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Abstract
Introduction: The clinical outcome of HER2-positive breast
cancer patients changed with the use of anti-Her therapies,
though it still remains an aggressive and fatal disease. Imple-
mentation of immune checkpoint inhibitors in HER2-posi-
tive Breast cancer is a concept supported by the reported
biological and preclinical data. Methods: We conducted a
systematic review of the current literature involvingimmune
checkpoint inhibitors alone or in combination with targeted
therapies or chemotherapy finalized or running in HER2-
positive breast cancer. Results: Twelve clinical trials and 2
case reports were identified in our study. Conclusion: The
reported clinical trials highlight that checkpoint inhibition
seems to be promising in metastatic, neoadjuvant, and ad-
juvant settings of HER2-positive breast cancer.

© 2021 S. Karger AG, Basel
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Introduction

Breast cancer is the most common cancer in women,
accounting for 15.2% of new diagnoses, and it is the sec-
ond most common cause of cancer-related deaths [1]. In
2018, breast cancer was estimated to affect 2,088,849
women and men and caused nearly 626,679 deaths world-
wide [2]. Furthermore, 1 out of 8 women are expected to
develop invasive breast cancer over their lifetime, with a
current 5-year survival rate of 89.7%. Nearly 2,550 new
cases of invasive breast cancer are expected to be diag-
nosed in men, and the resulting lifetime risk for male
breast cancer is about 4 in 1,000 [1]. The current treat-
ment strategy for breast cancer includes chemotherapy,
endocrine therapy, and targeted biologic therapy. Treat-
ment has become more individualized based on charac-
teristics of the tumor, including estrogen and progesteron
receptor expression, expression of the human epidermal
growth factor receptor (HER2), and estimation of cell
proliferation with Ki67 [3-5]. Between 20 and 30% of all
breast cancers overexpress HER2, accounting for 40,000-
60,000 patients sharing this subtype of breast cancer [1].

HER2-positive breast cancer is an aggressive subtype,
characterized by amplification or overexpression of the
HER?2 (erbB2) oncogene. HER2 is a member of the hu-
man epidermal growth factor receptor (HER/EGFR/
ERBB) family, which creates a transmembrane protein
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with tyrosine kinase activity [6]. Amplification or overex-
pression of this oncogene results in an increase in HER2
protein that has been shown to play an important role in
the development and progression of the aggressive phe-
notype [7]. Despite the fact that HER2-targeted treatment
has improved the overall survival (OS) of patients with
HER2-postive metastatic breast cancer, with a median OS
exceeding 3 years, there is an unmet need for better treat-
ments [8-10].

Immunotherapeutic agents targeting the PD-1/pro-
grammed death ligand 1 (PD-L1) and CTLA-4 pathways
are critical to the immune system’s ability to control can-
cer growth [11]. Cancer cells use these pathways to escape
from immune surveillance [12, 13]. Specific antibodies
blocking these pathways are called immune checkpoint
inhibitors. Recently, immunotherapy was added to the
therapeutic armamentarium for triple-negative breast
cancer. Atezolizumab, an anti-PDL1 checkpoint inhibi-
tor, in combination with nab-paclitaxel has been ap-
proved for first-line treatment of triple-negative breast
cancer patients; patients included in the Impassion130
clinical trial treated with the combination of immuno-
therapy plus chemotherapy presented with a median pro-
gression-free survival (PFS) of 7.2 months compared to
5.5 months of chemotherapy plus placebo for the inten-
tion-to-treat population and , PD-L1-positive patients
had a median PFS of 7.5 and 5.0 months [14]. The ORR
was 56% with atezolizumab/chemotherapy versus 45.9%
in the chemotherapy group for the intent-to-treat popu-
lation, while for the PD-L1-positive patients it was 58.9
and 42.6%, respectively [14]. In ESMO 2020 the final
analysis of Impassion130 reported an improvement of 7.5
mOS in PDL-1-positive patients (21.0 [range: 19.0-23.4]
vs. 18.7 months [range: 16.9-20.8] in favor of the atezoli-
zumab and nab-paclitaxel combination) [15].

