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Background. To evaluate the diagnostic value of 18F-FDG PET/CT in distinguishing benign
versus malignant cardiac tumors as well as to assess its prognostic value.

Methods. We analyzed 38 patients with cardiac tumors who underwent 18F-FDG PET/CT
and followed for median 8.5 ± 12.5 months. SUVmax and TBRmax (maximum tumor-to-back-
ground ratio) by receiver-operating characteristic (ROC) curve analysis were used to obtain
threshold for the diagnosis of malignancy as defined by histology (n = 38). Survival was assessed
and correlated with the dignity of the lesions and PET parameters.

Results. Optimal cut-off values indicating malignancy were as follows: SUVmax 5 3.44,
with 100% sensitivity and 92.9% specificity, and TBRmax 5 1.55, with 95.8% sensitivity and
92.9% specificity. A significant difference of 18F-FDG uptake was observed between primary
benign (n 5 14, SUVmax 5 2.35 ± 1.31, TBRmax = 1.05 ± 0.50) compared to primary malig-
nant cardiac tumors (n = 11, SUVmax = 8.90 ± 4.23, TBRmax = 3.82 ± 1.44) as well as cardiac
metastases and lymphoma (n = 13, SUVmax = 14.37 ± 8.05, TBRmax = 6.19 ± 3.38) (all
P < .001). Survival rate was significantly lower in patients with malignant as compared to
benign cardiac tumors (P < .05). Regression analysis revealed that the lesion dignity deter-
mined by the cut-off value of SUVmax was an independent predictor for death in patients with
cardiac tumors (P < .05).
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Conclusion. 18F-FDG uptake in cardiac tumors can differentiate between benign and
malignant cardiac tumors and predicts survival. (J Nucl Cardiol 2021;28:2233–43.)

Key Words: Cardiac tumor Æ 18F-FDG Æ PET/CT Æ diagnosis Æ cardiac metastasis Æ prognosis

Abbreviations
18F-FDG 18Fluorine-fluorodeoxyglucose

AUC Area-under-the-curve

CMR Cardiac magnetic resonance imaging

DLBCL Diffuse large B-cell lymphoma

PET/CT Positron emission tomography/com-

puted tomography

PAS Periodic acid-schiff

ROC Receiver-operating characteristic

SUVmax Maximum standardized uptake value

TBRmax Maximum tumor-to-background ratio

VOI Volume of interest

INTRODUCTION

With an incidence of only 0.0017% to 0.02%,

primary cardiac tumors are rare;1 however, cardiac

metastases of extracardiac malignancies occur much

more frequently.2 For primary cardiac tumors, the

likelihood of malignancy is reported between 20% and

25%.3,4

Primary cardiac tumors are mainly treated by

surgical resection. Metastatic cardiac tumors in most

cases are not referred to surgery; this especially applies

to patients with cardiac manifestations of lymphoma,5

which can be treated by chemotherapy and/or radiation

therapy. Hence, a thorough initial staging is essential to

the management of cardiac tumors in order to choose the

best treatment strategy.

Noninvasive imaging plays an important role for the

work-up of an undetermined cardiac masses, since

percutaneous biopsy typically is not feasible, and

surgical biopsy or resection carries a high risk of

perioperative complications.5,6 Echocardiography, car-

diac magnetic resonance imaging (CMR) or computed

tomography (CT), particularly with contrast enhance-

ment, allow assessment of multiple morphologic

features. In some instances, these modalities permit to

diagnose a specific tumor type, e.g., myxoma.7 Even

though morphologic features can help to differentiate

malignant from benign tumors,8 individual morpholog-

ical feature usually does not allow for a precise

determination of dignity. Cardiac MR has a very high

resolution; however, the duration of image acquisition

can be fairly long. Also, its use is limited in patients with

pacemakers or other metal implants.
18F-fluorodeoxyglucose (18F-FDG) PET/CT has

become an essential tool in managing a variety of

malignancies.9-12 This modality provides noninvasive

whole-body information and can also identify the most

aggressive malignant lesion.13 In many tumors, accurate

diagnosis is nowadays essential for individual decision-

making to decide on the right treatment strategy, and

further, to improve patient’s outcome. Nonetheless, to

date, only a few studies, with a limited number of patients,

have been published, which used 18F-FDG PET/CT to

differentiate benign from malignant cardiac tumors.14,15

So far, the prognostic value of 18F-FDG PET/CT in

patients with cardiac tumors has not been reported.

