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INTRODUCTION
Fibroblast- activation protein (FAP) is a Type II transmem-
brane serine protease belonging to the dipeptidyl pepti-
dase 4 (DPP4) family. FAP is predominantly expressed in 
activated fibroblasts such as the cancer- associated fibro-
blasts (CAFs) of various types of cancers. FAP expression 
in CAFs is associated with tumor cell migration, invasion, 
and angiogenesis,1,2 thus FAP overexpression is associated 
to poor prognosis in solid tumors.3 FAP has become a 
molecular target of high interest for cancer diagnosis and 
treatment. The development of radiolabeled FAP inhib-
itors (FAPI) that binds to FAP with high affinity enabled 
the positron emission tomography (PET) imaging of FAP. 
FAPI- /PET CT can potentially identify tumor lesions with 
a higher tumor- to- background ratio (TBR) than4 18F- flude-
oxyglucose (FDG) PET/CT in a variety of tumor entities,5–7 
which has sparked considerable interest in the oncologic 
community.8–12 For cancer staging, FAPI PET/CT can be 
a promising modality, however false- positive results (i.e. 

non- oncologic findings) have been reported.13–18 FAP is 
expressed not only in the CAFs but also in most of any 
activated fibroblasts involved in various processes such as 
wound healing, scar, fibrosis or inflammation. Also, FAP is 
expressed to some extent in neovasculature cells, endothe-
lial, malignant epithelial, embryologic, and immunologic 
tissues.4,19 Thus, FAPI uptake can be seen in non- malignant 
diseases.19 Radiologists and nuclear medicine physicians 
need to be familiar with non- oncologic incidental FAPI 
PET findings, to avoid erroneous diagnosis.

In this review article, we describe for each organ system 
(Brain, Oral mucosa, Salivary Glands, Thyroid, Lung, 
Myocardium, Breast, Esophagus, Stomach, Intestine, 
Liver, Gallbladder, Pancreas, Spleen, Kidney, Uterus, 
Bone marrow, Joints, Muscle, Vessels, Lymph nodes), 
the patterns of physiological FAPI uptake and the main 
causes of non- oncological uptake reported from the 
literature with FAPI- 02, FAPI- 04 and FAPI- 46. Figure  1 
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ABSTRACT

Fibroblast- activation protein (FAP) is a serine protease classified in the dipeptidyl peptidase 4 (DPP4) family. FAP is 
predominantly expressed in activated fibroblasts such as the cancer- associated fibroblasts (CAFs). FAP expression in 
CAFs is associated with tumor progression and poor prognosis in solid cancers. Recently, radiolabeled FAP inhibitors 
(FAPI) has been developed, which enables positron emission tomography (PET) imaging of FAP. FAPI PET/CT can 
provide a higher tumor- to- background ratio (TBR) than 18F- fludeoxyglucose PET/CT in various cancers, and thus has 
attracted substantial attention. As studies on FAPI PET grow in number and size, incidental findings related to non- 
oncologic conditions have been increasingly reported. FAPI PET uptake has been reported in various conditions such 
as benign tumors, fibrotic, granulomatosis, scarring/wound, degenerative diseases, and inflammatory diseases.
The knowledge of physiological and non- oncologic causes of FAPI uptake is indispensable for accurate FAPI PET/
CT interpretation and can help appropriate management of incidental findings on FAPI PET/CT in patients referred 
for cancer staging indications. In this review article, we describe for each organ system (Brain, Oral mucosa, Salivary 
Glands, Thyroid, Lung, Myocardium, Breast, Esophagus, Stomach, Intestine, Liver, Gallbladder, Pancreas, Spleen, Kidney, 
, Uterus, Bone marrow, Joints, Muscle, Vessels, Lymph nodes), the patterns of physiological FAPI uptake and the main 
causes of non- oncological uptake reported from the literature with FAPI- 02, FAPI- 04 and FAPI- 46. We also illustrate 
some examples from our institutional database at UCLA.
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Figure 1. Pooled SUVmean and SD of each organ system. Error bars show SD, SD, standard deviation; SUV, standardized uptake 
value.

