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BACKGROUND: FAP (fibroblast activation protein) plays an important role 
in cardiac wound healing and remodeling. Although initially developed as 
a theranostic ligand for metastasized cancer, FAPI (FAP inhibitor) tracers 
have recently been used to study cardiac remodeling following myocardial 
infarction in small-animal models. The aim of the study was to evaluate 
the activity of FAP via FAPI–positron emission tomography–computed 
tomography scans in human hearts.

METHODS: FAPI–positron emission tomography–computed tomography 
scans of 229 patients of 2 consecutive cohorts (modeling cohort: n=185; 
confirmatory cohort: n=44) suffering from metastasized cancer were 
analyzed applying the American Heart Association 17-segment model of 
the left ventricle. Logistic regression models were created using data from 
the modeling cohort. Multivariate regression models were established 
using Akaike information criterion in a step‐down approach.

RESULTS: Fourteen percent of patients had preexisting coronary artery 
disease (n=31), 33% arterial hypertension (n=75), and 12% diabetes 
mellitus type II (n=28). Forty-three percent had been treated with platin 
derivatives (n=100), 14% with anthracyclines (n=32), and 10% had a 
history of prior radiation to the chest (n=23). High left ventricular FAPI 
signals correlated with the presence of cardiovascular risk factors (odds 
ratio [OR], 4.3, P=0.0029), a focal myocardial signal pattern (OR, 3.9, 
P=0.0068), diabetes mellitus type II (OR, 4.1, P=0.046), and beta-blocker 
use (OR, 3.8, P=0.049) in univariate regression models. In a multivariate 
analysis, increased signal intensity was significantly higher in patients 
with cardiovascular risk factors (overweight [OR, 2.6, P=0.023], diabetes 
mellitus type II [OR, 2.9, P=0.041], certain chemotherapies [platinum 
derivatives; OR, 3.0, P=0.034], and a history of radiation to the chest [OR, 
3.5, P=0.024]). A focal enrichment pattern was more frequently observed 
in patients with known cardiovascular risk factors (P<0.0001).

CONCLUSIONS: FAPI–positron emission tomography–computed 
tomography scans represent a new imaging modality to investigate 
cardiac FAP. High signal intensities correlate with cardiovascular risk 
factors and metabolic disease.
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Although the assessment tool box of left ventric-
ular systolic function and the coronary arteries 
is ever-increasing, cardiac remodeling still lacks 

a reliable imaging modality.1

Aside from the profound molecular changes seen in 
cardiomyocytes, fibroblasts play a key role in cardiac tis-
sue remodeling and wound healing.2,3 One character-
istic of activated cardiac fibroblasts is the expression of 
FAP (fibroblast activation protein). In resting fibroblasts, 
FAP expression is very low and shows a steep increase 
after myocardial infarction followed by a steady decline 
over time.4,5 The ablation of FAP-positive cells in mice 
subjected to angiotensin II and phenylephrine reduced 
cardiac fibrosis and restored systolic function.6 These 
preclinical studies suggest an important role of FAP in 
cardiac ischemia and pathological remodeling.

In 2018, Lindner et al developed a tracer for positron 
emission scans that targets FAP. The tracer consists of a 
quinolone-based FAPI (FAP inhibitor) labeled with a radio 
nucleoid, which reliably binds and stains FAP.7–9 It can be 
used to measure relative FAP density indicative of activat-
ed fibroblasts in different cancer entities. To date, there 
are no data available that analyze FAPI signal accumula-
tion in human hearts in larger patient cohorts. It remains 
unclear if increased cardiac FAPI signals are associated 
with certain cardiovascular risk factors or disease.

The aim of our analysis was to evaluate cardiac trac-
er accumulation and the role of FAPI–positron emission 
tomography (PET)–computed tomography (CT) scans in 
cardiovascular disease in patients with cancer undergo-
ing different cancer therapies.

METHODS
Data Availability
The raw data used in this study are available from the cor-
responding author on reasonable request.

Study Population and Data Collection
We retrospectively analyzed FAPI-PET-CT scans from adult 
patients presenting in our nuclear medicine department 
between 2017 and 2019 with various cancer entities. The 
study was conducted according to the principles of the 
Declaration of Helsinki. Approval for this research was granted 
by the local research ethics committee (S-286/2017). Patient-
related information was pseudonymized upon data extraction.

