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Using multimodal imaging, we investigated the extent and functional
correlates of myocardial fibroblast activation in patients with aortic
stenosis (AS) scheduled for transcatheter aortic valve replacement
(TAVR). AS may cause myocardial fibrosis, which is associated with
disease progression and may limit response to TAVR. Novel radio-
pharmaceuticals identify upregulation of fibroblast activation protein
(FAP) as a cellular substrate of cardiac profibrotic activity. Methods:
Twenty-three AS patients underwent 8Ga-FAP inhibitor 46 (®®Ga-
FAPI) PET, cardiac MRI, and echocardiography within 1-3 d before
TAVR. Imaging parameters were correlated and then were integrated
with clinical and blood biomarkers. Control cohorts of subjects with-
out a history of cardiac disease and with (n = 5) and without (n = 9)
arterial hypertension were compared with matched AS subgroups.
Results: Myocardial FAP volume varied significantly among AS sub-
jects (range, 1.54-138 cm®, mean * SD, 42.2 + 35.6 cm®) and was
significantly higher than in controls with (7.42 + 8.56 cm?®, P = 0.007)
and without (2.90 = 6.67 cm®; P < 0.001) hypertension. FAP volume
correlated with N-terminal prohormone of brain natriuretic peptide (r =
0.58, P = 0.005), left ventricular ejection fraction (r = —0.58, P = 0.02),
mass (r = 0.47, P = 0.03), and global longitudinal strain (- = 0.55, P =
0.01) but not with cardiac MRI T1 (spin-lattice relaxation time) and extra-
cellular volume (P = not statistically significant). In-hospital improvement
in left ventricular ejection fraction after TAVR correlated with pre-TAVR
FAP volume (r = 0.440, P = 0.035), N-terminal prohormone of brain
natriuretic peptide, and strain but not with other imaging parameters.
Conclusion: FAP-targeted PET identifies varying degrees of left ventric-
ular fibroblast activation in TAVR candidates with advanced AS. %8Ga-
FAPI signal does not match other imaging parameters, generating the
hypothesis that it may become useful as a tool for personalized selection
of optimal TAVR candidates.
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Advanced aortic stenosis (AS) is associated with significant
morbidity and mortality (/-3). Transcatheter aortic valve replace-
ment (TAVR) is increasingly used, primarily in high-risk patients
(4), although a broader use in lower-risk AS has been suggested (35).
Myocardial fibrosis is thought to play a critical role in AS, in the
response to therapy and in subsequent outcome (6). In TAVR recipi-
ents, the histologic severity of myocardial fibrosis varies significantly
and independently predicts left ventricular (LV) remodeling and
survival (7,8). Accordingly, myocardial fibrosis has emerged as an
imaging target in AS. Strain analysis from transthoracic echocardiog-
raphy (TTE) provides indirect measures of fibrosis in cardiomyopa-
thies (9,10) and in AS (7). In cardiac MRI (CMR), late gadolinium
enhancement (LGE) identifies scars and areas of replacement fibrosis
(12). Parametric T1 (spin-lattice relaxation time) mapping describes
altered tissue composition as an indicator of diffuse interstitial fibro-
sis (13,14). However, LGE and elevated T1 are, for example, also
found in areas with extracellular expansion due to edema or infiltra-
tion (/2), and T1 may have limited specificity for discriminating AS
patients from healthy controls (15).

Recently, specific radioligands for fibroblast activation protein
(FAP) have been developed for targeted PET and were initially
used to characterize tumor stroma (/6). FAP is a membrane-bound
serine protease (/7,18) that is highly expressed by activated myofi-
broblasts. In profibrotic conditions, it therefore identifies the bio-
logic activity of tissue fibroblasts as a cell-based mechanism that is
distinct from the extracellular matrix. The feasibility of noninvasive
PET-based interrogation of cardiac *®Ga-FAPI expression has, for
example, been shown after acute myocardial infarction (79-23).
Moreover, among oncologic patients, a less intense but variable
myocardial ®Ga-FAPI signal was proportional to cardiovascular
risk factors such as hypertension and diabetes mellitus (24).