Table 1. Summary of non- oncologic FAPI uptake in each organ system

Organ systems Conditions
Brain Progressive multifocal leukoencephalopathy, tuberculosis meningitis

Head and neck [Thyroid] follicular adenoma, thyroiditis
[Salivary gland] IgG4- related sialadenitis
[Dental] periodontitis

Thorax [Lung] pneumonia (infectious), organizing pneumonia, interstitial lung disease, 
tuberculosis, Cryptococcosis, necrotizing granuloma
[Cardiac] myocardial ischemia, myocardial infarction, amyloidosis, sarcoidosis, dilated 
cardiomyopathy, pulmonary hypertension, cardiotoxicity induced by chemotherapy/ 
immunotherapy
[Breast] mastopathy

Abdomen and pelvis [Gastrointestinal] esophagitis, Crohn’s disease, hemorrhoids
[Liver] chronic hepatitis, cirrhosis, focal nodular hyperplasia, hepatic adenoma
[Pancreas] acute pancreatitis, IgG4- related pancreatitis, pseudocyst
[Bile duct] IgG4- related sclerosing cholangitis, portal biliopathy
[Spleen] splenic hemangioma
[Kidney] renal fibrosis, angiomyolipoma
[Uterus] leiomyoma

Musculoskeletal [Bone] degenerative change, Schmorl’s node, bone fracture, fibrous dysplasia, avascular 
necrosis, bone tuberculosis, mastoiditis, myositis ossificans
[Joint] osteoarthritis, rheumatoid arthritis, enthesopathy, arthritis induced by immune- 
checkpoint inhibitor
[Soft tissue] scarring/wound, juvenile polymyositis, hematoma, elastofibroma dorsi

Others [Vascular] unstable atherosclerotic plaque, large- vessel vasculitis
[Lymph node] reactive lymph node

FAPI, fibroblast- activation protein inhibitor.
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summarize from the literature the pooled mean standardized 
uptake values (SUVmean) with standard deviation (SD) of 
FAPI- 02, FAPI- 04, and FAPI- 46 at 60 min after injection in each 
normal organ.4,6,16,20,21 Table  1 list the main non- oncological 
causes of increased FAPI uptake reported in the literature and 
Figure  2 depicts their SUVs. We also illustrate some examples 
from our institutional database at UCLA.

BRAIN
Brain exhibits very low FAPI uptake (pooled SUVmean: 0.05 
± 0.05), as FAPI does not cross- the blood–brain barrier.22,23 In 
primary brain tumors, FAP expression by immunohistochem-
istry and FAPI uptake (SUVmax: 4.2 ± 2.4, n = 15) in high- 
grade glioma/glioblastoma has been reported.23 Also, high 
FAPI uptake in brain metastasis has been reported in patients 
with lung cancer (average SUVmax: 9.0 [95%CI: 4.0–14.0], n 
= 23).24 In non- oncologic conditions, progressive multifocal 
leukoencephalopathy (PML) can show multifocal FAPI uptake 
(SUVmax: 2.2–4.2) in the brain.25 Also, tuberculosis meningitis 
accumulates FAPI, which may mimic brain metastasis.18,26 Thus, 
they should be included in the differential diagnosis of focal 
FAPI uptake in the brain.

HEAD AND NECK
Thyroid
Mild physiological FAPI uptake is usually observed in the 
thyroid with a relatively wide range of normal variation (pooled 
SUVmean: 1.73 ± 0.86). Diffuse thyroid uptake elevation is 
commonly attributed to chronic thyroiditis.27,28 Liu et al28 found 
diffuse FAPI uptake in the thyroid in 4.8% (n = 39/815) of cancer 
patients, 28 patients (median SUVmax: 4.2, range 2.8–32) of 
them were subsequently evaluated with thyroid ultrasound and 
laboratory tests and 27/28 (96%) patients had a diagnosis of 
chronic thyroiditis (i.e. Hashimoto’s thyroiditis, Grave’s disease, 
and immune- related thyroiditis induced by immune- checkpoint 
inhibitors). In Grave’s disease, FAPI uptake can be seen in the 
extraocular muscles representing Grave’s ophthalmopathy 
(SUVmax: 4.2),29 although physiologic activity can be seen in 
the extraocular muscles without ophthalmopathy.16 Marked 
FAPI uptake has been reported in immune- related thyroiditis 
(SUVmax: 23.5, Figure 3), in which FDG uptake was moderate 
(SUVmax: 4.9) in contrast.30 Cases of lymphoma showing diffuse 
uptake (SUVmax: 8.6) have been reported.31

