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Abstract
Although breast cancer is not traditionally considered an immunogenic type of tumor, the combination of
immunotherapy and chemotherapy has recently emerged as a novel treatment option in triple-negative
subtype in the advanced setting and other similar combinations of immune checkpoint inhibitors with
chemotherapy are expected to become part of the neoadjuvant management in the near future. In addition,
encouraging results have been observed with the combination of immune checkpoint blockade with diverse
biological agents, including anti-HER2 agents, CDK 4/6 inhibitors, PARP-inhibitors. The present review
summarized the available evidence coming from clinical trials on the role of immune checkpoint inhibitors in
the management of breast cancer, both in advanced and early setting.
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Introduction

Breast cancer (BC) is not traditionally considered an immunogenic tumor, especially if compared with other
solid tumors as melanoma or lung cancer [1]. However, a rapidly growing body of data suggests a substantial
heterogeneity in terms of immunogenicity among different BC subtypes, with hormone receptor-negative
(HR-) BC being generally more immunogenic than HR-positive (HR+) tumors. Triple-negative (TN) and
HER2-positive (HER2+) subtypes have been consistently reported to show higher levels of tumor infiltrating
lymphocytes (TILs) as compared to the HR+/HER2-negative (HER2-) subgroup [2]. In addition, it has been
shown that the presence of TILs may be capable of predicting outcome and response to treatment in early
TN and HER2+ diseases, thus underlying that the biology of these aggressive BC subtypes may be deeply
affected by the immune counterpart of tumor microenvironment [3-6].
© The Author(s) 2020. This is an Open Access article licensed under a Creative Commons Attribution 4.0 International
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing, adaptation, distribution
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Triple-negative BC (TNBC) is characterized by high genomic instability and mutational load, both of
which contribute to the generation of a great amount of neoantigens, ultimately leading to increased tumor
immunogenicity [7]. HER2+ disease is similarly highly immunogenic given the high proliferation activity
and the overexpression of HER2, which acts as a neoantigen itself [8]. In addition, anti-HER2 monoclonal
antibodies are known to mainly exert their action by activating the immune system through the mechanism
of antibody-dependent cell mediated cytotoxicity (ADCC), thus enhancing the immunogenicity of this BC
subtype [9, 10].

As far as HR+/HER2- BC is concerned, available evidence-although scattered-suggests that this BC
subtype establishes a complex relationship with the immune system. In this context the interplay between
estrogens, HR+ cancer cells, inflammatory mediators and endocrine therapies accounts, at least in part, for
such complexity [11].

Based on these premises, clinical trials testing immune checkpoint inhibitors (ICIs) in BC patients,
mainly focused on TN and HER2+ subtypes, have been conducted or are ongoing. Indeed, the combination
of the ICI atezolizumab with chemotherapy represents the first immunotherapeutic strategy gaining the
Food and Drug Administration (FDA)/European Medicines Agency (EMA) approval for the management of
TN advanced BC, and other similar combinations are expected to be approved in the near future in the early
setting [12]. In this context, data on potential predictive biomarkers have been generated. Notwithstanding,
we currently lack a comprehensive biomarker capable of reliably selecting patients more likely to respond.
In the present review we summarized the state of art of immunotherapy for BC treatment both in early
and advanced setting, focusing on activity and efficacy results of ICIs coming from clinical trials. In addition,
we discussed factors possibly accounting for different results of studies conducted in similar settings, with
particular emphasis on biomarker analyses.

Early BC

TNBC
Neoadjuvant setting

Fostered by the promising antitumor activity and efficacy results of clinical trials testing immunotherapy in
advanced BC (as comprehensively reviewed later), several immunotherapeutic strategies have been (and are
being) tested as part of the neoadjuvant management of TNBC patients (Table 1).

The GeparNuevo double-blind phase II trial randomized 174 cT2-cT4 TNBC patients to receive
either the anti-programmed death-ligand 1 (PD-L1) agent Durvalumab or placebo in combination
with nab-paclitaxel (NabP), followed by dose-dense EC [13]. In the window-(of-opportunity)-phase,
either durvalumab or placebo were administered for 2 weeks as single agents with the aim of priming
the immune system before the start of chemotherapy (it should be noted that due to ethical concerns
regarding a possible delay in the start of chemotherapy, after 117 patients enrolled, window-phase
was prematurely stopped following a trial amendment). pCR in both breast and lymph-nodes was the
primary endpoint. The combination of durvalumab plus chemotherapy was reported to numerically
(but not significantly) increase pCR rates as compared to the placebo arm (53.4% vs. 44.2%, OR 1.45,
95% CI 0.80-2.63, P = 0.284). In addition, among patients treated in the window-phase cohort, those
receiving durvalumab experienced a significantly increase in pCR rates as compared to those treated
with placebo (61.0% vs. 41.4%, OR 2.22, 95% CI 1.06-4.64, P = 0.035). These data overall suggest that
induction with durvalumab before the combination therapy may enhance the immunological anti-tumor
activity. However, differences in composition of patients between window-phase and not-window phase
cohorts (window phase cohort was enriched for patients with lymph-node involvement and stage ≥ IIa
disease) may be taken into account in the interpretation of these results. Biomarker analyses revealed
that higher sTILs were significantly and positively associated with pCR in the overall cohort but were not
specifically predictive for durvalumab benefit. Interestingly, the magnitude of benefit with durvalumab
was significantly and independently larger in patients showing an increase in iTILs between baseline and
the end of the window phase (multivariate analysis: OR 9.36, 95% CI 1.26-69.65, P = 0.029; interaction
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test, P = 0.085). Although a trend in increased pCR rates was also observed in PD-L1 positive patients,
the amount of pCR benefit from durvalumab was not affected by PD-L1 status (assessed on both tumor
and immune cells using Ventana SP263 antibody). Similarly, TIL- and IFN-gamma mRNA signatures were
significantly associated with pCR, without specifically predicting durvalumab benefit. On the other hand,
the upregulation of 14 immune-related genes was reported to be predictive for increased pCR rates
specifically in the durvalumab arm [14].
The I-SPY 2 trial is an adaptive randomized phase II trial for patients with stage II/III BC comparing
diverse targeted agents in combination with chemotherapy versus chemotherapy alone as neoadjuvant
treatment in BC patients, adopting pCR on both breast and lymph-nodes as primary endpoint [15].
Based on a predictive probability of success in a confirmatory phase III trial (graduation for efficacy:
≥ 85% probability of success in a randomized phase III trial including 300 patients), the anti-PD1
ICI pembrolizumab in combination with paclitaxel, followed by AC, graduated in BC patients with TN
biomarker signature. In this patients’ subgroup, the addition of pembrolizumab determined a three-fold
increase in the estimated pCR rates as compared to chemotherapy alone (pCR rates 60% vs. 22% with a
probability of pembrolizumab plus chemotherapy being superior to chemotherapy alone = 99.6% and
a predictive probability of success in a phase III trial = 83.4%). No new safety concerns in relation to
pembrolizumab emerged from the I-SPY 2 trial.

In the phase Ib open label multi-cohort KEYNOTE-173 trial the association of pembrolizumab and
different chemotherapy regimens (taxane-either paclitaxel or NabP+/- carboplatin, followed by EC) was
tested in 60 high-risk TN early BC patients (T1c, N1-N2; T2-T4c, N0-N2) [16]. pCR was the primary endpoint,
while objective response rate (ORR), event-free survival (EFS) and overall-survival (OS) represented
secondary endpoints. The overall pCR rate (ypT0/is N0) was 60%, ranging from 30% to 80% across cohorts.
No unexpected toxicities were observed. Exploratory analyses revealed that higher pre- and on- treatment
sTILs and higher pre-treatment PD-L1 expression [based on the combined positive score (CPS), defined
as the number of PD-L1 stained cells including tumor cells, lymphocytes, and macrophages/histocytes,
divided by the total number of viable tumor cells and multiplied by 100, and assessed using the IHC 22C3
pharmDx assay] were significantly and positively associated with pCR. The lack of a control arm did not
allow to draw conclusions on the possible predictive role of these biomarkers in terms of pembrolizumab
plus chemotherapy activity.

