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Abstract

Fibroblast activation protein (FAP) is a type II membrane-bound glycoprotein which is 

overexpressed in cancer-associated fibroblasts and activated fibroblasts at wound healing/

inflammatory sites. Since the first clinical application of quinoline-based FAP ligands in 2018, 

FAP inhibitor (FAPI)-based PET imaging and radiotherapy have been investigated for a wide 

variety of diseases, both cancerous and non-cancerous. As a consequence, promising strides 

have been made in particular to improve the understanding of FAPI-based PET imaging and the 

potential value of FAPI-based tumor radiotherapy. Herein, we present a comprehensive review 

of radiolabeled FAPI, including their clinical translation, in order to clarify the current and 

potential future role of this class of molecules in nuclear medicine. In particular, this review 

underlines the value of FAPI radiopharmaceuticals in the diagnosis or therapy of tumors or benign 

conditions. However, limitations in present studies have hampered a precise evaluation of FAPI 

radiopharmaceuticals. Despite this, it will likely be worthwhile to further explore the clinical value 

of FAPI in diagnosis and therapy through better-designed and larger-population clinical trials in 

the future.
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Introduction

For over 40 years, 18F-fluorodeoxyglucose (FDG) has been the dominant PET tracer in 

neurology, cardiology, and, importantly, oncology [1]. As a consequence, 18F-FDG was once 

described as “the molecule of the twentieth century.” Combined with the development of 

PET/CT, 18F-FDG is now widely used in cancer diagnosis, staging, prognosis, and treatment 

monitoring. Despite increasing exploitation of more specific tracers in certain malignancies, 

such as octreotate in neuroendocrine neoplasia [2] and prostate-specific membrane antigen 

(PSMA) tracers for prostate cancer evaluation [3, 4], the pan-tumor PET agent 18F-FDG still 

holds hegemony in oncology. Although data are preliminary, emerging evidence suggests 

that small-molecule fibroblast activation protein inhibitor (FAPI) tracers may be candidates 

for widespread oncological application and some benign conditions.

Malignant tumors are composed of neoplastic cells and various non-malignant cells that 

form and shape the tumor’s microenvironment, or, tumor stroma [5]. Since the stroma can 

account for 90% of total tumor volume, stroma-targeted imaging may be more sensitive 

than imaging that targets the tumor cells themselves in some cancers [6]. Cancer-associated 

fibroblasts (CAFs), a heterogeneous population of fibroblast-like cells, make up most tumor 

stroma and play a critical role in tumor growth, migration, metastasis, remodeling the 

extracellular matrix, therapy resistance, and immunosuppression [5, 7]. CAFs are genetically 

more stable and less susceptible to the development of therapy resistance than cancer cells, 

therefore being an excellent target cell for antitumor therapy [5-8]. Although the origins 

of CAFs are heterogeneous, the development of CAFs in tumor stroma is accompanied by 

morphological changes and the expression of specific surface markers, such as fibroblast 

activation protein (FAP). According to the current literature, FAP is upregulated in more 

than 90% of epithelial cancer stroma [9, 10] and some benign conditions such as wound 

healing, fibrosis, arthritis, and atherosclerotic plaques [11, 12].

FAP is a type II membrane-bound glycoprotein belonging to the dipeptidyl peptidase 4 

(DPP4) family with both dipeptidyl peptidase and endopeptidase activity, owning 52% 

identity at the protein level with DPP4 [13]. The enzyme only transiently expressed during 

embryonic development, however it may be related to tissue remodeling rather than a 

necessary component for embryonic development. At present, FAP is not generally nor 

widely expressed in healthy adults, but there are exceptions. In particular, it is expressed 

in granulation tissue during wound repair, the cervix, endometrium, pancreas, placenta, and 

skin [8, 14]. Additionally, soluble FAP was recently found in human plasma, but its origin 

and function remain unclear [15]. Interestingly, in vivo experiments have discovered FAP 

expression at a basic level in various other tissues, including muscle and bone marrow, 

which support a hypothesis that FAP may play an important role in maintaining normal 

muscle function and hematopoiesis. Finally, FAP is expressed in activated fibroblasts but 

not in resting fibroblasts [13]. These exciting phenomena are the motivation for the use 

of FAP as a potential target for the diagnosis and treatment of tumors and the diagnosis 

of non-malignant disease associated with remodeling of the extracellular matrix [8, 16]. 

Targeting of FAP has been reported using a variety of approaches, including antibodies [17], 

vaccines [18], immunoconjugates [19], CAR T cells [20], peptide drug complexes [21], and 

FAP inhibitors (FAPI) [22, 23].
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In this review, we will provide an overview focusing on FAP-based radiopharmaceuticals 

and their clinical application in the diagnosis and therapy of cancers as well as other benign 

conditions.

Radiopharmaceuticals based on FAPIs

Meletta et al. have attempted FAP imaging employing a boronic acid-based FAPI molecule, 

MIP-1232 [24]. In this preclinical study, MIP-1232 was radiolabeled with 125I as a 

radiotracer for atherosclerotic plaques and tumors. However, the inhibitor’s viability for 

further application was hampered by the observation that it displayed a similar binding 

affinity in both plaques and normal arteries, as well as that it permitted limited resolution 

with gamma imaging. More recently, many quinoline-based FAPI radiotracers have been 

developed for PET/CT imaging, and various monomeric FAPI analogs were found to have 

favorable features for use as a radiotracer. In particular, they can be rapidly excreted by 

the renal system and therefore are quickly cleared from the body, allowing for negligible 

exposure of healthy tissue to radiation. Additionally, they bind to FAP with very high 

specificity, are rapidly internalized, and have limited uptake in the brain, liver, and 

oral-laryngeal mucosa. Researchers have also developed albumin binder-conjugated FAPI 

radiotracers to prolong blood circulation time. It was demonstrated that after injecting 

these tracers, uptake in the gallbladder and intestine was high, indicating that they were 

metabolized and excreted rapidly through the liver, gallbladder, and intestine [25, 26].

In contrast to 18F-FDG, FAPI-PET may benefit from its independence of blood glucose 

levels, the fact that it does not require rest beforehand, and quick image acquisition (10 

min after tracer application). All of these advantages are clinically practical since they will 

improve patient comfort and compliance as well as simplify clinical workflow; however, 

the independence of blood glucose levels means that FAPI-PET is feasible in diabetic 

patients [7, 8, 27-30]. Regarding the practicality of FAPI-radiotracer production, most FAPI 

radiotracers studied to date are labeled with 68 Ga, which can be produced in small PET 

centers without an on-site cyclotron using a 68Ge/68 Ga generator. On the other hand, 

the short half-life of 68 Ga and the relatively small activities obtained from a generator 

may restrict its applications to larger medical centers. Furthermore, the cost of 68Ge/68 

Ga generators as well as the sacrifice of lower resolution for PET imaging of 68 Ga 

compared to 18F should also be considered. Thus, the prospect of radiolabeling FAPI 

with 18F has recently been investigated in both preclinical and clinical studies [31, 32]. 
18F-labeled FAPI was synthesized with a high radioactivity yield as well as radiochemical 

purity and demonstrated excellent pharmacokinetics and tumor uptake in normal models and 

tumor patients. Moreover, the universal DOTA-chelator can be attached to FAPI ligands, 

which may enable theranostics due to their ability to be labeled with an appropriate 

therapeutic radionuclide [33]. The structure of common FAPI variants labeled with various 

radionuclides in preclinical or clinical studies is presented in Fig. 1 [34-42].
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Clinical applications of FAP imaging

FAPI-based imaging of cancer

Clinical evaluation of quinoline-based PET tracers has been done in a spectrum of cancers. 