Focal thyroid uptake can represent benign or malignant pathol-
ogies. Follicular adenoma, the most common form of benign 
thyroid neoplasm, can show FAPI uptake. Ou et al reported a 
case of follicular adenoma showing FAPI uptake (SUVmax: 7.7), 
potentially due to the fibrous tissue hyperplasia of the tumor.32 

Figure 2. Reported SUVs of non- oncologic diseases. (* SUVmax, ** SUVmean, *** SUVpeak, † median, ‡ average). SUV, standard-
ized uptake value.

http://birpublications.org/bjr
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Thyroid cancer is also associated with elevated FAPI uptake 
which is typically not very intense (SUVmax <6.0).5,15,17,33–35 
Thus, FAPI SUVmax cannot differentiate follicular adenoma 
from thyroid cancer. As with FDG PET/CT,36 focal thyroid 
uptake should be examined by ultrasound sonography with or 
without fine- needle aspiration.

Salivary glands
Submandibular glands exhibit moderate to high physiological 
FAPI accumulation (pooled SUVmean: 2.23 ± 0.64). By contrast, 
parotid glands show low FAPI uptake (pooled SUVmean: 1.34 
± 0.42). In IgG4- related disease, FAPI uptake is commonly seen 
in the salivary glands (submandibular glands > parotid glands; 
average SUVmax 8.3 ± 3.9, n = 19) representing IgG4- related 
sialadenitis.13,37

Dental
Oral mucosa exhibits mild physiological uptake (pooled 
SUVmean: 1.51 ± 0.49). Focal uptake in/around the teeth is one 
of the most common incidental FAPI PET/CT findings and can 
represent periodontitis (Figure 4).15,16 Zheng et al reported peri-
odontitis (median SUVmax 4.8 [range: 2.4–11.2]) in 11.3% of the 
benign uptake depicted on FAPI PET/CT in their cohort (n = 
41/360).15 Qin et al reported that focal dental uptake was more 
commonly seen in FAPI PET than in FDG PET and showed 

higher SUVmax (average SUVmax: FAPI 3.7 ± 0.9, FDG 2.8 ± 
0.3, n = 33).38

THORAX
Lung
Lung parenchyma exhibits low physiological uptake (pooled 
SUVmean: 0.59 ± 0.24). FAPI accumulates in non- oncologic lung 
diseases such as interstitial lung diseases (average SUVmax: 4.3 ± 
1.6, n = 15), infectious pneumonia (median SUVmax 2.2 [range: 
1.5–3.7], n = 9), organizing pneumonia (SUVmax: 11.7), tubercu-
losis (median SUVmax: 3.4 [range: 2.5–7.5], n = 10), pulmonary 
Cryptococcus (SUVmax: 8.9), necrotizing granuloma (SUVmax: 
7.2) (Figure 5).14,15,17,39,40 Diffuse/multifocal FAPI uptake can be 
seen in pneumonia41 and interstitial lung diseases.14,39,40

Focal FAPI uptake is seen in malignant lesions. Li et al analyzed 
34 patients with lung adenocarcinoma and reported an average 
SUVmax of primary tumors of 12.5 ± 3.8.42 Previously reported 
FAPI uptake in benign lung lesions (e.g. organizing pneumonia, 
old tuberculosis, pulmonary Cryptococcus, and necrotizing gran-
uloma) is not very high (SUVmax<12).15,17,40,43,44 Thus, marked 
FAPI uptake in lung nodules may suggest lung cancer rather than 
benign lesion. However, the range of SUVmax can overlap and 
the final diagnosis should not be made by FAPI PET/CT as it 

Figure 3. A 45- year- old male with right clear cell renal cell carcinoma treated with neoadjuvant immune checkpoint inhibitors 
underwent a FAPI PET/CT scan before surgery. FAPI PET MIP image (a) FAPI PET/CT (b), CT (c), and FAPI PET (d) demonstrate 
diffuse intense increased uptake (SUVmax: 23.5) in the enlarged thyroid indicating thyroiditis induced by immune checkpoint 
inhibitors. FAPI, fibroblast- activation protein inhibitor; PET, positron emission tomography; SUV, standardized uptake value.