The more recent phase III KEYNOTE-552 trial randomized 602 stage II or III TNBC patients to receive
the combination of chemotherapy (carboplatin-paclitaxel followed by EC) with either pembrolizumab
or placebo [17]. pCR rates were significantly higher in the chemotherapy plus pembrolizumab arm as
compared to the chemotherapy plus placebo arm (64.8% vs. 51.2%, estimated treatment difference
13.6%, 95% CI 5.4-21.8, P < 0.001). Follow up period was not sufficiently long to show survival
differences, however in the first EFS interim analysis, 18-month EFS was numerically longer in the
pembrolizumab containing arm as compared to placebo containing arm (91.3% vs. 85.3%, HR 0.63,
95% CI 0.43-0.93). PD-L1 positive status (defined as CPS > 1 as assessed by the IHC 22C3 pharmDx
assay) was associated with increased rates of pCR both in patients treated with pembrolizumab and in
patients treated with placebo, and did not resulted predictive for the efficacy of pembrolizumab (pCR
rates in PD-L1 positive subgroup: 68.9% vs. 54.9% in pembrolizumab plus chemotherapy vs. placebo
plus chemotherapy, respectively, delta-pCR = 14.2; 5.3-23.1; pCR rates in PD-L1 negative subgroup:
45.3% vs. 30.3% in pembrolizumab plus chemotherapy vs. placebo plus chemotherapy, respectively,
delta-pCR = 18.3; -3.3-36.8). On the other hand, the magnitude of pCR benefit derived from the addition
of pembrolizumab to neoadjuvant chemotherapy was larger in node positive BC patients (delta-pCR
between pembrolizumab and placebo by lymph-node involvement: 6.3% vs. 20.6% in node negative
and node-positive, respectively). This finding generated the hypothesis that in the presence of nodal
disease, the administration of ICIs may boost the immune-priming phase in lymph nodes, generating the
hypothesis that the presence of nodal disease could identify patients who are more likely to benefit from
the addition of immunotherapy to chemotherapy.
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II

GeparNuevo

III

II

IMpassion031

I-SPY 2

II

Neoadjuvant

pCR rates
% (95% CI)

OR (95% CI), P

Overall: 60 (range:
49-71)

Paclitaxel → AC (181)

Pembrolizumab + paclitaxel → AC
(69)

Atezolizumab + NabP →
atezolizumab + A (165)

Placebo + NabP → placebo + A
(168)

NabP-carboplatin (142)

Atezolizumab + NabP-carboplatin
(138)

Placebo + NabP-carboplatin →
A/E-C + placebo (201)

e

16.3 (7.4-34.9)f

HR+: 13 (7-19)

TN: 22 (13-30)

e

Total: 17 (11-23)e

HR+: 30 (17-43)e

TN: 60 (44-75)e

Total: 44 (33-55)e

57.6

41.1

40.8 (32.7-49.4)

43.5 (35.1-52.2)

51.2 (44.1-58.3)

Pembrolizumab + NabP-carboplatin 64.8 (59.9-69.5)
→ A/E-C + pembrolizumab (401)

Pembrolizumab + 6 CT regimens
(cohort A-F)b

PD-L1 associated with pCR, not
predictive for Atezolizumab benefit

HR+: 99.6%

TN: > 99.9%

Total: > 99.9%

Probability superior
to control:

TILs and specific immune infiltrate
characteristics at baseline associated
with pCR; anthracycline-induced
increase in cytotoxic T-cells and
decrease in T-regulatory T cells

NA

Delta pCR 16.5 (5.9- PD-L1 associated with pCR, not
27.1), P = 0.0044d
predictive for Atezolizumab benefit

1.11 (0.69-1.79),
P = 0.66c

[14]

Ref.

[41]

[15]

[18]

[19]

[17]

sTILs and PD-L1 associated with pCR [16]

iTILs (increase between baseline and
end of the window phase) predictive
for Durvalumab benefit (OR 9.36,
95% CI 1.26-69.65, P = 0.029)

sTILs and PD-L1 (trend) associated
with pCR, not predictive for
Durvalumab benefit

Biomarker analysis

Estimated treatment PD-L1 associated with pCR, not
difference: 13.6%
predictive for Pembrolizumab benefit
(5.4-21.8, P > 0.001)

NA

Durvalumab (2w)a → Durvalumab + 53.4 (42.5-61.4)
1.45 (0.80-2.63),
NabP → Durvalumab + EC (88)
Window cohort: 61.0 P = 0.224
Window cohort:
a
Durvalumab (2w) → placebo +
44.2 (33.5-55.3)
2.22 (1.06-4.64),
NabP → placebo + EC (86)
Window cohort: 41.4 P = 0.035

Drugs (n per arm)

Luminal-B (43) EC → Nivolumab + triptorelin +
exemestane
Any PD-L1

Any PD-L1

HER2- (205)

Any PD-L1

TN (333)

Any PD-L1

TN (280)

Any PD-L1

TN (602)

Any PD-L1

TN (60)

Any PD-L1

TN (174)

Population
(n)

a

window phase stopped after 117 patients recruited (ethical concerns); b CT regimens; cohort A: NabP → doxorubicin-cyclophosphamide (AC); cohort B: NabP-Carboplatin AUC6 → AC;
cohort C: NabP-Carboplatin AUC5 → AC; cohort D: NabP-Carboplatin AUC2 → AC; cohort E: Paclitaxel-Carboplatin AUC5 → AC; cohort F: Paclitaxel-Carboplatin AUC2 → AC; c pCR was a
secondary endpoint; d one-sided significance boundary P = 0.0184; e estimated rates of pCR; f 2-step statistical design: second step (8 pCR/43 patients) not met; w: weeks; NA: not available;
pCR: pathologic complete response; OR: odds ratio; EC: epirubicin-cyclophosphamide; sTILs: stromal TILs; iTILs: intra-tumoral TILs; AC: doxorubicin-cyclophosphamide

GIADA

Neoadjuvant

NeoTRIPaPDL1 III

Adaptiverandomized

Neoadjuvant

III

KEYNOTE-522

Neoadjuvant

Neoadjuvant

Ib

Neoadjuvant

Neoadjuvant

Setting

KEYNOTE-173

Randomized

Design

Trial

Table 1. Summary of clinical trials testing immune checkpoint inhibitors in early breast cancer (EBC), for which preliminary or final results have been presented and/or published

In the recently presented IMpassion031 phase III trial, 333 patients with TN primary BC > 2 cm
were randomized to receive the combination of either atezolizumab + NabP followed by atezolizumab +
Doxorubicin or Placebo + NabP followed by Placebo + Doxorubicin in the neoadjuvant setting [18]. The
primary endpoint was pCR in the intention-to treat population (ITT) population and PD-L1 positive
subgroup, defined as PD-L1 expression on immune cells ≥ 1% by Ventana SP142 assay (adaptive enrichment
design). The study showed a significant increase in pCR rates in the immunotherapy-containing arm as
compared to the control arm in the ITT population (pCR rates in atezolizumab + chemotherapy arm vs.
Placebo + chemotherapy arm: 57.6% vs. 41.1%, delta pCR 16.5%, P = 0.0044 with one-sided significance
boundary P = 0.0184), regardless of PD-L1 status (delta pCR between atezolizumab + chemotherapy vs.
Placebo + chemotherapy in PD-L1 positive subgroup: 19.5%, P = 0.021 which did not cross significance
boundary of 0.0184). Notably, subgroup analysis revealed a larger magnitude of benefit in terms of pCR in
node-positive subgroup as compared to node-negative subpopulation (delta pCR in node-positive and nodenegative subgroups: 26.6%, 95% CI 9.8-43.4, and 8.8%, 95% CI -4.8-22.5).
The NeoTRIPaPDL1 study is an open-label phase III trial randomizing 280 TNBC patients (cT1cN1,
cT2N1, cT3N0) to receive chemotherapy with carboplatin plus NabP with or without the anti-PD-L1 agent
atezolizumab. Anthracycline-based chemotherapy was administered postoperatively [19].

EFS was the primary endpoint (immature data), while pCR was one of the secondary endpoints. Although
this study was not powered to show pCR rate differences, the addition of atezolizumab to chemotherapy
failed to significantly increase pCR rates (43.5% vs. 40.8% in atezolizumab vs. no-atezolizumab arm, OR
1.11, 95% CI 0.69-1.79, P = 0.66). PD-L1 positive expression (as defined by at least 1% of total tumor area
occupied by positive immune cells by using the Ventana SP142 IHC assay) positively influenced pCR rates
in the overall cohort and in each treatment arm but was not specifically predictive for atezolizumab benefit
in terms of pCR.

Differences in the composition of KEYNOTE-522, IMpassion031 and NeoTRIP trial populations may
have contributed to conflicting findings in terms of immunotherapy efficacy. Indeed, the NeoTRIP trial
population was enriched for patients with higher disease burden (node-positive and/or stage III BC patients)
as compared to the KEYNOTE-522 and IMpassion031 trials, which were conversely enriched for nodenegative, stage II BC patients. However, as already mentioned, subgroup analyses of both KEYNOTE-522
and IMpassion031 trials showed a larger magnitude of benefit from immunotherapy in node-positive, thus
downsizing the contribution of different patient features in affecting these conflicting results.
Secondly, chemotherapy backbones were different. Indeed, results from clinical trials testing
immunotherapy in ABC were overall more promising in terms of larger activity and increased efficacy, when
ICIs were combined with chemotherapy (as reviewed later), coherently with the well-established notion
that chemotherapy exerts its action, at least in part, by modulating the immune system [20]. Interestingly,
it has been suggested that anthracyclines may enhance tumor microenvironment sensitivity to PD1/PD-L1
blockade. In particular, in the adaptive phase II TONIC trial, which tested several induction strategies
for immunotherapy in 67 TN metastatic breast cancer (MBC) patients, doxorubicin followed by the antiPD1 Nivolumab was associated with the highest ORR (35%) [21]. Short-term induction with doxorubicin
was reported to be capable of upregulating immune-related genes involved in T-cell cytotoxicity and
PD1/PD-L1 pathways. It may therefore be speculated that the choice of the chemotherapy backbone for
immunotherapy, especially in terms of anthracycline omission (KEYNOTE-522 and IMpassion031 designs
included anthracyclines as part of the neoadjuvant treatment, while the NeoTRIP trial did not), may have
played a crucial role in this context.
Finally, the choice of the ICI may have contributed to the negative results of the NeoTRIP trial. Indeed,
atezolizumab targets PD-L1, thus potentially allowing PD-L2 to exert a residual immunosuppressive activity,
as opposed to pembrolizumab which inhibits PD1. However, the choice of the ICI may not be sufficient
to explain the negative results from the NeoTRIP trial, given the fact that the positive IMpassion031 trial
likewise adopted atezolizumab as ICI to be associated to standard neoadjuvant chemotherapy.
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Another point that deserves further discussion is the different role of PD-L1 status in predicting the
benefit from ICIs that derives from studies in the neoadjuvant and in the metastatic setting. Overall, clinical
trials testing the combination of ICIs with neoadjuvant chemotherapy in TNBC patients consistently failed
to show a predictive value of PD-L1 in determining immunotherapy benefit. These findings appear in
contrast with the IMpassion130 trial results, where the benefit deriving from the addition of atezolizumab
to chemotherapy as first-line treatment of TN MBC patients was mostly limited to the PD-L1 positive
subgroup. A possible explanation for such inconsistency is that PD-L1 may not be the most appropriate
predictive biomarker for immunotherapy benefit, mostly due to the significant heterogeneity in terms of
type of assays, cutoffs for PD-L1 positivity, scoring systems adopted to define PD-L1 status across clinical
trials, and dynamic changes [22]. Interestingly, a recent analysis of more than 7, 000 cancer patients from
the The Cancer Genome Atlas (TCGA) revealed that PD-L1 was only weakly associated with the magnitude
of benefit from PD1/PD-L1 blockade, while the abundance of CD8+ T cells, tumor mutational burden (TMB)
and the fraction of samples with high PD1 mRNA expression were more strongly predictive for the response
to anti-PD1/PD-L1 agents [23]. Moreover, the biologic meaning of PD-L1 expression may be different in
the early vs. the metastatic setting. Early-phase clinical trials in the metastatic setting have pointed out
that the efficacy of immunotherapy is higher in first line as compared to later lines. The level of immune
infiltrate tends also to decrease from primary tumor vs. matched metastases. Based on these considerations,
it is rationale to postulate that the immune microenvironment of early disease may be more susceptible to
immune-activation, whereas the microenvironment of advanced disease might be more inert to immunestimulating therapies [24-28].
Adjuvant/post-neoadjuvant setting

