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Abstract: Fibroblast activation protein (FAP) is a type Il transmembrane serine protease overexpressed in cancer-associated fibroblasts
(CAFs) and has been associated with poor prognosis. PET/CT imaging with radiolabeled FAP inhibitors (FAPI) is currently being studied
for various malignancies. This review identifies the uses and limitations of FAPI PET/CT in malignancies and compares the advantages
and disadvantages of FAPI and 8F-fluorodeoxyglucose ([*8F]FDG). Due to high uptake, rapid clearance from the circulation, and limited
uptake in normal tissue, FAPI tumor-to-background contrast ratios are equivalent to or better than [*F]FDG in most applications. In
several settings, FAPI has shown greater uptake specificity than [*®F]FDG and improved sensitivity in detecting lymph node, bone, and
visceral tissue metastases. Therefore, FAPI PET/CT may be complementary in distinguishing pathological lesions with conventional im-
aging, determining the primary site of malignancy, improving tumor staging, and detecting disease recurrence, especially in patients with
inconclusive [*F]FDG PET/CT findings. Nevertheless, FAPI has limitations, including certain settings with non-specific uptake, modified
uptake with age and menopause status, challenges with clinical access, and limited clinical evidence.
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Introduction

Molecular imaging allows for visualizing and characteriz-
ing biological processes at the tissue level [1]. Positron
emission tomography (PET), a molecular imaging modali-
ty, utilizes radionuclide-labeled biomarkers, also known
as radiotracers, to evaluate tissue function. PET can iden-
tify functional changes earlier than structural imaging
modalities and capture the functional state of tissues
[2]. The most commonly used PET radiotracer is
18F-fluorodeoxyglucose ([*8F]FDG), a glucose analog. [*8F]
FDG uptake directly correlates with cellular metabolic
rate and GLUT transporter expression [3], making [*8F]
FDG PET/CT valuable for imaging malignant, infectious,
and inflammatory processes due to increased [*¥F]FDG
uptake in cells with elevated glycolytic activity, such as
cancer cells or activated granulocytes [4, 5]. However,
[*8F]FDG lacks optimal specificity for malignancies, result-
ing in low tumor-to-background ratios (TBRs) and low sen-
sitivity for certain cancers [6]. To address these limita-
tions, researchers have focused on developing new
radiotracers, including radiolabeled fibroblast activation
protein inhibitors (FAPIs) [6, 7].

Fibroblast activation protein (FAP) is a 760-amino-acid,
type Il transmembrane glycoprotein that belongs to the
serine protease family. It is expressed in stromal fibro-
blasts in more than 90% of epithelial malignancies and
malignant cells in glioblastoma, breast, colorectal, cervi-
cal, pancreatic, and oral squamous cell carcinomas
[8-10]. Overexpression of FAP is linked to increased local
tumor invasiveness, lower survival, and poor prognosis
[9-11]. Activated fibroblasts and FAPs are only expressed
in reactive tumor stroma or fibrosis. The normal stroma
contains only a small number of quiescent fibroblasts
with low or undetectable FAP expression [12]. This selec-
tive expression makes FAP an excellent biomarker for
identifying and targeting tumors. One of the promising
applications of targeting FAP is through the use of FAP
inhibitors (FAPI). These inhibitors can be radiolabeled and
used in PET imaging for targeted imaging of various can-
cers (Figure 1) [13-15].

