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Abstract
Objective: Chronic kidney disease (CKD) progression is accelerated by renal fibrosis, which causes abnor-
mal extracellular matrix (ECM) accumulation. Non-invasive precision in measuring renal fibrosis is now
possible with the help of advanced imaging techniques like magnetic resonance imaging (MRI) and ultra-
sound elastography. Fluorine-18-fibroblast activation protein ("*F-FAP) is a promising Philips ingenuity TF
positron emission tomography/computed tomography (PET/CT) scannerimaging target in activated fib-
roblasts associated with fibrotic disorders. Real-time quantification with FAP-targeted imaging improves
kidney fibrosis diagnosis and guides anti-fibrotic therapies. The aim of this study is to develop reliable diag-
nosticand treatment techniques for renal fibrosis, Philips ingenuity TF PET/CT scannerimaging with FAP is
useful. Materials and Methods: Positron emission tomography data from 100 patients in our hospital (Oc-
tober 2022-September 2023) was analyzed to see if renal radiotracer uptake correlated with CKD progres-
sion. Fluorine-18-FAPI-04 synthesis and Philips ingenuity TF PET/CT scanner imaging were standard. One
person determined CKD stage and glomerularfiltration rate (GFR) afterimaging processing.Imaged renal
radiotracer distribution using maximum standardized uptake value (SUVmax) and mean SUV (SUVmean).
The study sought to improve renal radiotracer dispersion estimation for CKD assessment. Results: The stu-
dy reveals a complex relationship between GFR and radiotracer uptake in kidneys. At lower GFR, substan-
tial uptake is seen, but a GFR of 15mL/min/1.73m”shows a drop to zero. Higher GFR generally correlate
with increased uptake, peaking at GFR of 75 and 90mL/min/1.73m?> Yet, at GFR of 115 and 120mL/min/
1.73m?, there is a reduction in radiotracer uptake, suggesting a nuanced association with renal function.
Varied kidney SUVmaxand SUVmean were significant for *F-FAPI C (P<0.001), while baseline SUV readings
were not significant. Fluorine-18-L-dihydroxyphenylalanine (*F-DOPA) and gallium-68 (*Ga) "F-prostate
specific membrane antigen (PSMA) had significant kidney SUVmax values (P=0.05). Results suggest diver-
se absorption patterns for different radiotracers in kidneys and tissues. Conclusion: Fluorine-18-FAPI is a
promising noninvasive approach for evaluating and quantifying CKD grades. Its excellent CKD severity
correlation and renalinsights make it a transformative diagnostic tool.
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Introduction

enal fibrosis, a prevalent pathological phenomenon across diverse kidney di-

seases, poses a substantial threat by instigating progressive kidney deterioration,

ultimately culminatingin renalfailure. This intricate process manifests through the
aberrant accumulation of extracellular matrix (ECM) proteins, notably collagen, within
the kidney tissue. The consequential ECM deposition disrupts the inherent architecture
and functionality of the kidney, precipitating organ failure as a dire consequence. Renal
fibrosis exhibits its deleterious impact on various kidney compartments, encompassing
the glomeruli, tubulointerstitium, and vasculature. The intricate web of cellular and mo-
lecular mechanisms propelling this fibrotic cascade involves the activation of fibroblasts,
epithelial-to-mesenchymal transition, and the influence of profibrotic factors, promi-
nently exemplified by transforming growth factor-beta (TGF-beta) [1-3]. The pathoge-
nesis of renal fibrosisis schematically presented below (Figure 1).

It'simperative to acknowledge its significance in the context of chronic kidney disease
(CKD). Chronic kidney disease, a global health concern, boasts an estimated prevalence
of 13.4%, underscoring its substantial impact on global morbidity and mortality. Within
the realm of CKD, renal fibrosis emerges as a pivotal player, contributing significantly to
disease progression. The insidious accumulation of extracellular matrix in the kidney
characterises renal fibrosis, imparting a formidable challenge in the clinical landscape
and amplifying the complexity of managing CKD [4, 5].