Herein, we report a systematic review in accordance
with PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines, which synthe-
sizes all available data emerging from the current litera-
ture and evaluates the efficacy and safety of checkpoint
inhibitors in metastatic, adjuvant, and neoadjuvant set-
tings of HER2-positive breast cancer.

Methods

This systematic review was performed in accordance with
PRISMA guidelines. Eligible articles were identified by a search of
the Medline bibliographic database from January 1, 2010, to Octo-
ber 1, 2019. The search strategy included the following keywords:
breast[ti] AND (neoplasm OR neoplasms OR cancer OR cancers
OR carcinoma OR carcinomas) AND (pembrolizumab[ti] OR
avelumab[ti] OR nivolumab[ti] OR atezolizumab[ti] OR
durvalumab(ti] OR ipilimumab|ti] OR cemiplimab[ti] OR treme-
limumab [ti]). Our goal was to identify all previous and ongoing
clinical trials testing anti-PD1, anti-PDL1, and anti-CTLA4 agents
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in metastatic, neoadjuvant, and adjuvant HER2-positive breast
cancer.

Language restrictions were applied (i.e., only articles in English,
French, or German were considered eligible); 2 investigators (G.G.
and A.K.), searched the literature and extracted data from each
eligible study. Reviews were not eligible, while all prospective and
retrospective studies, as well as case reports, were eligible for this
systematic review. Papers that did not state the names of the au-
thors were excluded. In addition, we checked all of the references
of relevant reviews and eligible articles that our search retrieved,
so as to identify potentially eligible conference abstracts. Addition-
ally, we manually checked ClinicalTrials.gov in order to add ongo-
ing trials without published data using the following words: pem-
brolizumab and breast cancer and HER2 positive, nivolumab and
breast cancer and HER2 positive, avelumab and breast cancer and
HER?2 positive, atezolizumab and breast cancer and HER2 posi-
tive, durvalumab and breast cancer and HER2 positive, ipilimum-
ab and breast cancer and HER?2 positive. Only trials focused on
immunotherapeutic agents in the HER2-positive subtype of breast
cancer were eligible for this systematic review. Trials focused on
other subtypes of breast cancer were excluded (i.e., triple negative
and hormone receptor positive).

Data Reported at International Meetings Were Included as

Well

All studies that examined the efficacy and safety of immuno-
therapeutic agents and reported the relevant frequencies, regard-
less of sample size, were considered eligible for this systematic re-
view. For those studies, the following data were collected: first au-
thor, year of publication, agents, phase of the trial, number of
patients treated, characteristics of the patient population (first-line
treatment, second-line treatment, etc.), median age (years), com-
plete response (CR) rate, partial response (PR) rate, stabilization
of the disease (SD) rate, progression of the disease (PD) rate, me-
dian OS (months), median PFS (months), and complications. In
instances where multiple (overlapping) publications stemming
from the same study were identified, the larger-size study was in-

cluded.

Results

Using the above criteria, 14 clinical trials and 2 case
reports were identified (Table 1). Thirteen clinical trials
tested the use of immune checkpoint inhibitors in the
metastatic setting and 1 trial tested it in the neoadjuvant
setting (Fig. 1). Of the aforementioned clinical trials, 4
were phase Ib, 3 were phase Ib-1I, 4 were phase II, and 3
were phase III clinical trials (Table 1). The exact popula-
tion studied in each trial is highlighted in Table 2.

Atezolizumab is explored in 8 clinical trials, pembro-
lizumab in 2 clinical trials, durvalumab in 2 clinical trials,
and avelumab or avelumab with utomilumab in 1 trial,
each (Fig. 1).