While most radiotracers are utilized only diagnostically
due to notable physiological uptake, the highly selective
expression of FAP allows for paired theragnostic approach-
es. Much of the current work in FAPI research is per-
formed with quinoline-based, small-molecule FAPI deriva-
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Figure 1. Maximum-intensity projection images of [®®Ga]Ga-FAPI PET/CT scans demonstrating 15 distinct histologically proven tumor
types, with the tumors sorted based on their uptake levels in descending order. Abbreviations used to represent specific tumor entities:
Ca (cancer), CCC (cholangiocellular carcinoma), CUP (carcinoma of unknown primary), MTC (medullary thyroid cancer), and NET (neu-
roendocrine tumor). Adapted from Journal of Nuclear Medicine [15]. © by the Society of Nuclear Medicine and Molecular Imaging, Inc.

tives with a high affinity for FAP and a superior
pharmacokinetics [10]. To utilize their unique imaging
properties, FAPI has been labeled with ®8Gallium (°8Ga)
and *8Fluorine (*8F). The chemical structures of some FAPI
compounds are shown in Figure 2 [16].
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The first FAPI tracers introduced in clinical research were
labeled with 68Ga, which has a relatively short half-life of
68 minutes; this limited the accessibility of [**Ga]Ga-FAPI
in centers without onsite production [10]. *8F has a longer
half-life of 109.8 minutes and is easier to produce, which
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Figure 2. The chemical structures of a few FAPI compounds have been studied in preclini-
cal and/or clinical studies. Adapted without any changes from EJNMMI Radiopharmacy
and Chemistry [16] under the Creative Commons Attribution 4.0 International License

(CC BY). https://creativecommons.org/licenses/by/4.0/.

allows for longer distance transit of higher quantities [10].
Another benefit of [*8F]FAPI may be a higher resolution on
PET imaging due to the lower positron energy of *8F com-
pared to °8Ga [10]. As such, *8F-labeled FAPI appears to
be more favorable for clinical applications.

Initial studies have claimed that FAPI radiotracers may
replace [*®F]FDG for oncological and non-oncological con-
ditions [17, 18], but controversies remain [19]. Research
comparing the clinical applicability and efficacy of various
FAPI-based PET radiotracers to that of [*8F]FDG is still lim-
ited. This literature review aims to identify the potential
advantages and known limitations of FAPI PET/CT in
malignant disorders and the comparative performance of
FAPI-based radiotracers vs. [*F]FDG PET/CT. While FAPI,
as a theragnostic agent, also has therapeutic value, we
will mainly focus on its diagnostic performance in this
review.
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Comparing FAPI PET/CT
and [*®F]FDG PET/CT

FAPI-01
(*2°1) The studies included in this review
comparing FAPI PET/CT and [*8F]FDG
PET/CT in malignancies were evaluat-
ed based on their performance in

four main categories: tracer uptake,

FAP|-02 tumor-to-background ratio (TBR), de-

tection of primary tumors, and detec-

%8Ga, (7Lu) tion of metastases. The results are
l summarized in Table 1.

Higher tumor uptake of

FAP|-04 FAPI tracers than [*®F]FDG

A majority (24/34) of the studies we
reviewed reported a higher tumor

l uptake of FAPI tracers than [*®F]FDG.

Although there were variations in
uptake among different cancer types,
FAPI uptake was equal to or compa-
rable to [*8F]FDG in a majority of the
cancers. Some examples of cancers
that demonstrated higher uptake of

FAPI than [*®F]FDG include breast

cancer, gastric adenocarcinoma, gas-

trointestinal signet cell carcinoma,
and other gastrointestinal malignan-
cies. FAPI also showed significantly
higher uptake than [*®F]FDG in brain
metastases. However, the uptake of
FAPI was comparable to [*®F]FDG in
squamous cell carcinoma, prostate
cancer, hepatocellular carcinoma,
and hepatic metastases due to breast
cancer. Notably, the uptake of FAPI
was lower than [*®F]FDG in nasopha-
ryngeal carcinoma and hematological malignancies such
as lymphoma and multiple myeloma. FAPI PET/CT could
also be beneficial in differentiating autoimmune pancre-
atitis and pancreatic cancer, with FAPI exhibiting uniform-
ly higher uptake throughout the pancreas in autoimmune
pancreatitis, unlike [*®*F]FDG PET/CT.