The evaluation of renal fibrosis holds paramount significance as it furnishes crucial in-
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Figure 1.The pathogenesis of renal fibrosis.

sights into the progression and prognostication of diverse
kidney disorders, encompassing CKD and renal cell carci-
noma (RCC). Serving as a hallmark of kidney damage, the
undue accumulation of extracellular matrix precipitates fib-
rosis, posing a substantial threat to renal function. The as-
sessment of renal fibrosis emerges as a linchpin in gauging
the gravity of kidney ailments, steering treatment strate-
gies, and forecasting patient outcomes. Employing a reper-
toire of techniques, including histopathology, magnetic re-
sonance imaging (MRI), shear wave elastography (SWE),
and diffusion-weighted MRI, facilitates a comprehensive
evaluation of fibrosis. These methodologies not only unveil
the extentand distribution of fibrotic changes but also pave
the way for enhanced management and vigilant monito-
ring of kidney diseases [6-14].

The precision of renal fibrosis assessment methods is pa-
ramount due to the strong correlation between renal fibro-
sisand CKD. As a progressive and irreversible process culmi-
natingin theloss of kidney function, renal fibrosis necessita-
tes accurate evaluation. Traditional approaches like renal
biopsy, although effective, are invasive and susceptible to
sampling errors. The advent of advanced imaging techni-
ques, including MRl and ultrasound elastography, presents
a promising avenue for noninvasive renal fibrosis asses-
sment. These techniques excel in detecting alterations in
tissue stiffness, water molecule diffusion, and renal tissue
oxygenation and perfusion, offering objective and quanti-
tative indices of fibrosis. The accurate evaluation facilitated
by advanced imaging not only aids in the diagnosis and
prognosis of CKD but also enhances the overall manage-
ment of affected patients [15-22].

Positron emission tomography/computed tomography
(Philips ingenuity TF PET/CT scanner) stands as a formi-
dable imaging tool amalgamating functional and anato-
mical insights, delving into intricate tissue changes. Harnes-
sing a radioactive tracer like fluorine-18-2-fluoro-2-deoxy-
D-glucose (*F-FDG), PET captures the metabolic vigor of
cells. The emitted positrons are keenly detected, crafting
nuanced functional images. On the flip side, CT employs X-
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rays for finely detailed anatomical portraits. The marriage of
PET and CTin Philipsingenuity TF PET/CT scanner amplifies
diagnostic precision, deftly pinpointing metabolic activity
to specific anatomical realms. This synergy proves transfor-
mative across diverse domains, from oncology and cardio-
logy to neurology, elevating diagnostic acumen and refi-
ningtreatment stratagems [23].

Fluorine-18-fibroblast activation protein ("°F-FAP) takes
center stage as a membrane-bound serine protease, wiel-
ding prominence on the battleground of activated fibro-
blasts. These fibroblasts, donned as myofibroblasts, orches-
trate the unfolding drama of fibrosis, marked by the unruly
buildup of extracellular matrix (ECM) in tissues. Fluorine-18-
FAP, a discerning marker adorning activated fibroblasts,
partakes in a ballet of activities crucial to fibrosis-unle-
ashing fibroblast activation, choreographing ECM produc-
tion, and directing the symphony of tissue remodeling.
Intriguingly, studies illuminate "“F-FAP as a linchpin; targe-
ting it emerges as a promising avenue to temper fibrosis,
orchestrating a dance that may alleviate tissue dysfunction.
Consequently, FAP emerges as a beacon on the therapeutic
horizon, offering a potential bull's eye for interventions
combating theintricacies of fibrotic diseases [24-30].

Fluorine-18-FAP, a membrane-anchored enzyme preva-
lent in activated fibroblasts, particularly cancer-associated
fibroblasts (CAF), emerges as a promising protagonist for
imaging and therapeutic endeavors in diverse ailments, in-
cluding renal fibrosis. The rationale underlying "*F-FAP's role
as a Philips ingenuity TF PET/CT scanner imaging agent for
assessing renal fibrosis lies in its specificity to activated fib-
roblasts, pivotal in extracellular matrix deposition and kid-
ney tissue scarring. This cutting-edge imaging technique,
distinct from conventional methods, offers non-invasive,
real-time quantification of fibroblast activation, providing a
sensitive, specific lens to pinpoint and characterize renal
fibrosis lesions. Additionally, *F-FAP-specific Philips inge-
nuity TF PET/CT scanner imaging holds the potential to ste-
er targeted therapies, identifying candidates poised to be-
nefit from anti-fibrotic interventions [31].
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Materials and Methods

