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Abstract: Breast cancer (BC) with cardiac metastases (CMs) is often associated with poor prognosis
due to late stage of diagnosis. Palliative radiotherapy (RT) for CMs is generally used for symptomatic
treatment and to maintain normal cardiac function. Palliative RT with hyperthermia (HT) or
immunotherapy have been reported to be effective in prolonging the overall survival and
progression-free survival in metastatic patients. In this case report, we present a heavily pretreated
51-year-old lady of metastatic BC presented with recurrent right breast mass with progressive
exertional dyspnea caused by symptomatic CM. She received combined palliative low-dose palliative
RT (20 Gray (Gy) in 12 fractions), combined with low-dose chemotherapy, biweekly HT treatment
course, and low-dose “double blockade” immunotherapy by ipilimumab (0.3 mg/kg) and nivolumab
(0.5 mg/kg). The irradiated right chest tumors responded rapidly to treatment. Interestingly,
unirradiated metastatic lesions outside the RT and HT treatment field also demonstrated a sustained
abscopal response. She continued monthly low-dose immunotherapy in conjunction with HT after
RT. The posttreatment cardiac echography disclosed considerably reduced pericardial effusions
without cardiac wall motion abnormalities. She remained stable for more than 6 months with no
notable treatment-related toxicities. The combination of low-dose RT, low-dose immunotherapy, and
HT protocol appears to be a safe method with promising efficacy in metastatic BC patients.
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Introduction

Cardiac metastases (CMs) occur more frequently than is often expected. The incidence of CMs in metastatic
cancers is up to 14.2%, and they are most commonly derived from lung cancer (incidence of 36-39%), followed
by breast malignancies (incidence of 10-12%) and hematologic malignancies (incidence of 10-21%) (1). CMs are
associated with a grave prognosis due to their generally late diagnosis at profound stages (2). CMs are clinically
silent in general; nevertheless, they can be lethal when cardiac tamponade or a rapid accumulation of
pericardiac effusion occurs (3). CM management strategies are generally aimed at symptomatic control and
maintenance of normal cardiac function. The role of palliative radiotherapy (RT) in managing CMs is limited due
to concerns over reported cardiac toxicities. The literature discussing RT as palliative treatment for CMs mostly
involves case reports with varied radiation doses (6 to 54 Gray (Gy)] and response durations (4-6).

Breast cancer (BC) patients with CMs are often heavily pretreated before diagnosis, which means the remaining
therapeutic window is narrow. Combinatory use of immunotherapy and chemotherapy was determined to be
effective in prolonging overall survival and progression-free survival in patients with metastatic triple-negative
BC (7). Hyperthermia (HT), known for its radio, or chemo-sensitization effect, combined with salvage RT has
become an effective treatment method for recurrent BC (8). Modulated electrohyperthermia (mEHT) is a form
of HT that transmits radiofrequency energy into the tumor cell membrane to produce an electric field. This
field causes lymphocytic and dendritic cells to penetrate the tumor to achieve pronounced immunogenic cell
death (9,10). A combination of RT, mEHT, and immunotherapy may enable a rapid and sustained abscopal effect,
as discussed in a retrospective study (11).

Herein, we report the case of a patient with metastatic BC with CMs who achieved marked local and distant
responses after receiving a combination of low-dose RT, low-dose chemotherapy, mEHT, and low-dose
immunotherapy. We present the following case in accordance with the CARE reporting checklist (available at
https://dx.doi.org/10.21037/tro-21-16).

Case presentation

In 2012, a 51-year-old woman was diagnosed as having left-sided luminal A subtype BC (cT2NOMO), stage IIA.
After receiving 2 cycles of neoadjuvant chemotherapy, the patient refused surgery and received only tamoxifen
and naturopathic therapies for over 6 years. In July 2018, the patient finally agreed to undergo salvage left-
sided modified radical mastectomy due to local progression by skin invasion and palpable axillary and
supraclavicular nodes, she finally agreed for salvage left-sided modified radical mastectomy. Pathology
reports revealed invasive ductal BC with chest wall and skin invasion, 11 positive lymphadenopathies,
complicated by positive surgical margins, and extranodular extension, which indicated pT4bN3a, stage llIB. The
patient refused adjuvant treatments after surgery. In February 2019, she noticed multiple eruptions of left chest
wall tumors that, through biopsy, were confirmed to be metastatic BC and phenotype transformation into triple-
negative subtypes. She was salvaged through reoperation and cryotherapy.