We hypothesized that FAP-targeted PET will identify the pres-
ence and inter- and intraindividual heterogeneity of myocardial
fibroblast activation in AS. We also hypothesized that this signal
of profibrotic activity will be distinct from, and thereby comple-
mentary to, other imaging parameters that reflect tissue composi-
tion. We tested our hypotheses by a comprehensive global and
regional integration of multimodality noninvasive imaging para-
meters and their relation to established clinical risk markers and
short-term response to TAVR. We speculate that confirmation of
our hypotheses may support the use of FAP-targeted PET in future
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studies seeking to optimize candidate selection for TAVR based
on their individual fibrotic disease profile.

MATERIALS AND METHODS

Study Design and Participants

We included 23 patients (11 men, 12 women; mean age * SD,
84.1 = 3.3 y) who had undergone clinical evaluation including
CMR, TTE, and FAP-targeted PET with %®Ga-FAP inhibitor 46
(°®Ga-FAPI) before TAVR at Hannover Medical School. AS had
been evaluated, and eligibility for TAVR determined, according to
clinical guidelines (25). All patients had classic high-gradient AS and
sinus rhythm. Patients equipped with a permanent pacemaker or
implantable cardioverter defibrillator and who had severe renal dys-
function (glomerular filtration rate < 30 mL/min), chronic inflamma-
tory disease, or eminent frailty were excluded. All patients gave written
informed consent before undergoing imaging. The study was in accor-
dance with the ethical guidelines of the 1975 Declaration of Helsinki,
and the local ethical committee approved the project (approval
9553_BO_K_2021).

Radionuclide Imaging

FAP-targeted PET was conducted 1-3 d before TAVR, using the spe-
cific ligand *®Ga-FAPI-46, which was synthesized in house according to
good manufacturing practices as previously described (26) and was used
clinically according to §13.2b of the German Pharmaceuticals Act for
determination of myocardial profibrotic activity. Static PET images
were acquired for 20 min using a Biograph mCT 128 system (Siemens),
beginning 60 min after intravenous injection of 118 = 16 MBq of
%8Ga-FAPI-46. Low-dose CT was used for attenuation correction.
Images were iteratively reconstructed, using time-of-flight and point-
spread function information (True X; Siemens). Peak and SUV ., Were
obtained for myocardium, blood pool (left atrium), and other organs
(liver, spleen, bone marrow, lungs) using volumes of interest of 1 cm®
and commercial software (syngo.via, V50B; Siemens Healthcare). Myo-
cardial FAP volume was determined using an
isocontour volume of interest including all

dose of gadolinium-diethylenetriamine pentaacetate (Gadavist; Bayer
Healthcare). Extracellular volume fraction was calculated from myocardial
and blood T1 relaxation times before and after contrast administration,
using the most recent hematocrit level. Global analysis included determi-
nation of LV ejection fraction (LVEF), volumes, mass, and extent of
LGE, indexed by body surface area (27). Segmental analysis included
native T1 and postcontrast T1 relaxation times, using the 16-segment
model. Threshold analysis using the mean + 2 SDs of healthy controls’
identified segments with prolonged native T1 relaxation times (28). Cvi42
software (Circle Cardiovascular Imaging) was used.

TTE

TTE was performed 1-3 d before and after TAVR, using an EPIQ7
equipped with an X5-1 transducer (Philips). LV strain images were
recorded using standard apical views. Speckle tracking for measure-
ment of global longitudinal strain and LVEF were assessed offline
using a TomTec Imaging Systems ultrasound software. Segmental lon-
gitudinal strain was assessed using 18 segments, and 4 apical segments
were merged for comparability to CMR and PET. Threshold analysis
using the mean + 2 SDs of healthy controls (29) identified segments
with impaired longitudinal strain.

