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1. PREAMBLE

The Society of Nuclear Medicine and Molecular Imaging
(SNMMI) is an international scientific and professional organiza-
tion founded in 1954 to promote the science, technology, and prac-
tical application of nuclear medicine. The European Association
of Nuclear Medicine (EANM) is a professional non-profit medical
association that facilitates communication worldwide between
individuals pursuing clinical and research excellence in nuclear
medicine. The EANM was founded in 1985. SNMMI and EANM
members are physicians, technologists, and scientists specializing
in the research and practice of nuclear medicine.
The SNMMI and EANM will periodically define new guide-

lines for nuclear medicine practice to help advance the science of
nuclear medicine and to improve the quality of service to patients
throughout the world. Existing practice guidelines will be reviewed
for revision or renewal, as appropriate, on their fifth anniversary or
sooner, if indicated.
Each practice guideline, representing a policy statement by the

SNMMI/EANM, has undergone a thorough consensus process in
which it has been subjected to extensive review. The SNMMI and
EANM recognize that the safe and effective use of diagnostic
nuclear medicine imaging requires specific training, skills, and

techniques, as described in each document. Reproduction or modi-
fication of the published practice guideline by those entities not
providing these services is not authorized.
These guidelines are an educational tool designed to assist prac-

titioners in providing appropriate care for patients. They are not
inflexible rules or requirements of practice and are not intended,
nor should they be used, to establish a legal standard of care. For
these reasons and those set forth below, both the SNMMI and
the EANM caution against the use of these guidelines in litiga-
tion in which the clinical decisions of a practitioner are called
into question.
The ultimate judgment regarding the propriety of any specific

procedure or course of action must be made by the physician or
medical physicist in light of all the circumstances presented. Thus,
there is no implication that an approach differing from the guide-
lines, standing alone, is below the standard of care. To the con-
trary, a conscientious practitioner may responsibly adopt a course
of action different from that set forth in the guidelines when, in
the reasonable judgment of the practitioner, such course of action
is indicated by the condition of the patient, limitations of available
resources, or advances in knowledge or technology subsequent to
publication of the guidelines.
The practice of medicine includes both the art and the science

of the prevention, diagnosis, alleviation, and treatment of disease.
The variety and complexity of human conditions make it impossi-
ble to always reach the most appropriate diagnosis or to predict
with certainty a particular response to treatment.
Therefore, it should be recognized that adherence to these

guidelines will not ensure an accurate diagnosis or a successful
outcome. All that should be expected is that the practitioner will
follow a reasonable course of action based on current knowledge,
available resources, and the needs of the patient to deliver effec-
tive and safe medical care. The sole purpose of these guidelines is
to assist practitioners in achieving this objective.
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2. INTRODUCTION

Fibroblast activation protein (FAP) is a transmembrane protein
expressed on activated fibroblasts that functions as a serine protease
(1). FAP is part of a family of peptidases with family members
including dipeptidyl peptidase IV (DPP4) and prolyl oligopeptidase
(PREP) (2). It is expressed on both cancer-associated fibroblasts
(CAFs) and normal activated fibroblasts (NAFs) involved in wound
healing and tissue repair (3). FAP has long been a target for cancer
therapy (4), but the development of FAP targeted radioligands has
led to an increased interest in imaging FAP for assessment of cancer
and other diseases (5). Although the FAP PET will play a role in
non-oncologic diseases, the primary focus of this guideline is its
oncologic applications. Due to the relatively wider use of 68Ga-
FAPI-04 and other quinoline-based radiopharmaceuticals, clinical
results and recommendations in this guideline were obtained primar-
ily based on this family of radiopharmaceuticals.

3. GOALS

The goal of providing guidelines is to assist providers in recom-
mending, performing, interpreting and reporting the results of FAP
PET imaging studies. This document aims to provide referring
providers with the best available evidence, to inform where robust
evidence is lacking, and to help them to deliver the best possible
diagnostic efficacy and study quality for their patients. This guide-
line also presents standardized quality control/quality assurance
(QC/QA) procedures and imaging procedures for FAP PET. Ade-
quate precision, accuracy, repeatability, and reproducibility are
essential for the clinical management of patients and the use of
FAP PET within multicenter trials. A standardized imaging proce-
dure will help to promote the appropriate use of FAP PET and
enhance subsequent research.