FAPI-21

GSG a, (177 LU)

FAPI-46

Kuyumcu et al. did an intraindividual comparison of [*8F]
FDG and [*®Ga]Ga-FAPI-04 uptake among seven patients
with various histopathologically proven tumors. They
demonstrated the uptake of [*®Ga]Ga-FAPI-04 was supe-
rior to or equal to [*®F]FDG in the metastatic lesions
(Figure 3) [53].

While comparing [¢8Ga]Ga-FAPI PET/CT and [*®F]FDG PET/
CT in 48 patients with breast cancer, [°8Ga]Ga-FAPI PET/
CT detected additional lesions due to higher tracer
uptake, resulting in upstaging in half of the patients in the
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Table 1. The main results of studies reviewed to compare [*®F]FDG and FAPI radiotracers in various cancers

S.N. Type of cancer

Authors/Year published

Type of study
(number of patients)

Type of FAPI
tracer studied

Uptake of FAPI
tracer vs. [*8F]FDG

TBR of radiola-
beled FAPI tracer
compared to
[*8F]FDG

Superiority of FAPI
tracer vs. [*8F]FDG
in the detection of
primary tumors

Superiority of FAPI
tracer vs. [*®F]FDG
in the detection of
metastatic tumors

1 Breast cancer Komek et al. (2021) [20] Prospective study (20) [®®Ga]Ga-FAPI-04 Significantly higher Significantly higher Superior Superior
2 Breast cancer Elboga et al. (2021) [21] Retrospective study (48) [°8Ga]Ga-FAPI-04 Significantly higher Significantly higher  Superior Superior
3 Gastric carcinoma Qin et al. (2022) [22] Prospective study (20) [¢®Ga]Ga-FAPI-04 Significantly higher Significantly higher Superior Superior
4 Gastric cancer Jiang et al. (2022) [23] Retrospective study (38) [°8Ga]Ga-FAPI-04 Significantly higher N/A Superior Superior
5 Gastric adenocarcinoma Kuten et al. (2022) [24] Prospective study (13) [°8Ga]Ga-FAPI-04 Not significantly different  Significantly higher Superior Superior
6 Primary gastric lymphoma Wang et al. (2021) [25] Case study (1) [®8Ga]Ga-NOTA-FAPI-04  Significantly higher N/A Superior Not reported
7 Esophageal carcinoma Rao et al. (2021) [26] Case study (1) [°8Ga]Ga-FAPI-04 Significantly higher N/A Not reported Not reported
8 Signet ring cell carcinoma of sigmoid colon Fu et al. (2021) [27] Case study (1) [®®Ga]Ga-FAPI-04 Significantly higher Significantly higher  Superior Superior
9 Appendiceal mucinous adenocarcinoma Qiu & Chen et al. (2021) [28] Case study (1) [°8Ga]Ga-FAPI Significantly higher N/A Superior Superior
10 Hepatocellular carcinoma Wang et al. (2021) [29] Retrospective study (25) [®®Ga]Ga-FAPI-04 Similar Significantly higher Superior Not reported
11 Cholangiocarcinoma Siripongsatian et al. (2021) [30] Case study (1) [*®Ga]Ga-FAPI-46 Significantly higher Significantly higher Superior Superior
12 Gastrointestinal system cancer Sahin et al. (2021) [31] Prospective study (31) [°8Ga]Ga-FAPI-04 Not significantly higher N/A Not reported Superior
13 Head and neck cancer Gu et al. (2022) [32] Prospective study (18) [°8Ga]Ga-FAPI-04 Significantly higher Significantly higher Superior Similar
14 Head and neck cancer Syed et al. (2020) [33] Prospective cohort study (14) [%®Ga]Ga-FAPI Significantly higher Significantly higher  Superior Not reported
15 Nasopharyngeal carcinoma Qin et al. (2021) [34] Prospective study (15) [®®Ga]Ga-FAPI-04 Lower N/A Same Superior
