinase (3.7%), and 
increased aspartate aminotransferase (3.7%).

First results in clinical trials with MAbs 
against immune checkpoints inhibitors 
in the context of combinations

The favorable safety profile of the immune checkpoint block-
ers (ICB) and the eventual synergism that could be elicited 
with other active therapies against BC gave pace to numer-
ous studies exploring different combinations. In the follow-
ing lines, we revise some initial results reported of clinical 
trials with this approach in mind.

A phase Ib study of the safety and pharmacology 
of atezolizumab administered with bevacizumab 
and/or with chemotherapy (nab‑paclitaxel) 
in patients with advanced solid tumors 
(NCT01633970)

The MAb anti-VEGF bevacizumab has shown to inhibit the 
infiltration of immune-suppressive cells such as Tregs and 

MDSCs in murine models. Therefore, a phase 1b open-label, 
multicenter study evaluated atezolizumab in combination 
with bevacizumab and/or chemotherapy in patients with 
locally advanced or metastatic solid tumors [29]. One of 
the arms (F arm) of this multicohort study included patients 
with locally advanced or metastatic TNBC previously treated 
with ≤ 2w systemic cytotoxic therapies. Patients assigned to 
this F arm received atezolizumab 800 mg IV every 2 weeks 
followed by nab-paclitaxel 125 mg/m2 IV every week for at 
least four cycles in the absence of PD or unacceptable toxic-
ity. Patients received a median of five prior systemic treat-
ments. In this trial, the confirmed ORR was 41.7%. Eleven 
out of 17 responses were ongoing at time of data cutoff. 
ORR for patients who received atezolizumab plus nab-pacli-
taxel schedule as first- and second-line therapy was 66.7 and 
25.0%, respectively. All-grade treatment-related AEs were 
observed in 100% of patients with grade 3–4 AEs occur-
ring in 56% of patients. Treatment-related grade 3–4 AEs 
observed in ≥ 5% of patients included neutropenia (41%), 
thrombocytopenia (9%), and anemia (6%). Five patients had 
to abandon chemotherapy with nab-paclitaxel due to grade 
2 fatigue and peripheral neuropathy.

A phase Ib/II trial evaluating the efficacy 
of pembrolizumab (MK‑3475) and trastuzumab 
in patients with trastuzumab‑resistant, 
her2‑positive metastatic breast cancers: PANACEA 
(IBCSG 45‑13/BIG 4‑13/Keynote‑014) (NCT02129556)

Preclinical data suggest that anti-PD1 therapy may restore 
T cell cytotoxicity reverting trastuzumab resistance [30]. 
Keynote-014 is an international phase Ib/II trial [31] testing 
trastuzumab in combination with pembrolizumab in patients 
with trastuzumab-resistant her2-positive mBC. The phase Ib 
portion of this trial used a standard 3 + 3 design to determine 
the recommended phase 2 dose (RP2D) of standard-dose 
trastuzumab with three pembrolizumab dose levels. In the 
phase 2 portion of the study, pembrolizumab at the RP2D 
(200 mg Q3 W) was given with trastuzumab (6 mg/kg iv. 
every 3 weeks) until disease progression or lack of tolerability. 
Tumors were assessed centrally for her2 positivity, PD-L1 sta-
tus and for quantity of tumor-infiltrating lymphocytes (TILs).

146 patients were screened to enroll 58 patients. Of 
screened patients, 52% were PD-L1 positive. Median TILs 
of patients in the PD-L1 + cohort were 2 and 0% in the 
PD-L1− cohort. Of the enrolled patients, median age was 
51 years, 69% had visceral metastases, 72% had received 
prior T-DM1, 38% of patients were ER positive and 62% 
were ER negative. PD-L1 positivity rates were also not sig-
nificantly different by ER status (p = 0.5). In the PD-L1-pos-
itive intent-to-treat population, the ORR was 15% and dis-
ease control rate was 25%. In a subgroup of PD-L1-positive 
patients with 5% or more TILs in the metastatic lesion, the 
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ORR rose up to 39% and the disease control rate reached 
47% suggesting that, at least in this setting, quantification 
of TILs may help to identify patients who will most benefit 
most from this treatment. No responses were observed in 
the PD-L1-negative cohort. With respect to safety, pem-
brolizumab with trastuzumab was well tolerated, with grade 
1–2 fatigue as the most commonly reported adverse event 
(21%). The most common irAEs reported were hyper- and 
hypothyroidism (6.7% grade 1–2) and pneumonitis (3.4% 
grade 3–4).