4. POTENTIAL CLINICAL INDICATIONS

FAP-targeted PET offers a new approach in molecular imaging
for oncological and non-oncological diseases, though its full clini-
cal applications are yet to be determined. Tumoral stroma can
make up 90% of the volume of a tumor, making stroma detection
by molecular imaging potentially a better strategy than direct
detection of the malignant cells. Additionally, FAP expression
increases in fibroblasts activated in multiple remodeling processes,
such as wound healing, inflammation, and fibrosis. Thus, FAP
PET has the potential to be used in both oncological and non-
oncological applications. In both cases, FAP PET imaging can be
used for initial staging, re-staging, therapy response evaluation
and whole-body target expression assessment for therapy selec-
tion. However, currently, there are no approved clinical indications
for FAP PET. The indications proposed below are only potential
or promising applications inferred from the current literature and
ongoing clinical trials (6).

Oncology
There are three categories of tumors in the context of FAP

imaging: desmoplastic tumors that have a high concentration of
CAFs, tumors that do not have a significant desmoplastic reaction,
and tumors where FAP is expressed on both the tumor stroma and
the tumor cells.
Tumors that have desmoplastic reaction and, therefore, a high

content of FAP-expressing CAFs, include gastro-intestinal adeno-
carcinoma, pancreatic ductal adenocarcinoma (PDAC), cholangio-
carcinoma, esophageal, head and neck cancer, thyroid, cancer of

unknown primary (CUP), lung, peritoneal, bladder, ovarian and
breast cancers. For instance, in PDAC, the desmoplastic stroma
makes up 60-70% of the tumor volume and prominently features
FAP-expressing CAFs that influence fibrosis, tumor spread, and
treatment resistance (7). In lung cancer, FAP PET has been shown
to benefit N-staging and M-staging, particularly in pleural, liver
and brain metastasis (8). In breast cancer, there is increased FAP
ligand uptake that is independent of histological phenotype (lobu-
lar or ductal) and molecular subtype according to hormone recep-
tor expression and human epidermal growth factor receptor 2
expression (9,10).
There is particular interest for using FAP PET in settings where

physiologic uptake on FDG PET limits diagnostic utility and in
tumors with low FDG avidity. Metastatic brain tumors are shown
to have increased uptake on FAP PET, although there is currently
no evidence demonstrating a benefit of FAP PET compared to
standard modalities for the evaluation of primary brain tumors. In
head and neck squamous cell carcinoma, FAP PET appears to
reduce false positive results obtained by FDG with respect to
regional nodal metastases (11). One of the main regions with
decreased physiologic uptake could be in peritoneal imaging,
where bowel activity limits FDG PET, and this has been shown to
be beneficial in ovarian cancer and gastric cancer (12,13).
On the other hand, several cancer types do not induce a strong

and/or consistent FAP uptake such as lymphoma, myeloma, pros-
tate adenocarcinoma, renal cell carcinoma, melanoma and semi-
noma. It is unlikely that FAP PET will play a significant role in
staging of these cancers. Lastly, tumors of mesenchymal origin
express FAP on both CAFs and tumor cells, which is of particular
interest in sarcomas. Although sarcomas can have high uptake on
FAP PET, it does not appear to improve staging compared to FDG
PET, and its role may be limited to sarcomas with low FDG avid-
ity and high FAP expression (e.g. solitary fibrous tumor) and
selection for radioligand therapy (RLT) (14).
Evaluating the use of FAP PET for treatment response is in its

early stages, but early studies suggest that FAP PET can accurately
measure response to treatment (15,16). Although treatment-induced
fibrosis, inflammation and necrosis could represent challenges for
this indication, this may be limited to treatments that induce fibrotic
responses such as external beam radiation therapy. Additionally, sur-
gery can result in fibrosis seen on FAP PET that can persist for up to
8 months (17). With the future approval of FAP targeted therapies,
both RLTs and non-RLT therapies, the role of FAP PET as a bio-
marker for therapeutic target assessment may become important.