http://birpublications.org/bjr
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remains difficult to distinguish the benign or malignant nature of 
an incidentally found FAPI- avid solid pulmonary nodule.24

Cardiac
Myocardial wall shows low physiological uptake (pooled 
SUVmean: 1.02 ± 0.35). Increased cardiac FAPI uptake has been 
reported in various non- oncologic conditions such as myocar-
dial ischemia, acute myocardial infarction (mean SUVpeak: 6.4 
± 1.5, n = 35), cardiac amyloidosis, cardiac sarcoidosis, dilated 
cardiomyopathy (SUVmax: 2.6), pulmonary hypertension 
(SUVmax: 2.5), and cardiotoxicity induced by chemotherapy 
and immune- checkpoint inhibitor.45–54 Siebermair et al detected 
focal myocardial uptake (SUVmax 2.2 ± 0.6) incidentally in 6/32 
(18.8%) patients who underwent FAPI PET for cancer staging. 
Focal myocardial uptake was statistically significantly associ-
ated with patients’ conditions such as older age, coronary artery 
disease, myocardial infarction, and platinum- based chemo-
therapy.55 Similarly, Heckmann et al also reported a significant 
correlation between cardiac FAPI uptake and cardiovascular 
risk factors including obesity, diabetes, hypertension, platinum- 
based chemotherapy, and radiation therapy.56

Breast
Breast exhibits mild to moderate physiological uptake (pooled 
SUVmean: 1.39 ± 0.81) depending on the hormonal status 
(pre- menopausal (<35 years) vs post- menopausal (>65 years): 
[average SUVmax] 1.8 (n = 12) vs 1.0 (n = 68)).57,58 Also, phys-
iological uptake in the nipples can be seen (SUVmean: 1.00 ± 
0.61, n = 49).20 Elevated and diffuse uptake in the bilateral 
breasts can be seen in patients under hormonal stimulation 
(SUVmax4.0, Figure  6).59 Increased diffuse uptake has been 
reported in middle- aged females and males with gynecomastia 
(SUVmax: 4.5 ± 1.5, n = 7).16 FAPI uptake in the accessory breast 
has also been reported (SUVmax: 4.5).60 This can mimic lymph 
node metastasis. High FAPI uptake has been reported in breast 
cancer (average SUVmax: 10.0 [range: 2.6–17.0]).61,62 Thus, 
breast nodule showing marked FAPI uptake is highly suspected 
of breast cancer. We did not find any report on FAPI uptake in 
benign breast tumors.

Esophagus
Esophagus exhibits low to mild physiological uptake (pooled 
SUVmean: 1.39 ± 0.81) . Esophagitis can lead to increased FAPI 
uptake. Zheng et al reported that 4.9% (n = 9/182) of patients 

Figure 4. A 56- year- old female with colon cancer underwent a FAPI PET/CT scan before surgery. FAPI PET MIP image (a) FAPI 
PET/CT (b), CT (c), and FAPI PET (d) demonstrate focal uptake (SUVmax: 5.0, arrow) in the tooth root in the maxillary bone rep-
resenting periodontitis. Note that FAPI uptake is seen in the multiple joints such as shoulders (SUVmax: 6.3) and hips (SUVmax: 
2.4), indicating osteoarthritis. FAPI, fibroblast- activation protein inhibitor; maximum intensity projection; PET, positron emission 
tomography; SUV, standardized uptake value.

http://birpublications.org/bjr
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with various cancers had focal/diffuse mild uptake in the esoph-
agus due to esophagitis (median SUVmax 2.2 [range: 1.5–3.8]).15 
In contrast, intense focal FAPI uptake has been reported in 
esophageal cancer (median SUVmax: 16.7, [range: 7.8–26.7], n = 
21).63 Thus, uptake distribution pattern and intensity can help to 
distinguish esophagitis from esophageal cancer.

ABDOMEN AND PELVIS
Gastrointestinal
Low physiological accumulation has been reported in the intes-
tinal tract (pooled SUVmean: 0.81 ± 0.31). FAPI uptake in non- 
oncologic gastric conditions has not been reported. Pang et al 
have reported higher FAPI SUVmax and TBR in gastric cancer 
than with FDG (median SUVmax: 12.7 vs 3.7, n = 11).64 Given 
the high detectability of FAPI PET, gastric cancer can be inciden-
tally found as wall thickening with focal or diffuse FAPI uptake.

