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Aims: To assess the safety and efficacy of MR-guided stereotactic body radiation therapy (MRgSBRT) for
cardiac metastases.
Materials/methods: This single institution retrospective analysis evaluated our experience with MRgSBRT
for cardiac metastases. Response rate was compared between pre-RT and post-RT imaging. Symptomatic
changes were also tracked and documented.
Results: Between 4/2019 and 3/2020, five patients with cardiac metastases (4 intracardiac and 1 pericar-
dial) were treated with MRgSBRT. Median age at treatment was 73 years (range 64–80) and two patients
had pre-existing cardiac disease. Histologies included melanoma and breast adenocarcinoma. Median
lesion diameter was 2 cm (range 1.96–5.8 cm). Three patients were symptomatic, one of whom had pul-
monary hypertension and RV enlargement. Another patient had an asymptomatic arrythmia. Median PTV
prescribed dose was 40 Gy (range 40–50 Gy) and delivered in five fractions on nonconsecutive days.
Median PTV volume was 53.4 cc (range 8.7–116.6 cc) and median coverage was 95% (range 84.1–
100%). A uniform 3 mm margin was used for real-time gating, allowing a median 7% (range 5–10%) pixel
excursion tolerance. Median follow-up was 4.7 months (range 0.9–12.3). Two patients exhibited stable
disease, two had a partial response and one exhibited a complete response. All symptomatic patients
experienced some relief. There were no acute adverse events, however, one patient without prior cardiac
disease developed atrial fibrillation 6 months after treatment. Two patients died of causes unrelated to
cardiac MRgSBRT.
Conclusion: In this largest known series of cardiac metastasis MRgSBRT, real-time image guidance
enables safe treatment resulting in good response with improving presenting symptoms without acute
adverse events.

� 2020 The Author(s). Published by Elsevier B.V. on behalf of European Society for Radiotherapy and
Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

The heart and pericardial tissue are rare sites of malignancy.
The estimated incidence of primary cardiac tumors ranges from
0.0017% to 0.33%, while the incidence of cardiac metastases may
be 20–100 times more common [1,2]. Although many histologies
contribute to cardiac metastases, melanoma appears to have the
greatest affinity for the heart [1]. Increasing utilization of non-
invasive imaging techniques, including transthoracic echocardiog-
raphy (TTE) and cardiac magnetic resonance imaging (MRI), has
increased the apparent incidence of these metastases [3]. With
advances in systemic therapies (particularly in melanoma), sur-
vival in the metastatic setting is improving [4], leading to increased
incidence of rare metastatic sites, including the heart [5,6].

Although radiation therapy has been used for palliation of these
masses for decades [7], surgical excision has historically been one
of the only definitive management options [8]. With newer
advances in radiotherapy, the delivery of higher and more defini-
tive doses of radiation to these metastases using stereotactic body
radiation therapy (SBRT) has becomemore feasible [9]. At the same
time, the emergence of MR-guided radiation therapy has allowed
for real time, dynamic image guidance with the superior soft tissue
delineation of MRI. This capability to clearly identify daily ana-
tomic changes as well as to track and account for patient cardiac/
respiratory motion with real-time imaging and beam gating
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Fig. 1. Pericardial Metastasis. Patient with a LV pericardial metastasis treated with an SIB approach (60 Gy to the GTV, 50 Gy to the PTV). (a) pre-treatment PET/CT, (b) RT
plan, (c) post-treatment PET/CT.
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enables extremely precise delivery of conformal high dose radio-
therapy to mobile targets like cardiac metastases [10]. Here, we
report a series of patients with cardiac metastases treated at our
institution with MR-guided stereotactic body radiation therapy
(MRgSBRT).
2. Materials/methods

This single institution retrospective study was approved by the
H. Lee Moffitt Cancer Center Institutional Review Board. Sequen-
tially treated patients with imaging-confirmed cardiac and pericar-
dial metastases were included. Five consecutively treated patients
were identified and the presence of cardiac or pericardial metas-
tases were confirmed with cardiac MRI or TTE. Patients underwent
MR simulation on the 0.35 T MR-linac (ViewRay, Inc., Mountain
View, CA) and a balanced steady-state free progression (TrueFISP)
imaging sequence was used to create images weighted by T2/T1
ratio. Patients were simulated with both arms up and without
additional immobilization devices using both a deep inspiratory
breath hold (DIBH) and free breathing techniques, evaluating
breath hold reproducibility and tolerance. A representative slice
of the lesion was contoured as a tracking structure on a real-time
single-plane sagittal cine MRI sequence at 4 frames per second
and a 3 mm gating structure was created as previously described
by our group [11]. A CT simulation was then completed in the same
position for electron density data. Patients were treated free
breathing on non-consecutive days with real-time respiratory-
gated cine MRI. A uniform 3 mm GTV to PTV expansion was used
in all cases. Adaptive radiotherapy was not used in any of the cases.
Pre- and post-treatment electrocardiograms (EKGs) were analyzed,
where available.
Fig. 2. Right Ventricular Metastasis. Patient with a RV intracardiac metastasis
treated to 40 Gy in 5 Fx. (a) pre-treatment TTE, (b) RT plan, (c) post-treatment TTE.
3. Results