Non-Oncology
As a marker of activated fibroblasts, FAP is a promising bio-

marker for a range of inflammatory and fibrosing diseases. Prelim-
inary studies in small cohorts of patients have shown increased
FAP PET signal in a wide range of settings including cardiac
injury, interstitial lung disease and pulmonary fibrosis, IgG4-
related disease, cirrhosis, renal injury, inflammatory bowel disease
and rheumatoid arthritis (18–21). Several studies suggest that FAP
PET is better suited for imaging the fibrotic phase of these disease
processes compared to FDG PET. FAP PET may also be suited
for monitoring response to therapies that slow or reverse fibrosis.
The relatively low FAP accumulation in most normal tissues is

advantageous for whole body imaging of inflammation and fibro-
sis. Unlike FDG, which has diet-dependent variable myocardial
uptake, FAP ligands have low activity in the normal myocardium
and cardiac blood pool. FAP PET can detect fibroblast activation
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and cardiac remodeling after acute myocardial infarction, with a
potential predictive role of FAP uptake in the evolution of ventric-
ular dysfunction (22–24). FAP PET may also be useful for detecting
fibrosis related to chemotherapy and radiation-induced myocardial
injury, heart failure, cardiomyopathy and pulmonary hypertension (25).
Several groups have evaluated the utility of FAP PET for asses-

sing pulmonary fibrosis associated with interstitial lung disease
(26,27). FAP PET demonstrates increased signal in fibrotic lung
compared to radiographically normal lung, and early data suggest
that higher FAP ligand binding correlates with more active and
extensive pulmonary fibrosis (27). Additional studies are needed
to determine if FAP PET can predict functional and clinical out-
comes better than high-resolution chest CT and pulmonary func-
tion tests alone. FAP PET also has the potential to predict and
monitor response to anti-fibrotic agents, such as nintedanib and
pirfenidone that are used clinically to slow down pulmonary fibrosis.
Overall, these proof-of-concept studies on diverse non-oncologic dis-
eases have attracted strong interest in this domain. However, the
existing data is inadequate to incorporate this research into clinical
application, indicating a need for further studies on FAP PET in
infectious, inflammatory, and rheumatological conditions.

Biomarker Concept
FAP is currently explored as a potential target for a number of

different FAP-directed therapies. A potential biomarker allowing
for visualization and quantitation of FAP expression is urgently
needed. Such a biomarker allows to better select and monitor patients
undergoing FAP-directed therapies. Whereas FAP-directed RLT is
still in its infancy, there are several different mechanisms of action
(antibodies, small molecule inhibitors, pro-drugs (NCT04969835)
and CAR-T cell therapy (NCT01722149)) in clinical translation
(28,29). Pursuing FAP PET as biomarker concept addresses two
challenges at the same time: providing evidence to regulators that
FAP PET indeed correctly assesses FAP-expression (correlation with
immunohistochemistry as gold standard) and offering a valuable tool
for selecting and monitoring patients for FAP-targeted therapies.

5. QUALIFICATIONS AND RESPONSIBILITIES OF PERSONNEL

A. Physician
FAP PET examinations should be performed by, or under the

supervision of, a physician specialized in nuclear medicine and
certified by accrediting boards. Physicians who interpret FAP PET
results should also complete appropriate training programs pro-
vided by the manufacturers of approved radiotracers.

B. Technologist
FAP PET examinations should be performed by qualified regis-

tered or certified nuclear medicine technologists. See Performance
Responsibility and Guidelines for the Nuclear Medicine Technologist
for further details (https://snmmi.org/common/Uploaded%20files/
Web/Clinical%20Practice/NMT-Scope-of-Practice-and-Performance-
Standards-2nd-Ed-2022-Complete-App.pdf). According to location
of practice, additional qualifications may be requested for technolo-
gists to use the computed tomography (CT) and/or magnetic reso-
nance (MR) component of the scanner.

C. Medical Physicist
PET systems should comply with the international standard of

quality, including dosimetry and radiation protection procedures to
limit the radiation exposure of patients and healthcare personnel.
A medical physicist should optimize protocols, ensuring that the

established standards are met. A medical physicist can assist phy-
sicians to adhere to good practice and maintain it, by monitoring
and optimizing radiation dose and developing algorithms to reduce
the radiation exposure of the CT component.