Atezolizumab

Atezolizumab is an Fc-engineered, humanized immu-
noglobulin G1 (IgG1) monoclonal antibody that directly
binds to PD-L1 and provides a dual blockade of the PD-1
and B7.1 receptors. Atezolizumab spares the PD-L2/PD-1
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Table 1. Characteristics of the clinical trials (Clinical Trials.gov)

Study

Type of study

Drug

Status

Patients, n

Population

PANACEA
NCT02129556 [16]

Single-arm phase Ib/II
study

Experimental: MK-3475 (pembrolizumab)
with trastuzumab (single arm)

Phase Ib: MK-3475 at a dose of 2 or 10 mg/kg
(i.v.), or a fall-back dose of 1 mg/kg, toget%ler
with trastuzumab at 6 mg/kg (i.v.) once every
3 weeks

Phase II: MK-3475 at a flat dose of 200 mg
(i.v.) together with trastuzumab at 6 mg/kg
(i.v.) once every 3 weeks until progression,
lack of tolerability, or 24 months of treatment
A dose of 8 mg/kg trastuzumab will be used
in C\{)cle 1 if prior treatment with trastuzumab
has been stopped more than 3 months prior

Recruitment completed 58

Metastatic Breast cancer,
central nervous system after
local treatment included

AVIATOR study
NCT03414658

Randomized phase IT
open label trial

Trastuzumab and vinorelbine with avelumab
or avelumab and utomilumab in advanced
HER2+ breast cancer

Recruiting

Estimated 100

Patients with HER2-positive
metastatic breast cancer
who have progressed on
prior trastuzumab and

pertuzumab
NCT02649686 [21] Randomized phase Ib/II  Durvalumab plus trastuzumab Active, not recruiting 15 HER2-positive metastatic
study Durvalumab 3w until PD trastuzumab q3w x6 breast cancer
NCT02403271 Phase Ib/II multicenter ~ Ibrutinib in combination with durvalumab Completed 124 Non-small cell lung cancer
study (MEDI4736) in subjects with relapsed or breast cancer
refractory solid tumors Pancreatic cancer
NCT03032107 Phase Ib study Pembrolizumab combined with trastuzumab Recruiting Estimated 27 ~ Metastatic breast cancer
emtansine
NCT03125928 Single-arm phase ITA Atezolizumab in combination with paclitaxel, Recruiting Estimated 50 ~ HER2-positive metastatic
open label study trastuzumab, and pertuzumab breast cancer
NCT02605915 Nonrandomized Atezolizumab in combination with Active, not recruiting Estimated 98 Metastatic breast cancer
phase Ib study trastuzumab emtansine or with trastuzumab
and pertuzumab (with and without docetaxel)
in patients with HER2-positive breast cancer
and atezolizumab with doxorubicin and
cyclophosphamide in HER2-negative breast
cancer
NCT03417544 Single-arm phase IT Atezolizumab in combination with Recruiting Estimated 33~ HER2-positive metastatic
study pertuzumab plus high-dose trastuzumab breast cancer
Central nervous system
metastases
NCT03595592 Randomized phase III Atezolizumab, pertuzumab, and trastuzumab Not yet recruiting Estimated 650  Neoadjuvant
interventional clinical with chemotherapy as neoadjuvant treatment HER2-positive early high-
trial risk and locally advanced
breast cancer (APTneo)
NCT02924883 Randomized, Trastuzumab emtansine in combination with Active, not recruiting Estimated 202 HER2-positive locally
multicenter, atezolizumab or atezolizumab-placebo advanced or metastatic
double-blind, breast cancer who have
placebo-controlled received prior trastuzumab
phase IT trial and taxane-based therapy
NCT03650348 Phase Ib PRS-343 in combination with atezolizumab Recruiting Estimated 70 ~ HER2-positive advanced or
open-label, dose metastatic solid tumors
escalation study Breast, gastric, bladder, and
solid tumors
NCT03199885 Randomized, double- Paclitaxel/trastuzumab/pertuzumab with Not yet recruiting Estimated 600  First-line HER2-positive
blind atezolizumab or placebo metastatic breast cancer
phase I1I trial
NCT03523572 Phase Ib, Trastuzumab deruxtecan with nivolumab Recruiting 99 HER2-positive metastatic
nonrandomized, dose breast cancer, bladder
escalation study cancer
NCT03726879 Randomized, Atezolizumab or placebo in Recruiting 453 Early HER2-positive breast
double-blind combination with neoadjuvant cancer
phasellI trial doxorubicin + cyclophosphamide followed