16 Alveolar soft part sarcoma Zhou et al. (2021) [35] Case study (1) [°8Ga]Ga-FAPI-04 Significantly higher Significantly higher Superior Superior
17 Solitary fibrous tumor Wang et al. (2021) [36] Case study (1) [®®Ga]Ga-FAPI Significantly higher N/A Superior Superior
18 Neuroendocrine tumor Wang et al. (2021) [37] Case study (1) [°8Ga]Ga-FAPI-04 Significantly higher Significantly higher Superior Superior
19 Squamous cell carcinoma Linz et al. (2021) [38] Pilot study (10) [68Ga]Ga-FAPI-04 Statistically insignificant ~ N/A Same Similar
20 Prostate Cancer Xu et al. (2021) [39] Case study (1) [°8Ga]Ga-FAPI-04 Similar N/A Similar Similar
21 Prostate Cancer Khreish et al. (2020) [40] Case study (1) [°8Ga]Ga-FAPI-04 Significantly higher N/A Similar Similar
22 Various Cancer Lan et al. (2022) [41] Prospective study (123) [°8Ga]Ga-FAPI-04 Significantly higher N/A Superior Superior
23 Various Cancer Giesel et al. (2021) [14] Retrospective study (71) [%8Ga]Ga-FAPI-02 N/A N/A Superior Superior
[*®Ga]Ga-FAPI-04
[*%Ga]Ga-FAPI-46
[*%Ga]Ga-FAPI-74
24 Various Cancer Zhao et al. (2021) [42] Retrospective study (46) [°8Ga]Ga-FAPI-04 Significantly higher N/A N/A Superior
25 Various Cancer Ballal et al. (2020) [43] Prospective study (54) [®®Ga]Ga-DOTA.SA.FAPi  Significantly higher Significantly higher Not significant Superior
26 Various Cancer Guo et al. (2021) [44] Retrospective study (34) [°Ga]Ga-FAPI-04 Significantly higher N/A Superior Superior
27 Cervical Cancer Wegen et al. (2023) [45] Retrospective study (7) [°8Ga]Ga-FAPI-46 N/A Significantly higher N/A Superior
28 Gastric, duodenal and colorectal cancer Liu et al. (2023) [46] Prospective study (41) [°8Ga]Ga-FAPI-04 Significantly higher for N/A Not Significant Superior
nodal metastasis
29 Breast cancer Zheng et al. (2023) [47] Prospective study (34) [°8Ga]Ga-FAPI Significantly higher Significantly higher  Superior Superior
30 Ovarian cancer Zheng et al. (2023) [48] Retrospective (27) [°Ga]Ga-FAPI-04 Not significantly higher Significantly higher  Superior Superior
31 Gastric signet-ring-cell carcinoma Chen et al. (2023) [49] Retrospective (34) [¢®Ga]Ga-FAPI Significantly higher Significantly higher  Superior Superior
32 Bladder cancer Novruzov et al. (2022) [50] Retrospective (8) [%8Ga]Ga-DOTA-FAPI Significantly higher Significantly higher Superior Superior
33 Head and neck cancer Wegen et al. (2022) [51] Retrospective (15) [°8Ga]Ga-DOTA-FAPI-46  Significantly higher Significantly higher Comparable Comparable
34 Nasopharyngeal Carcinoma Zheng et al. (2022) [52] Retrospective (47) [°8Ga]Ga-FAPI N/A N/A Superior Inferior
Total 34 studies reviewed 803 patients in total 24/34 studies had 18/34 studies 23/34 studies had 24/34 studies had
higher uptake of FAPI had higher TBR for  superior detection of  superior detection of
PET tracer than [*®F]FDG  FAPI tracer than primary tumors than  metastatic tumors
[*®F]FDG. TBR was  [*®F]FDG than [*®F]FDG
not reported in
the remaining 16
studies.
193 Am J Nucl Med Mol Imaging 2024;14(4):190-207
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Figure 3. Intraindividual comparison of [*F]FDG and [*®Ga]Ga-FAPI-04 PET maximum-intensity projection images of seven patients with various histopathologically proven tumors. The