6. PROCEDURE/SPECIFICATIONS OF THE EXAMINATION

Request
The prescribing physician should provide a written request form

providing information about the medical condition of the patient,
including relevant medical history and one or more specific clinical
questions that the PET should address, allowing for the justification
and coding of the examination. Previous medical procedures that can
promote fibroblast activity (e.g. surgery, biopsy, radiation therapy)
should be mentioned. Information obtained in prior imaging studies
should be provided as well. Lesions outside of the classical field-of-
view (FOV) of a whole-body PET (e.g. vertex, arms, lower limbs)
should be mentioned. Information relevant for the hybrid partner
examination (CT or MRI) needs to be provided, including claustro-
phobia as well as recent renal function (glomerular filtration rate)
and history of hypersensitivity reactions to iodinated or gadolinium-
containing contrast media for contrast-enhanced CT or MRI, respec-
tively. Confirmation that the patient is not pregnant and ongoing
lactation should be mentioned, as well. Currently there are no known
drug interactions for FAP ligands. It is useful to mention if a
patient is taking fibroblast-targeting drugs such as nintedanib or
pirfenidone (30).

Patient Preparation and Precautions
The patient should be well hydrated to promote clearance of urinary

excreted tracer. In contrast to FDG imaging, no caloric fasting nor
adaption of anti-diabetic drugs is necessary, as glycemia and insuline-
mia have no influence on biodistribution and lesion uptake. Avoiding
strenuous exercise in the preceding 24hours is not required.
General radiopharmaceutical administration procedures to han-

dle potential pregnancy and lactation should be applied. It is cur-
rently not known if there are detrimental effects of exposure to
FAP tracers in utero. In case of documented pregnancy, alternative
imaging procedures should be strongly considered. In women of
childbearing potential, in case of uncertainty regarding potential
pregnancy, point of care testing should be performed according to
the PET center’s standard procedure, which can include urinary or
serum testing on the day of the examination. Precautions for lac-
tating women depend on radionuclide and injected activity; an
interruption of 4 to 24 hours of lactation can be requested, depend-
ing on radionuclide and institutional policy.
FAP PET can be considered in pediatric patients, although expe-

rience in children is limited (31,32). No adverse events have been
reported in these rare cases. Proper procedures for immobilization,
adapted to the age of the child and their anticipated compliance,
should be available, ranging from restraining devices to sedation to
general anesthesia, similar to other PET imaging procedures.

Radiopharmaceuticals
There are innumerable radiopharmaceuticals that have been

developed targeting FAP. The most commonly used are quinoline
based, but more recently peptide and peptidomimetic compounds
have been developed (Fig. 1).
A) Quinoline Based Radiopharmaceuticals. The development

of selective nanomolar affinity FAP inhibitors based on a (4-qui-
nolinoyl)-glycyl-2-cyanopyrrolidine scaffold, with limited affinity
for DPP4 and PREP, paved the way for the development of small
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molecule FAP tracers. The moiety currently referred to as
UAMC1110 emerged as one of the most promising vector moie-
ties.68Ga-FAPI-04, containing this quinoline-based UAMC1110 FAP
inhibitor coupled to a DOTA chelator by a short linker, was one of
the first to demonstrate the potential of FAP PET and has been used
in the majority of FAP PET publications (5). Different modifications
have been introduced to FAPI-04 resulting in a class of quinoline-
based PET tracers, including FAPI-02, FAPI-42, FAPI-46 and FAPI-
74. FAPI-46 uses the same vector moiety and DOTA chelator but
uses a slightly altered linker. FAPI-42 (same vector moiety as FAPI-
04) and FAPI-74 (same vector moiety as FAPI-02) both contain a
NOTA chelator, allowing labeling with fluorine-18 using the Al18F-
radiolabeling method.
There are multiple additional variations on quinoline-based

FAP radiopharmaceuticals, focused on increasing binding affinity.
For example, the OncoFAP family uses an 8-amido-quinoline and
optimized linker, with 68GaDOTAGA-OncoFAP as candidate
diagnostic PET tracer (33,34). Other optimization strategies of
quinoline-based tracers include multimeric compounds, e.g. dimeric
FAP ligands such as 68Ga-DOTA-2P(FAPI)2 (35), which contains 2
UAMC1110 motifs.
Current quinoline-based tracers are characterized by rapid

in vivo tumoral uptake (from 10minutes post injection) but sub-
stantial wash-out after 24 hours (36), making them good diagnostic
moieties that are less suited for use with therapeutic radionuclides
with a long half-life. There is limited direct comparison in humans
between different FAP tracers. Presumably, results of the different
quinoline-based tracers that have demonstrated a good tracer pro-
file in the clinical setting (high tumor uptake, low background
uptake) will be quite similar and can be treated as a class.
B) Non-quinoline Based Radiopharmaceuticals. Other FAP tar-