by paclitaxel + trastuzumab + pertuzumab

interaction allowing PD-L2/PD-1-mediated inhibitory
signals to persist [16]. Currently, there are 7 ongoing clin-
ical trials exploring atezolizumab in Her-2-positive breast
cancer. The NCT03595592 or APTneo trial is a random-
ized phase III Interventional clinical trial evaluating the
use of atezolizumab, pertuzumab, and trastuzumab with

chemotherapy as neoadjuvant treatment and it is estimat-
ed to enroll 650 patients with Her-2-positive, early high-
risk, and locally advanced breast cancer. NCT02924883-
Kate2 is a randomized, multicenter, double-blind, place-
bo-controlled phase II clinical trial exploring the role of
trastuzumab emtansine in combination with atezolizum-

Immunotherapy in HER2-Positive Breast
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Trials identified through database
search
(n=23)

Additional records identified
through ClinicalTrials.cov
(n=14)

Trials after duplicates removed
(n=37)

Records screened

Records excluded
(n= 23)

(n=37)

Studies included in quantitative synthesis (systematic review)

Atezolizumab 8 trials, Durvalumab 2 trials, Pembrolizumab 2 trials,

(n=14)

Avelumab 1 trial, Nivolumab 1 trial

2 case reports Pembrolizumab

Fig. 1. Schematic presentation of the re-
search strategy.

ab or atezolizumab-placebo. It is estimated to enroll 202
participants with Her2-positive locally advanced or met-
astatic breast cancer who have received prior trastuzum-
ab and taxane-based therapy. At the ESMO 2019 con-
gress, investigators reported that, in the intent-to-treat
population, the 1-year OS was 89% in both arms; how-
ever, in PD-L1-positive patients, the 1-year OS was great-
er in the atezolizumab-plus-trastuzumab emtansine arm
at 94.3 versus 87.9% (stratified HR = 0.55; 95% CI 0.22—
1.38), while at the date of cut-off the median OS was not
reached in either arm, with an absence of statistical sig-
nificance in the early analysis [17]. NCT03125928 - Im-
passion50 is a single-arm phase ITA open-label clinical
trial exploring the use of atezolizumab in combination
with paclitaxel, trastuzumab, and pertuzumab in HER2-
positive metastatic breast cancer and it is estimated to en-
roll 50 patients. NCT02605915 is a nonrandomized phase
Ib study exploring the use of atezolizumab in combina-
tion with trastuzumab emtansine or with trastuzumab
and pertuzumab (with and without docetaxel) in patients
with HER2-positive breast cancer and atezolizumab with
doxorubicin and cyclophosphamide in HER2-negative
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breast cancer and it is estimated to enroll 98 patients.
NCT03417544 is a single-arm phase II study where the
researchers are combining atezolizumab with pertuzum-
ab plus high-dose trastuzumab in HER2-positive meta-
static breast cancer and it is estimated to include 33 pa-
tients with central nervous system metastases.
NCT03650348 is a phase Ib open-label, dose escalation
study combining atezolizumab with PRS-343 in HER2-
positive advanced or metastatic solid tumors, including
breast, gastric, and bladder cancer and is estimated to en-
roll 70 patients. NCT03199885 is a randomized, double-
blind phase III trial evaluating the use of paclitaxel/trastu-
zumab/pertuzumab with atezolizumab or placebo, and it
is estimated to enroll 600 patients with first-line HER2-
positive metastatic breast cancer. NCT03726879 — IM-
passion050 (BO40747) is a phase Il randomized, double-
blind trial evaluating the efficacy and safety of atezoli-
zumab compared with placebo when givenin combination
with neoadjuvant dose-dense anthracycline (doxorubi-
cin) + cyclophosphamide followed by paclitaxel + trastu-
zumab + pertuzumab in patients with early HER2-posi-
tive breast cancer.

Kyriazoglou et al.