Between April 2019 and March 2020, five consecutive patients
with cardiac metastases were treated with MRgSBRT in five frac-
tions on non-consecutive days. Four patients had intracardiac
metastases and one patient had a pericardial metastasis (Fig. 1).
Median age at treatment was 73.8 years (range 64.3–80.1 years)
and histologies included uveal melanoma, desmoplastic mela-
noma, breast intraductal carcinoma, and cutaneous melanoma.
One patient was metastatic on diagnosis and two patients had car-
diac metastases as their first site of recurrence after a median time
interval of 35.0 months following initial diagnosis (range 1.8–
84.4 months) Two patients had pre-existing cardiac disease (one
with congestive heart failure and one with paroxysmal atrial fibril-
lation and sick sinus syndrome, requiring placement of a perma-
nent pacemaker (Patient 5)). We have developed specific
guidelines regarding MRgRT for patients with pacemakers based
on dose to the pacemaker and whether the patient is pacemaker
dependent. Three patients presented with dyspnea on exertion
and two patients were asymptomatic (Table 1). One patient was
on concurrent ipilimumab/nivolumab.

Confirmatory pre-treatment imaging consisted of cardiac MRI
(n = 4) and TTE (n = 2). Median size of the lesions was 2.0 cm in
maximum diameter (range 1.6–5.8 cm) with a median GTV volume
of 31.2 cc (2.6–41.2 cc) and median PTV volume of 53.4 cc (8.7–
116.6 cc). Median dose to the PTV was 40 Gy (range 40–60 Gy)
delivered in 5 fractions with a median of 95% coverage with the
prescription dose (84.1–100%); three patients were treated with
a simultaneous integrated boost (SIB) approach (Table 2). Patients
were treated while free breathing and a uniform 3 mmmargin was
used for real-time gating, allowing a median 7% (range 5–10%)
pixel excursion tolerance for gating.
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On post-treatment imaging obtained after a median of
1.5 months (0.1–3.6), three patients experienced a response (one
complete response (CR), two partial responses (PR)), while two
patients had stable disease (SD). Three patients had
post-treatment EKGs; one with no changes, one with new atrial
fibrillation, and the last with improvement in QTc prolongation.
Two previously symptomatic patients experienced improvement
in their dyspnea and palpitations, one patient experienced worsen-
ing dyspnea, and two patients developed mild fatigue with no
other acute adverse effects. The patient with pulmonary hyperten-
sion and RV enlargement demonstrated improvement on post-
treatment TTE (Fig. 2). With a median follow-up of 4.7 months,
two patients passed away, both unrelated to treatment. One
experienced progression of disease with new liver metastases
and another developed acute hypoxic respiratory failure secondary
to Pneumocystis jiroveci pneumonia and pulmonary emboli
(left atrial tumor).



Table 1
Patient Characteristics.

Age Karnofsky
Performance
Status

Histology Location Pre-treatment
signs

Pre-
treatment
symptoms

Concurrent
systemic
treatment

Post-SBRT
systemic
treatment

Post-
treatment
signs

Post-treatment
symptoms

Patient
1

80.9 80 Uveal
melanoma

L atrium None DOE,
palpitations

None Pembrolizumab None Improved DOE,
palpitations

Patient
2

64.3 80 Cutaneous
melanoma

L ventricle
pericardium

None None None Encorafenib,
binimetinib

Paroxysmal
atrial
fibrillation

None

Patient
3

70.5 80 Breast
intraductal
carcinoma

R ventricle Pulmonary
hypertension,
RV
enlargement

DOE,
palpitations,
chest
discomfort

None Eribulin Reduced
pulmonary
hypertension,
RV size

Improved
palpitations,
chest
discomfort.
Worsened DOE

Patient
4

73.8 90 Desmoplastic
melanoma

L atrium Prolonged QTc None None None Reduced QTc Fatigue

Patient
5

79.3 70 Cutaneous
melanoma

R atrium Paroxysmal
atrial
fibrillation

DOE Ipilimumab,
nivolumab

Nivolumab * Fatigue,
improved DOE

RV: right ventricle, QTc: corrected QT interval, DOE: dyspnea on exertion.

Table 2
Lesion Characteristics.