Researchdesign

This retrospective study examined PET data from 100 pati-
ents who were admitted in our hospital's Nuclear Medicine
departments from October 2022 to September 2023. The
mean age was 69.2 years, 51 were male and 49 were female.
Radiotracer production and labelling procedures had previ-
ously been described, and standard procedures were follow-
ed for Philips ingenuity TF PET/CT scanner imaging. Hospital
databases provided laboratory values, patient history, and
Philips ingenuity TF PET/CT scanner imaging. Recent Philips
ingenuity TF PET/CT scanner scans employing the prescri-
bed radiotracers were necessary for inclusion. Still, nephrec-
tomy, ureteral system obstruction, or inability to produce
imaging or laboratory values were excluded. The purpose of
this investigation was to examine the relationship between
renal uptake of radiotracers and the progression of CKD.The
CKD stage and GFR were determined after image analysis,
which was performed by a solitary experienced observer to
guarantee impartial assessments. With this all-encompas-
sing approach, we hoped to learn more about how various
radiotracers were distributed throughout the kidneys and
what that would mean for assessing CKD.

Imaging and radiotracer synthesis and data analysis

Using a Siemens Biograph mCT Flow scanner, Philips inge-
nuity TF Philips ingenuity TF PET/CT scanner scanner of "°F-
FAPI-42 was performed in Heidelberg according to the met-
hod described by experts who were responsible for exami-
ning and labelling FAPI tracers by the guidelines of our hos-
pital. The imaging agent is produced by GE PET trace 16.5
MeV medical cyclotron, the pH value is about 7.0, and the
radiographic chemical purity is >95%. The injected activity
for "F-FAPI exams was between 113 and 340MBq, and PET
scans began 1h after injection, moving from the head to the
toes. At the university medical centre, we injected 2MBq/kg
of body weight of patients receiving "*F-DOPA or "“F-PSMA
and then checked on them after 60 minutes. A Philips inge-
nuity TF PET/CT scanner scanner, namely a Philips Gemini
TF 16, was used for the imaging. Fluorine-18-L-dihydroxy-
phenylalanine (DOPA) and "F-prostate specific membrane
antigen (PSMA) required different imaging orientations,
with the arms lifted to minimize artefacts. A low-dose unen-
hanced CT from the base of the head to the upper thigh was
done for attenuation correction. The "“F-PSMA-HBED-CC
tracer was manufactured in-house using a described pro-
cedure. For the synthesis of "°F-DOPA, the Scintomics casset-
te-based synthesis module GRP-3 V was used. Clinical Phi-
lips ingenuity TF PET/CT scannerimaging and data analysis
involve individual review by a single expert observer in nuc-
lear medicine to reduce inter-observer variation. To reduce
the possibility of error, patients' images were analyzed be-
fore their CKD stages and GFR were determined. The PET
scans were analyzed to observe where the radiotracer was
being taken up. Positron emission tomography and low-do-
se CT images were combined to provide anatomical clarity.
Maximum standardized uptake value (SUVmax) and mean

SUV (SUVmean) were used to measure the uptake of all
three radiotracers in the kidney in distinct regions of the pa-
renchyma also known as the superior, middle, and inferior
renal cortex. Background activity was assessed by measu-
ring blood flow in the abdominal aorta at the level of the re-
nal arteries, as well as in the lung parenchyma, myocardium,
and gluteal muscles. Methods were developed to assess the
possible consequences of radiotracer uptake in renal tissues
fortheassessmentof chronickidney disease.

Statistical analysis

The data analysis was conducted using SPSS 22.0 software
(SPSS Inc., Chicago, IL). The normality tests have indicated
thata normal distribution is present in all of the groups. The
statistical techniques of linear regression and one-way ana-
lysis of variance (ANOVA) were utilized to evaluate the rela-
tionship between GFR and SUVmax or SUVmean. In order to
conduct a comparison of age structures among different
patient groups, a statistical analysis known as Student's t-
test was utilized.