Control Groups

From a historic sample of cancer patients having undergone
%8Ga-FAPI-46 PET for staging at the University of Heidelberg, 2 con-
trol groups were identified and matched to AS subgroups by age and
sex. Imaging modalities, tracers, and evaluations were identical to the
Hannover protocol (image acquisition 60 min after injection). First, a
group of 9 control subjects (4 with glioblastoma, 3 with adenoid cystic
carcinoma, 1 with pancreas carcinoma, and 1 with a suspected cancer-
ous polyp) was selected and matched 1:2 to 18 AS patients. This
group had no history of cardiac disease, cardiotoxic chemotherapy, or
radiation therapy of the chest; no coronary calcification; and no known
cardiovascular risk factors, including smoking, diabetes mellitus, or

voxels above an individually determined
threshold (blood pool SUV ,can + 2 SDs) with
exclusion of valve regions. Additionally, the
area of FAP upregulation was calculated by
polar map analysis as previously described
(19). Segmental SUV ., Was calculated using
the American Heart Association 17-segment
model and polar maps. Apical segments were
merged for comparability to CMR and
echocardiography.

High
myocardial
FAP uptake

CMR

CMR was performed using a 1.5-T scanner
(Magnetom Avanto; Siemens) in 22 of 23
patients (97%) at 1-4 d before TAVR. In 2 of
22 patients, T1 mapping was not performed
because of technical problems. Cine images

Low
myocardial
FAP uptake

column 1

CMR
native T1

Global T1984 ms

Global T1953 ms.

column 4

column 3

TTE
longitudinal strain

column 2

Activated fibroblasts
(%*Ga-FAPI)

\‘FAF-nren 4%

Polarmaps

SUVpeak 2.0

were obtained using a balanced steady-state
free-precession sequence (True FISP; Siemens).
Parametric T1 maps were acquired in 3 short-
axis slices (basal, midventricular, and apical
LV) covering 16 segments (available for 16
patients), using the modified look-locker se-
quence before and after administration of
contrast agent. LGE was imaged by phase-
sensitive inversion recovery sequences, 10—15
min after bolus injection of a 0.15 mmol/kg

Ii Short axis

FIGURE 1. Multimodal characterization of myocardial fibrosis in AS patients before TAVR. Shown
are 2 cases with high and low myocardial ®8Ga-FAPI signal, as indicated by representative midven-
tricular short-axis PET/CT image (column 2) and parametric polar maps of %Ga-FAPI uptake
(column 3; polar maps are 2-dimensional display of 3-dimensional LV activity with apex in center,
base in periphery, anterior wall on top, inferior wall on bottom, septum on left, and lateral wall on
right). High 58Ga-FAPI signal was associated with mild elevation of native T1 from CMR (column 1)
and mild reduction of global longitudinal strain at TTE (column 4). Yet, neither CMR T1 nor TTE
global longitudinal strain show similarly clear distinction between patients when compared with
%8Ga-FAPI signal. GLS = global longitudinal strain.
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TABLE 2

CMR
Variable All patients All patients indexed (mL/m?)
Global function (n = 22)
EDV (mL) 118.6 = 26.7 (83-191) 66.5 +12.9 (45.0-102.0)
ESV (mL) 43.5 +13.8 (29-84) 24.3 6.8 (15.0-43.0)
SV (mL) 75.2 £14.8 (53-119) 42.1 +7.0 (30.0-64.0)
LVM () 116.2 £21.3 (77-157) 66.3 = 11.9 (40.0-86.0)
LVEF (%) 63.8 = 4.4 (53-72)

Global mapping (n = 20)
T1 global native (ms)
T1 global contrast (ms)
ECV global (%)

977.2 + 25.8 (939-1,049)
448.8 + 48.8 (363-539)
28.0 = 3.9 (22-38)

ECV = extracellular volume fraction; EDV = end-diastolic volume; ESV = end-systolic volume; SV = stroke volume; LVM = LV mass.

Data are mean + SD and range.

arterial hypertension. Second, 5 control subjects (all with pancreas
carcinoma) with arterial hypertension were identified and matched to
5 AS patients.