Although no data are currently available on the possible role of ICIs in the adjuvant setting, results from
clinical trials currently ongoing are awaited (NCT02926196; NCT02954874; NCT03498716). However, it
should be mentioned that adjuvant trials typically require large populations, long-term follow up periods,
and, as a result, extensive financial resources, to capture small differences in disease-free survival rates. In
this context, the post-neoadjuvant setting may represent a more strategical platform to test the efficacy of
novel or escalated treatment strategies, like ICIs for high-risk TNBC patients. Indeed, the positive results
from CREATE X [29] and KATHERINE [30], that evaluated capecitabine and T-DM1, respectively, as adjuvant
strategies in patients failing to achieve pCR, highlighted that the inclusion of a more selected group of highrisk patients based on the presence of residual disease after neoadjuvant treatment may allow for a more
rational clinical positioning of new anti-cancer agents. This kind of approach has also been endorsed by
FDA [31]. Indeed, whilst the achievement of pCR after NACT represents a well-established surrogate for
long-term outcome, the presence of residual disease after neoadjuvant chemotherapy might allow the
identification of TNBC patients at higher risk of relapse, for whom chemotherapy alone could represent a
suboptimal treatment [32]. This notion strengthens the rationale for evaluating whether immunotherapy
given as post-neoadjuvant treatment may enhance prognosis of high-risk TNBC patients. Two ongoing trials
are currently ongoing in this setting. In detail, the A-BRAVE trial (NCT02926196) is currently enrolling in
two strata patients with TNBC considered at high risk after completing the standard treatment with curative
intent chemotherapy and surgery. Patients in stratum A are enrolled after primary surgery followed by
adjuvant chemotherapy; stratum B includes patients who received neoadjuvant chemotherapy and surgery
without achieving a pCR. The randomization is 1:1 between the anti-PD-L1 agent Avelumab for 1 year or
observation. Similarly, the SWOG 1418 trial (NCT02954874) is currently randomizing TNBC patients who
failed to achieve pCR after neoadjuvant chemotherapy to receive either pembrolizumab or observation in
the post-neoadjuvant setting.
HER2+ EBC

Both preclinical and clinical evidence supports the synergistic effect of ICIs and anti-HER2 agents. Indeed,
it has been reported that the administration of anti-PD1 monoclonal antibody (mAb) in immunocompetent
mice could enhance the therapeutic activity of anti-HER2 mAb by enhancing the adaptive anti-tumor immune
response [33].
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Similarly, the combination of T-DM1 and anti PD1/CTLA4 agents fostered both innate and adaptive
immune response, ultimately resulting in tumor rejection in a HER2-expressing orthotopic tumor model [34].

Interestingly, as reviewed later, early-phase clinical trials testing diverse combinations of ICIs plus
anti-HER2 agents in advanced HER2+ BC led to promising results [35-37]. Based on these premises,
clinical trials testing immunotherapy in the early setting, mostly as neoadjuvant strategy in BC patients
with HER2+ disease have been initiated (NCT03595592; NCT03726879; NCT03515798) and results
are pending.
HR+/HER2- EBC

As already mentioned, HR+/HER2- BC is traditionally considered less immunogenic as compared to HER2+
and TNBC. However, available evidence suggests that HR+ BC cells may rely on subtler mechanisms to interact
with the immune microenvironment, as compared to more aggressive BC subtypes [11]. In addition, among
HR+/HER2- tumors, those with luminal B-like phenotype should be considered, also from an immunological
point of view, a distinct entity from luminal A-like BC. Indeed, luminal B-like BC is characterized by high
mutational load, thus possibly enhancing the anti-tumor immune response. In addition, although available
evidence on the clinical relevance of the immune infiltrate in this HR+/HER2- is overall inconclusive, results
from a recent large case-cohort study suggest that the prognostic value of this biomarker may be restricted
to the subgroup of patients exhibiting a Luminal B phenotype [38].

Interestingly, in the abovementioned adaptive phase II I-SPY 2 trial, the combination of pembrolizumab
plus standard neoadjuvant chemotherapy graduated in all HER2- signatures, including HR+/HER2-, by more
than doubling the estimated pCR rates as compared to chemotherapy alone in this subpopulation (estimated
pCR rates: 34% vs. 13%).
Finally, endocrine therapy may represent an additional player in this complex interplay between HR+/
HER2- disease and immune system. Indeed, it has been reported that aromatase inhibitors may promote
a cytotoxic polarization of tumor immune microenvironment by increasing CD8/FOXP3 T cell ratio, thus
providing an appealing rationale to test combination strategies consisting of cytotoxic agents, endocrine
therapy and ICIs [39, 40].
Interestingly, in the multicenter phase II GIADA trial (Eudract 2016-004665-10), 43 premenopausal
HR+/HER2-luminal B-like BC patients were enrolled to receive, in the neoadjuvant setting, induction
anthracycline-based chemotherapy followed by the combination of endocrine therapy (ovarian-function
suppression + aromatase inhibitor) plus the anti-PD1 agent Nivolumab [41].

Although the trial did not meet its primary endpoint (2nd stage: ≥ 8 pCR/43), translational analyses
revealed increased pCR rates in patients with high sTILs and specific immune infiltrate characteristics at
baseline; in addition, anthracycline-based induction chemotherapy was suggested to be potentially capable
of reverting the immunosuppressive tumor microenvironment of luminal BC by increasing cytotoxic T cells,
while decreasing the T-regulatory counterpart. Overall, available evidence provides interesting insights for a
rational and strategical designing of future immunotherapy trials in this BC subtype.
Indeed, results from the ongoing Checkmate 7FL phase III randomized trial, investigating the combination
of neoadjuvant chemotherapy (taxane with or without anthracyclines) and post neoadjuvant endocrine
therapy plus either placebo or Nivolumab in patients with high-risk HR+/HER2- BC are awaited.

Metastatic BC (MBC)

MBC remains to date an incurable disease, whose prognosis is closely related to different factors, such as
biological subtype, organ involvement, treatments options. The role of ICIs in metastatic BC is still under
study, with many hopes and few sureness (Table 2).

Among different BC subtypes, TNBC has the worst prognosis and limited treatment options, mainly
based on chemotherapy. On the other hand, the greater sTIL and iTIL levels and the higher TMB and PD-L1
expression, make it a particularly suitable candidate for immunotherapy.
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>2

>1

1

KEYNOTE-086 II
(cohort A)

KEYNOTE-119 III

IMpassion130

III

1

TNBC any PD-L1
(902)

TNBC any PD-L1
(622)

TNBC any PD-L1
(170)

TNBC PD-L1+ (84)

Design Line of therapy Population (n)

KEYNOTE-086 II
(cohort B)

Trial

VENTANA SP142

Atezolizumab + NabP vs.
NabP + placebo

DAKO 22C3 pharmDx

Pembrolizumab (P) vs. CT§

DAKO 22C3 pharmDx

Pembrolizumab

DAKO 22C3 pharmDx

Pembrolizumab

Drugs/ich test*

Control arm
PD-L1+
5.3 (3.8-5.6)
PD-L15.6 (5.4-7.3)

Control arm
PD-L1+
42.6 (35.4-50.1)
Total
45.9 (41.2-50.6)

CPS ≥ 1
P: 2.1 (2.0-2.1)
CT: 3.1 (2.3-4.0)

CPS ≥ 1
P: 12.3 (8.1-17.6)
CT: 9.4 (5.8-14.3)

Experimental arm
PD-L1+
7.5 (6.7-9.2)
PD-L15.6 (5.5-7.3)

CPS ≥ 10
P: 2.1 (2.0-2.5)
CT: 3.4 (2.3-4.1)

CPS ≥ 10
P: 17.7 (10.7-26.8)
CT: 9.2 (4.3-16.7)

Experimental arm
PD-L1+
58.9 (51.5-66.1)
Total
56.0 (51.3-60.6)

Total
P: 2.1 (2.0-2.1)
CT: 3.3 (2.7-4.0)

Total
2 (1.9-2.0)
PD-L1+
2 (1.9-2.1)

2.1 (2.0-2.2)

Control arm
PD-L1+
18 (13.6-20.1)
PD-L119.6 (16.9-22.2)

Experimental arm
PD-L1+
25 (19.5-30.7)
PD-L119.6 (16.3-21.6)

CPS ≥ 1
P: 10.7 (9.3-12.5)
CT: 10.2 (7.9-12.6)

CPS ≥ 10
P: 12.7 (9.9-16.3)
CT: 11.6 (8.3-13.7)

Total
P: 9.9 (8.3-11.4)
CT: 10.8 (9.1-12.6)

Total
9 (7.6-11.2)
PD-L1+
8.8 (7.1-11.2)

18 (12.9-23.0)

[49]

[48]

[43]

[44]

Median PFS months (95% CI) Median OS months (95% CI) Ref.