uptake of [*8Ga]Ga-FAPI-04 was superior to or equal to [*F]FDG in the metastatic lesions. Adapted without any changes from Frontiers in Oncology [53] under the Creative Commons
Attribution 4.0 International License (CC BY). https://creativecommons.org/licenses/by/4.0/.
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Figure 4. The staging PET/CT scans with [®®Ga]Ga-FAPI-04 (A-C) and [*®F]FDG (D-F) of a 65-year-old female patient with poorly differenti-
ated gastric adenocarcinoma showed that the primary tumor was positive for [#¥Ga]Ga-FAPI-04 and negative for [*®F]FDG (SUVmax 11.8
and 2.3, respectively). A perigastric lymph node also demonstrated an SUVmax of 0.3 with [*8Ga]Ga-FAPI-04 and 2.3 with [*®F]FDG.
Adapted without any changes from the European Journal of Nuclear Medicine and Molecular Imaging [24] under the Creative Commons
Attribution 4.0 International License (CC BY). https://creativecommons.org/licenses/by/4.0/.

post-chemotherapy group [21]. In a prospective study of
20 women with primary and recurrent breast cancer, [*8F]
FDG and FAPI PET/CT scans were performed; FAPI imag-
ing showed greater SUVmax than [*8F]FDG for primary
breast tumors, lymph nodes, lung metastases, and bone
metastases. However, the SUVmax of hepatic metasta-
ses did not differ between these imaging techniques [20].
For gastric cancer, although the difference in SUVmax of
[*8Ga]Ga-FAPI-04 and [*F]FDG was not statistically sig-
nificant, the higher tumor-to-background ratio for [68Ga]
Ga-FAPI-04 led to a 100% detection rate of all ten primary
gastric tumors (vs. 50% for [*¥F]FDG) and peritoneal carci-
nomatosis (none for [*F]FDG) (Figures 4 and 5) [23, 24].

In another multicenter retrospective study including 34
patients with gastrointestinal signet cell carcinoma
(GSCC), [°8Ga]Ga-FAPI-04 had a clearly higher SUVmax

195

compared to [*F]FDG in primary tumors, lymph nodes
and distal metastases [49]. However, in other prospective
studies with 13 gastric adenocarcinomas [24] and 31
patients with gastrointestinal malignancies [31], [*®Ga]
Ga-FAPI-04 uptake was not significantly different from
[*8F]FDG [24, 31]. [°*®Ga]Ga-FAPI-04 and [*8F]FDG also had
comparable SUVmax for hepatocellular carcinoma in a
retrospective study of 25 patients [29]. Nonetheless,
[*®Ga]Ga-FAPI-04 uptake was also similar to [*F]FDG in a
pilot study done on 10 patients with squamous cell carci-
noma [38] and a case of prostate cancer [39]. Among the
studies done in patients with multiple cancers, [¢8Ga]
Ga-FAPI-04 uptake was higher for most cancers except
for lymphoma and multiple myeloma, suggesting the lim-
ited usefulness of FAPI in hematological malignancies
[24]. Similarly, FAPI uptake was lower than [*¥F]FDG in a
study on nasopharyngeal carcinoma [34]. It was statisti-

Am J Nucl Med Mol Imaging 2024;14(4):190-207
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Figure 5. Staging FAPI (A, D) and FDG (B, E) PET/CT scans of a 78-year-old male with poorly differentiated gastric adenocarcinoma
demonstrated an intense FAPI uptake in the primary tumor and peritoneal carcinomatosis compared to FDG (SUVmax 23 and 6.8 for
the primary tumor; tumor-to-background ratio 11.5 and 3.8; SUVmax 7.5 and 2.3 for peritoneal carcinomatosis, respectively). Follow-up
FAPI PET/CT (C, F) conducted after four months of chemotherapy indicated disease progression. Adapted without any changes from the
European Journal of Nuclear Medicine and Molecular Imaging [24] under the Creative Commons Attribution 4.0 International License
(CC BY). https://creativecommons.org/licenses/by/4.0/.

cally insignificant for primary tumors but significantly
lower for lymph nodes [34].