FAPI-PET-CT Scans
FAPI-PET-CT (Siemens Biograph, Siemens Healthcare Diagnostics, 
Eschborn, Germany) scans were performed according to stan-
dard protocol.8 One hundred twenty-two to 336 MBq of Ga-68 
labeled FAPI were administered intravenously. All patients were 
scanned 60 minutes after administration. In addition, a sub-
group of patients was scanned 10 minutes and 180 minutes 
after FAPI administration. A low dose whole-body CT scan (130 
keV, 30 mAs, CareDose; reconstructed with a soft-tissue kernel 
to a slice-thickness of 5 mm) was used for attenuation correc-
tion and image fusion. A 3-dimensional emission scan (matrix 
200×200) was performed, subsequently using FlowMotion 
(Siemens). The emission data were corrected for randoms, scat-
ter, and decay. Reconstruction was performed with an ordered 
subset expectation maximization algorithm with 2 iterations/21 
subsets and Gauss-filtered to a transaxial resolution of 5 mm at 
full-width at half-maximum and analyzed using regions of inter-
est measuring standardized uptake values (SUV). Signals were 
measured in the free left ventricular wall, the blood pool, the 
aorta, the gluteus muscle, the liver, the lung, and the brain. The 
mean SUV of the regions of interest was reported. The regions 
of interest were selected in an area of homogenous signal inten-
sity based on the anatomic structures depicted in the CT scan.

In addition to measuring the free lateral wall in an area 
without focal signal enrichment, all 17 segments were 
measured based on the anatomic structure regardless of 
focal signal enrichment. Segments were attributed to their 
presumptive corresponding coronary vessel according to 
the imaging criteria of the American Heart Association.10,11 
Septal segments were segments 2, 3, 8, 9, and 14. Lateral 
segments were 5, 6, 11, 12, and 16. Graphs were built in 
R version 3.6.2 with inhouse scripting using the shape and 
RColorBrewer packages.12–14

Fluorine-18 fluorodeoxyglucose-PET-CT 
Scans
All FDG (fluorine-18 fluorodeoxyglucose) -PET-CT scans per-
formed within 12 months of the FAPI-PET-CT scan were also 
analyzed. FDG-PET-CT scans were performed as previously 
described.15 Measurements were performed as in FAPI-PET-CT 
scans. SUVs and SUV ratios of different organs were com-
pared between FDG and FAPI using a Kruskal-Wallis test. 
The Spearman method was used to analyze the correlation 
between FDG and FAPI SUVs.

Patient Characteristics
Patient characteristics included age, sex, cancer entity, body 
mass index, glomerular filtration rate calculated using the 
chronic kidney disease epidemiology collaboration formula, 

CLINICAL PERSPECTIVE

Analyzing cardiac FAPI (fibroblast activation protein 
inhibitor) signal intensity and patterns may be con-
sidered in patients receiving FAPI–positron emis-
sion tomography–computed tomography scans for 
cancer staging and progression. Patients with an 
increased cardiac FAPI signal or focal enrichment 
patterns may potentially benefit from additional 
cardiological examinations to diagnose undetected 
cardiovascular diseases or cardiotoxic side effects to 
improve cardio-oncological care. Prospective clinical 
studies are needed to further evaluate the potential 
use of FAPI–positron emission tomography–com-
puted tomography scans for cardiac risk stratifica-
tion in ischemic heart disease and myocarditis.
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thyroid-stimulating hormone (TSH), cardiovascular risk 
factors, diabetes mellitus, arterial hypertension, known 
coronary artery disease, known atrial fibrillation, previous 
radiation to the chest, chemotherapy (anthracyclines, plati-
num derivatives, alkylating agents, antimetabolites, taxanes, 
topoisomerase inhibitors), checkpoint inhibitor use, FAPI 
signal pattern and cardiac medication (statins, aspirin, ACE 
[angiotensin-converting enzyme] inhibitor or angiotensin-
receptor-blocker and beta-blocker use). For multivariate 
analyses, patients were divided into 2 cohorts: an initial 
cohort comprising 80% of patients and a confirmatory 
cohort comprising 20% of patients. Patients were assigned 
consecutively to each cohort. Whenever available, echocar-
diographic findings were also reported.