Most of these studies were retrospective evaluations, and the patient population was 

relatively small with different types of cancer. Lately, more data for individual tumors and 

prospective studies have started to emerge.

Glioma

Gliomas, the most common primary intracranial tumors, are subdivided into isocitrate 

dehydrogenase (IDH)–wildtype (wt) gliomas and IDH-mutant (mut) gliomas, according 

to the World Health Organization (WHO) classification of 2016 [43]. In gliomas, , FAP 

expression has been revealed in spindle-shaped fibroblast-like and perivascular cells, as well 

as in neoplastic glial cells [44, 45]. These findings make FAPI-PET/CT an attractive tool 

for imaging of glioma. Röhrich et al. [46] performed 68 Ga-labeled FAPI-02/04 for PET 

imaging in 18 glioma patients (5 IDH-mutant gliomas, 13 IDH-wildtype glioblastomas). 

Clear tumor delineation was observed in IDH-wildtype glioblastomas and high-grade 

IDH-mutant gliomas (III/IV, but not grade II) due to elevated tracer uptake in the tumor 

site and low background activity in healthy brain parenchyma. This suggests that 68 

Ga-FAPI-02/04 may allow a non-invasive distinction between low-grade IDH-mutant and 

high-grade gliomas (Fig. 2). Another study conducted by the same group revealed that 
68 Ga-FAPI-02/04 uptake showed a moderately positive correlation with relative cerebral 

blood volume (rCBV), whereas no correlation with apparent diffusion coefficient (ADC) 

was observed [47]. This finding suggests that FAP-specific imaging does not merely reflect 

tumor cellularity or perfusion, but the spot-like expression of FAP as well. More recently, 

based on previous studies of a 68 Ga labeled-FAPI monomer, a novel albumin-binding 

FAP trace 68 Ga-Alb-FAPtp-01 was developed to verify the diagnostic efficacy of imaging 

glioma. The results demonstrated prominent tumor uptake with improved pharmacokinetics 

and an increasing SUV and tumor/muscle ratio over time [48]. In light of these results, 

it is reasonable to suggest that further studies should be designed for assessing the 

prognostic efficacy of FAPI tracers. Moreover, the use of 68 Ga-FAPI variants compared 

with conventional PET tracers such as 18F-FDG, 18F-fluroethyltyrosine, and 11C-methionine 

warrants further study as well.

Nasopharyngeal carcinoma

Nasopharyngeal carcinoma (NPC) is a malignant epithelial tumor with a significant 

geographical and ethnic distribution, particularly common in southern China [49]. Regional 

nodal involvement as well as skull-base and intracranial invasion is frequent in NPC. As 

with several other types of cancer, mapping the extent of tumor invasion in its early 

stages is critical for treatment planning and prognosis [50]. In a prospective study [39], 

15 patients diagnosed with NPC were enrolled to compare the diagnostic ability of 68 Ga-

FAPI-04 and 18F-FDG PET/MR (Fig. 3). Owing to deficient physiological activity in normal 

brain tissue and the oropharynx, 68 Ga-FAPI-04 outperformed 18F-FDG in recognizing the 

primary tumor and detecting metastases in skull-base and intracranial invasion. Based on 

the favorable soft-tissue resolution in MRI, Qin et al. suggested that 68 Ga-FAPI-04 hybrid 
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PET/MR may potentially serve as a single-step imaging modality for patients with NPC. 

Another retrospective analysis was conducted by Zhao et al., who enrolled 45 participants to 

explore the clinical utility of 68 Ga-FAPI-04 PET/CT relative to 18F-FDG PET/CT and MRI 

for primary staging and recurrence detection in NPC [40]. In initial assessment patients, 
68 Ga-FAPI-04 PET/CT showed higher uptake in primary tumors, regional lymph nodes, 

and bone and visceral metastases than 18F-FDG. Also, 68 Ga-FAPI suggested an advanced 

stage of cancer, evaluated by the TNM staging system, in ten patients, which resulted in a 

management change in seven of these patients. For post-treatment patients, 68 Ga-FAPI-04 

yielded more true-positive findings than 18F-FDG in detecting local recurrence. Compared 

with MRI, 68 Ga-FAPI-04 PET/CT detected upgraded cancer stages and underestimated 

the T stage in four and two patients. The authors therefore suggest that 68 Ga-FAPI-04 

PET/CT may be supplementary to MRI for T staging and radiotherapy planning. Similarly, 

Shang et al. reported a case in which a detection of metastases in the cervical lymph 

nodes by 18F-FDG-PET/CT was found to be a false-positive, and subsequently found to 

have no abnormal 68 Ga-FAPI uptake visible with FAPI-PET/CT (it was unclear which 

specific FAPI-based tracer was used in this study, likely 68 Ga-FAPI-04). Unfortunately, 

the patient received unnecessary chemotherapy. In this case, and perhaps more generally, 68 

Ga-FAPI-PET/CT might have been useful for assessing pretreatment lymph node status in 

NPC and avoiding an unnecessary treatment [51]. In some cases, it can be challenging for 
18F-FDG to diagnose head and neck cancer of an unknown primary tumor. Gu et al. carried 

out a study in which eighteen patients with negative 18F-FDG findings were enrolled. 68 

Ga-FAPI-04 PET/CT detected the primary tumor in 7 out of 18 patients, and subsequent 

biopsies and histopathological examinations were then performed to verify these findings. 

This pilot study presented evidence to improve the detection rate and diagnostic role of 
68 Ga-FAPI-04 PET/CT in head and neck cancer of unknown primary tumor patients with 

negative 18F-FDG findings [52]. Although these clinical trials exhibit promising results, 

several limitations of these studies cannot be ignored. The sample sizes were generally 

relatively small, and not all positive findings were confirmed histopathologically. As such, 

in order to determine whether 68 Ga-FAPI PET/CT is truly as powerful as these results have 

indicated, further, well-designed prospective studies are needed.

Gastric cancer and colorectal cancer

Gastric cancer and colorectal cancer are two common types of gastrointestinal cancer 

[53]. While 18F-FDG-PET/CT is valuable in imaging gastrointestinal malignancies, some 

limitations must be noted, in particular low sensitivity in detecting primary lesions, liver 

metastases, and peritoneal carcinomatosis [54]. On the other hand, in a mixed cancer 

population study, Pang et al. [29] demonstrated the superior value of 68 Ga-FAPI-04 PET/CT 

over 18F-FDG in detecting primary and metastatic lesions in gastric and colorectal cancers, 

with most lesions showing higher tracer uptake with FAPI imaging. In another study, Zhao 

et al. observed that 68 Ga-FAPI-04 PET/CT outperformed 18F-FDG in detecting peritoneal 

carcinomatosis, particularly in patients with gastric cancer (Fig. 4) [55, 56]; these results are 

in line with those of another group, Kuten et al. [57]. Furthermore, in the study by Kuten 

et al., two patients with peritoneal carcinomatosis underwent a follow-up 68 Ga-FAPI-04 

PET/CT scan after neoadjuvant chemotherapy [57]. One patient showed disease progression 

after four months of chemotherapy that manifested as new implants, more diffuse peritoneal 
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fat infiltration, and a slightly increased average SUVmax, confirming the true-positive results 

of the initial FAPI-PET/CT scan. After five months of treatment, the other patient had 

partial remission, with most lesions undetected, abnormal tracer accumulation, and only 

mild FAPI uptake identified in a few residual implants. Nevertheless, although 68 Ga-FAPI 

PET/CT has shown promise in monitoring response to treatment in patients with peritoneal 

carcinomatosis, more extensive population trials are needed to validate these preliminary 

findings.