Table 2. Drugs, studies, and populations

Drug Study Population

Atezolizumab 1. NCT03125928 (phase IIA) 1. HER2-positive metastatic breast cancer
2.NCT02605915 2. Metastatic breast cancer
(nonrandomized phase Ib study) 3. HER2-positive metastatic breast
3. NCT03417544 cancer, central nervous system metastases
(single-arm phase II study) 4. Neoadjuvant HER2-positive early high-risk and locally
4.NCT03595592 advanced breast cancer (APTneo)
(randomized phase III interventional clinical 5. HER2-positive locally advanced or metastatic breast cancer
trial) who have received prior trastuzumab and taxane-based therapy
5.NCT02924883 6. HER2-positive advanced or metastatic solid tumors;
(randomized, multicenter, double-blind, breast, gastric, bladder, solid tumors
placebo-controlled phase II) 7. First-line HER2-positive metastatic breast cancer
6. NCT03650348
(phase Ib, open-label, dose escalation study)
7.NCT03199885
(randomized, double-blind
phase III trial)

Pembrolizumab 1. PANACEA NCT02129556 1. Metastatic breast cancer, central nervous system after local
(randomized phase Ib/II [16]) treatment included
2.NCT03032107 2. Metastatic breast cancer
(phase Ib study)

Durvalumab 1. NCT02649686 1. HER2-positive metastatic breast cancer
(randomized phase Ib/II [21]) 2. Non-small cell lung cancer, breast cancer, pancreatic cancer
2. NCT02403271
(phase Ib/II multicenter study)

Avelumab AVIATOR study Patients with HER2-positive metastatic breast cancer who have
(NCT03414658 progressed on prior trastuzumab and pertuzumab
randomized phase II trial)

Pembrolizumab prior treatment with trastuzumab was stopped at least 3

Pembrolizumab is a humanized monoclonal antibody
that binds to the programmed cell death-1 (PD-1) recep-
tor and blocks its interaction with the ligands PD-L1 and
PD-L2. Pembrolizumab potentiates T-cell responses, in-
cluding antitumor responses, which are expressed in an-
tigen-presenting cells and may be expressed by tumors or
other cells in the tumor microenvironment [18]. Two tri-
als are currently evaluating the role of pembrolizumab in
HER2-positive breast cancer. PANACEA (2018) or
NCT02129556 is a single-arm phase Ib/II clinical trial
that has completed the enrollment of 58 patients with
metastatic breast cancer and included patients with CNS
metastases after local treatment [19]. Patients in the ex-
perimental arm receive pembrolizumab with trastuzum-
ab in an attempt to find the optimal dose (single arm)
[19]. In phase Ib patients will be given pembrolizumab at
a dose of 2 or 10 mg/kg (i.v.), or a fall-back dose of 1 mg/
kg, together with trastuzumab 6 mg/kg by (i.v.) once ev-
ery 3 weeks. In phase II, pembrolizumab will be adminis-
tered at a flat dose of 200 mg (i.v.) together with trastu-
zumab 6 mg/kg (i.v.) once every 3 weeks until disease pro-
gression, a lack of tolerability, or 24 months of treatment.
A dose of 8 mg/kg trastuzumab will be used in cycle 1 if

Immunotherapy in HER2-Positive Breast
Cancer

months earlier. The results of this study are very encour-
aging since, in the PD-L1+ patients, the median OS was
16.1 months (90% CI 13.1 to not reached) vs. 7.0 months
(90% CI 4.9-9.8) in the PD-L1-negative group (p =
0.0006). The median PFS among all of the PD-L1+ pa-
tients was 2.7 (90% CI 2.6-4.0) versus 2.5 months (90%
CI 1.4-2.7) in PD-L1-negative patients (p = 0.07). The
12-month PFS rate was 13 (90% CI 6-22) versus 0%. The
12-month OS rate was 65 (90% CI 52-76) versus 12%
(90% CI 1-36). Objective response rates (ORR) of 15.2%
in the 40 PD-L1-positive breast cancer patients and 0% in
the 12 PD-L1-negative patient cohort were reported. The
number of tumor-infiltrating lymphocytes (TIL) was cor-
related with the ORR. Most of the patients had low num-
bers of TIL in the metastatic niche. In the patients with
TIL levels >5%, the ORR was 39 vs. 5% in patients with
TIL levels <5%. Safety was evaluated across all 58 patients.
Most adverse effects (AE) were grade 1/2. The most com-
mon grade 1 AE included fatigue (n =7), diarrhea (n = 6),
arthralgia (n = 6), headache (n = 4), nausea (n = 6), dys-
pnea (n = 2), and myalgia (n = 5). Grade 2 AE included
fatigue (n = 5), diarrhea (n = 2), arthralgia (n = 2), head-
ache (n = 2), and dyspnea (n = 1). There was 1 case with
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grade 3 and 1 with grade 4 dyspnea. No cardiac events
were reported. There were 11 all-grade immune-related
AE reported, 6 of which were grade >3. Four immune-
related AE resulted in discontinuation. Thyroid dysfunc-
tion across all grades occurred in 4 patients. There were 4
cases of pneumonitis across all grades, including 2 cases
with grade >3 severity [19].