Results

Table 1 shows the percentage of patients who fall into each
CKD group for each radiotracer. GFR >90 (9), 60-89 (4), 30-59
(8), and 30 (3) were the most common ranges in the "F-FAPI-
42 cohort. The highest number of subjects in the 60-89 GFR
range was "F-PSMA (27), the highest number of subjects in
the >90 GFRrange were "“F-DOPA (8), and the totals for "°F-FA-
PI-42 and "F-DOPA were very close (24 and 26). This distribu-
tion provides insights into the incidence of CKD stages within
each radiotracer group, vital for identifying potential associ-
ations between renal function and radiotracer performance.
Figure 2 presents the uptake of the "F-FAPI-42 radiotracer
inthe kidneys across different levels of GFR, measured in mil-
liliters per minute per 1.73 square meters (mL/min/1.73m?).
The two parameters analyzed are the SUV representing the
SUVmax and SUVmean radiotracer uptake in the kidneys. As
GFR decreases, indicating declining kidney function, there is
anoticeable trend in the SUVmax and SUVmean values. At a
GFR of 0 mL/min/1.73m? the SUVmax is 5, and SUVmean is
3.5, indicating a moderate radiotracer uptake. As GFR incre-
ases to 15mL/min/1.73m? there is a slight increase in both
SUVmax (5.6) and SUVmean (3.8). However, as GFR further
increases to 60mL/min/1.73m? the SUVmax drops to 2.9,
and SUVmean decreases to 1.8, suggestingareductioninra-
diotracer uptake with declining kidney function. The lowest
values are observed at a GFR of 75mL/min/1.73m?, with
SUVmax at 1.9 and SUVmean at 1, indicating a significant
decrease in radiotracer accumulation. Subsequently, as GFR
fluctuates around 90mL/min/1.73m? there is a modest in-
crease in both SUVmax (2.3) and SUVmean (1.1), suggesting
a potential recovery in radiotracer uptake. At higher GFR va-
lues of 100, 115, and 120mL/min/1.73m? there is a general
upward trend in both SUVmax and SUVmean, indicating in-
creased radiotracer uptake as kidney function improves. The
observed variationsin SUV values across different GFR levels

Hellenic Journal of Nuclear Medicine °

January-April 2025

www.nuclmed.gr



Original Article

Table 1. Number of patients in each CKD category across radiotracer groups.

GFR *F-FAPI-42 “F-PSMA “F-DOPA Total
>90 9 10 8 27
60-89 4 27 8 39
30-59 8 7 6 21
<30 3 6 2 1
Total 24 50 26 100
FAPI
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Figure 1. Comparison of linear regression analyses of the correlation between kidney SUVmean and SUVmax with that of GFR for "F-FAPI-42 radiotracer.

provide valuable insights into the radiotracer's perfor-
mance and its potential utility in assessing renal function in
clinical settings. Interpretation of these findings should con-
sider the specific context of the imaging study and relevant
clinicalinformation.

Figure 3 presents data on the uptake of the "*F-DOPA radio-
tracer in the kidneys across various levels of glomerular filt-
ration rate (GFR), measured in milliliters per minute per 1.73
square meters (mL/min/1.73m?). The two parameters analy-
zed are the SUV representing the SUVmax and SUVmean ra-
diotracer uptake in the kidneys. At a GFR of OmL/min/
1.73m?, both SUVmax and SUVmean are relatively high at
11.1 and 6.3, respectively, indicating a substantial radiotracer
uptake. Interestingly, at a GFR of 15mL/min/1.73m?, the SUV
values drop to zero, suggesting a lack of radiotracer uptake in
the kidneys at this specific level of renal function.

As GFR increases from 30 to 120mL/min/1.73m? there is
variability in the SUVmax and SUVmean values. Generally,
there is a fluctuating pattern in both parameters, with hig-
her GFR values associated with increased radiotracer upta-
ke. Notably, at GFR of 90 and 100mL/min/1 .73m? thereis a
notable increase in both SUVmax (13.1 and 9.9) and

SUVmean (7.2 and 5.9), indicating enhanced radiotracer ac-
cumulation as kidney function improves. However, at GFR of
115 and 120mL/min/1.73m? there is a decrease in both
SUVmax (8.2 and 5.8) and SUVmean (5.9 and 3.9), sugges-
ting a potential reduction in radiotracer uptake at these hig-
herlevels of renal function.