In a bicentric retrospective analysis with heterogeneous gastric cancer (including 

adenocarcinoma and signet ring cell carcinoma) by Jiang et al., 68 Ga-FAPI-04 PET showed 

a superior detection rate over 18F-FDG for primary gastric cancer [58]. In particular, it 

exhibited better performance in gastric cancer diagnosis and staging. Furthermore, 68 Ga-

FAPI-04 displayed focal uptake in the primary tumor, whereas 18F-FDG showed slightly 

and diffusely elevated uptake in the gastric wall. As a result, 68 Ga-FAPI-04 apparently 

could provide better information when making surgical decisions regarding gastric cancer. 

Notably, 18F-FDG showed lower sensitivity for the detection of signet ring cell carcinoma; 

in this study, 68 Ga-FAPI-04 outperformed in detecting 3 cases of signet ring cell carcinoma 

that were not detected by 18F-FDG, resulting in a sensitivity of 100% (7/7) vs. 57% 

(4/7). Therefore, 68 Ga-FAPI-04 PET has an obvious advantage for the detection of signet 

ring cell carcinoma. However, the sensitivity of 68 Ga-FAPI for detecting signet ring cell 

carcinoma needs to be evaluated in a trial with a larger sample size than those that have been 

conducted. On another note, tumor size is an important factor influencing the SUV and the 

detection rate of gastric cancer on PET scans. The authors observed that for detecting tumors 

less than 4 cm, 68 Ga-FAPI-04 PET demonstrated higher sensitivity than 18F-FDG. Although 

the difference was not significant (100 vs. 71%, P = 0.062), further confirmation of whether 
68 Ga-FAPI-04 PET has advantages for the detection of small gastric cancers is needed. The 

above finding is similar to Qin et al. and could improve diagnostic accuracy, consequently 

reducing the possibility of missed diagnoses [59].

68 Ga-FAPI PET/CT exhibited a promising role in diagnosis, (re)-staging, and radiotherapy 

planning for lower gastrointestinal cancers. Koerber et al. [60] evaluated the clinical use 

of 68 Ga-FAPI-04 PET/CT in a cohort of 22 patients with malignancies of the lower 

gastrointestinal tract. The average SUVmax of 68 Ga-FAPI-04 in colorectal cancers was 

intermediate grade (SUVmax of 8.6), consistent with the results of Kratochwil et al. [33]. 

In half of the treatment-naïve patients enrolled, the TNM staging evaluation was changed, 

while in 47% of them, new metastatic lesions were recognized. Furthermore, target volume 

delineation was improved by 68 Ga-FAPI-04 PET/CT in patients undergoing irradiation, 

thus making 68 Ga-FAPI-04 PET/CT a promising imaging modality for the diagnosis, 

management, and treatment planning of colorectal cancers.

Hepatic carcinoma

Hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC) are the two 

most common types of primary hepatic carcinoma. HCC is mainly developed in fibrotic or 

cirrhotic livers, whereas ICC is a stroma-rich tumor with CAFs several folds more prominent 

in number than the actual tumor cells [61, 62]. Shi et al. [63] prospectively enrolled 17 
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patients who had hepatic lesions that were anticipated to become malignant according 

to CT, MR, and ultrasound. All participants underwent surgery or biopsy for the final 

analysis. One patient presented benign hepatic nodules with granulation tissue that showed 

negligible 68 Ga-FAPI-04 uptake. Elevated uptake and target-to-background ratio (TBR) 

were detected in 16 patients with malignant hepatic lesions, 11 of which were HCC (Fig. 5), 

2 were ICC, and 3 were metastatic malignant lesions (from gastric adenocarcinoma, breast 

cancer, and sigmoid colon adenocarcinoma). These conclusions were also corroborated by 

a single-center post hoc retrospective analysis conducted by Guo et al. [64]. This study 

indicated that the sensitivity of 68 Ga-FAPI-04 PET/CT to identify primary liver tumors 

correctly and metastatic lesions is equivalent to that of CE-CT and liver MRI, while it is 

better at identifying liver lesions than 18F-FDG. Furthermore, Wang et al. observed that 68 

Ga-FAPI-04 PET/CT showed a higher sensitivity than 18F-FDG PET/CT in detecting small 

HCC lesions (≤ 2 cm in diameter, 68.8 vs. 18.8%, P = 0.008) [65]. When comparing among 

different histologies, higher 68 Ga-FAPI-04 uptake and TBR was noted in ICC (average 

SUVmax, 13.55 ± 2.34; TBR, 26.92 ± 4.68) as compared with HCC (average SUVmax, 7.78 

± 3.84; TBR, 9.78 ± 6.97) and metastases (average SUVmax, 7.67 ± 4.56; TBR, 17.87 ± 

10.61). This finding is consistent with other findings [66], thus suggesting 68 Ga-FAPI-04 

as a potential candidate differentiating HCC and ICC. However, there was no significant 

difference among poorly, moderate, and well-differentiated HCC in SUVmax and TBR, 

indicating difficulties in tumor grading by 68 Ga-FAPI-04. Another notable finding was 

that hepatic uptake of 68 Ga-FAPI-04 was elevated in patients with cirrhosis and hepatitis. 

Pang et al. [67] demonstrated that 68 Ga-FAPI showed superior ability to detect primary 

tumors and reveal more metastatic lesions, especially bone micro-metastases, than 18F-FDG 

in an ICC patient (it was unclear which specific FAPI-based tracer was used in this study, 

likely 68 Ga-FAPI-04). Additionally, Zhao et al. have reported a case in which MRI falsely 

characterized benign nodules as HCC, while 68 Ga-FAPI correctly characterized them, 

further demonstrating the value of 68 Ga-FAPI in HCC diagnosis (it was unclear which 

specific FAPI-based tracer was used in this study, likely 68 Ga-FAPI-04) [68].