Total
P: 2.1 (6.6-13.4)
CT: 3.3 (7.4-14.6)

Total
5.3 (2.7-9.9)
PD-L1+
5.7 (2.4-12.2)

18 (13.9-31.4)

ORR% (95% CI)

Table 2. Phase II and III published study with immune checkpoint inhibitors in MBC, for which preliminary or final results have been presented and/or published
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1

≥ 2 lines of
hormonal
therapies and
0-2 lines of CT

KEYNOTE-355 III

NCT03051659

II

1

III

IMpassion131

HR+/HER2-

TNBC any PD-L1
(847)

TNBC any PD-L1
(651)

Design Line of therapy Population (n)

Trial

Control arm
ITT
6.0 (5.6-7.4)

Control arm
ITT
63 (56-70)

DAKO 22C3 pharmDx

Eribulin mesylate (E) with or
without pembrolizumab (P)

DAKO 22C3 pharmDx

P + E: 25
E: 34

TMB > 6
P + E 4.1 (2.1-5.8) 0
E 3.9 (1.6-6.2)

NLR > 4
P + E 5.2 (2.0-6.4)
E 4.1 (2.1-4.6)

TIL > 10%
P + E 3.2 (0.4-NA)
E 4.1 (2.3-NA)

PD-L1+
P + E 4.1 (1.8-8.5)
E 4.2 (2.8-5.9)

CPS ≥ 1
7.6 (P + CT)
5.6 (CT)

CPS ≥ 10
9.7 (P + CT)
5.6 (CT)

ITT
7.5 (P + CT)
5.6 (CT)

Experimental arm
PD-L1+
5.7 (5.4-7.2)
ITT
5.6 (5.4-6.5)

NA

NA

Control arm
ITT
22.1 (19.2-30.5)

Experimental arm
PD-L1+
28.3 (19.1-NA)
ITT
22.8 (17.1-28.3)

[54]

[51]

[50]

Median PFS months (95% CI) Median OS months (95% CI) Ref.

Experimental arm
PD-L1+
55 (45-65)
ITT
47 (41-54)

ORR% (95% CI)

Pembrolizumab (P) + CT§ vs. NA
CT§ + placebo

VENTANA SP142

Atezolizumab + paclitaxel vs.
paclitaxel + placebo

Drugs/ich test*

Table 2. Phase II and III published study with immune checkpoint inhibitors in MBC, for which preliminary or final results have been presented and/or published (continued)
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II

II

II

KATE2

TOPACIO

MEDIOLA

BRCA mutetd, HER2(30)
TNBC (17)

TNBC (55)

HER2+ (133)
Any PD-L1

VENTANA SP263

Olaparib + durvalumab

No prior lines
9.9 (2.2-13.8)
1 prior line
11.7 (1.9-NA)
2 prior lines
6.5 (1.0-8.2)

1 prior line
64 (30.8-89.1)
2 prior lines
50 (18.7-81.3)

Total
8.2 (4.6-11.8)

No prior lines
78 (40.0-97.2)

Total
63.3 (43.9-80.1)

BRCA mutated
47 (24-70)

DAKO 22C3 pharmDx

PD-L1A + T-DM1: 6.8
T-DM1 + p: 8.2

PD-L1A + T-DM1: 40
T-DM1 + p: 50
8.3 (2.1-NA)

PD-L1+
A + T-DM1: 8.5
T-DM1 + p: 4.1

PD-L1+
A + T-DM1: 54
T-DM1 + p: 33

21 (12-33)

Total
A + T-DM1: 8.2
T-DM1 + p: 6.8

PD-L1+
2.7 (2.6-4.0)
PD-L12.5 (1.4-2.7)

PD-L1+
15 (7-29)
PD-L10 (0-18)
Total
A + T-DM1: 45
T-DM1 + p: 43

Phase II

2 prior lines
16.9 (4.6-NA)

1 prior line
22.7 (10.1-NA)

No prior lines
21.3 (9.0-NA)

Total
20.5 (16.2-23.9)

NA

NA

PD-L1+
Not Reached
PD-L17 (4.9-9.8)

Phase II

[62]

[63]

[36,
37]

[35]

Median PFS months (95% CI) Median OS months (95% CI) Ref.

Phase II

ORR% (95% CI)

Niraparib + pembrolizumab

VENTANA SP142

Atezolizumab (A) +
trastuzumab emtansine
(T-DM1) vs. placebo (p) +
T-DM1

DAKO 22C3 pharmDx

Pembrolizumab +
trastuzumab

Drugs/ich test*

* ICH ASSAY: immunoistochemistry assay emplyed for PDL-1 status evaluation; § Chemotherapy according physician choice; NA: not available; CT: chemotherapy; CTX: cyclophosphamide;
CDDP: cisplatin; ORR: overall response rate; HR: hormon receptor; CPS: PD-L1 combined positive score; TIL: tumor-infiltrating lymphocytes; NLR: neutrophil-lymphocyte ratio; PFS: progression
free survival

>1

0-2

> 1 taxane and
trastuzumabbased therapy
or within 6
mounths
of adjuvant
therapy

HER2+ trastuzumabresistant (6 + 52)
Any PD-L1

Ib/II

PANACEA

>1
trastuzumabbased therapy

Design Line of therapy Population (n)

Trial

Table 2. Phase II and III published study with immune checkpoint inhibitors in MBC, for which preliminary or final results have been presented and/or published (continued)

The results of initial trials testing ICIs as single agent for TN MBC showed modest ORR that were
higher in the first line setting (up to 24%) as compared to patients who received immunotherapy in later
lines [42-45].
A second category of early studies evaluated combinations of chemotherapy and ICIs in advanced TNBC.
The combination of atezolizumab + NabP led to 39% of overall responses, that were higher in patients
treated in the first line (54%) and in PD-L1 positive patients (42%) [46].

The combination of pembrolizumab and eribulin-mesylate induced a 26% rate of overall response,
which again was numerically higher in the first-line cohort [29% vs. the second/third-line cohort
(22%)] [47]. Overall, the two key messages emerging from these early studies were: patients in the
first-line setting may be more sensitive to immunotherapy-based treatment, and combination with
chemotherapy may enhance the efficacy of immunotherapy. As a further confirmation of these early
findings, the KEYNOTE-119 trial, that randomized TNBC patients previously treated with 1-2 prior
treatments for metastatic disease to receive pembrolizumab vs. chemotherapy of physician’s choice,
did not demonstrate any significant difference in OS between the two arms in patients with CPS > 10 or
> 1 or in all patients, although the effect of pembrolizumab treatment was larger as the level of PD-L1
expression increased [48].
The TONIC trial evaluated different induction strategies to enhance the efficacy of the anti-PD1
Nivolumab given as single-agent in TN advanced BC patients. This trial enrolled patients who received no
more than 3 lines for advanced disease. Patients were randomized to receive different 2-weeks induction
treatments (irradiation, CTX, CDDP, doxorubicin or control) followed by nivolumab. The results showed that
the cohort of patients who received induction with doxorubicin achieved the highest overall response rate
(35%), confirming that chemotherapy may be able to convert a cold microenvironment into a hot one, more
susceptible to the mechanism of action of immunotherapy and that anthracyclines, by inducing immunogenic
cell death, are optimal candidate drugs in this context [21].