This retrospective study aimed to evaluate the

diagnostic value of 18F-FDG PET/CT in the determina-

tion of the dignity of cardiac tumors with histopathology

serving as the gold standard. Also, the prognostic value

of 18F-FDG PET/CT in patients with cardiac tumors was

assessed.

MATERIALS AND METHODS

Study Population

Initially included in the analysis were 66 consecutive

patients with cardiac tumors referred to Beijing Anzhen

Hospital, China, from January 2015 to May 2019 for staging

by whole-body 18F-FDG PET/CT. 38 patients with available

histopathology could be enrolled in current study (Figure 1).

Electronic medical records were reviewed; this included

clinical characteristics, symptoms, imaging findings by

echocardiography, CT, cardiac MR (if available), histological

results, and treatment strategy.

This analysis was approved by the Beijing Anzhen

Hospital ethics committee and conducted according to the

Helsinki Declaration. Patients provided written informed

consent for the imaging procedures as well as for the

participation in anonymized analyses such as this.

Patient Preparation and 18F-FDG PET/CT

All patients underwent 18F-FDG PET/CT imaging after a

high-fat diet.16 Additionally, they fasted for C 12 h and had

blood glucose\ 10 mmol/L before imaging. The average 18F-

FDG activity of 254 ± 67 MBq (6.9 ± 1.8 mCi), 5 MBq/kg

(0.13 mCi/kg) of body weight was injected intravenously;

radiation exposure for the combined PET/CT ranged from 11.6

to 17.8 mSv per patient per procedure.
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Imaging was performed 60 min after 18F-FDG injection,

using a high-spatial-resolution, full-ring PET scanner (Bio-

graph mCT, Siemens Healthcare, Erlangen, Germany). The

imaging data were reconstructed using a point spread function

and a time-of-flight algorithm (TrueX?time-of-flight,

UltraHD-PET), with 2 iterations and 21 subsets. Subsequently,

a Gaussian filter with 2 mm full-width half-maximum was

applied to the reconstructed images. For attenuation and scatter

correction, a CT without contrast agent was used. Here, slice

thickness was 5 mm with a pitch of 0.8 and a tube voltage of

120 kV. The tube current automatically modulated according

to the patient’s size and body shape; a 210 mAs maximum

reference value was used to achieve good image quality.

Representative 18F-FDG PET/CT images from the patient’s

collective are shown in Figures 2, 3, and 4.

Image Analysis

PET/CT datasets were reviewed and analyzed by two

readers, both board-certified nuclear medicine physicians and

PET/CT experts, to determine 18F-FDG uptake of the cardiac

tumors and to screen for extracardiac malignant manifestations

by visual interpretation. The maximum standardized uptake

value (SUVmax) was derived from a 3-dimensional volume of

interest (VOI) assigned to the tumor. This VOI was placed

within the tumor at the location of the highest tracer uptake.

Caution was taken to exclude unspecific myocardial uptake

from the analysis. In case of very low glucose metabolism, the

coregistered CT data were used to help assign the VOI. In

order to calculate the maximum tumor-to-background ratio

(TBRmax), the SUVmax of each tumor was normalized by the

mean SUV of a spherical reference VOI, 3 cm in diameter,

assigned to the right lobe of the liver. If an extracardiac

hypermetabolic lesion was verified as tumor by histology or

biopsy and the 18F-FDG uptake pattern was similar with the

cardiac tumors, the cardiac tumors were deemed to be of the

same entity.

Histological Analysis

Pathological materials from all patients studied were

available for gross and histological examinations. Specimens

were fixed in formalin, routinely processed for light micro-

scopy and stained with hematoxylin-eosin, periodic acid-schiff

(PAS), azan and Weigert van Gieson. Also, transmission

electron microscopy and immunohistochemistry studies were

performed to confirm the histological diagnosis. The results

were confirmed by two experienced pathologists who were

blinded to the previous clinical findings and location of the

tumors. According to histological diagnosis,17 the 38 patients

were divided into three groups, Group 1 with primary benign

cardiac tumor, Group 2 with primary malignant cardiac tumor,

and Group 3 with cardiac metastases and lymphoma.