Pancreatic cancer

Pancreatic cancer is a lethal malignant cancer, with a 5-year survival rate of < 10%. Still, 

early detection and diagnosis of cancer are crucial for prolonging patient survival [53]. Since 
18F-FDG PET/CT has limited sensitivity for detecting lymph nodes, liver metastases, and 

peritoneal carcinomatosis, the National Comprehensive Cancer Network (NCCN) guidelines 

do not recommend 18F-FDG PET/CT as the first-line imaging modality for the diagnosis 

of pancreatic cancer [69, 70]. Pang et al. retrospectively analyzed the detection and staging 

ability of 68 Ga-FAPI-04 compared to 18F-FDG-PET/CT in 26 patients with suspected 

or diagnosed pancreatic malignancy [71]. The results demonstrated that 68 Ga-FAPI-04 

outperformed 18F-FDG in tumor radiotracer uptake and detection rate of primary tumors, 

lymph nodes, liver, bone metastases, and peritoneal carcinomatosis (Fig. 6a). Compared 

with 18F-FDG and contrast-enhanced CT, 68 Ga-FAPI-04 PET/CT raised the stage of six 

patients’ and five patients’ TNM staging, subsequently changing the clinical management in 

only two patients and one patient, respectively. Furthermore, almost half of patients showed 

intense 68 Ga-FAPI-04 uptake throughout the pancreas. It is challenging to distinguish 

pancreatitis from pancreatic cancer via visual interpretation or semiquantitative analysis 
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at the routine acquisition time of 1 h. The delayed PET/CT scan at three hours showed 

a decrease in 68 Ga-FAPI-04 uptake within pancreatitis and could therefore play a role 

in differentiating pancreatitis from malignancy (Fig. 6b). Although 68 Ga-FAPI-04 has 

shown higher sensitivity in detecting primary pancreatic tumors and metastases while also 

providing more accurate TNM staging, prospective trials with a larger patient population 

are once again needed to evaluate whether 68 Ga-FAPI PET/CT could improve treatment 

planning compared with the standard imaging modality.

Zhang et al. observed that focal 68 Ga-FAPI-04 uptake in the pancreas could happen in 

some non-malignant diseases, including pancreatic pseudocysts, sites of prior pancreatitis, 

and foci of immunoglobulin G4-related disease (Fig. 6c). However, the integrative 68 Ga-

FAPI-04 PET/MR may potentially decrease the misdiagnosis of some pancreatic lesions 

[72]. Recently, studies have found that 68 Ga-FAPI-PET/CT could detect multiple foci in 

pancreatic neuroendocrine tumors, involved lymph node metastases, and liver metastases 

with increased activities and good tumor-to-liver ratios. Although this phenomenon has only 

been reported in two cases, it suggests that FAPI-based radiotracers may be helpful in the 

evaluation and targeted therapy of neuroendocrine tumors [73, 74].

Other cancer types

Several retrospective studies have found that 68 Ga-FAPI-04/46 PET imaging is superior 

to 18F-FDG in detecting primary breast malignancies, lymph nodes, liver metastases, bone 

metastases, and peritoneal carcinomatosis with high sensitivity, high uptake values, and high 

TBR (Fig. 7a). Unlike 18F-FDG, uptake of 68 Ga-FAPI-04/46 appeared to be statistically 

insignificant with different breast phenotypes [75, 76]. Also, in some cases, 68 Ga-FAPI 

could supplement finding primary breast lesions and regional lymph nodes that were not 

well seen or missed by MRI, indicating the potential value of 68 Ga-FAPI tracers for breast 

cancer diagnosis and staging [76-80]. Although the results were encouraging, 68 Ga-FAPI 

images led to false-positive and false-negative diagnoses of lymphoid tissue, hepatic lesion, 

and bone metastasis in a minority of cases [76, 81, 82]. These cases demonstrate that not all 

FAPI accumulation can be immediately interpreted as malignancy. Likewise, not all lesions 

with baseline FAPI uptake can be considered normal; in this study, some lesions identified 

with FAPI-PET had to be confirmed with biopsy or clinical follow up. Still, this study also 

had its limitations, one of which that it was designed as a retrospective study rather than a 

prospective one. Also, the cohort of patients may have had a bias toward larger (> 2 cm) or 

locally advanced disease, which is not an accurate way to estimate sensitivity and specificity 

in the early stages of progression [75]. Furthermore, the breast is a hormone-sensitive organ, 

and the FAPI uptake seems to be influenced by hormone levels among other internal factors. 

Specifically, the presence or absence of the menstrual cycle may be essential for the precise 

and accurate interpretation of 68 Ga-FAPI PET/CT scans [83, 84].

One retrospective study enrolled patients with mixed tumor entities and histopathologically 

proven prostate cancer for measurement of 68 Ga-FAPI-04 uptake with 68 Ga-FAPI PET/CT. 

Intermediate to high 68 Ga-FAPI-04 uptake (the average SUVmax 6–12) was observed in the 

primary tumor site and metastases [33]. However, this pilot study only included patients with 

PSMA-negative tumors, which may cause the selection bias. Moreover, this population only 
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constituted a minority of prostate cancers; future studies need to be thoroughly investigated 

in typical prostate cancer patients. Nevertheless, this finding may benefit our understanding 

of insufficient PSMA expression in PSMA-negative tumors and thereby provide a diagnosis 

method with radioligand treatment [85]. Regarding other types of prostate cancer, recently 

Kesch et al. observed that 68 Ga-FAPI-04 PET/CT was highly positive in castration-resistant 

prostate cancer (CRPC) patients and bone/lymph node metastasis (Fig. 7b). Furthermore, 

tissue microarray construction and immunohistochemistry showed a significant rise in FAP 

expression with the advancement of disease from benign tissue to CRPC. The variation in 

FAP tissue expression supports further investigation of FAPI-radionuclide theranostics in 

CRPC [86].

Some small mixed population studies demonstrated that differentiated thyroid cancers 

have low to moderate 68 Ga-FAPI-04 uptake with average SUVmax < 6, and that 68 

Ga-FAPI-04 outperformed 18F-FDG in detecting bone metastases [33, 87, 88]. However, 
68 Ga-FAPI-04 PET/CT detected more false-positive bone lesions than 18F-FDG, reducing 

the overall specificity of this modality. Hence, it is critical to carefully interpret all CT 

findings to ensure diagnostic accuracy. The diagnosis and treatment of differentiated thyroid 

cancer with thyroglobulin elevation and negative iodine scintigraphy (TENIS) syndrome or 

radioiodine-refractory differentiated thyroid cancer (RAIR-DTC) are currently major issues. 

While 18F-FDG PET/CT is a common imaging modality for detecting tumor recurrence 

and metastases, its sensitivity has been found to be insufficient [89, 90]. In recent cases, 68 

Ga-FAPI showed a higher signal-to-noise ratio and sensitivity than 18F-FDG for detecting 

lesions in small pulmonary metastases as well as liver/bone metastases (Fig. 7c) [91-93]. 

These findings demonstrate its usefulness in patients with TENIS or RAIR-DTC for 

localizing recurrent or metastatic lesions. They also highlight the potential for radionuclide-

targeted therapy, which may become a cornerstone of therapy for this kind of cancer.

Different degrees of physiological myocardial uptake are common with 18F-FDG PET and 

may hamper the detection of cardiac tumors. Conversely, Zhao et al. found a focus with 

intense 68 Ga-FAPI uptake with a target/myocardium ratio of 3.9 in the right chest in a 

patient with massive bloody pericardial effusion (it was unclear which specific FAPI-based 

tracer was used in this study, likely 68 Ga-FAPI-04). Meanwhile, no abnormal activity 

was observed in this patient by 18F-FDG. Follow-up with 68 Ga-FAPI PET/MR confirmed 

increased uptake in the right atrium corresponding to the sites of abnormal MRI signal 

intensity, and subsequently angiosarcoma was confirmed by histopathological examination 

(Fig. 7d) [94]. This case indicated that 68 Ga-FAPI is superior to 18F-FDG in identifying 

cardiac angiosarcoma, with higher tumor-to-background contrast. In addition to this, 68 Ga-

FAPI variants presented uptake in esophageal, pheochromocytoma, renal cell, and diffuse 

large B cell lymphoma, which may indicate more new applications in multiple tumor types 

for noninvasive detecting, staging, or radioligand therapy [33, 95, 96].