FAPI-PET-CT scans from representative patients were 
selected using the k-nearest neighbor algorithm. Applicable 
patients with the smallest distance to the median were 
chosen.

Statistical Analysis
Statistical analyses were performed using R version 
3.6.2 with the help of the MASS and ggplot2 pack-
ages.12,16,17 Unless stated otherwise, Non-normal dis-
tributed values are reported as median±interquartile 
range (IQR) and were compared using Wilcoxon rank-
sum tests. Normal distributed values are reported as 
mean±SD. An ANOVA test was performed to test for 
differences within the groups. Tukey honest significant 
difference method was applied for P-level adjustment.

As SUVs did not follow a standard distribution, SUVs 
were compared with a pairwise Wilcoxon rank-sum 
test using Holm method for P value adjustment. When 
available, repetitive measurements were displayed for 
each patient. When necessary (eg, for linear and logistic 
regression models), SUVs were logarithmized to achieve 
normal distribution. Univariate logistic regression mod-
els were established using a signal intensity cutoff of 
1.3, which was determined by calculating the mean sig-
nal intensity and adding ½ of its SD. Odds ratios (ORs) 
and 95% CIs were calculated. P-level adjustment was 
carried out using the Holm-Bonferroni method. Mul-
tivariate models were created selecting the variables 
according to Akaike information criterion in a step-
down approach.15,18 Logistic regression results were 
reported with OR and a 95% CI. A Hosmer-Lemeshow 
goodness of fit test was performed for each model.

A multivariate linear regression model was estab-
lished for signal intensity using all variables significantly 
tested in the multivariate logistic approach. Standard-
ized residuals were calculated with the dataset used 
to create the model. Outliers were defined as patients 
with high signal intensities not accurately predicted by 
our models with calculated residuals above the 95th 
percentile. The predictive model based on our modeling 
cohort was subsequently applied to the confirmatory 
cohort to test for reproducibility.

Outliers were further analyzed by a permutation test 
comparing patient characteristics of the outlier cohort 
to 100 000 randomly selected cohorts of the same 
dataset. The number of times a characteristic occurred 
as frequently of more frequently in the randomly select-
ed cohorts divided by the number of permutations was 
used as a P value. A P value below 0.05 was considered 
significant. The model was applied to the confirmatory 
cohort. Standardized residuals were calculated. Outliers 
were identified using the same cutoff value as in the 
modeling cohort.

RESULTS
Between 2017 and April 2019 a total of 185 consecu-
tive patients with >20 different metastasized solid 
tumor entities were recruited and analyzed. Pancre-
atic carcinoma (n=42), bronchial carcinoma (n=20), 
colorectal carcinoma (n=14), oropharyngeal cancer 
(n=13), prostate cancer (n=11), esophageal and gas-
tric carcinoma (n=11), and ovarian cancer (n=10) were 
most frequently observed. Patient characteristics are 
summarized in the Table.

The highest cardiac signal intensities were measured 
10 minutes after FAPI administration (median SUV, 1.39 
[IQR, 0.62]). Signals decreased more rapidly within the 
first hour until a median SUV of 1.01 (IQR, 0.39) was 
measured. SUVs further decreased to median levels of 
0.72 (IQR, 0.22) 3 hours after administration (Figure I in 
the Data Supplement). After 1 hour, the median blood 
pool SUV was 0.93 (IQR, 0.32). Signal intensity ratios 
between the heart and other organs differed greatly: 
heart/blood pool 0.93 (IQR, 0.38), heart/brain 12.44 
(IQR, 13.29), heart/gluteal muscle 0.99 (IQR, 0.48), 
heart/liver 1.17 (IQR, 0.56), heart/lung 0.84 (IQR, 0.29). 
Twenty-one patients also had data from FDG-PET-CT 
scans. Left ventricular signal intensities were higher 
using an FDG tracer (Figure II in the Data Supplement). 
Comparing FDG and FAPI signals in each measured seg-
ment, we were able to see a relatively weak but con-
sistent positive correlation (rS=0.36, P<0.0001). Heart/
blood and heart/lung signal ratios were comparable, 
heart/liver and heart/brain signal ratios were significant-
ly higher in FAPI scans and, as FDG signals are indicative 
of glycolytic activity, heart/gluteus ratios were signifi-
cantly higher in FDG scans.