Luo et al reported a case with intense focal FAPI uptake (SUVmax: 
14.1) in Crohn’s disease induced colonic stenosis.65 Interestingly, 
the authors reported negative FAPI uptake in ulcerative colitis. 

Crohn’s disease should be included in the differential diagnosis 
of incidental, focal FAPI accumulation in the colon especially 
in the ileocecum, the most frequently affected region in Crohn’s 
disease.

Zheng et al15 reported that 25.8% (n = 47/182) of cancer patients 
incidentally showed FAPI uptake in hemorrhoids, depicted as 
moderate focal uptake in the anal canal without remarkable CT 
changes. In their study, FAPI uptake was lower in hemorrhoids 
than in colorectal cancer (average SUVmax: 3.7 ± 0.7 vs 9.8 ± 
3.5). Given this, SUVmax and CT features may help differential 
diagnosis of incidental uptake in the anal canal.

Liver
Normal liver exhibits low FAPI uptake (pooled SUVmean: 0.86 
± 0.33). Diffusely increased liver parenchymal FAPI uptake has 
been confirmed in patients with cirrhosis.66,67 Parenchymal 
uptake is higher in patients with cirrhosis (average SUVmean: 
1.4 [range: 0.44–2.4], n = 7).67 FAPI PET/CT can provide higher 

Figure 5. A 75- year- old male with a subcutaneous lipomatous tumor underwent a FAPI PET/CT scan before surgery. FAPI PET MIP 
image (a) FAPI PET/CT (b), CT (c), and FAPI PET (d) demonstrate focal uptake (SUVmax: 7.2, arrow) in a pulmonary nodule in the 
right lower lobe, which was diagnosed as necrotizing granuloma by biopsy. FAPI, fibroblast- activation protein inhibitor; maximum 
intensity projection; PET, positron emission tomography; SUV, standardized uptake value.
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detectability of hepatocellular carcinoma (HCC) than FDG PET/
CT as it provides greater TBR.66,68 However, increased FAPI 
uptake in the cirrhosis liver parenchyma reduces the TBR of 
HCC, which may lower the detectability.66 As a potential pitfall, 
FAPI uptake can be seen in benign hepatic tumors such as focal 
nodular hyperplasia (FNH) (SUVmax 5.6) and hepatic adenoma 
(SUVmax 1.4).18,69,70 Thus, final diagnosis of the incidental FAPI 
uptake should be made in combination with other modalities 
including contrast- enhanced CT and MRI.

Pancreas
Pancreas exhibits mild to moderate physiological uptake (pooled 
SUVmean: 1.58 ± 0.98). FAPI PET/CT may provide excellent 
detectability of pancreatic cancer (SUVmax: 21.4 [range: 11.6–
34.9], n = 26).71,72 However, diffuse pancreatic FAPI accumu-
lation has also been confirmed in acute pancreatitis (average 
SUVmax: 7.5 ± 3.5, n = 8)72 and IgG4- related pancreatitis 
(average SUVmax: 15.2 ± 9.0, n = 19).37 Intense FAPI uptake 
in pancreatitis may mask the PET signal of pancreatic cancer, 
especially in case of tumor- induced pancreatitis (Figure 7).71–73 
Dual- time point scans (i.e. delayed scan at 3 h after injection) 
may help to distinguish pancreatitis and cancer because uptake 

in pancreatitis decreases over time whereas tumor uptake tends 
to remain.71,72

Non- oncological causes of focal FAPI uptake can mimic malig-
nancy and false- positive findings have been reported. Zhang et 
al reviewed 103 various cancer patients who underwent FAPI 
PET/MR and found focal pancreatic uptake in 7 (6.8%) patients 
(median SUVmax: 4.4 [range: 3.1–9.1]). These lesions were 
followed- up by image(s) or biopsy and eventually diagnosed as 
non- specific focal uptake (median SUVmax: 4.3 [range: 4.2–8.7], 
n = 4) and benign conditions (e.g. prior pancreatitis (SUVmax: 
3.1), pseudocyst (SUVmax: 9.1), and IgG4- related disease 
(SUVmax 5.1).74 Clinical history and other modality images 
such as contrast- enhanced CT and MRI may help the diagnosis 
of focal pancreatic FAPI uptake.