FAPI-based imaging of non-cancerous diseases

Immunoglobulin G4-related disease

Immunoglobulin G4-related disease (IgG4-RD) affects multiple organs with 

histopathological characterization by “storiform” fibrosis. Luo et al. investigated the 
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performance of 68 Ga-FAPI-04 in imaging IgG4-RD (Fig. 8) [97]. This prospective cohort 

study showed that 68 Ga-FAPI-04 was superior or equal to 18F-FDG for detecting IgG4-

RD in the lacrimal gland, salivary gland, pancreas, and bile duct/liver in all 26 recruited 

patients, and more involved sites were capable of being recognized with imaging than 

only based on symptoms. Similar results were also observed in recurrent IgG4-RD and 

IgG4-related sclerosing cholangitis by other research groups [98-101]. In contrast, lymph 

node involvement was FAPI-negative. Further studies to explore the exact mechanism are 

needed. Recently, Schmidkonz et al. demonstrated the ability of FAPI-PET to non-invasively 

discriminate inflammatory from fibrotic activity in IgG4-RD [102]. This may provide new 

insights and profoundly change the management of certain forms of immune-mediated 

disease.

Cardiovascular disease

Several systematical research studies have investigated the fibroblast activity caused by 

myocardial infarction (MI) or cancers in cardiac injury patients using 68 Ga-FAPI PET. 

A cohort of 10 patients underwent 68 Ga-FAPI-46 PET imaging at an average of 18 

days after acute MI (five ST-segment elevation MI and five non-ST-segment elevation 

MI) [103]. All patients exhibited focal FAPI uptake, while fibroblast activation volume 

showed an inverse correlation with left ventricular function. A partial to complete match of 

affected myocardium between tracer uptake was observed, and subsequently confirmed by 

coronary angiography (Fig. 9a). Another study reported that 68 Ga-FAPI-04 overestimates 

the infarct size as confirmed by cardiac-MRI [104]. An analysis found a correlation 

between coronary artery diseases, age, and the left ventricular ejection fraction with FAPI 

accumulation [105]. Additionally, in a study of 229 patients with metastatic disease, high 

signal intensities of FAPI uptake were observed associated with cardiovascular risk factors 

and metabolic diseases [106]. These findings suggest that 68 Ga-FAPI PET/CT may provide 

a new insight to the investigation of cardiac FAP and the mechanisms of structural/fibrotic 

remodeling after AMI pathophysiology. Focal or diffuse uptake of 68 Ga-FAPI was found 

in many other cardiac diseases, including idiopathic or chronic thromboembolic pulmonary 

arterial hypertension [107, 108], hypertensive heart disease [109], chemotherapy-induced 

myocardial injuries (Fig. 9b) [110], and status after radiofrequency ablation [111], indicating 

that 68 Ga-FAPI PET may be a promising modality for imaging cardiac diseases. Another 

cardiovascular disease for which 68 Ga-FAPI PET may be useful is immune checkpoint 

inhibitor (ICI)-associated myocarditis, which has a low incidence (around 1.4%) but a high 

fatality rate (up to 50%) [112]. ICIs are clinically useful in the treatment of cancer, and as 

such their use is increasing, but they are also known to cause cardiovascular side effects such 

as ICI-associated myocarditis. In a cohort study, 68 Ga-FAPI PET/CT was used for 26 cancer 

patients receiving ICIs (it was unclear which specific FAPI-based tracer was used in this 

study, likely 68 Ga-FAPI-04). Three patients with clinical manifestations of ICI-myocarditis 

showed elevated median SUVs in the myocardium compared to 23 non-myocarditis patients 

(Fig. 9c) [113]. This result indicated that 68 Ga-FAPI PET/CT could be a non-invasive 

method to diagnose ICI-associated myocarditis at an early stage. Moreover, combined with 

biomarkers, ECG, and echocardiography, it also contributes to cardiac risk stratification. 

Due to the relatively small number of enrolled patients, further studies need to be carried out 
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in a larger population to address the predictive value and the best time window to diagnose 

ICI-associated myocarditis via FAPI-PET/CT.

Osteoarticular disease

FAP can be found in arthritis and fibrosis [114]. A patient with a history of chronic 

prostatitis and left shoulder osteoarthritis underwent 68 Ga-FAPI-04 imaging and was found 

to have abnormal tracer uptake in the prostate (a biopsy confirmed prostate cancer) and 

the left shoulder [115]. Interestingly, the site of the shoulder arthritis showed higher 68 

Ga-FAPI-04 uptake than the tumor site, indicating that 68 Ga-FAPI-04 imaging may not be 

more tumor-specific than 18F-FDG. Recently, an increasing number of case studies reported 

that focal or widespread FAPI uptake could be observed in nonmalignant osteoarthrosis, 

including degenerative osteophyte [87, 116, 117], Schmorl node [87, 118], fracture [119, 

120], benign bone cyst [121], fibrous dysplasia [122, 123], ankylosing spondylitis [124], 

Baastrup disease [125], and osteoarthritis [126]. Although this phenomenon indicates the 

potential value of 68 Ga-FAPI imaging in inflammation, it may hamper its usefulness in 

tumors. Since patients undergoing FAPI imaging usually have a history of cancer, the 

false-positive of 68 Ga-FAPI uptake in some benign bone lesions suggests that radiologists 

should consider all clinical data comprehensively in the diagnosis.

Other diseases

Zhou et al. [127] indicated that 68 Ga-FAPI PET/CT might be useful in imaging thyroiditis 

and identifying benign/malignant thyroid lesions (it was unclear which specific FAPI-based 

tracer was used in this study, likely 68 Ga-FAPI-04). Gu et al. [128] reported a case with 

extrapulmonary tuberculosis mimicking a malignant tumor showing intense 68 Ga-FAPI 

uptake (it was unclear which specific FAPI-based tracer was used in this study, likely 
68 Ga-FAPI-04). This finding was similar to Hao’s report, which demonstrated that 68 

Ga-FAPI-04 PET/CT showed higher uptake in lung, spine, and brain tuberculous lesions and 

may help delineate the lesion extent in disseminated infection [129]. An increasing number 

of clinicians have observed increased uptake of 68 Ga-FAPI in wound healing, pancreatitis, 

Erdheim-Chester disease, Crohn’s disease, and so on, demonstrating its capability as a 

nonspecific tumor agent [130-133]. These observations demonstrate the potential of 68 

Ga-FAPI to image inflammation, which is important for clinicians to keep in mind when 

interpreting 68 Ga-FAPI images of patients with either cancer or inflammation, lest they 

ignore the other.

Radiotherapy planning with FAP imaging

Radiation therapy (RT) is one of the essential modalities of treatment for various types 

of cancers. The definition of the target volume to precision differentiation of tumor and 

adjacent healthy tissue is directly relevant to tumor therapeutic effect and toxicity to healthy 

tissue, making imaging and essential aspect of RT planning.