Atezolizumab was the first ICI to be approved for the treatment of MBC based on the IMpassion130
trial results. This trial enrolled about 900 patients with metastatic TNBC disease who received no prior
therapy for advanced disease (prior chemotherapy for early BC was allowed if relapse occurred at least 12
months after treatment conclusion). Patients were randomized to receive NabP plus atezolizumab or NabP
plus placebo. The association of the PD-L1 antibody atezolizumab with NabP significantly improved PFS in
the intention-to-treat population: median PFS 7.2 months vs. 5.5 months (HR 0.80, 95% CI 0.69-0.92, P =
0.002). Among patients with PD-L1 positive tumors (at least 1% of total tumor area occupied by positive
immune cells by using the Ventana SP142 IHC assay), the median PFS was 7.5 months and 5.0 months,
respectively (HR 0.62, 95% CI 0.49-0.78, P < 0.001) [12]. At the last interim analysis, no significant difference
in OS was observed in the intention-to-treat population between the two arms, whereas a 7-months
improvement in median OS was observed in PD-L1 positive patients treated with atezolizumab plus NabP
(25.0 months) vs. placebo plus NabP (18.0 months, HR 0.71, 95% CI 0.54-0.93, statistical significance
was not formally tested according to the hierarchical statistical plan) [49]. Toxicities were acceptable and
consistent with the expected safety profiles of each agent and previous studies. In the experimental arm,
29 (6.4%) patients had adverse events that led to the discontinuation while fatal adverse events occurred
in 6 (1.3%) cases. IMpassion130 has been a practice changing study establishing the new standard of care
for previously untreated PD-L1 positive TN MBC patients. This first-line combination is approved by FDA
and EMA in TNBC patients who present a PD-L1 expression > 1% on immune cells.
At the recent European Society for Medical Oncology (ESMO) Virtual Congress 2020, results from the
phase III IMpassion131 were presented. This is the IMpassion130 “twin study” in which authors aimed
to evaluate, in a similar population, the role of backbone chemotherapy in association with atezolizumab.
The trial did not meet its primary endpoint, where atezolizumab plus paclitaxel as first line treatment
failed to improve outcomes in PD-L1 positive MBC patients. In detail, PFS was not significantly improved
by atezolizumab plus paclitaxel vs. paclitaxel alone in both PD-L1 positive (6.0 months vs. 5.7 months, HR
= 0.82, P = 0.20) and ITT population (5.7 months vs. 5.6 months, HR = 0.86). The combination also did not
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improve OS in PD-L1 positive group, with even a trend towards decreased OS (22.1 months vs. 28.3 months,
HR = 1.12; ITT: 19.2 months vs. 22.8 months, HR = 1.11), but moderately affected RR (63.4% vs. 55.4%
among PD-L1 positive patients and 53.6% and 47.5% in the overall population). Although the reasons for
these divergent results from IMpassion130 and IMpassion131 are largely unknown, a possible explanation
may rely on the larger use of steroid premedication in IMpassion131 as compared to IMpassion130 trial.
Notably, when looking at trial population composition and features, no other relevant differences in terms
of sample size, DFIs, number of metastatic sites, prior chemotherapy for EBC and/or ABC, or proportion
of PD-L1 positive patients were observed. Finally, PD-L1 may be considered a suboptimal predictive factor
in this setting, thus not probably representing the ideal biomarker to select patients for ICIs. Overall
considered, these data underline the need to better understand the interactions cancer-immune system, the
more suitable combination between ICI and backbone chemotherapy [50].
Interesting finding emerged from the KEYNOTE-355, a phase III trial investigating the combination
of another ICI, pembrolizumab, plus chemotherapy (NabP; paclitaxel; or gemcitabine/carboplatin) vs.
placebo plus chemotherapy in TN MBC patients. According to the inclusion criteria, patients should have
not received any prior treatment for metastatic disease and relapse should have occurred at least 6 months
after the conclusion of chemotherapy for early BC. Eight hundred forty-seven patients were randomized
2:1; the primary endpoint was PFS in PD-L1 positive patients (CPS > 10 and > 1, assessed with 22C3
pharmDx assay) and in the intention-to-treat population, to be tested according to a hierarchical statistical
design. Notable, PD-L1 status was assessed using a different ICH test compared to IMpassion130-131,
where Ventana SP142 was employed, and evaluated not only in the immune compartment but also in tumor
cells (CPS). With regards to the first PFS endpoint, the statistical assumption was met and pembrolizumab
plus chemotherapy significantly improved PFS vs. chemotherapy plus placebo in pts with CPS ≥ 10 tumors
(median 9.7 months vs. 5.6 months, HR 0.65, 95% CI 0.49-0.86, P = 0.0012). No statistically significant
benefit of pembrolizumab + chemotherapy was observed in patients with CPS ≥ 1 tumor (median PFS
7.6 months vs. 5.6 months, HR 0.74, 95% CI 0.61-0.90, P = 0.0014, with a pre-specified P value boundary
of 0.00111). According to the statistical plan, PFS analysis in the intention-to-treat population was only
descriptive and reported a median PFS of 7.5 with pembrolizumab vs. 5.6 with placebo [51].

Although the best results with ICIs have been achieved in TNBC, significant evidence of
immunogenicity have been proven also in HER2+ MBC. As already mentioned, the hypothesis is that ICIs
and anti-HER2 agents could be synergic and that their combination could overcome potential resistance.
The phase Ib/II PANACEA trial tested the efficacy and safety of pembrolizumab in combination with
trastuzumab, in advanced HER2+ trastuzumab-resistant MBC. In PD-L1 positive tumors the combination
was active and safe with a durable clinical benefit. In this cohort an ORR of 15% and a disease control rate
(DCR) of 25% were detected. Activity was higher in the ≥ 5% TILs subgroup with ORR and DCR of 39%
and 47%, respectively. No objective responses were observed in the PD-L1 negative cohort. PANACEA
study provides proof of principle evidence that immunotherapy can reverse trastuzumab resistance in
metastatic HER2+ BC [35].

The recent KATE2 study evaluated the addition of atezolizumab to T-DM1 in 202 patients with locally
advanced or metastatic HER2+ BC patients priorly treated with trastuzumab and taxane-based therapy.
Overall median PFS was 8.2 months in the atezolizumab group vs. 6.8 months in the placebo group with no
statistically significant difference (HR 0.82, 95% CI 0.55-1.23, P = 0.33). In the intention-to-treat population,
1-year OS was similar in both arms. In the PD-L1 positive subgroup, both PFS and OS were numerically
prolonged in the atezolizumab/T-DM1 arm vs. placebo/T-DM1 arm: median PFS was 8.5 months vs. 4.1
months (HR 0.60, 95% CI 0.32-1.11), respectively, and 1-year OS was 94.3% vs. 87.9% (HR 0.55, 95% CI
0.22-1.38), respectively. Patients with PD-L1 positive tumor showed significantly higher TILs levels and the
hazard ratio showed a larger benefit from atezolizumab/T-DM1 vs. placebo/T-DM1 in patients with TILs
> 5% (HR 0.55, 95% CI 0.26-1.12) as compared to patients with lower TILs (HR 1.43, 95% CI 0.51-4.01).
However, based on the small sample size and limited follow up these results warrant further evaluation in
larger trials [37].
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A plethora of other trials focused on anti PD-1/PD-L1/CTLA-4 antibodies in combination with antiHER2 agents are ongoing and their results are awaited [52].

In HR+ MBC, the role of immunotherapy seems to be less promising and to date has not been
largely explored.
In the multicohort phase Ib KEYNOTE-028 trial, pembrolizumab was investigated in 25 heavily
pretreated PD-L1 positive HR+/HER2- MBC; ORR was 12% (95% CI 2.5-31.2%) with 12 months as median
duration of response (range: 7.4-15.9 months). Overall, therapy was well tolerated but with modest
response, even if durable in a subgroup of patients [53].

A phase II study randomizing HR+/HER2- heavily pre-treated MBC patients (≥ 2 previous lines of
hormonal therapy and 0-2 previous lines of chemotherapy) to receive either the combination of eribulinmesylate plus pembrolizumab (arm A) or eribulin-mesylate alone (arm B), reported no significant
differences in terms of PFS (primary endpoint) and ORR (secondary endpoint). In particular, median
PFS and ORR were 4.1 months vs. 4.2 months (P = 0.38), and 25% vs. 34% (P = 0.49), for arm A vs. arm
B, respectively. Translational analyses failed to report a predictive role for PD-L1 status (PD-L1 positive
tumors: > 1% with IHC 22C3 clone assay) TILs (cutoff 10%), TMB (cutoff 6), neutrophilic-lymphocyte ratio
(cutoff 4) or genomic alterations with respect to immunotherapy efficacy [54].
Besides chemotherapy and anti-HER2 agents, there is growing interest in the identification of
ideal partners for immune checkpoint blockade, with the aim of enhancing MBC patients’ prognosis.
Many clinical trials testing combinations of ICIs with a variety of backbones agents [poly-ADP ribose
polymerase (PARP)-inhibitors, anti-IDO (indoleamine 2,3 dioxygenase), CDK4/6 inhibitors], are
currently ongoing. Interestingly, encouraging results have been reported with the combination of
immunotherapy plus CDK 4/6 inhibitors [55, 56].
Preclinical evidence suggests that CDK 4/6 blockade may boost anti-tumor immune response by
enhancing tumor antigen presentation (mediated by the activation of tumor cell expression of endogenous
retroviral elements) as well as suppressing regulatory T-cell proliferation [57, 58].

In the JPCE phase 1b study, where 28 HR+/HER2- MBC with 1-2 prior chemotherapy regimens were
treated with the combination of pembrolizumab plus abemaciclib, initial ORR was 14.3% and the rate of
stable disease at 16 weeks was 60%. No association was observed between PD-L1 expression and response
to abemaciclib plus pembrolizumab [59].
Encouraging results have also been reported from early-phase trials evaluating the combination of
immunotherapy with PARP-inhibitors. Indeed, PARP-inhibition may lead to the accumulation of damages in
the DNA, thus resulting in genomic instability [60].