Bile duct
Gallbladder exhibits low physiological uptake (pooled SUVmean: 
0.62 ± 0.26). Intense uptake (average SUVmax >12, n = 12) has 
been reported in the cholangiocarcinoma.5 Extrahepatic chol-
angiocarcinoma and pancreas cancer can cause tumor- induced 
obstructive cholangitis, in which high FAPI uptake (median 

Figure 6. A 36- year- old female with invasive squamous cell carcinoma of the cervix after hormonal stimulation with gonadotro-
pin injections underwent a FAPI PET/CT scan before surgery. FAPI PET MIP image (a) FAPI PET/CT (b), CT (c), and FAPI PET (d) 
demonstrate diffuse bilateral uptake (SUVmax: 4.0) in the breasts suggesting fibroglandular tissue composition after hormonal 
stimulation. FAPI, fibroblast- activation protein inhibitor; MIP, maximum intensity projection; PET, positron emission tomography; 
SUV, standardized uptake value.
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SUVmax: 11.7, n = 4) has been reported.71 Due to the high 
uptake, differentiating tumor- induced cholangitis from cancer 
on FAPI PET may be difficult.71,75 In non- oncologic condi-
tions, FAPI accumulation (average SUVmax: 9.4 ± 4.4, n = 6) in 
IgG4- related sclerosing cholangitis has been reported.37,76 Also, 
Wang et al77 reported FAPI uptake (SUVmax: 8.2) in portal bili-
opathy (also known as pseudosclerosing cholangitis) caused by 
cavernous transformation of the portal vein. They speculated 
that biliary fibrosis, portal phlebitis, perihepatic fibrosis, and 
thrombosis secondary to cavernous transformation may be the 
causes of FAPI uptake.

Spleen
Spleen exhibits low physiological uptake (pooled SUVmean: 0.92 
± 0.32). There has been one case study of a splenic incidental 
finding in the spleen in a cancer patient and the lesion was a 
splenic hemangioma (SUVmax: 9.6).41

Kidney
Kidney shows mild to moderate physiological uptake (pooled 
SUVmean: 1.61 ± 0.49). Diffuse FAPI uptake in the kidney 
has been reported in patients with renal fibrosis. Zhou et al78 
compared kidney FAPI uptake with pathological grade of renal 
fibrosis, in a cohort of 13 patients with renal diseases. They found 
that positive correlation of SUVmax to fibrosis grade ([average 
SUVmax] Grade I: 3.9 ± 1.5,Grade II: 6.0 ± 1.7, Grade III: 7.7 ± 
1.2). As a benign renal tumor, high FAPI uptake (SUVmax: 18.4) 
in AML has been reported.79 FAPI accumulation in AML can be 
attributed to smooth muscle cells differentiated from fibroblast- 
like cells. There has been no FAPI PET research focused on renal 
cell carcinoma (RCC). Based on our experience, FAPI uptake 
in clear cell RCC, a most common RCC type, is generally mild. 
Given this, it might be difficult to differentiate RCC from benign 
renal tumor based on FAPI uptake.

Figure 7. A 73- year- old male with pancreatic cancer underwent a FAPI PET/CT scan before surgery. FAPI PET MIP image (a) shows 
diffuse intense uptake in the pancreas. FAPI PET/CT (b), CT (c), and FAPI PET (d) demonstrate intense uptake in the enlarged 
pancreas head (arrow, SUVmax: 13.4) indicating pancreatic cancer. FAPI accumulation in the pancreas body to tail is slightly lower 
than primary tumor (arrowheads, SUVmax: 9.7) suggesting tumor- induced pancreatitis. FAPI, fibroblast- activation protein inhibi-
tor; PET, positron emission tomography; SUV, standardized uptake value.
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Uterus
Uterus shows the highest physiological FAPI accumulation 
in the solid organs (pooled SUVmean: 7.92 ± 5.18). Uterine 
uptake is higher in pre- menopausal females than those in post- 
menopausal status (average SUVmax: 11.7 (n = 12) vs 3.0 (n = 
68)).58 Also, a negative correlation between uterine FAPI uptake 
and age has been reported.16 The high physiological uptake may 
mask the uterine cancer ([average SUVmax] cervical cancer: 
15.2, n = 4; endometrial cancer: 18.4, n = 2),58 and detectability 
of small cancer lesion might be low particularly in females of 
childbearing age. In benign tumors, uterine leiomyoma typically 
shows FAPI accumulation (average SUVmax: 3.9 ± 3.7, n = 2),17 
which uptake degree is often similar to physiological uptake of 
the uterus (Figure 8).