Statistical Analysis

Statistical analyses were performed using SPSS, version 27 (IBM), for
Microsoft Windows and Prism, version 9 (GraphPad Software). Categoric
variables are presented with absolute and relative frequencies. For quanti-
tative continuous variables, testing for a gaussian distribution was per-
formed using Shapiro-Wilk tests. For data with a gaussian distribution,
paired Student ¢ tests or 1-way ANOVA with Tukey multiple-comparison
tests were used depending on the number of compared groups. Paired
continuous variables were compared using the Wilcoxon test; nonpaired
continuous variables were compared using a 2-sided ¢ test. Categoric vari-
ables was compared using the x> test. Nonparametric unpaired data were
analyzed with Mann—Whitney U tests. Pearson correlation coefficients
were calculated for bivariate correlation analyses. All statistical analyses
were performed 2-sided, and a P value of less than 0.05 was considered
to indicate statistical significance.
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FIGURE 2. Regression plot for myocardial volume of elevated ®®Ga-
FAPI signal (FAP volume) and LV function parameters derived from CMR:
end-systolic volume (A), end-diastolic volume (B), LV mass (C), and LVEF
(D). EDV = end-diastolic volume.

RESULTS

Patient characteristics are summarized in Supplemental Table 1
(supplemental materials are available at http://jnm.snmjournals.
org). Mean age was 84 =3y, and 52% were female. Most AS
patients presented with a high burden of cardiovascular comorbid-
ities (Supplemental Tables 1 and 2).

Myocardial %8Ga-FAPI Signal Is Elevated in AS and Shows
Inter- and Intraindividual Variability

A wide range of myocardial ®*Ga-FAPI signal patterns was
detected in the AS cohort (Fig. 1; Table 1). The area of significant
FAP upregulation versus the blood pool ranged from 0% to 91% of
the left ventricle (median, 20.0%; interquartile range, 4.0%—58.0%);
Supplemental Fig. 1). Similarly, the global volume of elevated **Ga-
FAPI signal displayed high variance among patients, with a range of
1.5-138 cm® (median, 33.4 cm®; interquartile range, 14.4-63.3 cm®).
Mean myocardial SUV as a measure of ®Ga-FAPI signal intensity
ranged from 1.9 to 3.5 (SUV nean, 2.5 * 0.4). Interindividual regional
LV distribution patterns were highly variable, whereas basal myocar-
dial regions were more frequently involved.

Myocardial FAP volume was significantly higher in AS patients
than in controls without hypertension (37.9 +35.4 cm® vs. 2.90 =
6.67 cm®, P < 0.001; Table 1; Supplemental Fig. 2). The area of
FAP upregulation, SUV ¢an, and SUV ey of the total left ventricle
were equally higher in AS patients (P < 0.001 each). Additionally,
matched comparison with hypertensive controls also showed that
FAP volume was significantly higher in AS patients (43.1 + 20.4 cm®
vs. 742+ 8.56 cm®, P < 0.001; Supplemental Fig. 2).

%8Ga-FAPI Signal Elevation Is Specific to Myocardium in AS

Signal intensity was very low in the blood pool, albeit slightly
higher in AS than in controls (1.94 =0.31 vs. 143024, P <
0.001), confirming the feasibility of detecting mild **Ga-FAPI signal
elevation in the heart. Additionally, no elevated signal and no differ-
ence between AS and controls was identified in potential networking
organs such as lung, liver, spleen, and bone marrow, suggesting that
profibrotic activity in AS is specific to the myocardium (Table 1).
No significant correlation between myocardial *®Ga-FAPI signal and
the SUV of other organs was detected (Supplemental Fig. 3).
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TABLE 3
TTE and TAVR Procedure

Variable

Data

LVEF (%, 2-dimensional)
LVEF (%, 2-dimensional) after TAVR
Transaortic gradient (mm Hg, maximum)

Transaortic gradient
(mmHg, mean)

Aortic regurgitation

AVA (cm?)

THV SAPIEN (Edwards Lifesciences)
THV CoreValve (Medtronic)

Device success

New permanent pacemaker

AVA = aortic valve area; THV = transcatheter heart valve.

60.1 = 5.9 (44-70)
61.8+3.7 (57-72)
79.0 + 13.6 (54-110)
50.4 + 8.1 (38-70)

7 (30.4)
0.68 + 0.18 (0.37-0.95)
14 (60.9)
9 (39.1)
23 (100)
1 (4.3)

Qualitative data are number and percentage (n = 23); continuous data are mean = SD and range.

