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Primary Squamous Cell Lung Cancer With Frequent
Episodes of Sustained Ventricular Tachycardia due
to Myocardial Metastasis
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Abstract

Myocardial metastasis from lung cancer rarely occurs. We encoun-
tered a patient with squamous cell lung cancer who was diagnosed
with myocardial metastasis before death and sustained ventricu-
lar tachycardia during the course of the disease. The patient was a
56-year-old woman. A tumor was noted in the apex area of the left
lung and was diagnosed as stage IVA of squamous cell lung can-
cer after a detailed examination. She underwent concurrent chemo-
radiotherapy with weekly treatment of carboplatin + paclitaxel. A
12-lead electrocardiogram performed upon admission for additional
chemotherapy showed negative T waves in leads III, aVF, and V1-4.
Transthoracic echocardiography and computed tomography showed
a tumor lesion in the right ventricular wall, which was diagnosed as
myocardial metastasis from lung cancer. During the course of the
disease, the patient had frequent episodes of sustained ventricular
tachycardia, which were refractory to treatment with antiarrhythmic
drugs. However, the sinus rhythm was restored with cardioversion.
Subsequently, the patient received palliative treatment and eventu-
ally died 4 months after the diagnosis of cardiac metastasis and 3
weeks after the diagnosis of ventricular tachycardia. Myocardial
metastasis might reflect poor prognosis due to serious arrhythmia
or some other complications. Therefore, the early diagnosis and ap-
propriate treatment of cardiac metastasis by chemotherapy, cardiac
radiotherapy, or surgery, are necessary prior to the development of
symptoms in tolerant cases.
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Introduction

Metastatic cardiac tumors are commonly found in 7.1-9.1% of
autopsied patients with cancer and 2.3-18.3% of all autopsied
patients [1, 2]. It is common to find metastasis of lung cancer
in hilar and mediastinal lymph nodes, lungs, liver, bones, and
brain. Although lung cancer often leads to distant metastasis,
myocardial metastasis is rarely diagnosed before death. Since
most cardiac metastases appear in patients with advanced stag-
es of the disease, limited treatment options lead to a poor prog-
nosis. Metastatic cardiac tumors can cause heart failure, ven-
tricular or supraventricular arrhythmia, conduction disorders,
syncope, embolism, and pericardial effusion. Rare cases of
ventricular tachycardia (VT) due to metastatic cardiac tumors
have been reported [3, 4]. Not infrequently, metastatic cardiac
tumor invasion becomes a cause of death in affected patient.

We here report a patient who was diagnosed with myocar-
dial metastasis, which was evidenced by an abnormal electro-
cardiogram (ECG) during the treatment of advanced squamous
cell lung cancer and frequent episodes of sustained VT during
the disease course and was difficult to treat.

Case Report
Investigations

The patient was a 56-year-old Japanese woman. She had a 36-
year smoking history, smoking 20 cigarettes per day. In May
2018, the patient experienced left back pain. As there was no
improvement in the pain intensity, she decided to visit our hos-
pital to undergo consultation. Chest computed tomography (CT)
showed a tumor in the S!*2 apex area of the left upper lobe. The
tumor was diagnosed as squamous cell lung cancer by trans-
bronchial biopsy. After detailed examination, the cancer was
classified as c-T3N1MIb, stage IVA in the eighth edition stag-
ing system of Union for International Cancer Control (UICC-
version 8)-TNM classification. The tumor was negative for both
epidermal growth factor receptor (EGFR) gene mutation and
anaplastic lymphoma kinase (4LK) fusion gene, and the tumor
proportion score (TPS) of programmed cell death protein-1 li-
gand 1 (PD-L1) was high expression (TPS 70%) (22C3 pharm-
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Dx assay). Due to the occurrence of severe left back pain and
invasion of tumor in the chest wall at the apex of the lung, local
treatment was prioritized, although the tumor was at stage IVA.
The patient received thoracic radiotherapy (60 Gy in 30 frac-
tions at 2 Gy per fraction) concurrent with weekly carboplatin
(area under the plasma concentration-time curve (AUC): 2) plus
paclitaxel (40 mg/m?) for 6 weeks. The patient also received
radiotherapy for right femoral metastasis. Denosumab was ad-
ministered as treatment for bone metastasis, and oxycodone was
administered as treatment for left back pain.