geting molecules have been developed and used as backbone to
develop non-quinoline based radiopharmaceuticals. FAP-2286 is
based on a seven amino acid cyclic peptide with affinity for FAP
in the nanomolar range and includes a DOTA-chelator allowing
labeling with 68Ga and 177Lu (37–39). FAP-2286 has shown lim-
ited wash out (�10%) at 48 hours post-injection, making this an
interesting backbone for diagnostic and therapeutic applications. A
recent overview on the different stages of clinical development of
FAP radioligands has been provided by Mosessian et al. (6).

Administered Activity
The injected activity depends on the radiopharmaceutical used,

the radionuclide it contains, the uptake time (interval injection-
scan) and the type of camera used (time-of-flight (TOF) versus
non-TOF; field-of-view of PET camera). Most studies using
gallium-68 based radiopharmaceuticals use administered activities

ranging from 120-300 MBq, with average values around 150
MBq, resulting in roughly 2.0 MBq/kg, imaged using 15-20 cm
FOV TOF PET cameras. Overall, an administered activity of 100-
200 MBq or 2 MBq/kg is recommended for gallium-68 com-
pounds. For fluorine-18 based radiopharmaceuticals, which can
typically be produced in higher amounts, the administered activity
tends to be higher, with ranges from 185-300 MBq, with average
values around 230 MBq, resulting in roughly 4.4 MBq/kg. Based
on this experience, an administrated activity of 175-275 MBq or
3-4 MBq/kg is recommended.
Total body PET cameras allow for substantial reduction of the

injected activity. One study with 68Ga-FAPI-04 obtained good
image quality after injection of 0.84-1.14 MBq/kg (around half of
advised activity for conventional PET cameras) and a 2minute
imaging time (40). Reducing the above mentioned activities by a
factor of 2 to 4 can be envisioned for these cameras.

Uptake Time
The uptake time usually ranges between 30 and 60minutes after

administration of 68Ga-FAPI compounds (41). This time interval
was demonstrated to offer a stable, high level of detection rate,
regarding both primary tumors and metastatic lesions. Early scan
acquisitions, e.g., 10 or 20minutes after injection, have been
reported, and lesion uptake is relatively stable between 20 and
120minutes (42,43). Late time points 1 h and 3 h after injection
have been also proposed. These result in improved discrimination
between malignant and chronic inflammatory or fibrotic 68Ga-
FAPI avid lesions (44). Following clinical applicability and feasi-
bility, acquisitions at 30–40minutes after injection seem to be a
reasonable compromise for 68Ga-labeled FAPI tracers (41). For
18F-FAPI-74, the recommended uptake time is 60minutes, result-
ing in optimal tumor to background ratios with limited background
noise (45). Overall, we recommend an uptake time of 20 to
60minutes for gallium-68 labeled compounds and 30 to 90minutes
for fluorine-18 labeled compounds. Many sites use 60minute uptake
time to match the uptake time with FDG, SSTR and PSMA PET. Of
note, the Phase 2 trials of 68Ga-FAPI-46 are using 15-25minutes
uptake time (NCT05262855).

Image Acquisition
Patients should be instructed to void prior to the scan, to mini-

mize artifacts from bladder activity. PET coverage should be iden-
tical to the anatomical CT scan range. The scan range is usually
from vertex or skull base to mid-thigh; however, a scan range
from skull vertex to toes may be considered, if extending the range
coverage would be beneficial for the clinical question. Scanning
from mid-thigh to head is recommended to avoid filling of the
bladder during scanning.
PET and CT acquisition parameters will be scanner- and

institution-dependent. State-of-the-art TOF scanners with improved
technology (i.e., enhanced contrast and improved signal-to-noise
ratio) may allow for shorter scan times with optimal lesion detection
and image quality (46). When using long axial field of view PET
scanners, the injected activity of radioactivity may be reduced
according to the optimized local protocol (47). PET should be paired
with a low-dose CT for attenuation correction and anatomical corre-
lation. A diagnostic CT scan with intravenous contrast may be con-
sidered in the same session, following the PET/low-dose CT
acquisition. If intravenous CT contrast is used, contrast enhanced CT
in the portal venous phase is generally recommended. PET scans are
typically acquired in 3D mode with an acquisition time of usuallyFIGURE 1. Chemical structures of FAP PET radiopharmaceuticals.
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1–4minutes per bed position (or equivalent speed using continuous
table movement) adjusted to the injected activity (48).