Global Myocardial ®3Ga-FAPI Signal Correlates with Markers
of Heart Failure Severity in AS

FAP volume significantly correlated with the levels of serum
N-terminal prohormone of brain natriuretic peptide (r = 0.58, P =
0.004; Supplemental Fig. 4). No other correlations between %*Ga-
FAPI imaging parameters and blood biomarkers were observed.
CMR parameters are summarized in Table 2. Of note, FAP volume
correlated significantly with volume, LV mass, and LVEF (all P <
0.05; Fig. 2; Supplemental Fig. 5). No significant correlations between
FAP volume and global mapping parameters could be detected (T1
global native: » = —0.058, P = 0.804; T1 global contrast: » =
—0.143, P = 0.525, extracellular volume fraction global: » = 0.011,
P = 0.990).

Also, TTE was available for all patients before and after TAVR
(in-hospital follow-up, Table 3). Mean aortic valve area was severely
reduced (0.68 = 0.18 cm?, severe AS < 1 cm?) (30), and mean trans-
aortic pressure gradient was severely increased (50.4 = 8.1 mm Hg,
severe AS > 40mmHg) (30) before TAVR. FAP volume
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FIGURE 3. Regression plot for myocardial volume of elevated ®®Ga-
FAPI signal (FAP volume) and LV function parameters derived from TTE:
LVEF before TAVR (A), LVEF after TAVR (B), mean transaortic gradient (C),
and global longitudinal strain (D). GLS = global longitudinal strain.
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significantly correlated with TTE-derived cardiac function (Fig. 3),
including LVEF before TAVR (r = —0.58, P = 0.012) and LV
global longitudinal strain ( = 0.58, P = 0.012) and tended to corre-
late with the mean transaortic gradient (» = 0.44, P = 0.07).

Segmental ®8Ga-FAPI Signal Is Not Identical to Other Imaging
Markers of Fibrosis in AS

In total, 299 segments with complete data from PET, CMR, and
TTE were analyzed. Segmental ®®Ga-FAPI SUV,,,.,, was significantly
higher in basal than in midventricular (P [ANOVA] = 0.022) and
apical segments (P [ANOVA] = 0.034, Fig. 4). Segmental SUV can
correlated weakly but significantly with segmental longitudinal strain
from TTE (» = 0.119, P = 0.002; Supplemental Fig. 6), native T1
(r = 0271, P < 0.001), and postcontrast T1 from CMR (r =
—0.330, P < 0.001). To define ®*Ga-FAPI signal elevation in a seg-
ment, an SUV,;¢,, more than 2 SDs above the blood pool level was
chosen. This yielded 110 of 299 segments (37%) as “*Ga-FAPI-posi-
tive (Fig. 5). The native T1 relaxation time was mildly but signifi-
cantly longer in the ®®*Ga-FAPI-positive segments (973 =35 vs.
961 = 37ms for *Ga-FAPI-negative, P = 0.015), and longitudinal
strain was mildly but significantly reduced (—13.0 = 7.1 vs. —16.0%
+ 84%, P = 0.003) in *®Ga-FAPI-positive segments. Also, 19 of
299 segments (6%) showed LGE, but only 11 of 19 (58%) segments
with LGE were ®*Ga-FAPI—positive. There was a relevant mismatch
between ®Ga-FAPI positivity
and elevated T1 at CMR (con-
gruent signal in 51/110 seg-
ments), as well as impaired
longitudinal strain at TTE
(congruent signal in 78/110
segments), suggesting that the
3 modalities do not identify
the same components of the
fibrotic process.

P=0.034

5 'p=0022 P=0526!

Fyy

Basal Mid- Apical
ventricular

Segmental SUVmean

%8Ga-FAPI Signal Is
Predictive of Short-Term
Change in LVEF After TAVR
After TAVR, LVEF did
not change significantly in

FIGURE 4. Segmental analysis:
SUVmean Of ®8Ga-FAPI ligand at PET
was significantly higher in basal than
midventricular and distal myocardial
segments.
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All segments
(n=299)

FAPI -
(189/299) 63%

FAPI +
(110/299) 37%

T1 native (ms, mean + SD) 973 + 35 961 + 37 P=0.015
T1 native prolonged (n (%)) 55/110 (50.0) 59/189 (31.2) P =0.021
LGE present (n (%)) 11/110 (10.0) 8/189 (4.2) P =0.062
LS (%, mean + SD) -13.0+ 71 -16.0+8.4 P =0.002
LS impaired (n (%)) 78/110 (70.9) 101/189 (53.5) P =0.003