MUSCULOSKELETAL
Bone and joint
Bone marrow exhibits low physiological uptake (pooled SUVmean: 
0.67 ± 0.22). Bone and joint FAPI uptake is one of the most 
common incidental FAPI PET/CT findings.16 In the bone, FAPI 
uptake is often seen in the degenerative changes (median SUVmax: 
8.0 [range: 3.1–17.3], n = 47) where osteophytes are typically shown 
on CT (Figure 9). Bone fracture also accumulates FAPI,15,17 which 
has been reported to be significantly higher than FDG uptake 

(average SUVmax: 7.4 ± 4.1 vs 2.2 ± 1.7, n = 10).17 Other bone 
conditions with reported increased FAPI uptake include Schmorl’s 
node (median SUVmax: 4.6 [range: 3.7–6.7], n = 5),15 fibrous 
dysplasia (SUVmax: 8.7),80 avascular necrosis (SUVmax: 5.4),81 
mastoiditis (median SUVmax: 2.6 [range: 2.5–3.3], n = 3),15 bone 
tuberculosis (SUVmax: 14.3),82 and myositis ossificans (SUVmax: 
30.8).83 Focal/multifocal bone uptake can mimic malignancy (e.g. 
Schmorl’s node and bone tuberculosis). Qin et al38 compared FAPI 
uptake between bone metastases and benign bone conditions, and 
showed that the FAPI uptake is higher in metastases but with a 
large overlap (average SUVmax: 7.1 ± 4.3 [n = 94] vs 3.6 ± 1.6 [n 
= 201]). Thus, final diagnosis of incidental bone uptake should be 
made in combination with other imaging modalities, follow- up, 
and/or biopsy.

In the joint, osteoarthritis is one of the most common conditions 
that shows FAPI uptake (median SUVmax: 3.4 [range: 2.0–5.9], n = 
69),15 which uptake is typically in the shoulders and hips (Figure 4). 
In addition, articular/entheseal FAPI uptake has been reported in the 
enthesopathy (median SUVmax: 4.8 [range: 2.2–8.7], n = 8),15 rheu-
matoid arthritis,84 and inflammatory arthritis induced by immune- 
checkpoint inhibitor (SUVmax: 12.0).85

Figure 8. A 47- year- old female with gonadal vein tumor concerning for sarcoma underwent a FAPI PET/CT scan before surgery. 
FAPI PET MIP (a), FAPI PET/CT (b), CT (c), and FAPI PET (d) images show intense uptake in the uterus (arrowhead, SUVmax: 
29.7). FAPI uptake is also shown in the uterine leiomyoma (arrow, SUVmax: 14.1) demonstrated as a slightly high- density mass on 
CT. FAPI uptake (SUVmax: 5.2) in the bilateral nipple (SUVmax: 5.2) is also seen. FAPI, fibroblast- activation protein inhibitor; PET, 
positron emission tomography; SUV, standardized uptake value.
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Soft tissue
Muscle exhibits mild physiological uptake (pooled SUVmean: 1.09 
± 0.35). FAPI uptake in the scarring/wound healing is commonly 
seen. As FAP is overexpressed by myofibroblasts in remodeling 
tissue, surgical procedures and implanted devices (e.g. surgical mesh, 
breast implant, and infusion port) cause FAPI uptake in the regarding 
region. Kessler et al reported 19.8% (n = 18/91) of cancer patients 
showed incidental FAPI uptake in scarring/wound healing with an 
average SUVmax of 7.7 (range: 2.4–13.3).16 Focal or diffuse muscular 
FAPI uptake can be seen physiologically, but (poly)myositis should be 
considered when intense muscular uptake is observed as FAPI uptake 
in juvenile polymyositis has been reported.86 An elastofibroma dorsi, 
a benign soft tissue tumor of the thoracic wall tumor in the infrascap-
ular region without malignant potential, was incidentally detected as 
FAPI moderately- avid mass (SUVmax: 4.4).87 As a potential pitfall, 
FAPI can accumulate focally in hematoma, which mimics malig-
nancy. Yang et al reported a case that showed FAP uptake (SUVmax: 
5.3) in intramuscular gluteal hematoma after bone marrow biopsy 
performed 2 days before the scan.88