7. DOCUMENTATION AND REPORTING

Study Identification
The final report should include the full name of the patient, sex

assigned at birth, medical record number, date of birth, and date of
the examination.

Clinical Information
As a minimum, a summary of relevant clinical history should

include reason for referral and the specific clinical question to be
answered. If known, the primary location and type of tumor should
be noted including relevant prior therapies. The type and date of
comparison studies should be stated. If no comparison studies are
available, a statement should be made to that effect.

Technical Details
Study-specific information should include the radiopharmaceuti-

cal, the injected activity in megabecquerels (MBq) or millicuries
(mCi), the route (intravenous) and anatomic site of administration,
and the date and time of administration. If extravasation is seen, it
should also be noted. The uptake time (i.e. the interval between
the administration of the radiopharmaceutical and the start time of
the acquisition) should be reported. The body parts covered by
imaging should be described. Any nonstandard position of the
patient should be stated.
The direction and range of the acquired images should be stated

(i.e., “images were acquired from the vertex to the midthigh”). If a
CT was performed for attenuation correction and anatomic regis-
tration of the emission images only, the description may be limited
to a short statement including the mAs and kVp. If a diagnostic
CT was performed, then a more detailed description of the CT
protocol and anatomic findings should be provided. Dosimetry
parameters should be included if required by national or local reg-
ulations. The report should state whether contrast-enhanced or
non-enhanced CT was used for attenuation correction.

Description of Findings
Biodistribution. The physiologic biodistribution of most small

molecule FAP radiopharmaceuticals in normal organs is rapidly
reached within 15minutes post-injection and only minor changes
in biodistribution are seen between 10minutes and 3 hours (49).
The biodistribution of FAP radiopharmaceuticals in normal organs
includes, in the decreasing order of uptake: kidney, urinary bladder
(excretion), uterus, major salivary glands, pancreas, Waldeyer’s
ring, breasts, striated muscles, thyroid, prostate, ovaries, testis,
adrenal glands, heart, and blood pool (50). The renal collecting
system and urinary bladder are the organs of highest exposure due
to urinary excretion of the currently available FAP radiopharma-
ceuticals. Additionally, some FAP radiopharmaceuticals, such as
the Al18F-NOTA based 18F-FAPI-74, can have biliary excretion
and hence high activity concentration in gall bladder, cystic and
bile duct (51).
General Interpretation. Visual assessment should start with

reviewing the maximum intensity projection (MIP) images and
axial slices. The inherently low uptake of FAP-targeting radio-
pharmaceuticals in normal organs allows one to visualize patho-
logic sites on MIPs. In general, uptake greater than surrounding
background that is not attributable to physiologic biodistribution
or known non-oncologic causes of uptake is considered malignant.

A description of the location and pattern of the uptake should be
described (e.g. focal, diffuse or linear).
All lesions should be interpreted considering the full medical

history of the patients, including past medical conditions (chronic
(fibro)inflammatory or infectious disease, granulomatous disor-
ders, etc.), surgical and medical interventions, clinical status at the
time of the scan (acute inflammation, fever, recent procedure) and
complemented with a critical appraisal of the corresponding CT
(or MRI) findings at that site. In case of lack of corroboration of
the malignant nature of a lesion by the morphological imaging and
substantial impact on clinical management (e.g. substituting a non-
curative approach for an intended curative one or substantial
increase of a radiation treatment plan), histological confirmation or
dedicated imaging is warranted.
One of the main issues with FAP PET is heterogeneity in expres-