In addition, it has been reported that PARP-inhibitors may upregulate PD-L1 expression in a preclinical
model, resulting in T-cell activity attenuation. Conversely, the combination of PARP-inhibitors with PD-L1
blockade proved to restore T-cell killing activity, thus providing a strong rational to test combinations of
PARP-inhibitors and ICIs in MBC patients [61].
In particular, MEDIOLA phase II basket trial included 34 HER2-(17 were TNBC) MBC patients harboring
germline deleterious mutations of BRCA 1/2 genes. Patients were treated with the PARP-inhibitor olaparib
for a 4-week run-in phase, which was then associated with the anti-PD-L1 agent durvalumab. Twelve-week
(primary endpoint) and 28-week DCR were 80% (> target DCR of 75%) and 50%, respectively, while ORR
(secondary endpoint) was 63.3% in the overall cohort. Higher ORR (70%) was observed in MBC patients
treated with ≤ 1 prior line of chemotherapy than more heavily treated patients (ORR 50%). Interestingly,
translational analyses revealed BRCA2 reversion, TP53BP1 mutation, lack of BRCA2 loss of heterozygosity,
PD-L1 and PD-L2 amplification as possible biomarkers predicting treatment resistance [62].

In the single-arm TOPACIO phase II trial, 55 TN MBC (patients may have received ≤ 2 lines of
therapy) received the combination of the PARP-inhibitor Niraparib plus pembrolizumab. ORR (primary
endpoint) was 21% (90% CI 12-33%), DCR (secondary endpoint) was 49% (90% CI 36-62%), median PFS
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(secondary endpoint) was 8.3 months. Numerically higher response rates were observed in patients with
tumor BRCA mutations (ORR 47%, 90% CI 24-70%) [63].
In both these trials the combination of PARP-inhibitors and immune checkpoint blockade was associated
with a manageable safety profile.

Emerging evidence also suggests a possible role for immunotherapy as maintenance treatment,
especially in TN MBC. Interestingly, the SAFIR-02 IMMUNOTRIAL trial evaluated durvalumab as maintenance
therapy after 1st or 2nd line chemotherapy in 199 HER2- MBC not harboring any targetable molecular
alteration [64]. Patients were randomly assigned 2:1 to either durvalumab or maintenance chemotherapy
without switch. In the overall population, median PFS was 2.7 months with durvalumab vs. 4.6 months with
chemotherapy HR 1.40 (95% CI 1.00-1.96, P = 0.047). In HR+/HER2- MBC patients, a detrimental effect
with Durvalumab was observed as compared to chemotherapy (HR 2.08, 95% CI 1.28-3.40), whereas in
TNBC patients the HR favored Durvalumab (0.87, 95% CI 0.54-1.42). In terms of OS, among TNBC patients,
a significant improvement was observed with Durvalumab with respect to chemotherapy (median OS 21
months vs. 14 months, HR 0.54, 95% CI 0.30-0.97, P = 0.0377). Similarly, a trend towards a beneficial effect
of Durvalumab has been observed in the PD-L1 positive cohort (> 1% of immune cells over tumor area by
SP142 assay; median OS 26 months vs. 12 months, HR 0.42, 95% CI 0.17-1.05, P = 0.0552).
Biomarkers

In addition to PD-L1 expression, other biomarkers are being studied for their ability to predict the benefit of
immunotherapy in this setting.

TILs levels have consistently shown to be positively correlated with the level of PD-L1 expression
[65-67].
In the KEYNOTE-086 trial of single-agent pembrolizumab, higher TILs were significantly associated with
overall response rates in multivariable analysis [65].
Moreover, association between higher TILs and the efficacy of combined immunotherapy + anti-HER2
agents has been described in both the PANACEA and KATE2 trials [35, 36].

Tumor mutational burden also resulted associated with pembrolizumab efficacy vs chemotherapy in a
biomarker analysis of the KEYNOTE-119 trial [68].

Copy number alterations (CNA) of PD-L1 (CD274) gene were evaluated in tumor tissues collected
from 126 patients in the SAFIR-02 IMMUNOTRIAL. According to PD-L1 CNA, Durvalumab showed an OS
improvement in the PD-L1 CNA gain/amplification subgroup (HR 0.17, 95% CI 0.05-0.55) with a median
OS of 9 months in chemotherapy arm and not reached in durvalumab arm. This difference was particularly
evident in TNBC patients (HR 0.18, 95% CI 0.05-0.71) [69].

Preliminary real-world data also suggest a role of body mass index (BMI) in affecting response to ICIs.
Indeed, more favorable ORR and survival rates have been reported in obese/overweight patients with
solid cancers receiving immunotherapy (proportion of BC patients, if any, has not been reported), thus
suggesting immunotherapy as potentially capable of reverting the pro-tumorigenic immune dysfunction
typically associated with overweight. However, definitive conclusions on the role of BMI in BC patients
receiving immunotherapy is currently unknown [70, 71].

Conclusion

Immunotherapy is emerging as a new frontier in BC treatment, leading to a new standard of care for the
first line treatment of TN MBC with PD-L1 positive status. Despite this breakthrough, only a minority of
BC patients seems to benefit from this novel treatment strategy. In this context, there is increasing interest
in identifying the ideal partner for ICIs. The most promising results have been achieved by associating
immunotherapy with chemotherapy, possibly due, at least in part, to the mechanism of chemotherapyinduced immunogenic cell death [72, 73]. However, results from early-phase clinical trials testing the
combination with various biological agents, like anti-HER2 agents, PARP-inhibitors and CDK 4/6 inhibitors
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are encouraging, thus potentially allowing to broaden the population of BC patients who may benefit from
immunotherapy. In addition, several trials currently testing combinations with other targeted agents are
ongoing and results are awaited [74].

Other unresolved issues need to be addressed. First, a comprehensive predictive biomarker for
immunotherapy efficacy capable of reliably identifying BC patients who may benefit from immunotherapy
both in advanced and early setting is still lacking. In this context, although PD-L1 expression is associated
with immunotherapy benefit in different trials in the metastatic setting, several other clinical studies failed
to report a similar predictive role and there is a major discrepancy with results obtained by neoadjuvant
trials. Moreover, the dynamic changes and heterogeneity of PD-L1 expression in the same sample tumor
and in the different metastatic sites, together with the absence of reliable detection methods, limit its use
in clinical practice. Other potential biomarkers of response/resistance to immunotherapy such as TILs,
TMB, characterization of the immune infiltrate or gut microbiome have been investigated and may will
provide additional information [35, 43, 44, 66, 75-77]. Unfortunately, these biomarkers require specific
analyses in tumor specimens, which are not always easily available. Therefore, cheap and easy-to-measure
biochemical/clinical parameters could significantly help in patients’ selection, like lactate dehydrogenase
(LDH) [78] and BMI [70, 71].

Lastly, although available evidence is consistent in suggesting a larger beneficial effect of
immunotherapy when administered earlier in the natural history of BC, the ideal timing for
immunotherapy is still object of debate [42, 44-46]. The long journey of immunotherapy in BC has just
started and its full potential yet to be discovered.
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EFS: event-free survival
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OS: overall-survival

PARP: poly-ADP ribose polymerase

pCR: pathologic complete response

PD-L1: anti-programmed death-ligand 1
PFS: progression free survival

sTILs: stromal tumor-infiltrating lymphocytes
TILs: tumor infiltrating lymphocytes
TMB: tumor mutational burden
TN: triple-negative

TNBC: triple-negative breast cancer

Declarations

Author contributions
MVD, VG, NLV contributed conception and design of the review. FM and MSC wrote the first draft of the
manuscript. All authors contributed to manuscript revision, read and approved the submitted version.
Conflicts of interest

VG reports grants (Institution) and personal fees from Roche, personal fees from Novartis, and personal fees
from Eli Lilly, outside the submitted work. MVD reports personal fees from Genomic Health, EliLilly, and
Celgene, outside the submitted work. NLV reports grants from EISAI; speaker bureau, travel expences for
conference from ROCHE, GENTILI; advisory role from NOVARTIS and CELGENE; advisor role, travel expences
for conference from PFIZER; advisory board from MSD, outside the submitted work. FM and MSC declare that
they have no conflicts of interest.
Ethical approval
Not applicable.

Consent to participate
Not applicable.

Consent to publication
Not applicable.

Availability of data and materials
Not applicable.
Funding

Not applicable.
Copyright

© The Author(s) 2020.

References
1.
2.

Alexandrov LB, Nik-Zainal S, Wedge DC, Aparicio SA, Behjati S, Biankin AV, et al. Signatures of mutational
processes in human cancer. Nature. 2013;500:415-21. Erratum in: Nature. 2013;502:258. Imielinsk,
Marcin [corrected to Imielinski, Marcin].
Stanton SE, Adams S, Disis ML. Variation in the incidence and magnitude of tumor-infiltrating lymphocytes
in breast cancer subtypes: a systematic review. JAMA Oncol. 2016;2:1354-60.

Explor Target Antitumor Ther. 2020;1:452-72 | https://doi.org/10.37349/etat.2020.00029

Page 467

3.
4.
5.
6.
7.
8.
9.

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. Erratum in: J Clin Oncol. 2010;28:708.

Loi S, Sirtaine N, Piette F, Salgado R, Viale G, Van Eenoo F, et al. Prognostic and predictive value of tumorinfiltrating lymphocytes in a phase III randomized adjuvant breast cancer trial in node-positive breast
cancer comparing the addition of docetaxel to doxorubicin with doxorubicin-based chemotherapy: BIG
02-98. J Clin Oncol. 2013;31:860-7.
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.

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.
Luen S, Virassamy B, Savas P, Salgado R, Loi S. The genomic landscape of breast cancer and its interaction
with host immunity. Breast. 2016;29:241-50.