Syed et al. [134, 135] analyzed FAPI-based gross tumor volume (FAPI-GTV) using four 

different TBR thresholds (three-, five-, seven-, and tenfold) with conventional (CT-GTV) 

on 14 patients with head and neck cancers. Ah FAPI-GTVs were significantly different 
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from conventional CT-GTVs. Considering ah available clinical and imaging information, 

three times FAPI threshold (FAPI × 3-GTV, medium 66.7 ml, range 6.0–292.7) seemed 

to be reasonable for delineating tumor and healthy tissue in clinical practice. Windisch et 

al. [136] compared FAPI-GTV with MRI-GTV in 13 wild-type IDH glioblastoma patients. 

The result from MRI-GTVs was statistically smaller than FAPI × 5-GTV but equal to 

and larger than FAPI × 7 and FAPI × 10, respectively. Furthermore, adding FAPI-GTVs 

to MRI-GTVs significantly increased the GTV for all three thresholds. Röhrich et al. 

compared the value of 68 Ga-FAPI-02/46/74 PET/CT to conventional contrast-enhanced CT 

and magnetic resonance imaging for staging and RT planning in adenoid cystic carcinoma 

patients [137]. 68 Ga-FAPI-GTVs were acquired at three time points (10 min, 1 h, 3 h) 

based on the threshold values of 25–35% of SUVmax. Although the median volumes showed 

insignificant differences, images at 1 h were considered ideal for contouring since there was 

a considerable amount of non-specific FAPI uptake after 10 min and excessive washout in 

tumor lesions at 3 h. In several cases, small branches of tumors spreading along nerves, 

around cranial bones, or through cranial foramina were encompassed in FAPI-GTV but not 

in CT-GTV. Outstandingly, 68 Ga-FAPI-PET improved the accuracy of actual tumor volume 

delineation for RT compared to CT and MRI.

Ristau et al. [138] measured the potential usefulness of FAPI-PET/CT in RT planning 

of esophageal cancer patients. The extraordinary TBR resulted in precise target volume 

delineation, and FAPI-GTV was perfectly matched with endo-esophageal clipping, the gold 

standard to define tumor margins. Besides the excellent SUV values in primary esophageal 

tumors, the excellent ability to detect lymph node metastases using FAPI-PET/CT might 

provide additional information for target volume planning and help avoid tumor geographic 

misses [139]. Other research teams also demonstrated the practical value of FAPI-PET/CT 

on target volume definition in locally recurrent pancreatic cancer, lung cancer, and lower 

gastrointestinal tract cancer patients [42, 60, 138,140]. In conclusion, FAP-specific PET 

represents a promising imaging modality for RT planning that warrants further investigation. 

Future studies should focus on increasing the patient number and statistical reliability, and 

decrease the variability of delineation of tumor volumes.

Cancer treatment with radiolabeled FAPIs

Radionuclide theranostics and personalized medicine work well with one another via the 

optimum selection of an appropriate radiolabelled probe for the specific patient and form of 

cancer. In studies employing FAPI-based radiopharmaceuticals, low background in normal 

tissues with excellent TBR has been observed, making these a possible candidate for tumor 

theranostics. The macrocyclic bifunctional DOTA chelator enables FAPI to be radiolabelled 

with 68 Ga in addition to a therapeutic isotope such as 177Lu/90Y/225Ac, making these 

probes applicable to both PET imaging and radionuclide therapy. Additionally, Lindner et al. 

[35] conducted the first therapeutic application of 90Y-FAPI- 04 in a patient with metastatic 

breast cancer (Fig. 10). A dose of 2.9 GBq of 90Y-FAPI-04 was administered, and persistent 

localization was confirmed with bremsstrahlung imaging at even 1 day after injection. 

Furthermore, significant pain palliation was achieved even at the low dose administration, 

and no systematic side effects were observed.
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Although 68 Ga-labeled FAPIs compounds possess a very high rate of internalization 

of the tumor, a significant efflux resulting in relatively short intertumoral half-lives is 

still troubling. Developing newer compounds with prolonged tumor retention might be 

suitable approaches to improve the therapeutic effect. Nowadays, butyric acid-conjugated, 

truncated evans blue-conjugated, fatty acid-conjugated, and dimer strategies have been 

developed. These strategies prolonged the blood circulation or enhanced the tumor local 

FAPI concentration and optimized the pharmacokinetics when compared to their monomeric 

analogs [25, 26, 48, 140].

Recently, Ballal et al. [142] reported a case of advanced-stage breast cancer treated with 
177Lu-DOTA.SA.FAPI after exhausting multiple lines of chemotherapy. Dosimetry revealed 

an approximate absorbed tumor dose of 1.48E mGy/MBq and 3.46 mGy/MBq of 177Lu-

DOTA.SA.FAPI to the primary tumor and the brain metastasis, respectively. The patient 

experienced immediate relief in pain and improvement in quality of life. The authors then 

explored the safety and effectiveness of this treatment with FAPI-based targeted theranostics 

as a salvage treatment option in radioiodine-refractory differentiated thyroid cancer [143]. 

Preliminary data suggested that treatment with dimer 177Lu-DOTAGA. (SA.FAPI)2 is safe 

and effective as a new method to treat aggressive radioiodine-refractory differentiated 

thyroid cancer patients who have exhausted all standard lines of treatments.

Watabe et al. [37] demonstrated that 225Ac-FAPI-04 injection exhibited significant tumor 

growth suppression in PANC-1 xenograft mice in a preclinical study. Furthermore, 64Cu-

FAPI-04 PET/CT showed significantly higher accumulation levels in the tumor and healthy 

organs than 68 Ga-FAPI-04, suggesting that the 64Cu/67Cu theranostic pair could exhibit an 

exciting effect [1]. Beyond PET imaging, which can be difficult for small medical centers 

or lower-cost conditions, 99mTc-labeled SPECT may be an alternative to PET. Furthermore, 

the chemically homologous nuclide 188Re is available from generators, which may allow 

FAP-targeted radionuclude therapy [144].

Since FAPIs clear from the tumor more rapidly than other molecules such as PSMA or 

somatostatin receptor ligands, radionuclides with relatively short half-lives are preferable in 

order to match the probe’s pharmacokinetics. 188Re, 153Sm, 213Bi, or 212Pb may be much 

more suitable and deliver higher doses to tumor sites [7, 144]. Recently, a patient with lung 

metastases of a sarcoma underwent 153Sm-labeled FAPI-46 radionuclide therapy [145]. The 

short physical half-life (46.3 h) of 153Sm is a good match for the relatively short biological 

half-life of FAPI-46. Emission scans during therapy demonstrate tumor targeting up to 44 

h p.i. and rapid clearance from normal organs. The patient achieved stability for eight 

months after three treatment cycles with a cumulative 20 GBq 153Sm-FAPI-46. Although, 

one case is no proof of general efficacy, hopefully this study encourages further exploration 

of FAPI-based radionuclide therapy against soft tissue sarcoma.