['8F]FDG PET/CT confers difficulties in differentiating
autoimmune pancreatitis from pancreatic cancer, espe-
cially in focal autoimmune pancreatitis when there is no
evidence of inflammation in other organs (such as salivary
glands, orbit, thyroid, lung, retroperitoneal, kidney, and
lymph nodes). [*8Ga]Ga-FAPI targets FAP, which is abun-
dant in tumor stroma and inflammatory tissue with sub-
stantial fibroblast proliferation, such as plasma cell-medi-
ated sclerosing inflammation. In a case report, pancreatic
inflammation appeared similar to focal malignant lesions
on [*¥F]FDG PET/CT [54]. However, [8Ga]Ga-FAPI-04 PET/
CT revealed uniformly higher uptake throughout the pan-
creas, ruling out possible malignancy and confirming
immunoglobulin G4-related disease (IgG4-RD). Hence, it
demonstrated that [®8Ga]Ga-FAPI-04 PET/CT is more sen-
sitive than [*®F]FDG PET/CT for 1gG4-RD and may assist in
improving the distinction between pancreatitis and pan-
creatic cancer (Figures 6 and 7) [54, 55].

As ®8Ga-labeled FAPI agents are becoming popular in vari-
ous preclinical and clinical imaging studies, there is a
growing tendency to modify the FAPI tracers and identify
their specific usefulness. The biodistribution, pharmaco-
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kinetics, and dosimetry of [**Ga]Ga-DOTA.SA.FAPI, anoth-
er modified FAPI tracer, was compared to [*®F]FDG PET/CT
among fifty-four patients with 14 types of cancer (includ-
ing 37% breast, 24% lung, 7.4% head and neck (H&N), and
31.6% with other histologies). Standardized uptake val-
ues corrected for lean body mass (SUL) were used to
quantify tracer uptake. In patient-based comparisons,
both radiotracers showed concordance for detecting
primary malignancy, pleural thickening, bone and liver
metastases, and second primary malignancy. Lymph
nodes (7.5%), lung nodules (5.6%), and brain metastases
(2%), however, showed discrepancies. Among the primary
disease sites, patients with H&N cancer had the highest
SULpeak and SULavg [*8Ga]Ga-DOTA.SA-FAPI, similar to
those of [*8F]FDG. On the other hand, lung cancer had the
lowest uptake for both radiotracers. Unlike [*®F]FDG,
[°8Ga]Ga-DOTA.SA.FAPI had a significantly higher ratio of
SULpeak (and SULavg) for brain metastases compared to
normal brain parenchyma, increasing its usefulness in
diagnosing brain metastases. However, except for brain
metastases, the radiotracers had equivalent SULpeak
and SULavg in all other regions of metastases without
any significant differences. Thus, [®8Ga]Ga-DOTA.SA.FAPI
could be a promising FAPI agent with performance com-
parable to the standard-of-care radiotracer, [*®F]FDG, in
diagnosing various cancers [43].

Am J Nucl Med Mol Imaging 2024;14(4):190-207
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Figure 6. ['®F]FDG PET/CT images of 1gG4-RD showed a mild increase in [*®F]FDG uptake in the uncinate process and neck of the pan-
creas, making it challenging to distinguish from pancreatic cancer. Adapted without any changes from the European Journal of Hybrid Im-
aging [55] under the Creative Commons Attribution 4.0 International License (CC BY). https://creativecommons.org/licenses/by/4.0/.