OTHER SYSTEMS
Vascular
Blood pool exhibits mild physiological signal at 60 min (pooled 
SUVmean: 1.32 ± 0.41). FAPI signal may reflect the FAP expression 
in the vessel walls. The FAP expression is related to plaque vulner-
ability.89,90 Case studies have reported FAPI uptake (SUVmax: 
2.2–3.7) in unstable atherosclerotic plaques.91,92 Interestingly, focal 
FAPI activity was observed only in the vulnerable plaque but not in 
stable plaques,92 which may need cautious follow- up or intervention, 
depending on the patient’s background. Diffuse FAPI uptake in the 
arterial wall can represent large- vessel vasculitis such as giant cell 

arteritis and Takayasu arteritis (SUVmax: 6.4),8,93 although further 
studies are warranted.

Lymph node
Reactive lymph nodes can show FAPI uptake. Zheng et al15 reported 
that 7.7% (n = 14/182) of cancer patients showed FAPI uptake in 
reactive lymph nodes (median SUVmax: 3.1 [range: 1.4–11.7]). The 
uptake was most commonly seen in the mediastinum followed by 
the neck, axillary and inguinal region. Similar to other PET tracers, 
relatively low uptake and characteristic distribution may be a clue to 
distinguish reactive lymph nodes from metastasis. However, it can 
be difficult to differentiate them due to the overlap of FAPI signal 
between reactive lymph nodes (SUVmax: 3.6 ± 1.6, n = 69) and 
lymph node metastasis (SUVmax: 6.3 ± 3.4, n = 28).15 For example, 
one case study reported FAPI uptake (SUVmax: 5.1) in intramam-
mary lymphoid tissue that mimicked breast cancer, which was finally 
extracted by surgery.22

CONCLUSION
Interpreting incidental FAPI uptake on PET/CT can be challenging 
in cancer patients, as FAPI uptake is not exclusively seen in malig-
nant lesions but also in benign lesions, and there is a great overlap of 
SUV between them.15 However, the knowledge of physiological and 
non- oncologic FAPI activity can help to perform accurate interpre-
tation. Also, patients' characteristics including age, sex, pre- existing 
conditions and correlation with other available imaging modalities 
can provide further diagnostic information. As of now, the majority 
of the FAPI PET researches of benign lesions are based on case report 
series, and more systematic research is warranted to further optimize 
the management of incidental findings on FAPI PET/CT.

Figure 9. A 78- year- old male with right clear cell renal cell carcinoma underwent a FAPI PET/CT scan before surgery. FAPI PET 
MIP (a), FAPI PET/CT (b), CT (c), and FAPI PET (d) images show uptake in a bone fracture of the left rib (arrow, SUVmax: 4.1). Also, 
coronal FAPI PET/CT (e), CT (f), and FAPI PET (g) images demonstrate FAPI uptake (arrowheads, SUVmax: 5.4) in the lumbar 
spines with osteophytes representing degenerative changes. FAPI, fibroblast- activation protein inhibitor; MIP, maximum intensity 
projection; PET, positron emission tomography; SUV, standardized uptake value.
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FAPI accumulation in non- oncologic conditions may limit the 
use of FAPI PET for cancer staging indications. Cancer imaging 
studies/trials should be carefully designed for specific indications 
and tumor types to show meaningful and reproducible diagnostic 
efficacy.

On the other hand, FAPI accumulation in non- oncologic conditions 
offers an immense opportunity to evaluate non- invasively fibroin-
flammatory processes. Ongoing clinical trials of FAPI PET in cardio-
vascular (e.g. myocardial infarction [NCT04723953, NCT04803864] 
and atherosclerosis [NCT05036759]) and fibro- inflammatory 
diseases (e.g., interstitial lung diseases [NCT05121779], rheu-
matoid arthritis (NCT4514614)), liver fibrosis [NCT05262647, 
NCT04533828, NCT04605939], and keloid [NCT05275699]) may 

show that the highest potential of FAPI PET imaging for diagnostic 
efficacy is outside of oncological applications.
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