Follow-Up

Follow-up was performed by review of patients’ clinical

records and by phone contact with patients or their relatives.

Thirty-eight patients were followed for 8.5 ± 12.6 months

[median ± interquartile range (IQR) 25th to 75th percentiles],

range 1-52 months. 13 patients (34.2%) died during follow-up.

Statistics

Data were analyzed using SPSS 19.0 (SPSS Inc. IBM,

Armonk, NY). Continuous parametric variables were

expressed as the mean ± standard deviation (SD). Non-para-

metric variables were displayed as the median ± IQR. The

mean values of continuous variables were compared between

Figure 1. Patients flowchart.
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groups by 1-way ANOVA followed by the Scheffe post hoc

test. Categorical data are reported as percentages. Via receiver-

operating characteristic (ROC) curve analysis, we determined

the optimal SUVmax and TBRmax cut-off values to differentiate

benign versus malignant cardiac tumors based on histology

results as the gold standard. Sensitivity, specificity, accuracy,

and area-under-the-curve (AUC) were calculated by v2 testing.
Pearson correlation analysis was used to assess a relationship

between tumor size and SUVmax. Kaplan–Meier survival

curves were generated in subgroups classified using SUVmax

and TBRmax cut-off values and were compared by log-rank

test. The Cox proportional hazards regression analysis model

was used to identify independent predictors of all-cause

mortality in patients with cardiac lesions (n = 38). In the

model, significant predictors were chosen via a stepwise

forward method with P\ .05 as the entry criterion and

P[ .10 as the removal criterion. Statistical significance was

defined as P\ .05.

RESULTS

Baseline characteristics of the patients with histo-

logical results (n = 38) are summarized in Table 1 and

Supplemental data Table 1, respectively. Group 1,

benign cardiac tumor (n = 14), was proven by surgery

and histopathology. In Group 2, the primary malignant

cardiac tumors (n = 11), only one case was verified by

lung lesion biopsy; all others were confirmed by surgery

and histopathology. In Group 3, cardiac metastasis and

lymphoma were included (n = 13). Of 7 cases with

DLBCL, two cases were diagnosed by extracardiac

Figure 2. 44-year-old female presenting with dyspnea, abdominal distention, and lower extremity
edema for 6 months. A, B, C: Transverse views of CT, PET, and PET/CT fusion. D: coronal view
of PET. The blue arrow indicates the cardiac tumor. On CT, the right ventricle (RV) mass appears
isodense or hypodense relative to the myocardium. 18F-FDG PET shows mildly increased uptake in
RV lesion (SUVmax 3.90, TBRmax 1.45): E: Intraoperative image of the tumor and histopathology,
which revealed a primary cardiac myxoma (hematoxylin and eosin [HE] staining magnified 200
times).
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lesion biopsy (liver and bone). One patient was diag-

nosed by cardiac surgery and histopathology; the others

were proved by lymph node biopsy. Four of the six

patients with cardiac metastases were confirmed by

extracardiac lesion biopsy (lung, bone, esophagus); two

of them were verified by cardiac surgery and

histopathology. All of the biopsied lesions were positive

on PET.

Tumor Types and 18F-FDG Uptake

As shown in Table 1, 14 (36.8%) of the patients

presented with primary benign cardiac lesions were all

verified histologically by surgery (Group 1, mean

SUVmax = 2.35 ± 1.31, mean TBRmax = 1.05 ± 0.50),

eleven patients (28.9%) had primary malignant cardiac

tumors (Group 2, mean SUVmax = 8.90 ± 4.23, mean

TBRmax = 3.82 ± 1.44), and 13 patients (34.2%) with

cardiac metastases or lymphoma (Group 3, mean

SUVmax = 14.37 ± 8.05, mean TBRmax = 6.19 ± 3.38).

