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a b s t r a c t 

Although primary cardiac tumours are extremely uncommon, secondary tumours or cardiac 

metastasis are not. We present a 68-year-old gentleman with squamous cell carcinoma of 

the right lower lobe with bony metastasis to the right clavicle who was treated with radio- 

therapy to the lung and clavicle as well as combination immunotherapy (Pembrolizumab) 

and chemotherapy (Carboplatin/Paclitaxel). Despite completing the above treatment regime, 
18 F-FDG PET/CT scan showed progression with two new sites of metastasis including a focus 

in the lateral wall of the right ventricle which correlate to a soft tissue density mass on CT 

as well as a FDG avid mass in the left masseter. Identification of cardiac lesions with 

18 F- 

FDG PET/CT maybe challenging with routine preparation due high physiological FDG uptake 

in the myocardium and significant variability, nevertheless, focal FDG uptake in the heart 

should be carefully assessed for the possibility of cardiac metastasis. 

© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Background 

Although primary cardiac tumours are extremely uncommon,
secondary tumours or cardiac metastasis are not. In theory,
any malignant cancer with metastatic potential can spread
to the heart and the incidence of cardiac metastasis seems
to be not as low as expected, with reported incidence of 1.5%-
20% of autopsies of cancer patients.[1] Primary lung cancer
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represents about one third of cardiac metastasis followed
by breast cancer and haematologic malignancies.[2-4] 18 F-
fluorodeoxyglucose positron emission tomography/computed
tomography ( 18 F-FDG PET/CT) is well established as an im-
portant imaging modality in oncology for tumor staging,
restaging, detection of recurrence, and monitoring treatment
response. However, due to high physiological FDG uptake in
the myocardium and significant inter-and intra-individual
variability, focal cardiac uptake not confined to normal pat-
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.0/ ) 

https://doi.org/10.1016/j.radcr.2021.07.092
http://www.sciencedirect.com/science/journal/19300433
http://www.elsevier.com/locate/radcr
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:robert.mansberg@sydney.edu.au
https://doi.org/10.1016/j.radcr.2021.07.092
http://creativecommons.org/licenses/by-nc-nd/4.0/


3570 R a d i o l o g y  C a s e  R e p o r t s  1 6  ( 2 0 2 1 )  3 5 6 9 – 3 5 7 3  

Fig. 1 – X-ray of the right shoulder of a 68-year-old man 

who was referred with right shoulder pain revealed 

presence of a right lung mass (white arrow) with bulky 

pulmonary hilum associated with a destructive lesion in 

the distal right clavicle (white arrow) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tern can be a real challenge for interpretation. Although there
is existing literature on cardiac metastasis from uterine cervi-
cal carcinoma [5] , vesical carcinoma [6] , renal cell carcinoma [7]
and squamous cell carcinoma of the tongue [8] , there is few
Fig. 2 – Patient was referred for 18 F- FDG PET/CT scan for staging
Maximal Intensity Projection (A), axial CT (B, D and F) and PET (C
right lower lobe (block arrows) associated with a speculated peri
paratracheal lymph nodes and the right clavicle corresponding t
literature on cardiac metastasis from lung cancer[ 9 ,10 ], in
particular squamous cell carcinoma of the lung. 

Case presentation 

A 68-year-old gentleman with a background medical history
of hypertension, hypercholesterolaemia and osteoporosis pre-
sented to his general practitioner with one month history of
right shoulder pain. He is an ex-smoker and has an approx-
imately 30 pack year smoking history. He also have previous
asbestos exposure from truck brake linings. A subsequent X-
ray of his shoulder revealed a distal right clavicle lesion ( Fig. 1 ,
white arrow ) and a mass lesion of the right lung ( Fig. 1 , black
arrow ). He denied any shortness of breath, cough or haemop-
tysis prior to presentation. On examination, there was no fo-
cal tenderness of the right clavicle and his chest was clear to
auscultation. A subsequent computer tomography (CT) scan
of the chest showed a right lower lobe pulmonary mass mea-
suring approximately 50 mm with invasion into the adjacent
pleura. This was associated with a right perihilar speculated
lesion with infiltration of the right upper pulmonary arteries
and veins and associated right lower and upper paratracheal
lymphadenopathy consistent with primary lung malignancy
with ipsilateral lung and nodal metastasis. There was also CT
evidence consistent with asbestos related pleural disease. 

Endobronchial ultrasound and biopsy of right lower para-
tracheal lymph node as well as the right clavicle were per-
 of squamous cell carcinoma of the right lower lobe. 
, E and G) images demonstrated FDG-avid lesion in the 

hilar mass (thin arrows) and metastatic spread to 

o a lytic lesion on CT (curved arrows). 
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Fig. 3 – Maximal Intensity Projection (A) and axial CT (B, D and F) and PET (C, E and G) images of repeat FDG-PET/CT nine 
months later following treatment with radiotherapy to the lung and clavicle as well as combination immunotherapy 

(Pembrolizumab) and chemotherapy (Carboplatin/Paclitaxel) showed increase in FDG avidity in the known pulmonary mass, 
paratracheal lymph nodes and right clavicle; two new FDG avid sites of metastasis were discovered including the lateral 
wall of the right ventricle (SUVmax 16.1) represented by black block arrows and the left masseter muscle region (SUVmax 