Diagnosis

In August of the same year, she was admitted to undergo chemo-
therapy. On physical examination, her temperature was 36.6 °C,
heart rate was 70 beats per minute (bpm), blood pressure was
110/58 mm Hg, respiratory rate was 12 breaths per minute, and
oxygen saturation was 97% on room air. No lymphadenopathy
was noted. On auscultation, her lung sounds were clear, and her
heart sounds were normal with no murmurs. Results of the labo-
ratory test on admission showed mild anemia (hemoglobin: 10.9
g/dL). Biochemical tests showed no abnormal values. With re-
gard to the tumor markers, the carcinoembryonic antigen (CEA)
level (37.9 ng/dL) and cytokeratin fragment (CYFRA) level
(9.2 ng/dL) were relatively high. Chest X-ray images on admis-
sion showed the presence of a tumor in the left upper lung field.
Contrast-enhanced CT of the chest (Fig. 1) showed a 65 x 45
mm lesion with a heterogeneous contrast effect in S'*2 in the
left upper lobe. It also showed tumor invasion in the chest wall.
A 12-lead ECG showed poor R wave progression in leads V1-3,
negative T waves in leads III, aVF, and V1-4 (Fig. 2a). Tran-
sthoracic echocardiography (TTE) showed a hypoechoic tumor
in the right ventricular cavity (Fig. 3a). In addition, transesopha-
geal echocardiography (TEE) showed normal wall motion, no
valvular disease, and no pericardial effusion.

Contrast-enhanced cardiac CT showed a 35 x 33 mm hy-
podense tumor in the right ventricular wall and ventricular
septum (Fig. 3b). Cardiac magnetic resonance imaging (MRI)
showed a tumor with high intensity on fat-suppressed T2-
weighted images (Fig. 3c) and with isointensity to the myocar-
dium on T1-weighted images (Fig. 3d) in the right ventricu-
lar wall. Fluorodeoxyglucose-positron emission tomography
(FDG-PET)/CT performed in June 2018 showed a strong FDG
accumulation with a maximum standard uptake value (SUV-
max) of 6.14 in the right ventricular septum. Cardiac catheteri-
zation was performed, and coronary angiography showed no
significant stenosis in the coronary arteries. Although myo-
cardial biopsy was performed in the right ventricular wall, no
malignant finding was detected. After a detailed examination
of the abnormal findings on ECG performed upon admission,
the patient was clinically diagnosed with right ventricular me-
tastasis from lung cancer; however, pathological findings ware
not obtained to confirm this diagnosis.

Treatment

Chemotherapy with carboplatin (AUC 5, day 1, every 3 weeks)
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Figure 1. Contrast-enhanced computed tomography of the chest on
admission. A65 x 45 mm lesion with a heterogeneous contrast effect in
S'*2n the left upper lobe was observed. Tumor invasion was observed
in the chest wall.

plus oral S-1(100 mg/day, twice per day, day 1 - 14) was
initiated. After discharge from the hospital, she received two
courses of chemotherapy as outpatient treatment. However, in-
trapulmonary, hepatic, and adrenal metastases were observed;
hence, she was judged to have progressive disease. In October
of the same year, nivolumab treatment (240 mg/body, every 2
weeks) was started.