A significant difference was observed in both

SUVmax (P\ .001) and TBRmax (P\ .001) among

three groups. Both mean SUVmax (P\ .001) and mean

TBRmax (P\ .001) were significantly lower in Group 1

than those in Group 3. Moreover, both mean SUVmax

(P\ .05) and mean TBRmax (P\ .05) in Group 1 were

significantly lower than those in Group 2. TBRmax were

significantly lower in Group 2 than that in Group 3

Figure 3. 47-year-old female presenting with palpitations and shortness of breath for 2 months. A,
B, C: Transverse views of CT, PET, and PET/CT fusion. D: coronal view of PET. The blue arrow
indicates the cardiac tumor. On CT, the right atrium (RA) masses appeared isodense or hypodense
relative to the myocardium and a large pericardial effusion can be noted. 18F-FDG PET/CT shows
an increased uptake in this tumor (SUVmax 8.92; TBRmax 4.07). E: Gross biopsy specimen of the
masses; histopathology revealed the lesion to be a primary angiosarcoma (HE staining magnified
200 times).
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(P\ .05). Pearson correlation analysis showed a signif-

icant correlation between tumor size and SUVmax

(R2 = 0.44, P = .006) and a significant difference of

the size of tumor between the benign and malignant

tumors was observed (P = .04).

Among these 38 patients, 5 myxoma patients (all

female, range of age 18-52) presented with a consider-

able variability of 18F-FDG uptake (mean

SUVmax = 3.31 ± 1.21, range 1.91-5.23 and mean

TBRmax = 1.45 ± 0.37, range 1.00-2.02). In 10 cases

of different types of sarcoma, the mean SUVmax is

8.20 ± 3.73 (ranging 3.80-14.37) and the mean TBRmax

is 3.57 ± 1.26 (ranging 1.61-5.50), were calculated; 2

patients had bilateral pulmonary metastases.

Remarkably, a very high 18F-FDG uptake (mean

SUVmax = 19.66 ± 6.05, range 13.61-31.60; mean

TBRmax = 8.46 ± 2.56, range 5.25-12.85) was observed

in 7 patients with histologically confirmed as cardiac

involvement of diffuse large B-cell lymphoma (DLBCL).

The SUVmax in patients with DLBCL was significantly

higher than the othermalignant tumors (including primary

malignant and metastatic cardiac tumors) (n = 17, mean

SUVmax = 8.79 ± 4.31, range 3.49-18.12; mean

TBRmax = 3.72 ± 1.59, range 1.27-7.05, P\ .05).

Figure 4. 73-year-old female presenting with increasing dyspnea for 2 years. A, B, C: Transverse
views of CT, PET, and PET/CT fusion. D: Coronal view of PET. The blue arrow indicates the
cardiac tumor, the red arrow increased uptake in lymph node manifestations. On CT scan, the RA
masses appear isodense or hypodense relative to the myocardium. 18F-FDG PET/CT depicts
distinctly increased uptake in the RA tumor (SUVmax 21.00; TBRmax 8.47). E: Histopathology
revealed the tumor to be DLBCL (HE staining magnified 200 times).
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SUVmax and TBRmax CUT-OFFS

Table 2 shows the diagnostic performance for the

differentiation of benign vs malignant using these cut-

off values for SUVmax and TBRmax. According to ROC

curve analysis, the optimal cut-offs to differentiate

benign and malignant (primary and metastatic) cardiac

lesions were a SUVmax of 3.44 with AUC = 0.988,

P\ .001, and a TBRmax of 1.55 with AUC = 0.979,

P\ .001. Using a best discriminative SUVmax cut-off of

3.44 for the cardiac tumors, the sensitivity, specificity,

and accuracy of 18F-FDG PET/CT for identification of

malignancy were 100% (24/24), 92.9% (13/14), and

97.4% (37/38), respectively. Additionally, the TBRmax

cut-off value of 1.55 proved to be equally suitable in

detecting malignancy with a sensitivity of 95.8% (23/

24), a specificity of 92.9% (13/14), and the diagnostic

accuracy of 94.7% (36/38), respectively.

Survival

As shown in Figure 5, Kaplan–Meier cumulative

overall survival curves of three groups differed signif-

icantly (P\ .05). Malignant tumors as categorized by

SUVmax C 3.44 or TBRmax C 1.55 was associated with

significantly higher mortality as compared to benign

tumors with SUVmax\ 3.44 or TBRmax\ 1.55

(P = .018 and P = .002, respectively) (Figure 6). All

benign patients underwent surgery. Yet, there were

different treatment methods for malignant patients. The

Kaplan–Meier survival curve showed a significant dif-

ference with different treatment methods among patients

with malignant cardiac tumors (Log rank 14.997,

P = .002) (Figure 7).