Theranostics describes a close connection between diagnostics and consequent therapy. The 

term was probably first used in 1998 by John Funkhouser, and of course, this concept is 

not new in the nuclear medicine field [16]. It has been used for decades to treat benign 

and malignant thyroid diseases [146]. Moreover, in recent years, theranostics has been 

successfully applied to many other malignancies, including neuroendocrine tumors and 
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prostate cancer in particular. Radionuclide therapy not only has a palliative effect but can 

also prolong progression-free and overall survival. FAP as a therapeutic target in cancer 

was proposed and implemented soon after its discovery. Its unique enzymatic activity, the 

different expression between tumor tissue and normal tissue, and the importance of FAP-

positive stromal cells in shaping the tumor microenvironment make it a promising target to 

various solid tumors [23]. Since the stroma can account for up to 90% of the total tumor 

mass, stroma-targeted radionuclide therapy, breaking the tumor stroma barrier may increase 

tumor cell accessibility for pharmacologic, immunologic, or cell-based therapies [147, 148]. 

Additionally, simultaneous irradiation of CAFs and surrounding tumor cells may also be 

achieved through the crossfire effect. Furthermore, since FAP-expressing CAFs are known 

to be immunosuppressive, a combination with immunotherapy may produce a synergistic 

effect [6, 7].

To date, FAPI variants showed a relatively fast clearance from tumor sites, limiting the 

achievable radiation dose for therapeutic applications. Although many optimized structures 

have been developed, more studies are needed to verify the actual effectiveness of these 

FAP-directed radionuclide therapies [16]. In addition, the possible off-target effect on related 

proteases may occur in the application of radiolabeled FAPIs. In this regard, a parallel 

inhibition of DPP4 and/or DPP8/9 may significantly contribute to the immunomodulatory 

effects [149, 150]. One thing to keep in mind is that since FAP-targeted strategy may not 

be suitable for eradicating individually dispersed tumor cells that have not induced a strong 

stromal reaction, implementing this method shortly after surgical removal of tumors with 

therapeutic purposes may be problematic [23]. FAP expression varies even among tumor 

types that are known to be generally FAP-positive. The optimal timing and combination 

of FAP-targeting approaches with current therapeutic paradigms is yet another challenge. 

Therefore, it is critical for future clinical studies to be of precise prospective design to 

compare the new FAPI-based approaches with standard treatments.

Conclusion and future perspectives

The scientists who developed and optimized FAPIs and the researchers who evaluated 

FAPIs’ value in early clinical trials have made exceptional contributions. Based on the 

early scientific evidence, FAPI-PET imaging may open a new chapter in molecular 

imaging in oncological and non-oncological diseases (Table 1 and Fig. 11). Overall, 

considering radiotracer uptake and tumor-to-background uptake ratio, compared to 18F-

FDG-PET, FAPI-PET usually demonstrated an equal or higher detection rate of primary 

tumors and/or metastatic lesions, particularly in nasopharyngeal carcinoma, breast cancer, 

gastrointestinal tumors, and liver tumors. However, the most exciting aspect is its potential 

use as a theranostic tool, which might revolutionize the scope of radionuclide therapy and 

theranostics in the future. Although the available literature is encouraging, suggesting that 

FAPI outperforms 18F-FDG in various cancers, we emphasize that these studies have several 

limitations and are still preliminary, warranting further studies and trials. The limitations 

include (1) the patient populations were relatively small and heterogeneous; (2) most of 

the investigations were characteristic of moderate-to-low 18F-FDG-avid diseases, and the 

possible publication bias; (3) not all positive findings were confirmed histopathologically; 

and (4) follow-up time was relatively short. Notably, growing evidence has shown that 
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radiolabeled FAPI was not more tumor-specific than 18F-FDG (Table 2). Many cases 

of 68 Ga-FAPI variant imaging in non-cancer patients have been reported, and some of 

them were found by accident in patients during a tumor scan. Although, this phenomenon 

suggests that FAPI is a nonspecific tumor agent and highlights its potential value in benign 

diseases. Meanwhile, nuclear medicine clinicians should be aware of this potential pitfall 

when evaluating 68 Ga-FAPI imaging. Moreover, clinical studies are usually performed to 

evaluate the performance of 68 Ga-FAPI variants and 18F-FDG at certain stages of tumor 

progression rather than the longitudinal imaging of patients with a series of PET scans. 

In addition, researchers have found that stromal FAP intensity was negatively correlated 

to tumor stage and xenografted tumor sizes; FAP-dependent pathways may play a leading 

role in the early development of tumors but may be diluted and diminished as other growth-

promoting pathways predominate [151]. Since FAP has expressed different profiles in tumor 

development, it is premature to conclude that 68 Ga-FAPI outperformed 18F-FDG for the 

entire tumor metastatic process, or it is hard to determine at which certain stage 68 Ga-FAPI 

is more sensitive.

As a matter of fact, 18F-FDG accumulates in acute inflammation, whereas in recent studies, 

possibly due to a fibrotic reaction and FAP activation in chronic inflammation, increased 

radiolabeled FAPI uptake has been demonstrated. At the moment, FAPI-based imaging will 

not end the hegemony of 18F-FDG in oncology yet [152, 153]. Based on the available 

evidence, FAPI PET imaging is more accurately positioned as “not a replacement but 

a supplement” to 18F-FDG. Well-designed studies, including head-to-head comparisons, 

more extensive studies, ultimately randomized trials, and histopathological examinations, 

are needed to explore FAP-targeted applications’ diagnostic or therapeutic performance and 

clarify its usefulness in each disease and clinical setting.
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Fig. 1. 
Structures of representative FAPI-based tracers used in preclinical and clinical applications. 

Isotopes used to label these FAPIs are written in red in parenthesis
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Fig. 2. 
Axial view images (contrast-enhanced T1-weighted MRI, 68 Ga-FAPI-04 PET and fused 

images of both modalities) of an IDH-wildtype glioblastoma, an IDH-mutant astrocytoma, 

and an IDH-mutant glioblastoma. The IDH-wildtype glioblastoma and the high-grade IDH-

mutant glioblastoma both show foci with moderately to markedly increased tracer uptake 

(white arrows and yellow arrows) within the contrast-enhancing lesion. In contrast, the tracer 

uptake showed only slightly elevated in IDH-mutant astrocytoma and very low in healthy 

brain parenchyma. Figure adapted from Rohrich et al. [46]
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Fig. 3. 
A 58-year-old man with nonkeratinizing undifferentiated carcinoma of the nasopharynx. 
18F-FDG PET/MR (a) and 68 Ga-FAPI-04 PET/MR (b) both demonstrate intense tracer 

uptake at the NPC primary site (white arrow) and at multiple lymph nodes (circles) on both 

sides of the neck. 68 Ga-FAPI-04 PET/MR revealed the involvement of the occipital slope 

(yellow arrow) more clearly than 18F-FDG. Figure adapted from Qin et al. [39]
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Fig. 4. 
A 44-year-old man with a history of gastrectomy for gastric signet ring cell carcinoma 

presented with symptoms of abdominal pain and rising carcinoembryonic antigen levels. 