After three courses of nivolumab treatment, the patient was
brought to the emergency department due to complaints of body
malaise and increasing dyspnea intensity in November. The pa-
tient’s Glasgow Coma Scale score was 14 (E4V4M6); however,
her pulse was difficult to palpate, and she was in a state of shock.
An ECG performed at the time of visit showed sustained VT
(heart rate: 160 bpm). Amiodarone was administered, but the
patient did not show a positive response to the treatment. After
delivery of cardioversion (biphasic, 100 J), sinus rhythm was
restored. After the restoration of sinus rhythm, an ECG revealed
the absence of QT prolongation, and TEE showed normal wall
motion. The serum levels of cardiac troponin T (< 0.1 ng/mL)
and creatine kinase (87 U/L) were normal. Serum electrolyte
levels (Na: 132 mmol/L, K: 3.9 mmol/L, Cl: 98 mmol/L, cor-
rected Ca: 9.6 mg/dL) and thyroid hormone levels (thyroid-
stimulating hormone: 2.93 plU/mL, free thyroxine: 1.33 ng/
dL, free triiodothyronine: 2.51 pg/mL) were also in the normal
range. She was treated with oral amiodarone and bisoprolol.
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Figure 2. (a) The 12-lead electrocardiogram on admission. Poor R wave progression was observed in leads V1-3, and negative
T waves in leads I, aVF, V1-4. (b) Electrocardiographic monitoring at the onset of sustained ventricular tachycardia. Wide QRS
tachycardia with a heart rate of 160 beats per minute (bpm) was observed.

However, the patient experienced frequent episodes of sustained
VT with no triggers (Fig. 2b); delivery of cardioversion effec-
tively terminated the sustained VT.

Follow-up and outcomes

The patient’s performance status (PS) worsened, making it
difficult to continue pharmacotherapy for lung cancer. Hence,
she only received palliative treatment. The patient’s condition
gradually deteriorated, and she eventually died of cardiac ar-
rest due to sinus bradycardia. Her family did not permit an
autopsy.

Discussion

Cardiac metastasis of malignant tumors rarely occurs, and the
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primary cardiac metastatic neoplasms include lung cancer,
breast cancer, malignant melanoma, malignant lymphoma,
and leukemia. The frequency of cardiac metastasis is relative-
ly high in patients with lung cancer than in those with other
malignant tumors and has been reported to be 18.2-21.0% in
autopsied patients with lung cancer [2]. The modes of cardiac
metastasis include direct tumor invasion, hematogenous me-
tastasis, retrograde lymphatic metastasis from mediastinal and
hilar lymph nodes [5]. The most common type of cardiac me-
tastasis is pericardial metastasis, while myocardial metastasis
is infrequent, accounting for one-fifth of the cardiac metasta-
ses [6].

Since myocardial metastasis of malignant tumors lacks
subjective symptoms, the diagnosis is sometimes delayed.
In general, patients with myocardial metastasis of malignant
tumors show a wide variety of symptoms such as dyspnea,
cough, chest pain, and peripheral edema. Among them, ar-
rhythmia and electrocardiographic abnormalities are consid-
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Figure 3. (a) Transthoracic echocardiography: a hypoechoic tumor in the right ventricular cavity was observed (arrow). (b) Con-
trast-enhanced computed tomography of the heart: a 35 x 33 mm hypodense tumor with indistinct borders was observed in the
right ventricular wall and ventricular septum. Cardiac magnetic resonance imaging in a sagittal view: a tumor with high intensity
on fat-suppressed T2-weighted images (c) and with isointensity to the myocardium on T1-weighted images (d) was observed in

the right ventricular wall (arrow).

ered to be the most frequent findings in patients with myocar-
dial metastases [7]. This patient had no subjective symptoms
when myocardial metastasis was diagnosed. However, ST de-
pression observed on ECG was strong evidence to diagnose
myocardial metastasis. With regard to electrocardiographic
changes, ST-T changes are sometimes observed, as in this pa-
tient. However, low voltage and arrhythmias such as bundle
branch block, atrioventricular block, extrasystole, and atrial
fibrillation have also been reported, and findings differ de-
pending on the site of metastasis [8]. Ischemic heart diseases,
including myocardial infarction [9], Takotsubo cardiomyopa-
thy [10], and myocardial injuries related to anticancer therapy
must be differentiated in addition to myocardial metastasis if
patients undergoing treatment for advanced lung cancer exhib-
it alterations in the ST-T wave complex. Anthracyclines and
the anti-HER2 antibody, trastuzumab [11], are known to cause
myocardial injuries related to anticancer therapy. Additionally,