An open‑label, single‑arm multicenter phase 1b/2 
study to evaluate the efficacy and safety of eribulin 
mesylate in combination with pembrolizumab 
in subjects with metastatic triple‑negative breast 
cancer (mTNBC) (ENHANCE‑1/KEYNOTE‑150; Study 
218) (NCT02513472)

This open-label phase 1b/2 trial enrolled patients with 
mTNBC treated with ≤ 2 prior lines of CT for metastatic 
disease. Tolaney and Colleagues [32] reported data from 82 
of 107 enrolled patients (data cut-off Nov 1, 2016). Phase 
1b included a safety cohort of ≥ 6 patients who received IV 
eribulin 1.4 mg/m2 on day 1 and 8 and IV pembrolizumab 
200 mg on day 1 of a 21-day cycle to evaluate safety and 
tolerability. In Phase 2, patients were enrolled based on prior 
chemotherapy in the metastatic setting [0 vs 1–2 lines] to 
evaluate ORR. The combination of eribulin and pembroli-
zumab resulted in an ORR of 26.4% (95% CI, 18.3–35.9). 
Three complete responses were observed; one of which was 
in a patient with a PD-L1-negative tumor.

In the evaluable analysis set (n = 106), patients who 
were PD-L1 positive had an ORR of 30.6% and patients 
who were PD-L1 negative had an ORR of 22.4%. Patients 
with mTNBC who had no prior chemotherapy treatment 
in the metastatic setting (n = 65) had an ORR of 29.2% 
(95% CI 18.6–41.8) and patients who received one or two 
prior lines of chemotherapy (n = 41) had an ORR of 22.0% 
(95% CI 10.6–37.6). The median duration of response was 
8.3 months. The clinical benefit rate (CBR) was 36.8%. 
Median OS and median PFS for all patients in the trial 
(n = 107) were 17.7 months (95% CI 13.7–not estimable) 
and 4.2 months (95% CI 4.1–5.6), respectively. Treatment-
emergent adverse events (TEAEs) for the combination regi-
men were comparable to those observed with each treatment 
as a monotherapy. Most common AEs were fatigue (73.2%), 
nausea (51.2%), peripheral sensory neuropathy (46.3%), alo-
pecia (43.9%), and pyrexia (36.6%). Most common grade 
3–4 AEs related to eribulin were neutropenia (29.3%), 
peripheral neuropathy (8.5%), and asthenia/fatigue (7.3%). 
Grade 3–4 immune-related AEs related to pembrolizumab 
were observed in 19.5% of patients. Three patients had grade 

5 events (respiratory failure, pleural effusion, and multiple 
organ failure; none of them related to the study drug).

To sum up, the combination of eribulin and pembroli-
zumab was well tolerated and demonstrated activity in 
patients with mTNBC regardless of PD-L1 status or prior 
treatment with chemotherapy. The combination resulted 
in improved outcomes and comparable TEAEs to those 
observed in monotherapy.

At this moment, dozens of clinical trials with many dif-
ferent combinatorial strategies (chemotherapy, radiotherapy, 
vaccines, hormone therapy, etc.) are running and will release 
results in the coming years.

Phase III trials with immune checkpoint 
blockers in BC

Although clinical research with ICB in BC is taking the first 
steps and many uncertainties are yet to be answered, there 
are already phase III clinical trials running which may pro-
portionate critical information to elucidate the role of this 
strategy in BC, especially in the TNBC population.

In mTNBC, many clinical trials are currently ongoing 
(Table  2). The Keynote-119 trial randomize pretreated 
mTNBC patients to receive either single-agent pembroli-
zumab 200 mg every 3 weeks for up to 35 administrations 
or single-agent chemotherapy chosen by the treating physi-
cian, consisting of either capecitabine, eribulin, gemcitabine, 
or vinorelbine [33]. Main objective is that pembrolizumab 
extends PFS and/or OS compared to control therapy.

Most of the phase 3 trials in mTNBC are focused on 
the first-line setting. In this context, the Keynote-355 
[34] compares safety and efficacy of pembrolizumab plus 
chemotherapy (three options, weekly paclitaxel, weekly 
nab-paclitaxel or carboplatin–gemcitabine) versus pla-
cebo. The Impassion130 [35] study with atezolizumab 
tries to determine the efficacy and safety of atezolizumab 
or placebo in combination with nab-paclitaxel in mTNBC 
patients. The Impassion131 trial [36] shares a design quite 
similar to the previous and tries to evaluate the efficacy 
and safety of atezolizumab administered in combination 
with paclitaxel compared with placebo in combination 
with paclitaxel in patients with previously untreated, inop-
erable locally advanced or mTNBC, centrally confirmed. 
Last but not least, the Impassion132 [37] completes this 
set of phase 3 trials with atezolizumab but using as chemo-
therapeutic schedule the doublet carboplatin–gemcitabine 
in patients with early relapsing recurrent (inoperable 
locally advanced or metastatic) TNBC.

Undoubtedly, the aforementioned trials will clarify 
the role of modern immunotherapy in mTNBC, and it is 
easy to speculate that these results, when available, will 
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determine also the clinical development of ICB in the rest 
of BC subtypes.