He underwent a PET/CT scan to detect recurrence. 68 Ga-FAPI-04 PET/CT images show 

intense activity throughout the abdomen and pelvis, especially around the liver and small 

bowel mesenterium (a). However, 18F-FDG PET/CT images revealed much lower tracer 

uptake in these regions (b). Figure adapted from Zhao et al. [56]
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Fig. 5. 
A 78-year-old man with moderately differentiated hepatocellular carcinoma (HCC) and liver 

cirrhosis. 68 Ga-FAPI-04 PET/CT (a, c) demonstrates an increased focal uptake (SUVmax 

= 4.05 and TBR = 3.93) in the liver, while 18F-FDG PET/CT (b, c) scans showed non-FDG-

avid lesion (SUVmax = 2.55 and TBR = 1.20) indicated by arrows. Figure adapted from Guo 

et al. [64]
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Fig. 6. 
Eight patients with pancreatic cancer underwent 18F-FDG and 68 Ga-FAPI-04 PET/CT 

imaging. 68 Ga-FAPI-04 PET/CT outperformed 18F-FDG in detecting primary tumors 

(solid arrows), supraclavicular lymph node metastases (arrowhead), abdomen lymph node 

metastases, liver metastases, peritoneal carcinomatosis, and bone metastases (dotted arrows) 

(a). The patient with pancreatic cancer was visible the high metabolic activity of the primary 

tumor on the 18F-FDG PET/CT and 68 Ga-FAPI-04 PET/CT scan (solid arrows). However, 

the 1-h image for 68 Ga-FAPI-04 PET/CT (middle line) demonstrated intense 68 Ga-FAPI-04 

uptake in the body and tail of the pancreas (white and black dotted arrows) and moderate 

FAPI uptake in the intrahepatic bile duct (red dotted arrows). 3-h delayed 68 Ga-FAPI-04 

PET was performed to differentiate between malignant and benign lesions (right line). The 

SUVmax value of the primary tumor was slightly elevated, whereas the SUVmax values 

of the pancreatitis lesions were decreased compared to the 1-h standard image (b). A 53-
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year-old man suffered from retrosternal and laryngeal discomfort for more than 9 months. 

Laboratory testing revealed a high CEA level (11.3 μg/L). 68 Ga-FAPI-04 PET/MR revealed 

focal uptake in the pancreatic neck with a negative corresponding MR signal. Furthermore, 

no abnormal lesions were found in subsequent DCE-MRI and EUS (c). Figure adapted from 

Pang et al. [71] and Zhang et al. [72]
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Fig. 7. 
(a) A 60-year-old woman with triple-negative breast cancer. Neither liver and lung 

metastases (morphologically observed) nor local relapse demonstrated pathologic uptake 

in 18F-FDG PET. However, 68 Ga-FAPI-46 PET showed elevated tracer uptake in metastatic 

lesions (white arrowheads) and local relapse (black arrowhead). Additional osseous 

metastasis that was previously not discernible is noted (arrow). (b) A 70-year-old patient 

was diagnosed with CRPC. 68 Ga-FAPI-04 PET/CT demonstrated bone (dotted arrows) 

and pulmonary metastases (solid arrows). (c) A 76-year-old woman previously underwent 

total thyroidectomy surgery to treat papillary thyroid carcinoma. The 68 Ga-FAPI PET/CT 

showed more and higher metabolic lesions than 18F-FDG (it was unclear which specific 

FAPI-based tracer was used in this study, likely 68 Ga-FAPI-04). 18F-FDG PET/CT showed 

destruction of the skull without 18F-FDG uptake (solid arrow), liver mass with moderate 

FDG uptake (dotted arrows), and enlarged retroperitoneal lymph node with mild FDG 

uptake (curved arrow). The axial of 68 Ga-FAPI PET/CT showed destruction of the 

skull with intensive FAPI uptake, liver mass with intensive FAPI uptake, and enlarged 

retroperitoneal lymph node with moderate FAPI uptake. (d) A 31-year-old woman presented 

with a history of chest pain. Ultrasonography showed massive pericardial effusion, and 

subsequent pericardiocentesis drained the bloody pericardial effusion. The patient underwent 
18F-FDG to detect the primary tumor; however, no abnormal activity was observed. Follow-

up with 68 Ga-FAPI PET/CT was performed to improve detection (it was unclear which 

specific FAPI-based tracer was used in this study, likely 68 Ga-FAPI-04). A focus with 

increased 68 Ga-FAPI uptake in the right chest was revealed (black arrow). The axial 

PET/CT views localized this abnormality in the right atrium (white arrow), with a target/

myocardium ratio of 3.9. Figure adapted from Backhaus et al. [76], Kesch et al. [86], Wu et 

al. [91] and Zhao et al. [94]
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Fig. 8. 
Intraindividual comparison of 6 patients with IgG4-RD undergoing 18F-FDG and 68 Ga-

FAPI-04 PET/CT. Examples show superiority of 68 Ga-FAPI-04 to 18F-FDG in depicting 

involvement of IgG4-RD in the pancreas (patients 13, 15, 17, and 18), bile duct/liver 

(patients 13, 15, and 17), retroperitoneal fibrosis (patient 21), lung/pleura (patient 25), and 

salivary gland (patients 13 and 17). Hypermetabolic lymph nodes in 18F-FDG-PET/CT did 

not show uptake of 68 Ga-FAPI-04 (patients 15 and 17). Renal involvement (patients 15 

and 18) was both 18F-FDG-avid and 68 Ga-FAPI-04-avid. There was also unspecific 68 

Ga-FAPI-04 uptake in the uterus (patients 21 and 25). Figure adapted from Luo et al. [97]
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Fig. 9. 
Representative 68 Ga-FAPI PET images of cardiovascular disease. (a) A 62-year-old woman 

presenting with STEMI underwent FAPI PET imaging 9 days after angiography. The 

subtotal stenosis of the mid-LAD is visualized perfectly matching the apical/apicoseptal 

tracer uptake in the PET scan. (b) A 67-year-old male patient with pancreatic ductal 

adenocarcinoma had received systemic cancer therapy with gemcitabine and Nab-Paclitaxel. 

During the disease, 68 Ga-FAPI PET showed an intensive tracer accumulation of the left 

ventricular myocardium, indicating it may be capable of detecting chemotherapy-induced 

myocardial injuries (it was unclear which specific FAPI-based tracer was used in this study, 

likely 68 Ga-FAPI-04). (c) 68 Ga-FAPI PET/CT illustrates ICI-associated myocarditis. Bulls 

Eye Illustration of SUVs showing their distribution in the myocardium of the left ventricle in 

17 defined areas. The enrichment is shown for ICI-associated myocarditis patients #1-#3 

(left panel). In comparison, the median signal of patients who have received immune 

checkpoint inhibitors without signs of myocarditis is summarized (right panel). STEMI, 

ST-segment elevation myocardial infarction; LAD, left anterior descending (artery); D1, D2, 

diagonal branches of LAD. Figure adapted from Kessler et al. [103], Totzeck et al. [110] and 

Finke et al. [113]
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Fig. 10. 
PET maximum-intensity projection of a patient with metastasized breast cancer 1 h after 

administration of 270 MBq of 68 Ga-FAPI-04. Robust uptake is seen in metastases (a). 

Bremsstrahlung images showing uptake at 3 h and even 1 day after treatment with 90Y-

FAPI-04 in same patient (b). Figure adapted from Lindner et al. [35]
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Fig. 11. 
A summary of FAPI-based PET/SPECT imaging in human oncological (left side) and 

non-oncological (right side) diseases
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