COX Regression Analysis

As shown in Table 3, univariate Cox regression

analysis revealed that the lesion dignity as determined

by the cut-off value of SUVmax (HR 95% CI 7.834

[1.016-60.411], P = .048) was an independent predictor

for death in patients with cardiac tumors, so was the

pathological diagnosis (HR 95% CI 9.275 [1.201-

71.645], P = .033). The other variables, including age,

gender, tumor location, size, and treatment strategy had

no independent predictive value for mortality.

DISCUSSION

To date, literature regarding cardiac tumors evalu-

ated by 18F-FDG PET/CT is scarce.14-16,18 In our current

study, so far with a largest number of patients, we

assessed the ability of 18F-FDG PET/CT imaging to

determine cardiac tumor dignity. The diagnostic value of
18F-FDG PET/CT was validated by histopathology.

Additionally, the PET imaging characteristics of pri-

mary benign, primary malignant, and metastatic cardiac

lesions were assessed and survival was also evaluated.

In this study, 18F-FDG PET/CT showed excellent

diagnostic performance in differentiating benign from

malignant cardiac tumors. Cut-off values obtained for

both measures of 18F-FDG uptake, SUVmax and TBRmax,

resulted in very good sensitivity, specificity, and

Table 1. Characteristics of the three groups of patients

Group 1
(n = 14)

Group 2
(n = 11)

Group 3
(n = 13)

P
value

Age 45 ± 12 44 ± 11 59 ± 13 .004

Female/male 12/2 6/5 4/9 .015

SUVmax 2.35 ± 1.31*� 8.90 ± 4.23 14.37 ± 8.05 .001

TBRmax 1.05 ± 0.50*� 3.82 ± 1.44� 6.19 ± 3.38 .001

Size(cm) 4.2 ± 1.4 6.0 ± 2.2 5.8 ± 3.4 .122

Treatment strategy

Surgical resection 100%(14) 72.7%(8) 7.7%(1) .001

Chemotherapy – 9.0%(1) 69.2%(9)

Surgical resection ?

chemotherapy

– 18.2%(2) 15.4%(2)

No treatment – – 1

Survival 92.9%(13) 45.5%(5) 53.8%(7) .025

*P\ .05 vs Group 2
�P\ .001 vs Group 3
�P\ .05 vs Group 3
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accuracy. Our observations aligned well with those of

the previous studies in smaller patient populations,14,15

as well as those of the only study yet published using
18F-FDG PET/MR.19 Our SUVmax cut-off of 3.44 is well

consistent with the SUVmax cut-off of 3.5 obtained by

Rabhar et al 14 and SUVmax cut-off of 3.5-4.0 by Shao

et al.15

In contrast to the previous studies,14,15,19 we also

investigated a second variable of 18F-FDG uptake, the

TBRmax. This variable was calculated using a reference

VOI in the liver, because hepatic 18F-FDG uptake has

been shown to correlate with circulating 18F-FDG

levels,20 and the liver’s size makes it easy to assign

VOIs. Additionally, TBRmax appears to be less influ-

enced by, for e.g., body composition, presumably also

image reconstruction methods or PET equipment, as

compared to SUVmax.
21-24 Remarkably, TBRmax at the

calculated optimal cut-off, 1.55, proved to have similar

diagnostic accuracy as the calculated optimal SUVmax

cut-off of 3.44.

As another main finding, our analysis suggested that

in patients with cardiac tumors, 18F-FDG PET/CT was

able to detect suspicious hypermetabolic extracardiac

lesions, and hence may be a valuable staging tool in this

setting. In our study, 2 patients with primary cardiac

malignancy were found to have bilateral lung metastases

and 13 had lesions of non-cardiac origin, including 7

cases of DLBCL. The ability to identify extracardiac

lesions potentially has a significant impact on patient

management. On one hand, better visualization and

localization of lesions facilitate histological verification

of cancer. On the other hand, such findings may render

cardiac surgery obsolete in many cases, allowing

patients to be switched to other treatment modalities

that may be more appropriate for their disease, e.g.,

chemotherapy or targeted therapy (shown in Supple-

mental data, Table 1). This is especially the case for

lymphoma involving the heart where surgery usually is

contraindicated. Our analysis showed prominently

increased cardiac 18F-FDG activity (SUVmax and

TBRmax) in 7 patients with cardiac DLBCL, 6 lesions

localized in the right heart. The imaging pattern could be

recognized and distinguished from other malignant

cardiac tumors.