Pembrolizumab is also being studied in trial
NCT03032107, which is an ongoing phase Ib study ex-
ploring the role of pembrolizumab in combination with
trastuzumab emtansine in an estimated number of 50 pa-
tients with HER2-positive metastatic breast cancer.

In 2 cases of HER2-positive metastatic breast cancer
where multi-anti-HER2-targeted therapy had failed,
pembrolizumab was combined with albumin-bound pa-
clitaxel. Both patients achieved partial remission, and se-
rum ECD levels showed a remarkable decrease compared
to the baseline of 75 and 60%, respectively [20].

Durvalumab

Durvalumab is a fully human, IgG1x monoclonal an-
tibody that selectively blocks the interaction of PD-L1
with PD-1 and CD80 (B7.1). Durvalumab does not in-
duce antibody-dependent cell-mediated cytotoxicity
[21]. Selective blockade of PD-L1/PD-1 and PD-L1/CD80
interactions enhances antitumor immune responses and
increases T-cell activation [22]. There are 2 trials explor-
ing the role of durvalumab in HER2-positive breast can-
cer. NCT 02649686 is a randomized phase Ib/II using dur-
valumab plus trastuzumab. In this setting, patients will
receive durvalumab g3w until PD and trastuzumab q3w
for 6 administrations. The researchers opted to enroll 15
participants with HER2-positive metastatic breast cancer.
No responses in RECIST were seen, with 4 out of 14 pa-
tients (29%) demonstrating stable disease as the best re-
sponse at week 6 (median duration: 2.7 months). No
dose-limiting toxicities were observed at dose level 1 (n =
6) or with dose expansion (n = 9) during cycle 1. One pa-
tient developed >grade 3 immune related AE (grade 4
diabetes mellitus) [23, 24].

The NCT02403271 trial is a phase Ib/2 multicenter
study where ibrutinib in combination with durvalumab
(MEDI4736) was used in 124 subjects with relapsed or
refractory solid tumors including non-small cell lung
cancer, breast cancer, and pancreatic cancer. The trial has
been closed and the results are highly awaited.

Avelumab

Avelumab is a human IgG1 monoclonal antibody di-
rected against PD-L1. Avelumab removes the suppressive
effects of PD-L1 on cytotoxic CD8+ T cells, resulting in
the restoration of anti-tumor T-cell responses. Avelumab
has also been shown to induce natural killer cell-mediated
direct tumor cell lysis via antibody-dependent cell-medi-
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ated cytotoxicity [25]. In the AVIATOR study
(NCT03414658), a randomized phase II open-label trial,
100 patients are estimated to receive trastuzumab and
vinorelbine with avelumab or avelumab and utomilumab
for advanced HER2-positive breast cancer with progres-
sion on prior trastuzumab and pertuzumab.

Nivolumab

Nivolumab is a human monoclonal antibody (IgG4)
that binds to the receptor of PD1. Nivolumab is being
tested in a phase Ib clinical trial (NCT03523572) in meta-
static HER2-positive breast cancer patients who have
progressed after 2 prior therapies and receive trastuzum-
ab deruxtecan with or without nivolumab.