FIGURE 5. Classification of segments into %Ga-FAPI-upregulated (FAPI+) and ®®Ga-FAPIl-negative
segments (FAPI—) when compared with blood pool background signal, illustrated by patient example
(polar map). Native T1 relaxation time was significantly longer in ®Ga-FAPI-positive segments. More LGE
was found in ®Ga-FAPI-positive segments, and global longitudinal strain was significantly impaired in
68Ga-FAPI—positive segments. Yet, agreement between 68Ga—FAPI, T1, and longitudinal strain elevation
was only partial. FAPI+ = ®Ga-FAPI-upregulated; FAPI— = ®®Ga-FAPI-negative; LS = longitudinal strain.

demonstrated the feasibility of myocardial
%8Ga-FAPI imaging, particularly after acute
myocardial infarction (/9,20,22-24). A
strong and specific ®Ga-FAPI signal was
detected in the infarct region, where fibro-
blasts need to form a robust scar. Yet, in
addition to this area of replacement fibrosis,
there was also an elevated ®®Ga-FAPI signal
in viable periinfarct tissue, as a possible sub-
strate for development of interstitial fibrosis.
Ex vivo analysis of human heart tissue
identified significant ®3Ga-FAPI expression
in the LV tissue of failing hearts, whereas
normal hearts had minimal %®Ga-FAPI
expression (34). Thus, FAP is a suitable tar-
get marker of activated cardiac fibroblasts,
and °8Ga-FAPI radioligands (16,26) are
promising for noninvasive detection. Our
study was the first, to our knowledge, to
describe high inter- and intraindividual het-
erogeneity for myocardial ®®Ga-FAPI uptake
patterns in AS patients before TAVR.
Expectedly %®Ga-FAPI uptake was not as
intense and not as extensive as in patients
with acute myocardial infarction but was sig-

the entire group (60.1% = 5.9% vs. 61.8% = 3.7% before, P =
0.19). Individually, however, in-hospital LVEF improvement
significantly correlated with myocardial FAP volume (» = 0.440,
P = 0.035), N-terminal prohormone of brain natriuretic peptide
(r = 0.480, P = 0.024), and global longitudinal strain (» = 0.440,
P = 0.013; Fig. 6). No correlation between in-hospital LVEF
improvement and other parameters from CMR or TTE was observed.

DISCUSSION

AS is the most common valvular disease in the Western world, and
carly treatment is recommended in symptomatic patients (25). How-
ever, symptoms often occur late, after adverse cardiac remodeling has
led to overt heart failure. Progressive valve narrowing causing an
increased afterload, along with adaptive LV hypertrophy, facilitates
the transition to heart failure (6,31). It is thought that myocyte death
and interstitial fibrosis are key mechanisms in this transformation
(32). With new ®8Ga-FAPI tracers, imaging of activated fibroblasts is
now feasible. In oncologic patients, myocardial FAP upregulation
was incidentally identified and associated with preexisting cardio-
vascular comorbidities (33). More recently, further studies have

nificantly higher than in our matching con-
trols, indicating that the myocardial ®®Ga-FAPI signal is not caused
primarily by the presence of cardiovascular comorbidities. Neverthe-
less, there were various regional distribution patterns and differences
between individuals. These differences help to generate a hypothesis
that the range of *®Ga-FAPI signal may be associated with the bene-
fit from TAVR, which is known to be variable (25). Of note, a higher
myocardial FAP volume led to a greater direct improvement of
in-hospital LVEF after TAVR. This finding is somewhat unexpected,
as more severe fibrosis is thought to inhibit LVEF improvement. It
should be considered, however, that *®Ga-FAPI signal identifies not
the extracellular matrix component of fibrosis but rather the activa-
tion state of fibroblasts as the cellular substrate of profibrotic activity.
FAP elevation may potentially reflect a more dynamic remodeling
process that involves reversible fibrotic cell activity, as opposed
to a burnt-out chronic fibrotic state including irreversible scarring.
However, because of the study design, our interpretations need to be
verified by prospective studies and should be considered hypothesis-
generating at this point.