114 Articles © The authors | Journal compilation © ] Med Cases and Elmer Press Inc™

myocardial damages associated with radiation therapy [12]
should be differentiated following the exposure of the cardiac
tissue to radiation. Ischemic heart disease and cardiomyopa-
thy were ruled out in the present case as echocardiography re-
vealed good cardiac function and the absence of wall motion
abnormality, and coronary angiography revealed the absence
of coronary artery stenosis. Myocardial injuries related to an-
ticancer therapy were ruled out as the patient did not receive
any anticancer drug with a high risk of myocardial damage and
the cardiac tissue was not exposed to radiation. The findings
revealed that the changes in the ST-T wave complex were at-
tributed to myocardial metastasis.

TTE is the quickest and easiest method to diagnose myo-
cardial metastasis, and it can evaluate the location of tumors
and extent of tumor invasion. However, it is sometimes dif-
ficult to differentiate myocardial metastasis from non-neoplas-
tic diseases such as thrombosis. Therefore, more attention is

www.journalmc.org
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required. A previous study also reported that localized wall
thickening, decreased wall motion, and changes of echogenic-
ity in the myocardium are findings of myocardial metastasis
[13]. In terms of other diagnostic methods, contrast-enhanced
CT is commonly used; MRI, FDG-PET/CT, technetium-99m
myocardial scintigraphy are also useful in diagnosing me-
tastasis. This patient’s tumor in the myocardium of the right
ventricle was a hypodense tumor with indistinct boundaries on
contrast-enhanced CT images and a tumor with high intensity
on fat-suppressed T2-weighted MRI images. These findings
were not inconsistent with the characteristics of intramyo-
cardial metastasis. TTE is an easy and sensitive method that
should be initially performed during the follow-up of patients
with advanced lung cancer, followed by detailed examination
with contrast-enhanced CT or MRI if any suspicion exists, for
excluding cardiac metastasis.

Metastatic cardiac tumors are generally treated with
chemotherapy and radiotherapy. Surgery is also performed in
some cases. However, cardiac metastasis often occurs in pa-
tients with terminal stages. Therefore, surgical treatment is
often difficult, even if cardiac metastasis is diagnosed before
death. Cardiac metastasis of malignant tumors can cause heart
failure, arrhythmia, and pericardial effusion. Several previous
studies reported syncope and sudden death in patients with car-
diac metastases [6, 14]; severe arrhythmia is considered to be
one of the causes of death. Arrhythmia is very difficult to con-
trol, although antiarrhythmic drugs and catheter ablation are
indicated in some patients [15]. In the literature we found four
other cases of cardiac metastasis from lung cancer present-
ing with VT (Table 1) [16-19]. In these five cases, including
our present case, four cases had previously or synchronously
multiple distant metastases in addition to those in the heart.
Cardiac metastases were detected in the ventricular wall or
septum in the heart in all cases. Radiotherapy was performed
in two cases. Although antiarrhythmic drugs were reported to
be effective in these four cases, sustained VT was refractory to
antiarrhythmic drugs, including amiodarone and bisoprolol, in
the present case. In cases of recurrent VT, the prognosis may
be extremely poor in patients who are refractory to antiarrhyth-
mic drugs. In general, VT is classified as ischemic VT that
develops along with ischemic heart disease such as myocardial
infarction and non-ischemic VT due to other causes. Non-is-
chemic VT often accompanies cardiomyopathy or cardiac tu-
mors. Additionally, the occurrence of myocardial injury related
to anticancer therapy should be identified during cancer phar-
macotherapy. Immune checkpoint inhibitors (ICIs) are being
increasingly employed for the treatment of lung cancer, and
immune-related adverse events (irAEs) can occur in any organ
during treatment with ICIs. Although cardiac irAEs are rare,
the occurrence of myocarditis, which is the main pathology,
is often associated with arrhythmias such as complete atrio-
ventricular block, atrial fibrillation, and VT, and has a poor
prognosis [20]. In the present case, VT was observed follow-
ing the administration of three courses of nivolumab; however,
the levels of troponin T and creatine kinase were not elevated,
and there was no evidence of myocarditis. Furthermore, an
ECG showed monomorphic VT that had a left bundle branch
block morphology, which indicated that the impulses originate
in the right ventricle. The findings revealed that the develop-