Patients with prostate cancer and ovarian cancer 
showed nominally increased cardiac SUVs (1.08 [IQR, 
0.63] and 1.04 [IQR, 1.84], respectively), whereas pan-
creatic cancer patients exhibited a nominal decrease 
(0.79 [IQR, 0.57]). Comparing solely these groups cardi-
ac signals in patients with ovarian and prostatic cancer 
were significantly higher than in hearts from pancreatic 
cancer patients (P=0.028, Wilcoxon rank-sum test, Fig-
ures III and IV in the Data Supplement).
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Table. Patient Characteristics

Patient Characteristics Initial Cohort; N=185 Confirmatory Cohort N=44 Outliers N=11

FAPI SUV Left Ventricle 0.98 (IQR: 0.55) 0.87 (IQR: 0.39) 2.97 (IQR: 0.66)

FAPI pattern left ventricle

    Focal 42  7  0  

    Diffuse 61  21  4  

    Homogen 82  16  7  

FAPI SUV aorta 1.14 (IQR, 0.47) 1.24 (IQR, 0.30) 1.61 (IQR, 0.53)

FAPI SUV brain 0.08 (IQR, 0.07) 0.07 (IQR, 0.06) 0.06 (IQR, 0.06)

FAPI SUV liver 0.86 (IQR, 0.5) 0.85 (IQR, 0.30) 1.44 (IQR, 0.73)

FAPI SUV gluteus 1.00 (IQR, 0.33) 1.02 (IQR, 0.30) 1.12 (IQR, 0.32)

Sex Male: 119 Female: 66 Male: 30 Female: 14 Male: 7 Female: 4

Age, y 64 (IQR, 17) 65 (IQR, 20) 77 (IQR, 14)

BMI, kg/m2 24.15 (IQR, 4.72) 25.82 (IQR, 4.79) 23.86 (IQR, 6.09)

TSH, mU/L 1.23 (IQR, 1.19) 1.08 (IQR, 0.92) 1.12 (IQR, 0.72)

Creatinine, µmol/L 65 (IQR 27) 71 (IQR, 33) 72 (IQR, 24)

Urea nitrogen, mmol/L 11.43 (IQR, 6.07) 11.43 (IQR, 4.82) 9.64 (IQR, 5.18)

C-reactive protein, mg/L 11 (IQR, 23) 29 (IQR, 37) 48 (IQR, 53)