In July 2020, the BC recurred with multiple left chest wall indurations and serous discharge as well as an
enlarged axillary mass measuring more than 7 cm. The patient was salvaged through RT administered at 50
Gy in 25 fractions to the left chest wall and regional nodes, in addition to a focal boost of 70 Gy administered in
35 fractions to the axillary mass. After 2 months, the patient sought a second medical opinion due to a rapid
outburst of a right breast nodule measuring more than 5 cm, as well as progressive exertional dyspnea. A
positron emission tomography (PET) scan performed in October 2020 revealed a right breast tumor of more
than 7 cm protruding from the skin along with numerous metastatic nodules over the right breast and left chest
wall. The scan also revealed multiple metastatic lesions in the regional and distant lymph nodes, ribs, lungs, and
adrenal glands; bilateral pleural effusions; and pericardial masses extending from the left to the right atrium.
Cardiac echography revealed pericardial metastases and pericardial effusion (Figure 7). The patient refused
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intravenous chemotherapy but agreed to receive a combination of palliative RT, oral chemotherapy, mEHT, and
low-dose immunotherapy.

Treatment began after pericardiocentesis with a low dose of ipilimumab 15 mg (0.3 mg/kg) and nivolumab 30
mg (0.5 mg/kg) given every 4 weeks, in addition to mEHT treatment in 1-hour sessions twice weekly. mEHT
was applied using an EHY 2000+ device (OncoThermGmbH, Germany). The mEHT protocol involved a large
treatment field implemented using a 30-cm electrode covering the right breast and a small treatment field
implemented using a 10-cm electrode applied directly to the protruding mass on the right breast; the 2
electrodes were applied alternately. A radiofrequency of 13.56 MHz was used with an automatic, real-time
tuning device to ensure a standard wave ratio was maintained. The intratumoral temperature was not
measured because the temperature elevation inside a treatment field measured using a conventional
thermocouple is typically <2 °C (12). After 4 sessions of mEHT treatment, palliative RT at 20 Gy in 12 fractions
given daily, was administered to the right ulcerative breast tumor, pericardial lesions, and rib metastatic lesions
by tomotherapy (Accuray, Sunnyvale, CA, USA) (Figure 2). Chemotherapy was given concurrently by using
low-dose capecitabine 500 mg t.i.d. and vinorelbine

Figure 26. Heavily
pretreated metastatic BC
with (A) massive pericardial
effusions treated through
pericardiocentesis and
drainage. (B) PET scan
revealing multiple lesions
involving  the  bilateral
breast, pericardial (red
circle), regional, and distant
lymp

40 mg weekly. The lesions
of the left chest wall were
not included in the RT field

due to the short retreatment time and high in-field dose in previous treatment.

The patient refused oral chemotherapy 6 weeks after treatment was initiated. The protruding tumor of the
right breast was nearly invisible at 3 weeks of treatment, and the patient was free from dyspnea after
completing the RT course in December 2020. A PET scan 2 months after treatment revealed marked regression
of the irradiated lesions and diminished pleural and pericardial effusions. Notably, the unirradiated left chest
wall lesions and adrenal metastases outside the local treatment field demonstrated remote disease control
(Figure 3). A posttreatment cardiac echocardiogram revealed diminished pericardium effusions without cardiac
wall motion abnormalities. The patient continued the monthly low-dose immunotherapy protocol in conjunction
with mEHT without any treatment-related toxicities. The patient’s condition has remained stable for more than
6 months at the time of writing.

All procedures performed in studies involving human participants were in accordance with the ethical standards
of the institutional and/or national research committee(s) and with the Helsinki Declaration (as revised in 2013).