sion. Unlike with FDG PET, where uptake is typically correlated

TABLE 1
Non-oncologic and Common Pitfalls Seen with FAP PET

Benign lesions

Focal nodular hyperplasia

Hemorrhoids

Splenic hemangioma

Thyroid adenoma

Fibrotic processes

Cardiac fibrosis

Hepatic fibrosis

Pulmonary fibrosis

Myelofibrosis

Wound healing

Inflammatory

Atherosclerosis/arteritis

Esophagitis

IgG4-related processes

Inflammatory bowel disease

Pancreatitis

Periodontitis

Pneumonia

Tuberculosis

Musculoskeletal lesions

Avascular necrosis

Degenerative changes

Enthesopathy

Exostosis

Fracture

Schmorl’s nodes

Arthritis

Physiologic organ uptake

Mammary tissue

Pancreatic

Uterine

Ovaries

Gall bladder
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with aggressiveness, FAP PET uptake may be due to many factors,
including increased cancer cell migration, epithelial-mesenchymal
transition, immunosuppression, promotion of angiogenesis, and
chemotherapy/immunotherapy resistance. Additionally, since CAFs
can have varying origins (mesenchymal stem cells, epithelial cells,
adipocytes, preadipocytes, resident fibroblast, endothelial cells and
others), it is difficult to use a unique marker which can be used for
the identification of all CAFs (52). This heterogeneity not only
impacts imaging, but will also interfere with the efficacy of any
FAP-related RLT.
Semi-Quantitative Analysis. Quantification of uptake using the

standardized uptake value (SUV) may not be reproducible across
scanners and institutions without standardized acquisition proto-
cols, phantom-based scanner qualifications and cross-calibrations
for the specific radionuclide used (gallium-68, fluorine-18). In
addition, SUV can be affected by lesion size and to a lesser extent
uptake time, with less effect seen than in other tracers such as
FDG (43). Given the absence of acceptable reference organs, a
qualitative uptake scale such as mild, moderate, intense has not
been defined. Changes in SUV (increase or decrease) have not yet
been proven to correlate with treatment response. One would
expect to see complete normalization or a decrease of tracer
uptake as a potential indicator of treatment response, as has been
documented in neoadjuvant breast cancer treatment (16), although

treatment may induce fibrosis which can lead to FAP uptake that
confounds interpretation of treatment response.
Incidental Findings, Normal Variants and Important Pitfalls.

There are numerous causes of non-oncological uptake on FAP
PET, which are important to know when interpreting FAP PET
(Table 1) (53–55). In one series, 80% of patients imaged using
68Ga-FAPI-04 PET had uptake in benign lesions (55), with mus-
culoskeletal findings being the most common including osteoar-
thritis, exostosis, and enthesopathy. Non-malignant uptake in
hormone-responsive organs needs to be recognized to accurately
interpret FAP PET scans. Studies have shown elevated FAP ligand
uptake in the uterus of women of reproductive age, which is less
prominent in women post-menopausal (56). Radiopharmaceutical
uptake in the breast and ovaries was found also to be higher in pre-
menopausal than postmenopausal women (57).
Nonmalignant findings in patients with fibrotic processes will

be detected by FAP and should be kept in mind during image inter-
pretation. For example, non-oncologic uptake has been reported in
Ig-G4-related disease (58), in muscle and wound healing (59), and in
diseases associated with a fibrotic reaction (e.g., myelofibrosis, gran-
ulomatous disease and liver cirrhosis) (60).
In patients with pancreatic cancer, uptake distal to the primary

tumor can be caused by (retro-obstructive) inflammation and may
sometimes obscure tumor boundaries. Dynamic and delayed

TABLE 2
Dosimetry for 68Ga-FAPI Based on 4 Studies (N518), for 18F-FAPI-74 Based on a Single Study (N510), and for

68Ga-FAP-2286 Based on a Single Study (N56)

Organ dosimetry (mGy/MBq)
[68Ga]Ga-FAPI-46
(n56)

[68Ga]Ga-FAPI-RGD
(n56)

[68Ga]Ga-FAPI-04
(n56)

[18F]F-FAPI-74
(n510)

[68Ga]Ga-FAP-
2286 (n56)

Reference Meijer 2020 Zang 2022 Wang 2021 Giesel 2021 Kline 2024

Gallbladder wall 0.005660.0009 0.008460.0002 , 0.0001 0.01176 0.0010 0.00986 0.0027

Lower large intestine wall 0.005760.0007 0.007860.0005 0.000360.0001 0.01236 0.0016 0.00776 0.0024

Small intestine 0.005560.0006 0.008260.0005 , 0.0001 0.01166 0.0012 0.00786 0.0025

Stomach wall 0.005360.0007 0.012060.0027 0.000860.0002 0.01066 0.0010 0.00776 0.0023