Savas P, Caramia F, Teo ZL, Loi S. Oncogene addiction and immunity: clinical implications of tumour
infiltrating lymphocytes in breast cancers overexpressing the HER2/neu oncogene. Curr Opin Oncol.
2014;26:562-7.
Bianchini G, Gianni L. The immune system and response to HER2-targeted treatment in breast cancer.
Lancet Oncol. 2014;15:e58-68.

10. Griguolo G, Pascual T, Dieci MV, Guarneri V, Prat A. Interaction of host immunity with HER2-targeted
treatment and tumor heterogeneity in HER2-positive breast cancer. J Immunother Cancer. 2019;7:90.

11. Dieci MV, Griguolo G, Miglietta F, Guarneri V. The immune system and hormone-receptor positive breast
cancer: is it really a dead end? Cancer Treat Rev. 2016;46:9-19.
12. Schmid P, Adams S, Rugo HS, Schneeweiss A, Barrios CH, Iwata H, et al. Atezolizumab and nab-paclitaxel
in advanced triple-negative breast cancer. N Engl J Med. 2018;379:2108-21.

13. Loibl S, Untch M, Burchardi N, Huober J, Sinn BV, Blohmer JU, et al. A randomised phase II study
investigating durvalumab in addition to an anthracycline taxane-based neoadjuvant therapy in early
triple-negative breast cancer: clinical results and biomarker analysis of GeparNuevo study. Ann Oncol.
2019;30:1279-88.
14. Loibl S, Sinn BV, Karn T, Untch M, Treue D, Sinn HP, et al. mRNA signatures predict response to durvalumab
therapy in triple negative breast cancer (TNBC)– results of the translational biomarker programm of the
neoadjuvant double-blind placebo controlled GeparNuevo trial. Cancer Res. 2019;79 Suppl 4:PD2-07.

15. Nanda R, Liu MC, Yau C, Shatsky R, Pusztai L, Wallace A, et al. Effect of pembrolizumab plus neoadjuvant
chemotherapy on pathologic complete response in women with early-stage breast cancer: an analysis of
the ongoing phase 2 adaptively randomized I-SPY2 trial. JAMA Oncol. 2020;6:676-84.

16. Schmid P, Salgado R, Park YH, Muñoz-Couselo E, Kim SB, Sohn J, et al. Pembrolizumab plus chemotherapy
as neoadjuvant treatment of high-risk, early-stage triple-negative breast cancer: results from the phase
1b open-label, multicohort KEYNOTE-173 study. Ann Oncol. 2020;31:569-81.

17. Schmid P, Cortes J, Pusztai L, McArthur H, Kümmel S, Bergh J, et al. Pembrolizumab for early triplenegative breast cancer. N Engl J Med. 2020;382:810-21.
18. Mittendorf EA, Zhang H, Barrios CH, Saji S, Jung KH, Hegg R, et al. Neoadjuvant atezolizumab in
combination with sequential nab-paclitaxel and anthracycline-based chemotherapy versus placebo and
chemotherapy in patients with early-stage triple-negative breast cancer (IMpassion031): a randomised,
double-blind, phase 3 trial. Lancet. 2020;396:1090-100.
19. Gianni L, Huang CS, Egle D, Bermejo B, Zamagni C, Thill M, et al. Pathologic complete response
(pCR) to neoadjuvant treatment with or without atezolizumab in triple negative, early high-risk
Explor Target Antitumor Ther. 2020;1:452-72 | https://doi.org/10.37349/etat.2020.00029

Page 468

and locally advanced breast cancer. NeoTRIPaPDL1 Michelangelo randomized study. Cancer Res.
2020;80 Suppl 4:GS3-04.

20. Emens LA, Middleton G. The interplay of immunotherapy and chemotherapy: harnessing potential
synergies. Cancer Immunol Res. 2015;3:436-43.

21. Voorwerk L, Slagter M, Horlings HM, Sikorska K, van de Vijver KK, de Maaker M, et al. Immune induction
strategies in metastatic triple-negative breast cancer to enhance the sensitivity to PD-1 blockade: the
TONIC trial. Nat Med. 2019;25:920-8.
22. Miglietta F, Griguolo G, Guarneri V, Dieci MV. Programmed cell death ligand 1 in breast cancer: technical
aspects, prognostic implications, and predictive value. Oncologist. 2019;24:e1055-69.

23. Lee JS, Ruppin E. Multiomics prediction of response rates to therapies to inhibit programmed cell death
1 and programmed cell death 1 ligand 1. JAMA Oncol. 2019;5:1614-18.
24. Szekely B, Bossuyt V, Li X, Wali VB, Patwardhan GA, Frederick C, et al. Immunological differences between
primary and metastatic breast cancer. Ann Oncol. 2018;29:2232-9.
25. Cimino-Mathews A, Ye X, Meeker A, Argani P, Emens LA. Metastatic triple-negative breast cancers at first
relapse have fewer tumor-infiltrating lymphocytes than their matched primary breast tumors: a pilot
study. Hum Pathol. 2013;44:2055-63.
26. Cimino-Mathews A, Thompson E, Taube JM, Ye X, Lu Y, Meeker A, et al. PD-L1 (B7-H1) expression and
the immune tumor microenvironment in primary and metastatic breast carcinomas. Hum Pathol.
2016;47:52-63.

27. Ogiya R, Niikura N, Kumaki N, Bianchini G, Kitano S, Iwamoto T, et al. Comparison of tumor-infiltrating
lymphocytes between primary and metastatic tumors in breast cancer patients. Cancer Sci.
2016;107:1730-35.

28. Bianchini G, Riba M, Zambelli S, Safonov A, Ogiya R, Jiang T, et al. Triple-negative (TN) and HER2+ breast
cancers (BC) have different immune milieu in primary and metastatic tumors. Cancer Res. 2016;76
Suppl 4:P4-04-04.
29. Masuda N, Lee SJ, Ohtani S, Im YH, Lee ES, Yokota I, et al. Adjuvant capecitabine for breast cancer after
preoperative chemotherapy. N Engl J Med. 2017;376:2147-59.
30. von Minckwitz G, Huang CS, Mano MS, Loibl S, Mamounas EP, Untch M, et al. Trastuzumab emtansine for
residual invasive HER2-positive breast cancer. N Engl J Med. 2019;380:617-28.

31. Prowell TM, Beaver JA, Pazdur R. Residual disease after neoadjuvant therapy-developing drugs for highrisk early breast cancer. N Engl J Med. 2019;380:612-5.

32. Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, Wolmark N, et al. Pathological complete response
and long-term clinical benefit in breast cancer: the CTNeoBC pooled analysis. Lancet. 2014;384:164-72.
33. 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.
34. Müller P, Kreuzaler M, Khan T, Thommen DS, Martin K, Glatz K, et al. Trastuzumab emtansine (TDM1) renders HER2+ breast cancer highly susceptible to CTLA-4/PD-1 blockade. Sci Transl Med.
2015;7:315ra188.
35. 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.

36. Emens LA, Esteva F, Beresford M, Saura C, De Laurentiis M, Kim SB, et al. Results from KATE2, a randomized
phase 2 study of atezolizumab (atezo) + trastuzumab emtansine (T-DM1) vs. placebo (pbo) + T-DM1 in
previously treated HER2+ advanced breast cancer (BC). Cancer Res. 2019;79 Suppl 4:PD3-01.
37. Emens LA, Esteva FJ, Beresford M, Saura C, De Laurentiis M, Kim S, et al. Overall survival (OS) in KATE2,
a phase 2 study of programmed death ligand 1 (PD-L1) inhibitor atezolizumab (atezo) + trastuzumab
Explor Target Antitumor Ther. 2020;1:452-72 | https://doi.org/10.37349/etat.2020.00029

Page 469

emtansine (T-DM1) vs. placebo (pbo) + T-DM1 in previously treated HER21 advanced breast cancer
(BC). Ann Oncol. 2019;30 Suppl 5:v104-42.

38. Criscitiello C, Vingiani A, Maisonneuve P, Viale G, Viale G, Curigliano G. Tumor-infiltrating lymphocytes
(TILs) in ER+/HER2- breast cancer. Breast Cancer Res Treat. 2020;183:347-54.
39. Generali D, Bates G, Berruti A, Brizzi MP, Campo L, Bonardi S, et al. Immunomodulation of FOXP3+
regulatory T cells by the aromatase inhibitor letrozole in breast cancer patients. Clin Cancer Res.
2009;15:1046-51.

40. Chan MS, Wang L, Felizola SJ, Ueno T, Toi M, Loo W, et al. Changes of tumor infiltrating lymphocyte
subtypes before and after neoadjuvant endocrine therapy in estrogen receptor-positive breast cancer
patients--an immunohistochemical study of Cd8+ and Foxp3+ using double immunostaining with
correlation to the pathobiological response of the patients. Int J Biol Markers. 2012;27:e295-304.
41. Dieci MV, Guarneri V, Bisagni G, Tosi A, Musolino A, Spazzapan S. Neoadjuvant chemotherapy
and immunotherapy in Luminal B BC: results of the phase II GIADA trial. Ann Oncol. 2020;31
Suppl 4:S303-39.