In addition to the advanced disease, some phase III 
trials with ICB (especially pembrolizumab and atezoli-
zumab) in TNBC are running in the neoadjuvant setting 
(Table 2), in these studies drugs like nab-paclitaxel and 
carboplatin are frequently preferred and the main objective 
is generally pCR [38–41]. Awaiting first data of the previ-
ous trials, early results of the randomized phase 2 I-SPY 2 
trial evaluating the addition of pembrolizumab with differ-
ent chemotherapeutic schedules (nab-paclitaxel followed 
by doxorubicin and cyclophosphamide in the cohort A or 
carboplatin and paclitaxel followed by doxorubicin and 
cyclophosphamide in cohort B) have shown that immu-
notherapy could triple the pathologic complete response 
rates in TNBC and luminal A/B patients in the neoadju-
vant setting [42].

Conclusions and future perspectives

Immunotherapy of cancer has emerged as a revolutionary 
strategy in many cancer types. Whether this approach would 
play a role into the therapeutic armamentarium of BC is 
nowadays an open question. There are some biological evi-
dences that relate strongly the presence or absence of certain 
elements of the host immune response with a differential 
evolution in patients with BC. High density of TILs in the 

microenvironment, particularly of the T CD8+ subtype, is 
considered at this moment a robust predictive and prognostic 
factor at least in TNBC and her2+ populations. Although 
less studied, expression of PD-L1 seems related to a worse 
prognosis, with more aggressive tumor characteristics, 
including higher proliferation and hormone receptor nega-
tivity. Design of many of the clinical trials currently ongoing 
in BC has taken into account these variables so that most of 
them have been enriched with PD-L1-positive tumors. This 
could be an interesting strategy especially when using ICB 
as single therapy, where responses with immunomodulatory 
agents in BC are generally low. In this sense, in unselected 
populations, ORR with ICB is under 10% while in enriched 
subgroups they increase significantly (up to 39% in mTNBC, 
PD-L1+ and high TILs). Less clear is the validity of this 
approach in the context of combinations, since the ration-
ale of the latter is the capacity of different antineoplastic 
therapies in turning the so-called “cold” tumors into “hot” 
or immunogenic ones. Preliminary results of some studies 
with ICB in BC suggest that PD-L1 positivity may not be 
as important as when ICB are used as single therapy. If this 
is the case, other more comprehensive approach would be 
advisable including the analysis of genomic platforms with 
the capacity of detecting immunogenicity, measure of muta-
tional burden, identification of neoantigens with the ability 
to set off the danger signal to unleash immune responses, 
the gut microbiome and many others. Although immuno-
therapy in BC is raising great expectations, there remain 

Table 2   Ongoing phase 3 clinical trials with immune checkpoint inhibitors in BC

TNBC triple-negative breast cancer, n sample size

Trial (reference) n Experimental arm Control arm Clinical setting

Keynote 119 (NCT02555657) [33] 640 Pembrolizumab CT (capecitabine, eribulin, gemcit-
abine, vinorelbine)

mTNBC pretreated

Keynote-355 (NCT02819518) [34] 858 Pembrolizumab + CT (paclitaxel, 
nab-paclitaxel, carboplatin+

gemcitabine)

CT (paclitaxel, nab-paclitaxel, carbo-
platin + gemcitabine)

mTNBC 1st line

IMpassion131 (NCT03125902) [36] 540 Atezolizumab + paclitaxel Paclitaxel mTNBC 1st line
IMpassion130 (NCT02425891) [35] 285 Atezolizumab + nab-paclitaxel Nab-paclitaxel mTNBC 1st line
IMpassion132 (NCT03371017) [37] 350 Atezolizumab+

gemcitabine +
carboplatin or capecitabine

Gemcitabine + carboplatin or capecit-
abine

mTNBC 1st line

Keynote-522 (NCT03036488) [38] 855 Pembrolizumab + paclitaxel + carbo-
platin × 4 cycles followed by AC or 
EC × 4 cycles

Paclitaxel + Carboplatin × 4 cycles 
followed by AC or EC × 4 cycles

TNBC neoadjuvant

NCT03281954 [39] 1520 Atezolizumab + paclitaxel + carbopl-
atin × 4 cycles followed by AC or 
EC × 4 cycles

Paclitaxel + Carboplatin × 4 cycles 
followed by AC or EC × 4 cycles

TNBC neoadjuvant

IMpassion031 (NCT03197935) [40] 204 Atezolizumab and nab-paclitaxel 
followed by doxorubicin and cyclo-
phosphamide

Nab-paclitaxel followed by doxoru-
bicin and cyclophosphamide

TNBC neoadjuvant

NeoTRIPaPDL1 (NCT02620280) 
[41]

272 Atezolizumab + carboplatin + nab-
paclitaxel

Carboplatin + nab-paclitaxel TNBC neoadjuvant



124	 Clinical and Translational Oncology (2019) 21:117–125

1 3

many uncertainties that hopefully the aforementioned tri-
als, with the inexcusable aid of translational research, will 
satisfactorily resolve.
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