Reference
Present case

[16]
[17]
(18]
[19]

Survival time from
the diagnosis of VT
2 months

18 months

5 months

18 months (alive)

3 weeks

Cardioversion, amiodarone

Treatment
Amiodarone, RT
Amiodarone
Propranolol, RT
Cardioversion

Distant metastasis
Bone, ADR lung, liver

Brain
Lung
Brain, bone

Diagnostic
procedure
MRI, FDG-PET
TTE, CT, MRI

TTE, CT
TTE, MRI

on PP

RV

LV

RV TTE, MRI
LV

LV

Histology
Adsq
Sq

Sq
Ad
Sq

Age/
gender
66/M

49/F
67/F
66/F
S6/F

N

1

2

3

4

5
M: male; F: female; Sq: squamous cell carcinoma; Adsq: adenosquamous carcinoma; Ad: adenocarcinoma; RV: right ventricle; LV: left ventricle; PE: pericardial effusion; TTE: tran-

sthoracic echocardiography; CT: computed tomography; MRI: magnetic resonance imaging; FDG-PET: 18-fluorodeoxyglucose positron emission tomography; ADR: adrenal gland; RT:

radiotherapy; VT: ventricular tachycardia.

Table 1. Summary of the Reported Cases of Cardiac Metastasis Causing VT in Patients With Lung Cancer
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ment of VT was attributed to the exacerbation of right ventricu-
lar myocardial metastasis. However, the mechanism underlying
the onset of arrhythmias in cardiac tumors remains to be clearly
elucidated to date. A previous study reported the occurrence of
VT accompanying cardiac tumors, which was thought to be
caused by the formation of a reentrant circuit in the myocardium
around or within the tumor [21]. Although an electrophysiologi-
cal study or autopsy was not performed in the present study,
it might be possible that the metastases in the right ventricular
myocardium induced the electrophysiological abnormalities and
development of VT, via a re-entry mechanism.

In conclusion, we here describe a rare case of primary
squamous cell lung cancer with frequent episodes of sustained
VT due to myocardial metastasis. In this patient, a drug-re-
sistant sustained VT developed. Although cardioversion was
effective, repeated treatments markedly deteriorated the pa-
tient’s PS. The prognosis is very poor when symptoms become
evident; hence, the early diagnosis and appropriate treatment
of cardiac metastasis by chemotherapy, cardiac radiotherapy,
or surgery, are necessary prior to the development of symp-
toms in tolerant cases. Clinicians should pay attention to the
development of cardiac metastasis in a patient with advanced
lung cancer even without any symptoms.

Learning points

Arrhythmias and abnormalities in ECG are the most common
diagnostic factors for myocardial metastases. The prognosis of
myocardial metastases is generally poor once symptoms such
as sustained VT appear. Furthermore, in cases of recurrent sus-
tained VT, the prognosis may be extremely poor in patients who
are refractory to antiarrhythmic drugs. In retrospect, myocar-
dial metastasis could have been detected by follow-up exami-
nations with contrast-enhanced CT or FDG-PET in addition to
analyzing the alterations in the ECG. The early diagnosis and
treatment of myocardial metastasis prior to the development of
symptoms are crucial for improving patient prognosis.
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