Upper large intestine wall 0.005560.0007 0.007560.0004 0.000360.0001 0.01136 0.0011 0.00786 0.0024

Heart wall 0.011160.0013 0.020460.0028 , 0.0001 0.02296 0.0028 0.01346 0.0049

Kidneys 0.016060.0046 0.032460.0072 0.000260.0001 0.02946 0.0079 0.04316 0.0234

Liver 0.010160.008 0.014560.0036 0.000360.0001 0.01506 0.0036 0.02236 0.0181

Lungs 0.005060.0007 0.023360.0044 0.001960.0005 0.00966 0.0007 0.01426 0.0053

Muscle 0.005060.0007 0.00946 0.0010

Ovaries 0.005860.0007 0.000460.0001 0.01256 0.0016 0.00846 0.0027

Pancreas 0.005760.0008 0.030660.0111 , 0.0001 0.01186 0.0010 0.00846 0.0027

Red marrow 0.007160.001 0.014560.0013 0.000860.0001 0.01126 0.0011 0.00606 0.0019

Osteogenic cells 0.009460.0013 0.010760.0009 0.01536 0.0014 0.00426 0.0013

Spleen 0.007060.0028 0.022560.0095 , 0.0001 0.01676 0.0044 0.00796 0.0025

Testes 0.004960.0007 0.007160.0005 , 0.0002 0.00996 0.0013 0.00736 0.0025

Thymus 0.005160.0006 0.007460.0003 , 0.0001 0.01026 0.0009 0.00756 0.0023

Thyroid 0.004860.0006 0.033160.0074 0.000260.0001 0.00916 0.0009 0.00676 0.0021

Urinary bladder wall 0.048360.0086 0.226060.0331 0.005860.0071 0.07586 0.0284 0.09986 0.0687

Uterus 0.009560.0054 0.000260.0001 0.01496 0.0025 0.01066 0.0036

Total body 0.005860.0012 0.008960.0004 0.012760.0074 0.00976 0.0009 0.00826 0.0025

Effective dose (mSv/MBq) 0.007860.0013 0.019460.0017 0.012760.0067 0.01416 0.0022 0.01166 0.0047
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scanning has been proposed to distinguish benign from malignant
uptake, but currently cannot be recommended although it is an
area for further study (61–63). However, the pattern of FAP
uptake is critically important as PDAC can present with diffuse
pancreatic uptake due to pancreatic inflammation and may lead to
over-staging of the primary tumor (44).

8. DOSIMETRY

Radiation dosimetry by the different FAP PET radiopharmaceu-
ticals is similar (Table 2), with the highest absorbed doses in the
urinary bladder wall (median 0.048 mGy/MBq) and kidneys
(median 0.016 mGy/MBq). The median effective dose for the
68Ga-labeled FAP radiopharmaceuticals is 0.0123 mSv/MBq and
for 18F-FAPI-74 it is 0.0141 mSv/MBq. When using an activity of
100-200 MBq 68Ga FAP the effective dose will be in the range of
1.0-2.5 mSv and with 185-300 MBq 18F FAPI-74 the effective
dose will range 2.6-4.2 mSv. Both ranges are comparable to the
effective doses encountered with 68Ga-PSMA-11 and 18F-DCFPyL.
Absorbed dose by the CT scan is not included in this dose value as it
depends on the protocol (diagnostic or attenuation correction) and
the CT hardware. When only attenuation correction is needed from
the CT data significant reduction in CT dose is achievable to 1 mSv.

9. WHAT DOES THE FIELD NEED

This document provides guidelines and recommendations based
on the current available literature. FAP PET is in its early days,
and there will be significant changes to our understanding of the
role of FAP PET as we learn more, and this document will need to
be updated. There are many unmet needs in the field. As FAP PET
becomes used more frequently in the clinical setting, there needs
to be a focus on reader training, especially given the numerous
non-oncological lesions that have uptake (64). Possibly the most
important strategy to move forward is to establish well designed
prospective clinical trials which both help elucidate the clinical
role of FAP PET, but also lead to regulatory approval of these
imaging agents. Prospective trials will focus on staging, but there
will also be a need to better understand the clinical impact of more
accurate disease detection and treatment response assessment, as
patients will receive follow-up FAP PET. FAP PET is an incredi-
bly promising imaging agent, and we look forward to its broad
future in clinical practice.
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