Previous radiation to the chest 21 of 185 2 of 44 1 of 11

Coronary artery disease 27 of 185 4 of 44 4 of 11

Heart failure 2 of 185 0 of 44 0 of 11

Arterial hypertension 60 of 185 15 of 44 6 of 11

Atrial fibrillation 14 of 185 2 of 44 1 of 11

Diabetes mellitus type II 24 of 185 4 of 44 1 of 11

Active smoker 24 of 185 7 of 44 3 of 11

Cardiac medication

    ARB/ACE inhibitor 41 of 185 6 of 44 4 of 11

    Beta-blocker 27 of 185 5 of 44 2 of 11

    Statins 21 of 185 3 of 44 1 of 11

    Daily aspirin 27 of 185 5 of 44 3 of 11

Cancer entities

    Pancreatic carcinoma 42 of 185 1 of 44 1 of 11

    Bronchial carcinoma 20 of 185 3 of 44 1 of 11

    Colorectal carcinoma 14 of 185 2 of 44 1 of 11

    Oropharyngeal carcinoma 13 of 185 2 of 44 0 of 11

    Esophageal/gastric carcinoma 11 of 185 2 of 44 0 of 11

    Prostate carcinoma 11 of 185 3 of 44 2 of 11

    Ovarian carcinoma 10 of 185 0 of 44 3 of 11

    Other 64 of 185 31 of 44 3 of 11

Previous CTx

    Anthracyclines 28 of 185 4 of 44 5 of 11

    Antibodies 26 of 185 2 of 44 1 of 11

    Antimetabolites 92 of 185 8 of 44 5 of 11

    Platinum derivatives 91 of 185 8 of 44 6 of 11

    Alkylating agents 23 of 185 4 of 44 4 of 11

    Topoisomerase inhibitors 39 of 185 0 of 44 1 of 11

    Checkpoint inhibitors 21 of 185 2 of 44 1 of 11

ACE indicates angiotensin-converting enzyme; ARB, angiotensin-receptor-blocker; BMI, body mass index; CTx, chemotherapy; FAPI, 
fibroblast activation protein inhibitor; IQR, interquartile range; SUV, standardized uptake values; and TSH, thyroid-stimulating hormone.
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Signal Intensity Correlates With Diabetes 
Mellitus, Different Chemotherapies, and 
Radiation to the Chest
In an univariate regression analysis, high left ven-
tricular signals correlated with the presence of car-
diovascular risk factors (OR, 4.3, P=0.0029), a focal 
myocardial signal pattern (OR, 3.9, P=0.0068), diabe-
tes mellitus (OR, 4.1, P= 0.046), and beta-blocker use 
(OR, 3.8, P=0.049).

Multivariate regression models were established 
following model optimization using Akaike informa-
tion criterion. The models revealed a positive correla-
tion of left ventricular signals with TSH levels above 4 
µU/mL (OR, 8.6, P=0.012), a body mass index above 
25 kg/m2 (OR, 2.6, P=0.023), previous radiation to 
the chest (OR, 3.5, P=0.024), previous intake of plati-
num derivatives (OR: 3.0, P=0.034), and a history of 
diabetes mellitus (OR, 2.9, P=0.041), whereas check-
point inhibitor use was associated with a decreased 
signal intensity (OR, 0.17, P=0.0496; see Figure 1). A 
direct comparison comprising both cohorts and each 
subgroup is reported in Figure V in the Data Supple-
ment. Echocardiographic findings were available in a 
subgroup of patients (n=44). Increased FAPI signals 
were associated with reduced ejection fraction in a 
small number of patients (see Figure VI in the Data 
Supplement).

Multivariate Linear Prediction Model and 
Outlier Analysis Reveals Doxorubicin 
Therapy as a Potentially Relevant 
Variable in Cardiac FAP-Activity
To test for the reliability of our retrospective analy-
sis, we further created a linear multivariate regression 
model based on the results of the logistic regression 
analyses. This model was used to find outliers in our 
dataset by selecting 5% of patients with the high-
est residuals (cutoff: 1.64). A permutation test with 
100 000 permutations revealed that patients with 
ovarian and prostate cancer (P=0.0056) and patients 
receiving anthracyclines (P=0.021) or alkylating 
agents (P=0.047) were significantly overrepresented 
in our outlier cohort of patients with unexpectedly 
high cardiac FAPI signals.

We confirmed our prediction model in another 
cohort of 44 consecutive patients, which were scanned 
after our first cohort. In this confirmatory cohort, we 
were not able to find any outliers using the same met-
rics as we had in the first cohort (see Figure 1). There 
was no significant difference between the mean resid-
uals of the 2 cohorts (P=0.16, Student t test). The SD 
was even slightly smaller in the confirmatory cohort. 
Patient characteristics of the confirmatory cohort are 
reported in Table.

Focal Signal Enrichment and Increased 
Signal Intensity Associated With 
Cardiovascular Risk and Disease
Signal patterns differed between the patients. Five dis-
tinct patterns were noted: homogenous, diffuse, focal 
on diffuse, focal, and weak enrichment. Significantly 
more patients with known cardiovascular risk factors 
exhibited a focal signal pattern (P<0.0001, Yate χ2-
test). A focal myocardial enrichment pattern was nega-
tively correlated with female sex (OR, 0.13, P=0.0059), 
whereas a positive correlation was seen for patients 
with hypertension (OR, 3.7, P=0.0067), known cardiac 
disease (OR, 3.8, P=0.014), known coronary heart dis-
ease (OR, 4.0, P=0.029), and medication with aspirin 
(OR, 4.8, P=0.0069) or statins (OR, 5.7, P=0.0069) in 
univariate logistic regression. In an optimized multivari-
ate logistic regression model, only female sex (OR, 0.12, 
P=0.0004), known cardiovascular risk factors (OR, 5.1, 
P=0.0008), and aspirin use (OR, 3.0, P=0.041) were sig-
nificantly associated (Figure 1).