Interestingly, in our patient cohort, higher preprocedural levels
of N-terminal prohormone of brain natriuretic peptide significantly
correlated with a greater global volume of fibroblast activation,

which supports the possibility that FAP-
targeted imaging has potential value as a
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FIGURE 6. Regression plot for in-hospital LVEF improvement in percentage and myocardial vol-
ume of elevated ®®Ga-FAPI signal (FAP volume) (A), preprocedural levels of N-terminal prohormone
of brain natriuretic peptide (B), and preprocedural global longitudinal strain (%) (C). GLS = global
longitudinal strain; NT-proBNP = N-terminal prohormone of brain natriuretic peptide.
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range for this cohort. The underlying rea-
son for these findings remains uncertain.
Targeted imaging of activated fibroblasts



may be a complementary asset with potential prognostic value in a
multimodal fibrosis imaging toolbox and may be further explored
for guidance of existing and novel therapies in AS.

Some limitations of this study should be considered. First, the
patient population was small, consistent with the hypothesis-
generating nature of this early observational project. Indeed,
patients were carefully selected to derive a homogeneous cohort
without low-flow, low-gradient AS. Another focus was the avail-
ability of all imaging modalities, thereby excluding subjects with
implantable cardioverter defibrillators, reduced glomerular filtra-
tion rate, arrhythmia, or poor TTE windows. Second, because
patients had significant cardiovascular comorbidities, myocardial
68Ga-FAPI signal may have been affected by other factors, includ-
ing preexisting cardiovascular medication. Coronary angiography
and CMR ruled out ischemic cardiomyopathy and cardiac amy-
loidosis in all patients; however, 48% of patients had preexisting
coronary artery disease. Ultimately, effects on cardiac fibroblast
activation cannot be ruled out. Yet, this reflects the expected clini-
cal reality of AS before TAVR, and the heterogeneity of observed
%8Ga-FAPI signals provides a foundation for testing prognostic
value in larger samples in future projects. Third, PET, CMR, and
TTE were performed at different time points using different sys-
tems. Coregistration was performed as thoroughly as possible, but
slight local mismatches cannot be completely ruled out. Last, a
longer-term follow-up after TAVR was not available and will
have to be a focus of larger-sample subsequent projects to explore
whether TAVR can be guided by ®*Ga-FAPI imaging. Lastly, the
matching control patients from our collaborating site in Heidelberg
were oncologic patients undergoing °®Ga-FAPI PET for staging
without in-depth information on severity or a detailed individual
history of cardiovascular comorbidities. Cardiovascular diagnoses
were retrospectively obtained from medical records.

CONCLUSION

Molecular imaging identifies globally and regionally heteroge-
neous fibroblast activation in the LV myocardium of patients with
severe AS. The *3Ga-FAPI signal correlates with LV dysfunction
and altered extracellular matrix composition, but the FAPI-PET
signal remains a distinct imaging biomarker that cannot be
replaced by other clinical, blood, or imaging parameters. The pre-
sent work provides a stimulus for subsequent studies focusing on
strategies for image-guided therapy in AS, including fibroblast
activation—targeted assays.
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KEY POINTS

QUESTION: Is FAP-targeted PET a valuable marker of individual
profibrotic activity in patients with AS, and is the PET signal linked
to TAVR response?

PERTINENT FINDINGS: Using a multimodality, multiparametric
correlative analysis, this cross-sectional, observational cohort
study confirmed that noninvasive imaging of fibroblast activation
in the myocardium of patients with advanced AS is feasible using
the radiotracer ®®Ga-FAPI-46 and targeted PET. The severity and
regional pattern of fibroblast activation were heterogeneous
among patients, and higher FAP volumes determined greater
direct functional improvement immediately after TAVR.

IMPLICATIONS FOR PATIENT CARE: The observed heterogeneity
of fibroblast activation provides a foundation for further studies
testing its role as a predictor of outcome and response to valvular
replacement or other therapies. The novel imaging assay may

be integrated with other imaging and blood biomarkers for a

future concept of fibrosis-targeted, image-guided therapeutic
decision-making in AS.
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