Figure 4 depicts data on the uptake of the PSMA radiotra-
cerinthe kidneys across different levels of GFR, measured in
milliliters per minute per 1.73 square meters (mL/min/
1.73m?). The two parameters analyzed are the SUV repre-
senting the SUVmax and SUVmean radiotracer uptake in
the kidneys. Ata GFR of OmL/min/1 .73m? both SUVmaxand
SUVmean are notably high at 21 and 8, respectively, indi-
cating substantial radiotracer uptake in the kidneys. As GFR
decreasesto 15mL/min/1.73m? both SUV values drop signi-
ficantly to 2, suggesting a considerable reduction in radio-
tracer accumulation at this level of impaired renal function.
With increasing GFR from 30 to 120mL/min/1.73m? there is
ageneral trend of rising SUVmax and SUVmean values. Hig-
her GFR values, such as those at 60, 75, and 90mL/
min/1.73m?, are associated with elevated SUVmax and
SUVmean, indicating increased radiotracer uptake in the
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Figure 2. Comparison of linear regression analyses of the correlation between kidney SUVmean and SUVmax with that of GFR for “F-FAPI-42 radiotracer.
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Figure 3. Comparison of linear regression analyses of the correlation between kidney SUVmean and SUVmax with that of GFR for “F-DOPA radiotracer.
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Figure 4. Comparison of linear regression analyses of the correlation between kidney SUVmean and SUVmax with that of GFR for “F-PSMA radiotracer.
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kidneys. Notably, at GFR of 75 and 90mL/min/1.73m? both
SUVmax and SUVmean peak at values over 30, suggesting a
robust radiotracer accumulation as kidney function impro-
ves.

However, at GFR of 115 and 120mL/min/1.73m? thereis a
reduction in both SUVmax (21) and SUVmean (12), indica-
ting a potential decrease in radiotracer uptake at these hig-
her levels of renal function.

Table 2 displays the outcomes of comparing the SUVmax
and SUVmean values for “F-FAPI, “F-DOPA, and "“F-PSMA.
Significant variations in kidney SUVmax and SUVmean for
"F-FAPI and "°F-DOPA were found (P<0.001). But the base-
line SUV readings showed no statistical significance. The
SUVmax values for *F-DOPA and "*F-PSMA were both statis-
tically significant for the kidney (P=0.05) and for the back-
ground (P=0.531 and P=0.003, respectively). These results
imply that the kidney and other tissues show varied absor-
ption patterns for various radiotracers.

Table 2. ANOVA findings for SUVmax and SUVmean evaluation for
radiotracer

Analysis Parameter df P-value
*F-FAPI

SUVmax kidney 1,15 <0.001
SUVmean kidney 1,20 <0.001
SUVmean background 1,18 0.231
SUVmax background 1.20 0.211
*F-DOPA

SUV max kidney 1,27 0.05
SUV mean kidney 1,24 0.259
SUVmean background 1,23 0.101
SUV max back- ground 1,18

*F-PSMA

SUV max kidney 1,25 0.531
SUV max background 1,27 0.003
SUV mean kidney 1,19 0.002
SUV mean background 1,20 0.003

Discussion

Research by Solano-Iturri et al. (2020) exploring the role of F-
FAP in renal fibrosis has delved into its implications for chro-
nic kidney disease. Renal fibrosis, marked by the abnormal
accumulation of extracellular matrix proteins in the kidney, is
a common facet of chronic kidney disease. Notably, studies
have scrutinized FAP expression in CAF within renal tumors,
particularly in the context of RCC [30, 31]. The intricate study
involving 128 patients with renal tumors identified FAP ex-
pression in CAF at the tumor center and infiltrating front, no-
tably in clear cell renal cell carcinomas (CCRCC), papillary re-
nal cell carcinomas (PRCC), and chromophobe renal cell carci-
nomas (ChRCC), but not in benign tumors like renal oncocy-
toma (RO) [28-32]. The research unveiled a significant correla-
tion between high FAP expression, low levels of soluble iso-
form sFAP, and adverse tumor characteristics, such as size,
grade, and stage. These findings underscore the potential uti-
lity of FAP as a biomarker for CCRCC progression, offering in-
sightsinto its relevance for differential diagnosis among renal
tumor subtypes [32].

