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Abstract

Triple-negative breast cancer (TNBC) is clinically the most aggressive breast cancer (BC) subtype. There is an urgent need
for effective therapies for patients with TNBC. Recent findings confirm the important role of factors related to the immune
system in the clinical outcome and response to treatment of TNBC patients. Avelumab selectively binds to PDL1, and com-
petitively blocks its interaction with anti-programmed death 1 (anti-PD-1) antibodies. Unlike anti-PD-1 antibodies, which
target T-cells, avelumab targets tumor cells, and is therefore expected to have fewer side effects, including a lower risk of
Immune-Related Adverse Events (irAEs). Uncertainties remain regarding a potential synergy resulting in increased toxicities
by combining radiotherapy and immune-checkpoint inhibitors (ICIs). Effects of concomitant ICIs with thoracic radiotherapy
on pulmonary toxicities is not currently known. There are no published data available on the effects of combining anti-PD-L1
with adjuvant radiotherapy (RT) for BC in a clinical setting. We reported a preliminary experience on the first patient treated
at the National Cancer Institute of Milan with the association of avelumab and concomitantly RT for TNBC.
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Viewpoints and debates

Triple-negative breast cancer (TNBC) accounts for 10-20%
of all cases of breast cancer (BC), and it is clinically the
most aggressive BC subtype. It is associated with such unfa-
vorable clinicopathological features as a high tumor grade,
basal cytokeratins 5/6, pS3 overexpression, BRCA1 muta-
tions, younger age at onset, cell necrosis, large tumor size,
and high mitotic indices. Compared with other molecular
subtypes, TNBC carries the worst locoregional recurrence
rates (LRR) in the first three years after treatment. It is often
associated with distant metastasis and the associated 5-year
mortality rate is high [1]. The risks of recurrence and mor-
tality are significantly lower in TNBC patients who achieve
a complete pathological response (pCR) [2]. Several authors
recently sought to identify prognostic gene expression pro-
files in TNBC, finding a better prognosis in patients with a
high expression of genes related to the immune system [3].
Immune genes were also reportedly associated with sensi-
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tivity to chemotherapy [4]. Taken together, these findings
confirm the important role of factors related to the immune
system in the clinical outcome and response to treatment
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of TNBC patients. It is common knowledge that TNBC is
highly immunogenic, largely because of its genetic instabil-
ity. As a consequence, high mutational load mutated proteins
are more readily recognized by the immune system than non-
mutated ones, and may increase the pool of tumor-associ-
ated neo-antigens. By comparison with other BC subtypes,
TNBC is therefore more likely to be infiltrated by immune
cells, and especially tumor-infiltrating lymphocytes (TILs).

TILs are of prognostic significance in patients with
TNBC [5]. On these premises, immunotherapies seem very
promising for this subset of high-risk patients for whom
chemotherapy is the only possible systemic treatment in
current clinical practice.

Avelumab is an anti-programmed cell death ligand-1
(PD-L1) immune-checkpoint blocker that can lead to anti-
tumor immune response being restored by enhancing tumor
infiltration and the production of cytotoxic molecules (IL2
and IFN v) by T lymphocytes. Avelumab selectively binds
to PD-L1, and competitively blocks its interaction with anti-
programmed death 1 (anti-PD-1) antibodies. Unlike anti-
PD-1 antibodies, which target T-cells, avelumab targets
tumor cells, and is therefore expected to have fewer side
effects, including a lower risk of Immune-Related Adverse
Events (irAEs). As PD-L1 blockade leaves the PD-L2 to
PD-1 pathway intact, it promotes peripheral self-tolerance.
Multiple organ systems can be affected by irAEs, includ-
ing the skin, gastrointestinal tract, liver, kidney, endo-
crine glands, nervous system, musculo-articular system,
eyes, heart, lung and blood cells. Little is known about the
incidence of hematological toxicities across published tri-
als. The overall incidence of anemia during PDL1 inhibi-
tion was 9.8% for all grades, and 5% for G3—G5 anemia.
The incidence of leukopenia, all grades and G3-GS5, and
of thrombocytopenia were 0.94%, 1.07%, 2.8%, and 1.8%,
respectively [6]. The term “pneumonitis”, generally used for
immune-related adverse events in the lung, covers a wide
and overlapping spectrum of pulmonary manifestations and
occurs in about 3-5% of patients receiving ICIs. For the
time being, few data are available regarding the emerging
field of adverse events due to the use of immune-checkpoint
inhibitors (ICIs). Uncertainties remain regarding a poten-
tial synergy resulting in increased toxicities by combining
radiotherapy and ICIs. Effects of concomitant ICIs with
thoracic radiotherapy on pulmonary toxicities is not cur-
rently known and based on studies conducted in the setting
of lung or metastatic cancer [7-9]. A secondary analysis
of the KEYNOTE-001 trial [10] compared the pulmonary
toxicity according to whether the patient had received any
prior radiotherapy. Pulmonary toxicities of any grade were
observed more frequently in the patients who had received
previous thoracic radiotherapy (63%) versus those did not
receive (40%). No differences in grade 3 pulmonary toxic-
ity were noted. Delaunay et al. [11] presented the results of
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a retrospective study of 1826 cancer patients treated with
ICIs. 3.5% of the patients developed interstitial lung dis-
eases (ILDs). ICI-related ILDs are also characterized by a
very wide range of clinical and radiological presentations.
The most common pattern is organizing pneumonia but this
accounts for only one in four cases, followed by hypersen-
sitivity pneumonitis, non-specific interstitial pneumonia,
and bronchiolitis. It is essential to identify risk factors for
ICI-related ILDs in order to screen patients at higher risk
and increase awareness of this potentially life-threatening
complication. The mechanisms of this toxicity remain
largely unknown [12]. The cohort was mainly composed of
lung cancer patients (75%). Most of anticancer treatments
currently used in the management of BC may induce some
degree of pneumonitis that is estimated to have an incidence
of 1-3% [13]. There are no published data available on the
effects of combining anti-PD-L1 with adjuvant radiotherapy
(RT) for BC in a clinical setting. We reported a preliminary
experience on the first patient treated at the National Can-
cer Institute of Milan with the association of avelumab and
concomitantly RT for TNBC.