Cardiac FAPI Signals Are Higher in Septal 
Segments and Slightly Increase Over 
Time
Analyzing FAPI signals in the 17-segment model of 
the left ventricle, we noticed a significantly higher 
signal in septal signals than in the lateral segments 
(septal versus lateral wall: P=0.0038; septal versus 
anterior/posterior wall: P<0.0001; lateral versus ante-
rior/posterior wall P=0.31).

Considering all 17 segments, repetitive scans in 
26 patients revealed an increase in FAP density over 
time in all segments (P<0.0001, Figure VII in the Data 
Supplement).

Interestingly, a series of patients with a history of 
myocardial infarction did not show increased signal 
intensities years following myocardial infarction (Figure 
VIII in the Data Supplement). Further investigation of all 
patients with known coronary artery disease showed 
that coronary artery disease does not correlate directly 
with FAPI intensities. One patient scanned while on 
radiotherapy in close proximity to the heart showed a 
striking increase in myocardial FAPI intensities (see Fig-
ure IX in the Data Supplement).

DISCUSSION
In this study, we report an association between fibro-
blast activation (FAP) density measured by FAPI-PET-CT 
scans and risk factors for cardiovascular disease in can-
cer patients. An increase in signal intensity was associ-
ated with hypothyroid metabolic state, overweight, and 
diabetes mellitus, suggesting an involvement of meta-
bolic changes along with cardiac FAP activation. Fur-
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thermore, radiation to the chest was associated with an 
increased cardiac FAPI signal. Focal enrichment patterns 
were associated with coronary artery disease, the pres-
ence of cardiovascular risk factors, and aspirin intake.

Local inflammatory response or intermittent local 
ischemia could be a possible explanation for this focal 
accumulation of FAPI signals. This notion is supported 
by preclinical data, where myocardial ischemia lead to 
an increase in FAP expression in affected segments.2 
Additionally, small-animal FAPI-PET-CT scans of the heart 
detected a sudden increase followed by a steady decline 
in FAP density following myocardial infarction.4,5 The peak 
in signal intensity only lasts a couple of days and marked 
the process of myocardial wound healing.2,4 We noted 
increased FAPI signals in close proximity to a cardiovascular 
event, whereas signals disappeared months to years after 
the event (Figures VIII and IX in the Data Supplement). 
This points towards a similar mechanism of FAP activation 
in the human heart. Mechanistically, inflammation is dis-
cussed as one cause of FAP activation.19 In line with this 

interpretation, we detected a high cardiac FAPI signal in 
one patient scanned while receiving chest radiation, which 
is known to trigger a cardiac inflammatory response.

Aside from myocardial ischemia and inflammation, 
FAP-positive cells were recently identified to play a cru-
cial role in catecholamine-induced cardiac remodeling 
and dysfunction. Accordingly, the elimination of FAP 
expressing cells led to a significant reduction in cardiac 
fibrosis and an increased systolic function in mice follow-
ing administration of angiotensin II and phenylephrine.6 
The development of excessive fibrosis and activation of 
fibroblasts are based on a direct crosstalk between fibro-
blasts and cardiomyocytes involving paracrine secretion 
of TGFβ (transforming growth factor β). These processes 
seem to determine cardiac function and discriminate 
adaptive from maladaptive cardiac remodeling.20,21 Pre-
vious studies showed a suppressive effect of thyroid hor-
mone on TGFβ signaling, which possibly explains higher 
myocardial FAPI signal levels in hypothyroid patients in 
our study.22 Although aspirin is known to suppress TGFβ 

Figure 1. Logistic regression and linear prediction model for FAPI (fibroblast activation protein inhibitor) signal in the myocardium.
A, Multivariate logistic regression models for signal intensity and focal enrichment. Odds ratios (OR) are depicted as a dot. Lines mark the 95% CI. Although 
metabolic variables, such as increased thyroid-stimulating hormone (TSH), radiation, diabetes mellitus, overweight, and different chemotherapies, are associated 
with an increased FAPI signal, focal FAPI enrichment patterns are mainly associated with cardiovascular risk. N=185 for both analyses. B, Linear regression model 
for FAPI signal intensity prediction and outlier analysis based on significant variables of the multivariate logistic regression analysis. The model was established with 
the initial cohort (N=185) and tested for accuracy with a confirmatory cohort (N=44). Outliers (N=11) are marked in red in both plots. Outliers were defined as 
patients with residuals (actual–predicted FAPI signal) above the 95% mark of the initial cohort. Patient characteristics of the outlier cohort are reported in Table. 
BMI indicates body mass index; CTx, chemotherapy; CvRF, cardiovascular risk factors; and GFR, glomerular filtration rate.
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signaling, patients taking aspirin exhibited much higher 
cardiac FAPI signal intensities and were more likely to 
show focal enrichment patterns than patients not tak-
ing aspirin (see Figure 1 and Figure IV in the Data Sup-
plement). The increase in fibroblast activation seen in 
this patient subgroup is most likely explained by other 
contributing factors, as aspirin use can be seen as a sur-
rogate for an existing cardiovascular risk.23