Written informed consent was obtained from the patient for publication of this case report and accompanying
images. A copy of the written consent is available for review by the editorial office of this journal.
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Discussion

We present a case of BC with CMs that demonstrated an abscopal response more than 6 months after
combination treatment involving low-dose immunotherapy, low-dose chemoradiotherapy, and HT. The
prognosis of CMs is generally grave, with a median survival of 3.5 months if untreated (4,5,13). Although
patients with CMs typically present with disseminated disease, appropriate management can improve their
quality of life and overall survival. Palliative RT is often underused due to the poor prognosis of CMs and the
lack of randomized controlled trials (5,6). In our case, we demonstrated that the combinatory treatment was
effective and notable in that it produced a rapid and sustained abscopal response, demonstrated a radio- and
immune-sensitization effect through HT, and involved of a low-dose immunotherapy protocol.

The patient was heavily pretreated; therefore, the response rate and duration of the response were expected
to be low. Nevertheless, the observed local and distant responses to treatment were notably positive. Whether
our case was a bona fide abscopal response is debatable because immunotherapy was applied. However, among
the millions of patients treated with palliative RT between 1969 and 2014, only 46 cases were identified as
abscopal events (14). Accordingly, we hypothesized that a rapid release of extracellular damage-associated
molecular secretion patterns (DAMP) through RT and HT would facilitate tumor immunogenicity and enhance
the efficacy of immunotherapy. Our patient exhibited a rapid response to treatment at the second week of RT,
which supports a previous report that a rapid response may be correlated with abscopal events (11). The
prescribed RT dose was low when compared with conventional palliative RT courses administered at 30-35 Gy
for 2-4 weeks. Despite the lower fractionated dose, the treatment response was robust and indicated a
radiosensitization effect due to the combined HT. A study of metastatic melanoma treated with RT and
immunotherapy revealed that, other than HT, an RT fraction size of less than 3 Gy was the only factor associated
with a high response rate (15). In our case, the protruding mass, especially the large-sized tumor, exhibited a
stronger response than the smaller tumors did when treated with combined RT and mEHT (11). Larger tumors,
usually situated near the surface of the body, absorb the radiofrequency energy more effectively. The absorbed
energy results in prominent apoptosis, necrosis, and a release of DAMP, which may facilitate abscopal response
(7.1.16).
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Figure 27. Dose-volume histogram,
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The RT plan was administered
through tomotherapy at 20 Gy in 12
fractions to the right breast tumor,
pericardial, and rib metastases. RT,
radiotherapy; Gy, Gray.
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Immunotherapy along with chemotherapy was observed to prolong the overall survival of patients with
metastatic triple-negative BC (7). For patients who refuse chemotherapy, a double checkpoint inhibitor blockade
may be a sensible approach. Combination treatment involving an anti-CTLA4 antibody (ipilimumab) and anti-PD-
1antibody (nivolumab) was reported to achieve a 3-year overall survival rate of 63% in metastatic melanoma
but at the expense of a 58.5% rate of grade 3 or 4 immune-related adverse events (irAEs) (17). A meta-analysis
of 80 clinical trials revealed that a combination of double checkpoint inhibitors (anti-CTLA-4 and anti-PD-1
inhibitors) was associated with the highest rate of irAEs proportional to the prescribed dose (18). The concept
of utilizing low-dose double immune checkpoint blockade was analyzed in a retrospective study of 131
metastatic patients who failed all conventional treatments (19). Treatment using low-dose ipilimumab (0.3
mg/kg) with nivolumab (0.5 mg/kg), HT, and interleukin-2 was associated with an objective response rate of
31.3% and a 2-year survival rate of 36.6%. In addition, BC patients (including all phenotypes) demonstrated a
31% response rate, and the documented irAEs were mild (19).

Figure 28. Red circle indicates the
irradiated right breast mass and pericardial
metastases with almost complete
response. Green circle indicates the
unirradiated left breast tumor with an
abscopal response in the following image
with diminished pericardia

The combination of low-dose chemoradiotherapy, low-dose immunotherapy, and HT is a safe option for
palliative treatment. The observed rapid and sustained abscopal response renders this combination worthy of
further study. An official trial should be launched.
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