The clinical experience informs this report's discussion of
how CT and MRI staging, tumour size, number, depth, histo-
logical grading, and newly developed somatostatin receptor
tracers could help determine whether a tumour is benign or
malignant, preventing underestimation or overtreatment of
rare neoplasms. In numerous recent investigations, SST PET
has outperformed scintigraphy in diagnosis.

Lay etal's comprehensive review (2019) delves into FAP, ac-
centuating its diagnostic and pathological significance, parti-
cularly in liver fibrosis, where FAP plays crucial roles in tissue
remodeling and repair. As a member of the dipeptidyl pepti-
dase IV gene family, alongside DPP4, 8, and 9, FAP stands out
with its dual functionality as both a dipeptidyl peptidase and
endopeptidase. While minimally expressed in healthy tissues,
FAP's surge in pathological conditions, especially in areas un-
dergoing tissue remodeling, positions it as a potential bio-
marker and an enticing target for drug intervention [33].
Comparison of FAPI radiotracer uptake in the kidneys shows
a complex connection with GFR. Lower GFR reduce SUVmax
and SUVmean, indicating radiotracer buildup and kidney
decline. Recovery is possible at GFRs about 90mL/min/
1.73m? as shown by slight SUV rises. Maximum SUV and
SUVmean increase as GFR improves, suggesting radiotracer
uptake. These data show the radiotracer's renal function sen-
sitivity, which aids clinical evaluations. A complete compre-
hension of these dynamic interactions requires careful inter-
pretationin the clinical setting.

Fitzgerald et al's (2020) review delves deep into the
intricate biology of FAP, shedding light on its involvement not
only in oncologic but also non-oncologic diseases. Operating
asa versatile actor, FAP engages in processes like extracellular
matrix remodeling, intracellular signaling regulation, angio-
genesis, epithelial-to-mesenchymal transition, and immuno-
suppression [32, 33]. Predominantly expressed in patholo-
gical conditions like fibrosis, arthritis, and cancer, FAP's type-I
transmembrane serine protease nature is uniquely confined
to these scenarios. Its elevation, especially in various cancer
types, aligns with unfavorable clinical outcomes, yet the pre-
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cise biological mechanisms driving these observations re-
main elusive [34].

The distribution of CKD stages among radiotracers varies.
Totals for "“F-FAPI-42 and "F-DOPA imply similar patient
characteristics. With the highest participants in the 60-89
GFRrange, "“F-PSMA suggests renal function differences ac-
ross radiotracers. Understanding these relationships helps
improve imaging procedures and radiotracer selection de-
pending on kidney characteristics.

Primary PCa tumours had a positive connection between
PSA/GS and "F-PSMA-1007 uptake. Overall, *F-PSMA-1007
uptake increased with tumour aggressiveness. High-risk
PCa patients had considerably greater SUVmax of prostatic
tumour than intermediate-risk individuals. Similar to other
PSMA-targeted PET radiopharmaceuticals, "“F-PSMA-1007
has physiological uptakeinliver, spleen, salivary glands, lac-
rimal glands, small intestine, pancreas, and kidneys, but re-
duced urinary clearance (enabling excellent prostate asses-
sment) and increased hepatobiliary clearance. Fluorine-18-
PSMA-1007 injection frequently improves tumor-to-back-
groundratios 2-3hlater.

Inastudy led by Zhou etal. (2021), the diagnostic prowess
of anovel PET radiotracer targeting FAP in renal fibrosis was
scrutinized. This research unearthed that PET imaging em-
ploying FAP exhibited remarkable sensitivity and specifi-
city, outshining the gold standard renal puncture examina-
tion. The findings posit Philips ingenuity TF PET/CT scanner
imaging with FAP, specifically utilizing [*Ga] ""F-FAPI-04,as a
promising non-invasive avenue for the early detection and
assessment of renal fibrosis-a critical pathological state in
chronic kidney disease progression. The study encompas-
sed a cohort undergoing renal puncture followed by *Ga-
FAPI-04 Philips ingenuity TF PET/CT scanner imaging, with
subsequent immunochemistry examinations to validate
the results. The [*Ga] "°F-FAPI-04 Philips ingenuity TF PET/
CT scanner outcomes showcased heightened radiotracer
uptake in almost all patients, with the SUVmax escalating
with the severity of fibrosis-3.92+1.50 for mild, 5.98+1.6 for
moderate,and 7.67+2.23 for severe cases [35].