Interestingly, although a single cardiovascular risk 
factor led to a relatively mild increase in signal intensity, 
patients with multiple risk factors exhibited a more pro-
nounced increase (Figure 2). FAPI signal enrichment was 
most noticeable in patients with arterial hypertension and 
metabolic diseases characterized by diabetes mellitus and 
obesity (Figure 2 and Figure IV in the Data Supplement). 
These findings are supported by animal data from dia-
betes mellitus models and transaortic constriction (artifi-

cial increase in afterload): both models promote cardiac 
hypertrophy and excessive cardiac fibrosis.24,25 Mechanis-
tically, cardiac fibrosis in these models was caused by acti-
vated inflammatory pathways and TGFβ/Mothers Against 
Decapentaplegic Homolog Protein signaling. The increase 
in FAPI signaling in the human heart could, therefore, be 
a result of a concomitant dysregulation of metabolic and 
prohypertrophic pathways. Therefore, it will be important 
to link higher FAPI intensities to other cardiac imaging 
modalities (eg, cardiac MRI) to characterize cardiac tissue 
composition and function.

Study Limitations
Although recent data on FAP as well as our data on FAPI 
imaging provide important evidence for the use of FAPI-
PET-CT scans to evaluate cardiac fibroblast activation, 

Figure 2. Bullseye 17-segment analysis of different subgroups with representative FAPI (fibroblast activation protein inhibitor) images.
The median signal intensity of the corresponding segment is displayed for each group. The number of patients in a group is seen in the right lower corner of each 
bullseye above the color scale. The color coding was taken from a spectral color scale ranging from 0.7 (blue) to 1.3 (red) with 1.0 (yellow) being the center. Rep-
resentative FAPI images are displayed below. Signal intensity was generally increased in the septal basal segments. The apex exhibited the lowest signal intensity. 
This effect was most pronounced in arterial hypertension. Diabetes mellitus, arterial hypertension, and obesity—all risk factors associated with metabolic stress and 
cardiac remodeling—show the highest increase in FAPI signals. BMI indicates body mass index; and CvRF, cardiovascular risk factors.
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there are some limitations to our analysis. The analysis was 
retrospective and consisted mostly of single cross-section-
al measurements in a heterogeneous patient cohort. In 
addition, only a minority of our scans were ECG-triggered, 
which might lead to an underestimation of signal intensi-
ties at the lateral wall and in the apex (Figure 2).

To account for bias in variable selection, we used Akaike 
information criterion to select the variables and used the 
Hosmer-Lemeshow goodness of fit test to assess the qual-
ity of our models. To further address potential biases based 
on a retrospective analysis,26 we evaluated our model in 
another unselected cohort and retrieved similar results.

Although FAP is mainly expressed in granulation tis-
sue, reactive stromal fibroblasts, and malignant cells, 
we cannot rule out that other cell types might contrib-
ute to the cardiac FAPI signal.27 Inflammation induced 
FAP activation in cardiomyocytes, fibroblasts, or even 
endothelial cells (as seen in vascular disease), might be 
a contributing factor in some of our patients, especially 
since CRP (C-reactive protein) levels are increased in our 
outlier cohort (see Table).19

Conclusions
High FAPI signal intensities are associated with cardio-
vascular and metabolic risk factors, specifically arterial 
hypertension, diabetes mellitus, and obesity. Further-
more, a focal enrichment pattern could be sugges-
tive of an underlying cardiovascular disease. Further 
research systematically comparing FAPI-PET-CT scans 
to other cardiac imaging modalities and possibly gene 
expression profiles will be necessary to open the route 
into clinical routine.
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