Clinical case presentation

This clinical report concerns a 48-year-old woman treated
at the Italian National Cancer Institute in Milan. The patient
has a positive family history of BC, with a diagnosis of
TNBC in a 55-year-old cousin. She had one full-term preg-
nancy and had breastfed her baby. In April 2017, she found
two suspect left axillary lymph nodes on self-examination,
and in May 2017 she underwent mammography, bilateral
mammary ultrasound and magnetic resonance imaging,
which revealed a 2 cm suspect nodule in the supero-exter-
nal quadrant at prepectoral level. Figure 1 shows opacity in
the left external prepectoral plane that was visible on the
mammogram, and the tumor was clearly visible on contrast-
enhanced T1-weighted sequences (Fig. 2). In June 2017, the
patient underwent nodule and lymph node core biopsy, and
she was diagnosed with TNBC, with a mitotic prolifera-
tion of 80%. In July 2017, she underwent quadrantectomy
and axillary dissection. Histology confirmed ductal grade
3 carcinoma, TNM stage pT1b (1 cm) N2a (4/20). ER and
PgR were negative, HER2 was not overexpressed, and Ki-67
was 80%. Before starting chemotherapy, the patient had a
CT scan and a bone scan, which were negative for metas-
tases. She also underwent cardiovascular assessment, with
a cardiological examination and echocardiography. The
FEVS was 74%, and modest hypertension came to light,
which has been treated with 5 mg of ACE inhibitors. In
November 2017, the patient started chemotherapy with 4
cycles of doxorubicin and cyclophosphamide, followed by
10 cycles of paclitaxel. The last two cycles of paclitaxel
were not administered due to a periungual infection. After
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Fig. 1 Mammography

Fig.2 MRI

the chemotherapy, a repeat CT scan showed centrilobular
micronodules with bronchiectasis mainly involving the lung
bases, driven by bronchiolitis. Lung function tests revealed
a chronic obstructive pulmonary disease with a normal
DCLO. A pulmonary consultation did not contraindicate
RT or immunotherapy. In April 2018, the patient was rand-
omized to join the experimental arm of a protocol with ave-
lumab 10 mg/kg iv. q2w for 1 year (52 weeks). From April
4th to June 15th she was administered adjuvant RT concomi-
tantly to avelumab (permitted by the protocol), with 50 Gy
to the left breast and supra- and infraclavicular lymph nodes,
and a boost to the tumor bed, for a total dose of 10 Gy. The

RT was administered in daily fractions of 2 Gy. The left
breast was treated with two tangential fields, the supra- and
infra-clavicular lymph nodes with two opposing fields. The
patient reported a grade 3 cutaneous toxicity at the end of
the treatment involving an area of moist desquamation in the
inframammary fold that resolved in 2 weeks and a grade 1
dysphagia that resolved at the end of RT. Despite the higher
risk due to her tobacco exposure and her chronic respiratory
disease revealed by lung function tests at the end of chemo-
therapy, the patient did not develop any acute pneumonitis.
A CT scan performed 12 weeks after the end of RT did
not reveal any subacute pulmonary toxicity. The follow-up
is too short for now, and the patient still risks developing
pulmonary fibrosis. During the follow-up, she will continue
to undergo clinical and instrumental assessments with lung
function tests and CT scans, blood sampling and echocar-
diography to detect any late irAEs. Figure 3 shows the cos-
metic result and the appearance of the breast 3 months later.
In particular, the inframammary fold reveals some small
areas of telangiectasia with depigmentation. At the time of
writing, the patient is alive and disease-free. Although fur-
ther larger-scale investigations are needed on the toxicity
profile of concomitant anti-PDL1 treatment and RT, our very
preliminary results are encouraging.

Fig.3 Aspect of the breast 3 months later
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