Differentiating primary from metastatic malignant

heart lesions is another significant clinical challenge.

According to our results, 18F-FDG uptake (TBRmax) in

primary malignant cardiac tumor is lower than metas-

tases to the heart or lymphoma. This finding might

contribute to a better discrimination in clinical unclear

constellations.

Finally, and importantly, our study results indicated

that 18F-FDG uptake was a useful prognostic variable in

patientswith histological diagnosis. Kaplan–Meier cumu-

lative overall survival curves showed that patient with

malignant tumors categorized by SUVmax C 3.44 or

TBRmax C 1.55 was associated with significantly higher

mortality as compared to benign tumors (P = .018 and

Table 2. Performance of SUVmax and TBRmax cut-offs in distinguishing benign versus malignant cardiac
tumors (n = 38)

Uptake variable (cut-off
value for malignancy)

Sensitivity, %
(n = 24)

Specificity, %
(n = 14)

Accuracy, %
(n = 38) AUC P value

SUVmax (C 3.44) 100 (24/24) 92.9 (13/14) 97.4 (37/38) 0.988 \ .001

TBRmax (C 1.55) 95.8 (23/24) 92.9 (13/14) 94.7 (36/38) 0.979 \ .001

Figure 5. Kaplan–Meier cumulative overall survival curves of
38 patients categorized into three groups, Group 1 with
primary cardiac tumors (n = 14), Group 2 with primary
malignant cardiac tumors (n = 11), and Group 3 with cardiac
metastases and lymphoma (n = 13) (log rank 6.995, P = .030).
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P = .002, respectively). On the Cox regression analysis

using relevant variables, including age, gender, tumor

size, tumor location, treatment strategy, tumor dignity as

determined by the cut-off values of SUVmax 3.44 and the

tumor dignity by histopathology, only the cut-off value of

SUVmax 3.44 and histopathological diagnosis were inde-

pendent predictors for death, which has not been

previously reported.

LIMITATIONS

This was a single-center study of a Chinese expert

center cohort with a wide variety of cardiac and other

tumor types, and thus the generalizability of our findings

may be limited. Also raising potential issues of gener-

alizability, the prevalence of benign lesions, of certain

tumor types, and of certain sites of cardiac tumor in our

patients differed from those in other published series.

For example, frequency of angiosarcoma in our collec-

tive was lower than that reported frequency elsewhere,25

as was the prevalence of right 26 or left atrial tumors.27

Another notable difference between our work and earlier

work is the substantially higher rate of cases of

lymphoma in our sample.27 These differences in disease

characteristics may be attributable to either or both of

center-specific selection biases, or ethnic composition of

the respective cohorts. Finally, our study had a relatively

short follow-up. Nonetheless, high mortality was

observed (34.2%, 13/38), suggesting a poor prognosis

for patients with cardiac tumors and the need for prompt

diagnosis and treatment.

NEW KNOWLEDGE GAINED

FDG-PET/CT should be performed for the assess-

ment of cardiac tumors; it also appears to be valuable for

prognostication.

Figure 6. Kaplan–Meier cumulative survival curves of patients with cardiac tumors (n = 38)
classified by SUVmax and TBRmax using the calculated optimal cut-off values. A: Estimated overall
survival was significantly lower in the malignant group (SUVmax C 3.44, n = 25) than in the benign
group (SUVmax\ 3.44, n = 13) (log rank 5.596, P = .018). B: Similarly, estimated overall survival
was significantly lower in the malignant group (TBRmax C 1.55, n = 24) than in the benign group
(TBRmax\ 1.55, n = 14) log rank 9.710, P = .002).

Figure 7. Kaplan–Meier cumulative survival curves in 23
patients with malignant cardiac tumors using different treat-
ment strategies (log rank 14.996, P = .002).
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CONCLUSION

18F-FDG PET/CT, because of its high accuracy in

determining, whether lesions are benign or malignant,

should be included in the diagnostic algorithm for

cardiac tumors. 18F-FDG uptake, independently pre-

dicted survival in cardiac tumors and might serve as a

valuable predictive tool for individualized decision-

making.
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