28.0) represented by white block arrow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

formed confirming the diagnosis of metastatic squamous cell
carcinoma of the lung. 18 F- FDG PET/CT scan was performed
for further evaluation which showed FDG-avid lesions in the
right lower lobe with central photopenia suggestive of necro-
sis (SUVmax 9.7) ( Fig. 2 , block arrows ) and right hilar lesion
(SUVmax 10.2) ( Fig. 2 , thin arrows ) with FDG avid metastasis to
upper and lower paratracheal lymph nodes (SUVmax 6.4) as
well as the right lateral clavicle corresponding to a destructive
soft tissue lesion (SUVmax 17.1) ( Fig. 2 , curved arrows ). He was
started on chemotherapy (Carboplatin and Paclitaxel) with
immunotherapy (Pembrolizumab) in addition to high dose
radiotherapy to the right lung as well as the clavicle following
discussion at a Lung Multidisciplinary Team Meeting. 

After completing four cycles of chemotherapy and im-
munotherapy, a repeat PET/CT scan was performed which
demonstrated that the previously treated right lower lobe
mass as well as the right upper lobe masses have decreased
in size, however the right lower lobe mass had significantly
increased in FDG avidity (SUVmax 53 compared to 9.7) ( Fig. 3 ,
thin arrows ). There was also anatomical and metabolic pro-
gression of the right clavicular lesion ( Fig. 3 , curved arrows ).
There was also interval increase in size and avidity in the right
upper and lower paratracheal lymph nodes. Two new FDG avid
disease were also discovered including the lateral wall of the
right ventricle corresponding to a low density lesion on CT
(SUVmax 16.1) ( Fig. 3 , black block arrows ) and the left masseter
muscle (SUVmax 28.0) ( Fig. 3 , white block arrows ). 
He received radiotherapy to the left masseter muscle and
was placed on clinical trial treatment for targeted therapy.
However, further disease progression was demonstrated on
follow up imaging with new metastasis to the right 7-9 ribs
and right femur. The right ventricular mass lesion had pro-
gressed in size and extent, seen to cause extrinsic compres-
sion of the right ventricular cavity as demonstrated on CT
scan 6 months following the repeat FDG-PET/CT ( Fig. 4 , block
arrows ). 

Discussion 

Primary cardiac tumors are extremely uncommon whereas
secondary cardiac tumors or cardiac metastases are 20 to 132
times more common than primary cardiac tumors.[ 2 ,3 ] Pre-
vious studies have shown that up to 20% of oncology patients
have metastases to the heart at autopsy.[4] Tumors can spread
to the heart via 4 pathways: direct hematogenous spread, lym-
phatic spread, transvenous extension, and direct extension.
Lung cancer is reported to be the most common cause of car-
diac metastasis representing 36%-39% of all cardiac metas-
tasis and is thought to spread to the pericardium and epi-
cardium most commonly via the lymphatic route.[ 11 ,12 ] 

18 F-FDG PET/CT is a useful modality for detecting sites
of metastatic disease in cancer patients, however 18 F-FDG
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Fig. 4 – Axial diagnostic CT image 6 months following the 
repeat FDG-PET/CT study shows progression of the right 
ventricular lesion (block arrows) causing extrinsic 
compression of the right ventricular cavity and 

enlargement of the pulmonary mass. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PET/CT does not yet have an established role in routine eval-
uation of cardiac metastasis probably due to high physio-
logical FDG uptake in the myocardium and significant inter-
and intra-individual variability.[13] As a result, guidelines have
been published which recommend patients to follow a specific
preparation with high-fat/low-carbohydrate diet and fasting
to shift myocardium metabolism toward fatty acid consump-
tion in both oncology imaging and imaging for myocardial in-
flammation.[ 14 ,15 ] However, in a series of 24 patients with car-
diac tumors who underwent 18 F-FDG PET/CT with standard
oncological preparation (fasting period of at least 6 h), Rah-
bar and Colleagues found that malignant primary and car-
diac metastasis can be determined from benign cardiac tu-
mors with a sensitivity of 100% and specificity of 86% using
a SUVmax threshold of 3.5 for benign lesions. [16] Liu sug-
gested that SUVmax ratio between focal cardiac uptake and
surrounding background uptake may help to differentiate ma-
lignant lesions from benign cardiac uptake on FDG PET/CT as
true positive lesions had a SUVmax ratio of 4.5 ± 1.5 vs 2.3 ±
0.44 that of negative cardiac lesions ( P < .05).[17] 
The heart can be overlooked due variable physiological
myocardial uptake, particularly on the MIP images, however
missed cardiac metastasis can result in significant manage-
ment changes for patients. This emphasizes that careful ex-
amination of the heart is required for oncological patients un-
dergoing 18 F-FDG PET/CT with routine preparation and focal
uptake should be carefully assessed for the possibility of car-
diac metastasis. Future studies are awaited to further define
and validate 18 F-FDG PET/CT in the assessment of cardiac tu-
mors. 

Conclusion 

The incidence of cardiac metastasis may not be as low as ex-
pected and lung cancer constitutes about one third of all cases.
Identification of cardiac lesions with 

18 F-FDG PET/CT maybe
challenging with routine preparation due high physiological
FDG uptake in the myocardium and significant variability, nev-
ertheless, as shown in this case focal FDG uptake should be
carefully assessed for the possibility of cardiac metastasis. 
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