Pre-Treatment
Size (cm)

GTV
Volume
(cc)

GTV Rx
Dose (Gy)

Minimum GTV
dose (Gy)

Maximum GTV
dose (Gy)

PTV
Volume
(cc)

PTV Rx
Dose (Gy)

Minimum PTV
dose (Gy)

Maximum PTV
dose (Gy)

PTV Rx
coverage (%)

Patient
1

2.0 8.7 40 39.9 46.9 32.4 40 27.2 46.9 85.3

Patient
2

2.0 2.6 60 57.0 66.7 8.7 50 44.1 66.7 84.1

Patient
3

1.6 31.2 40 42.2 61.5 53.4 40 30.0 61.5 95.0

Patient
4

5.8 87.1 50 37.8 60.7 116.6 40 31.2 60.7 96.1

Patient
5

3.8 41.2 50 49.9 69.0 57.8 40 40.5 69.0 100.0

L: left, R: right, GTV: gross tumor volume, Rx: prescription, PTV: planning target volume.
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4. Discussion

In this single-institutional retrospective case series, we present,
to the authors’ knowledge, the first and largest series of patients
with cardiac metastases treated with MRgSBRT. Although cardiac
metastases were thought to be quite rare, the combination of
advances in systemic therapies and increased utilization of
advanced imaging has increased the detection of these metastases
[3]. Historically, surgery has been the only definitive treatment for
these metastases, and even then, only in select cases [8]. Radio-
therapy in this setting has historically been only for palliative
intent [7]. However, recent advances in stereotactic radiotherapy
and image guidance has opened the door for definitive and ablative
radiotherapy [9].

Consistent with prior epidemiological data, our patients were
typically in their seventh and eighth decade of life and many had
melanomas [1]. Dyspnea appears to be a common presenting
symptom [7,12], but accompanying signs and symptoms appear
to be highly dependent on anatomic location. Unlike previous ser-
ies and cases, two patients had pre-existing cardiac disease and
one patient had a permanent pacemaker. Data are lacking on car-
diac SBRT in patients with pre-existing cardiac conditions. Arscott
et al. [13] reported a case of a patient with metastatic urothelial
carcinoma to the heart who presented in heart block because of
a right ventricular metastasis and developed myocarditis and
dyssynchrony requiring placement of a biventricular pacemaker,
but this patient did not receive SBRT.
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Treatment of these lesions with standard linear accelerators
require the construction of large internal target volumes (ITVs) to
account for the significant motion during the cardiac cycle, leading
to a significant amount of normal tissue in the radiation field [9].
Significant doses of radiation to the heart is a well-known cause
of cardiotoxicity [14] and trials of SBRT to central and ultracentral
lung cancers have demonstrated a relatively high level of acute
toxicities, limiting dose to central targets [15,16]. In contrast, the
largest series of cardiac and pericardial SBRT using a standard linac
from Bonomo et al. did not note any development of acute toxici-
ties or electrocardiographic changes; however only one case in this
series was intracardiac [9]. In other series, the CyberKnife (Accuray,
Sunnyvaile, CA) platform did allow for real-time tracking, leading
to smaller target volumes, but required the invasive implantation
of fiducials in many cases and did not allow real-time image
guided tracking of the anatomy itself [12,17]. Ablative radiation
has also been used successfully to treat noninvasive ventricular
tachycardia with no changes in left ventricular function [18].

The use of MR-guidance solves many of these problems, allow-
ing for better soft tissue delineation and real-time gating with cine
MRI without additional radiation exposure [19,20]. As a result, we
were able to harness this technology to escalate dose beyond what
was previously possible [12,17,21,22]. Even for lesions in excess of
100 cc in volume, patients received dose of at least 40 Gy in five
fractions with minimal sequelae. One patient was also treated with
concurrent dual immune checkpoint inhibitors (ICI) without evi-
dence of increased acute toxicity. Although data are lacking with
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concurrent ICI use for cardiac SBRT, a report by Gabani et al. trea-
ted a primary cardiac angiosarcoma with concurrent paclitaxel and
SBRT to 30 Gy in five fractions and did only note mild esophagitis
acutely [21]. However, other data combining ICI with lung SBRT
have noted increased rates of pneumonitis [23], requiring diligence
with dose constraints.

Based on this series, MRgSBRT appears to be a good option for
patients with cardiac metastases. However, limitations of this
study include a small sample size, descriptive analyses, and short
follow-up interval.
5. Conclusion

Overall, we demonstrate the safety and feasibility of high dose
MRgSBRT for intracardiac lesions by taking advantage of real-
time respiratory/cardiac motion-gated cine MRI. As many cardiac
metastases either present asymptomatically or with non-specific
symptoms, high clinical suspicion is required. Limitations of this
study include a small sample size, descriptive analyses, and a short
follow-up interval. Larger retrospective series are needed prior to
prospective optimization of dose and fractionation to treat a vari-
ety of histologies.
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