42. Emens LA, Cruz C, Eder JP, Braiteh F, Chung C, Tolaney SM, et al. Long-term clinical outcomes and
biomarker analyses of atezolizumab therapy for patients with metastatic triple-negative breast cancer:
a phase 1 study. JAMA Oncol. 2019;5:74-82.
43. 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.
44. Adams S, Loi S, Toppmeyer D, Cescon DW, De Laurentiis M, Nanda R, et al. Pembrolizumab monotherapy
for previously untreated, PD-L1-positive, metastatic triple-negative breast cancer: cohort B of the phase
II KEYNOTE-086 study. Ann Oncol. 2019;30:405-11.
45. Dirix LY, Takacs I, Jerusalem G, Nikolinakos P, Arkenau HT, Forero-Torres A, et al. Avelumab, an antiPD-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.
46. Adams S, Diamond JR, Hamilton E, Pohlmann PR, Tolaney SM, Chang CW, et al. Atezolizumab plus nabpaclitaxel in the treatment of metastatic triple-negative breast cancer with 2-year survival follow-up: a
phase 1b clinical trial. JAMA Oncol. 2019;5:334-42.

47. Tolaney SM, Kalinsky K, Kaklamani V, Savulsky C, Olivo M, Aktan G, et al. Phase 1b/2 study to evaluate
eribulin mesylate in combination with pembrolizumab in patients with metastatic triple-negative breast
cancer. Cancer Res. 2018;78 Suppl 4:PD6-13.

48. Cortés J, Lipatov O, Im S, Gonçalves A, Lee KS, Schmid P, et al. KEYNOTE-119: Phase III study of
pembrolizumab (pembro) versus single-agent chemotherapy (chemo) for metastatic triple negative
breast cancer (mTNBC). Ann Oncol. 2019;30 Suppl 5:v859-60.
49. Schmid P, Rugo HS, Adams S, Schneeweiss A, Barrios CH, Iwata H, et al; IMpassion130 Investigators.
Atezolizumab plus nab-paclitaxel as first-line treatment for unresectable, locally advanced or metastatic
triple-negative breast cancer (IMpassion130): updated efficacy results from a randomised, doubleblind, placebo-controlled, phase 3 trial. Lancet Oncol. 2020;21:44-59.

50. Miles DW, Gligorov J, André F, Cameron D, Schneeweiss A, Barrios CH, et al. Primary results from
IMpassion131, a double-blind placebo-controlled randomised phase III trial of first-line paclitaxel (PAC)
± atezolizumab (atezo) for unresectable locally advanced/metastatic triple-negative breast cancer
(mTNBC). Ann Oncol. 2020;31 Suppl 4:S1142-215.
51. Cortes J, Cescon DW, Rugo HS, Nowecki Z, Im S, Yusof MM, et al. KEYNOTE-355: Randomized, doubleblind, phase III study of pembrolizumab + chemotherapy versus placebo + chemotherapy for previously
untreated locally recurrent inoperable or metastatic triple-negative breast cancer. J Clin Oncol.
2020;[Epub ahead of print].
Explor Target Antitumor Ther. 2020;1:452-72 | https://doi.org/10.37349/etat.2020.00029

Page 470

52. Krasniqi E, Barchiesi G, Pizzuti L, Mazzotta M, Venuti A, Maugeri-Saccà M, et al. Immunotherapy in HER2positive breast cancer: state of the art and future perspectives. J Hematol Oncol. 2019;12:111.

53. 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.
54. Tolaney SM, Barroso-Sousa R, Keenan T, Trippa L, Hu J, Vaz Duarte Luis IM, et al. Randomized phase II
study of eribulin mesylate (E) with or without pembrolizumab (P) for hormone receptor-positive (HR+)
metastatic breast cancer (MBC). J Clin Oncol. 2019;[Epub ahead of print].

55. Esteva FJ, Hubbard-Lucey VM, Tang J, Pusztai L. Immunotherapy and targeted therapy combinations in
metastatic breast cancer. Lancet Oncol. 2019;20:e175-86.

56. Kyte JA, Andresen NK, Russnes HG, Fretland SØ, Falk RS, Lingjærde OC, et al. ICON: a randomized phase
IIb study evaluating immunogenic chemotherapy combined with ipilimumab and nivolumab in patients
with metastatic hormone receptor positive breast cancer. J Transl Med. 2020;18:269.

57. Goel S, DeCristo MJ, Watt AC, BrinJones H, Sceneay J, Li BB, et al. CDK4/6 inhibition triggers anti-tumour
immunity. Nature. 2017;548:471-5.
58. 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.

59. Tolaney SM, Kabos P, Dickler MN, Gianni L, Jansen V, Lu Y, et al. Updated efficacy, safety, & PD-L1 status
of patients with HR+, HER2- metastatic breast cancer administered abemaciclib plus pembrolizumab. J
Clin Oncol. 2018;[Epub ahead of print].
60. Farmer H, McCabe N, Lord CJ, Tutt AN, Johnson DA, Richardson TB, et al. Targeting the DNA repair defect
in BRCA mutant cells as a therapeutic strategy. Nature. 2005;434:917-21.

61. 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. 2017;23:3711-20.
62. Domchek S, Postel-Vinay S, Im S, Park YH, Delord J, Italiano A, et al. Phase II study of olaparib (O) and
durvalumab (D) (MEDIOLA): updated results in patients (pts) with germline BRCA-mutated (gBRCAm)
metastatic breast cancer (MBC). Ann Oncol. 2019;30 Suppl 5:v477.

63. 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;5:1132-40.

64. Dalenc F, Garberis I, Filleron T, Lusque A, Bachelot T, Arnedos M, et al. Durvalumab compared to
maintenance chemotherapy in patients with metastatic breast cancer: results from phase II randomized
trial SAFIR02-IMMUNO. Cancer Res. 2020;80 Suppl 4:GS3-02.
65. Loi S, Adams S, Schmid P, Cortés J, Cescon DW, Winer EP, et al. Relationship between tumor infiltrating
lymphocyte (TIL) levels and response to pembrolizumab (pembro) in metastatic triple-negative breast
cancer (mTNBC): results from KEYNOTE-086. Ann Oncol. 2017;28 Suppl 5:v608.
66. Rugo HS, Loi S, Adams S, Schmid P, Schneeweiss A, Barrios CH, et al. Performance of PD-L1
immunohistochemistry (IHC) assays in unresectable locally advanced or metastatic triple-negative
breast cancer (MTNBC): post-hoc analysis of IMpassion130. Ann Oncol. 2019;30 Suppl 5:v851-934.

67. Dieci MV, Tsvetkova V, Orvieto E, Piacentini F, Ficarra G, Griguolo G, et al. Immune characterization of
breast cancer metastases: prognostic implications. Breast Cancer Res. 2018;20:62.
68. Winer EP, Lipatov O, Im SA, Goncalves A, Munoz-Couselo E, Seok Lee K, et al. Association of tumor
mutational burden (TMB) and clinical outcomes with pembrolizumab (pembro) versus chemotherapy
(chemo) in patients with metastatic triple-negative breast cancer (mTNBC) from KEYNOTE-119. J Clin
Oncol. 2020;38 Suppl 15:1013.
Explor Target Antitumor Ther. 2020;1:452-72 | https://doi.org/10.37349/etat.2020.00029

Page 471

69. Bachelot T, Filleron T, Dalenc F, Bieche I, Gaberis I, Rouleau E, et al. PDL1/CD274 gain/amplification as
a predictive marker of checkpoint blockade inhibitor efficacy in metastatic breast cancer: exploratory
analysis of the SAFIR02-IMMUNO randomized phase II trial. Ann Oncol. 2020;31 Suppl 2:S58-61.
70. Cantini L, Pistelli M, Merloni F, Fontana A, Bertolini I, De Angelis C, et al. Body mass index and hormone
receptor status influence recurrence risk in HER2-positive early breast cancer patients. Clin Breast
Cancer. 2020;20:e89-98.
71. Cortellini A, Ricciuti B, Tiseo M, Bria E, Banna GL, Aerts JG, et al. Baseline BMI and BMI variation during
first line pembrolizumab in NSCLC patients with a PD-L1 expression ≥ 50%: a multicenter study with
external validation. J Immunother Cancer. 2020;8:e001403.
72. Inoue H, Tani K. Multimodal immunogenic cancer cell death as a consequence of anticancer cytotoxic
treatments. Cell Death Differ. 2014;21:39-49.

73. Wang YJ, Fletcher R, Yu J, Zhang L. Immunogenic effects of chemotherapy-induced tumor cell death.
Genes Dis. 2018;5:194-203.
74. Adams S, Gatti-Mays ME, Kalinsky K, Korde LA, Sharon E, Amiri-Kordestani L, et al. Current landscape of
immunotherapy in breast cancer: a review. JAMA Oncol. 2019;[Epub ahead of print].

75. Signorelli D, Giannatempo P, Grazia G, Aiello MM, Bertolini F, Mirabile A, et al. Patients selection for
immunotherapy in solid tumors: overcome the naï�ve vision of a single biomarker. Biomed Res Int.
2019;2019:9056417.

76. Zitvogel L, Ma Y, Raoult D, Kroemer G, Gajewski TF. The microbiome in cancer immunotherapy: diagnostic
tools and therapeutic strategies. Science. 2018;359:1366-70.

77. Gopalakrishnan V, Helmink BA, Spencer CN, Reuben A, Wargo JA. The influence of the gut microbiome on
cancer, immunity, and cancer immunotherapy. Cancer Cell. 2018;33:570-80.
78. Cona MS, Lecchi M, Cresta S, Damian S, Del Vecchio M, Necchi A, et al. Combination of baseline LDH,
performance status and age as integrated algorithm to identify solid tumor patients with higher
probability of response to anti PD-1 and PD-L1 monoclonal antibodies. Cancers (Basel). 2019;11:223.

Explor Target Antitumor Ther. 2020;1:452-72 | https://doi.org/10.37349/etat.2020.00029

Page 472