Discussion

Checkpoint inhibition is approved for triple-negative
breast cancer with the combination of atezolizumab and
nab-paclitaxel used in the first-line setting [14]. The com-
bination of atezolizumab with nab-paclitaxel and anthra-
cycline chemotherapy improved the pathologic CR in the
neoadjuvant setting [26]. Further, the combination of
pembrolizumab and chemotherapy has shown promising
activity both in the first-line setting and in the neoadju-
vant setting for triple-negative breast cancer [27, 28].
HER2-positive breast cancer, though, remains an aggres-
sive breast cancer subtype with an unmet need for new
therapeutic choices despite the fact that anti-HER treat-
ment has changed the natural history of this disease. Sev-
eral reports have discussed the implementation of immu-
notherapy in HER2-positive breast cancer treatment [23,
29, 30]. Immunotherapeutic agents are used alone or in
combination with chemotherapy or other drugs. Despite
the fact that checkpoint inhibitors are proven to be an af-
fective option in the therapeutic armamentarium against
HER?2 breast cancer, it is not yet clear from phase II/III
clinical trials whether they can make a breakthrough in
the treatment of this breast cancer subtype. Ongoing ran-
domized clinical trials are comparing immune check-
point inhibitors with standard treatments in a quest to
define the exact role of these agents in the clinical man-
agement of HER2 breast cancer. In parallel, biomarker
analysis may optimize patient selection.

The tumor mutational burden (TMB) has been stud-
ied in metastatic HER2-positive breast cancer and it has
been proven to be a statistically significant prognostic fac-
tor. Patients with a high TMB had a longer mOS com-
pared to low-TMB patients (85.8 vs. 44.9 months, respec-
tively; p = 0.016) [31]. The results of this study suggest
that a high TMB may be a prognostic marker predictive
ofagood OS for patients undergoing conventional HER2-
directed treatments and chemotherapy. HER2-positive
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breast cancer tumors are considered to be more “in-
flamed” than luminal A tumors, and the presence of TIL
is prognostic according to the analysis of the NeoALTTo
trial [32]. In patients whose tumors presented with a
higher proportion of TIL, there was an increased patho-
logic CR rate [32]. Another analysis from the FinHER tri-
al showed that the number of TIL was predictive of the
benefit from trastuzumab [33]. Researchers reported that
each 10% increase in lymphocytic infiltration was signif-
icantly associated with a decreased distant recurrence in
patients randomized to the trastuzumab arm (distant dis-
ease free survival; pineraction = 0.025) [33]. Furthermore,
preclinical studies have shown that the therapeutic ben-
efit of anti-HER therapies is increased in combination
with anti-PD-1 drugs. Preclinical data with the combina-
tion of anti-HER2 treatment and interferon-y have shown
promising results in vivo in xenografts [34]. In a phase I
trial combining trastuzumab with CD8+ T-cell-eliciting
HER peptide vaccines provided results suggesting a syn-
ergistic immunotherapeutic benefit, which is now being
studied in a phase II clinical trial [35]. All of the above
data are indicative of a solid rationale to study the action
of immunotherapy regimens in HER2-positive breast
cancer.

Our analysis demonstrated that immune checkpoint
inhibitors are now under investigation in HER2-positive
breast cancer. All of the available molecules — avelumab,
atezolizumab, durvalumab, and pembrolizumab - are be-
ing tested alone or in combination in several settings in-
cluding neoadjuvant, adjuvant, and metastatic settings of
HER2-positive breast cancer. The results of the few re-
ported trials and case reports are indicative of a promising
therapeutic choice [19, 20]. Immunotherapy in combina-
tion with anti-HER therapy seems to be effective. Results
from PANACEA show an OS of 13.1 months for PDL1+
patients compared to 7.0 months for PDL1- patients (p =
0.006), highlighting the usefulness of this biomarker in
HER2-positive breast cancer [19, 23]. However, ORR ac-
cording to TIL (39% in patients with >5vs. 5% in patients
with TIL <5%) depicts that the ideal biomarker predicting
the response to immune checkpoint inhibitors is not well
defined [19, 23].

Regarding safety, immune checkpoint inhibitors in
HER2-positive breast cancer patients present AE similar
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