Fibroblast activation protein-a emerges as a key player in
fibrotic conditions, particularly in renal fibrosis-the ultimate
pathological process in chronic kidney disease affecting
over 10% of the global population. Renal fibrosis involves
excessive extracellular matrix deposition, disrupting functi-
onal parenchyma and leading to organ failure. This review
delineates the distinct manifestations, cellular origins, and
crucial processes in each renal compartment affected by
fibrosis-glomerulosclerosis in glomeruli, interstitial fibrosis
in tubulointerstitium, and arteriosclerosis/perivascular fib-
rosisin vasculature [36,37].

Analyzing thirty studies encompassing 1170 patients, the
meta-analysis by Chang et al. (2023) revealed that FAP de-
monstrated robust potential as a radiotracer in oncology,
showcasing relative risks of 1.06 to 3.00-fold per patientand
per lesion for primary tumors, recurrent tumors, lymph no-
de metastasis, and distant metastasis. Notably, FAP outper-
formed "F-FDG in intensity for various cancers, with pan-
creatic cancer exhibiting the highest uptake. Fibroblast acti-
vation protein exhibited superior sensitivity, diagnostic od-
dsratio, and summary receiver operating characteristic cur-

ve compared to "“F-FDG in detecting primary tumors, lymph
node metastasis, and distant metastasis. Despite outstan-
ding sensitivity, FAP tracers for primary tumors showed low
specificity, particularly in urological system cancer, empha-
sizing the need for careful consideration in clinical applica-
tions. The distinction in detecting lymph node metastasis
between FAP and "°F-FDG remains uncertain in sarcoma ca-
ses[38].

Fluorine-18-FAPI-42 is promising for tumour staging be-
fore therapy. It detects HCC and non-HCC cancer with *F-
FDG non-avidity and great sensitivity. New cancerimaging
tracer "°F-FAPI-42 targets FAP.Fluorine-18-FAPI-42 was used
for PET/CTimaging of NSCLC.

The potential of FAP-specific Philips ingenuity TF PET/CT
scannerimaging to identify individuals with activated fibro-
blasts, signaling fibrosis presence, holds promise for selec-
ting candidates benefiting from anti-fibrotic treatments in
renal fibrosis. However, further research is crucial to esta-
blish the efficacy of FAP-specific Philips ingenuity TF PET/
CT scanner imaging in guiding targeted therapies for renal
fibrosis, contributing to personalized and effective inter-
ventions. Fibroblast activation protein is specifically expres-
sed in activated fibroblasts, and FAP-inhibitor ("*F-FAPI-42)
PET imaging offers insights into incipient fibrosis. Current
studies on "F-FAPI-42 imaging in cardiovascular diseases
highlight its value in early detection, risk stratification, res-
ponse evaluation, and predicting left ventricular function
evolution, emphasizing the need for larger, multicenter stu-
dies for comprehensive validation and broader applications
[39].

In conclusion, *F-FAPI-42 is a promising non-invasive met-
hod for assessing and quantifying CKD grades. Compared to
[®Ga] "*F-DOPA or [®*Ga] F-PSMA, "F-FAPI-42 better correla-
tes with CKD severity. The unique capacity of “F-FAPI-42 to
deliver renal function insights is a helpful diagnostic tool for
clinicians. This radiotracer could transform CKD evaluation
by providing a more detailed view of disease development.
The absence of connection with [“Ga] "*F-DOPA or [“Ga] "F-
PSMA uptake highlights [*Ga] "°F-FAPI's specificity and sensi-
tivity in detecting renal problems. As nuclear medicine rese-
arch improves, [“Ga] "°F-FAPI remains a potential method for
noninvasive, precise CKD characterization, enabling better
patient care and management methods.
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