Higher tumor-to-background ratio with
FAPI compared to [*8F]FDG

The target-to-background ratio (TBR) in PET imaging is a
measure used to assess the contrast between the area of
interest (the “target”, such as a tumor or lesion) and the
surrounding tissue (the “background”) [56]. It is calculat-
ed as the ratio of the target region’s PET signal intensity to
the background region’s PET signal intensity. A high TBR
indicates a clear distinction between the target and the
background, suggesting the target is well visualized
against the surrounding tissue. This is particularly impor-
tant in diagnostic imaging, as it affects the ability to accu-
rately detect and characterize lesions or abnormalities. In
clinical practice, a high TBR is desirable because it
enhances the visibility of pathological regions, making it
easier for radiologists to identify and assess tumors or
other areas of interest (Figure 8) [57]. As noted in Table 1,
18 out of 34 studies reported higher TBRs with FAPI com-
pared to [*8F]FDG, whereas TBR was not reported in the
remaining 15 studies. Low levels of FAPI accumulation in
physiological tissues are expected and allow for superior
detection of primary and metastatic lesions in those
organs compared to [*®F]FDG.

In a prospective study done among 20 women with pri-
mary and recurrent breast cancer, FAPI imaging showed
higher TBR in breast, hepatic, bone, brain, and lung

197

metastases compared to [*®F]FDG [20]. Giesel et al. found
[*8Ga]Ga-FAPI ([*®®Ga]Ga-FAPI-02, [8Ga]Ga-FAPI-04, [*8Ga]
Ga-FAPI-46, and [*®Ga]Ga-FAPI-74) had significantly lower
SUVmax compared to [*8F]FDG in background tissues
such as the brain, oral mucosa, blood pool, myocardium,
liver, pancreas, and colon [14]. Therefore, lower levels of
[®®8Ga]Ga-FAPI uptake at tumor sites allow one to distin-
guish lesions from the background [14]. In a study of
nasopharyngeal carcinoma by Qin et al., SUVmax in pri-
mary tumors was comparable between [8Ga]Ga-FAPI-04
and [*®F]FDG, but the low levels of physiological uptake of
[®8Ga]Ga-FAPI-04 in the brain allowed for superior tumor
delineation and higher TBRs, such that [*®Ga]Ga-FAPI-04
led to the detection of the skull base and intracranial inva-
sion, whereas [®F]FDG imaging unable to capture this
invasion [34]. Nonetheless, a study analyzed variables
linked to [*®Ga]Ga-FAPI-04 uptake in hepatocellular carci-
noma (HCC). In [®®Ga]Ga-FAPI-04 positive lesions, TBR
was correlated with tumor size but not with other clinical
and pathological characteristics [29].

Superior detection of primary tumors
with FAPI compared to [*®F]FDG

[®®Ga]Ga-FAPI is a superior tracer to [*®F]FDG for the
detection of various primary and metastatic tumors,
including gastric, pancreatic, head and neck, and solitary
fibrous tumors (Figure 9) [58]. FAPI PET/CT has shown the

Am J Nucl Med Mol Imaging 2024;14(4):190-207
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Figure 7. [®®Ga]Ga-FAPI PET/MR images of IgG4-RD revealed intensely increased [*8Ga]Ga-FAPI uptake throughout the entire pancreas
and a dilated bile duct, leading to a definitive diagnosis of IgG4-RD. Adapted without any changes from the European Journal of Hybrid
Imaging [55] under the Creative Commons Attribution 4.0 International License (CC BY). https://creativecommons.org/licenses/by/4.0/.

68Ga-FAPI 18F-FDG

15
»

.
[0

Figure 8. An 80-year-old male patient with lung cancer (indicated by green arrows) was diagnosed using ['8F]FDG PET/CT. Subsequent
[®8Ga]Ga-FAPI PET/CT imaging revealed comparable tracer uptake (SUVmax: 15.99 for [*8F]FDG vs. 17.95 for [8Ga]Ga-FAPI). A notable
advantage of [®8Ga]Ga-FAPI, in this case, was the absence of uptake in the cardiac muscle, which is prominently observed with [**F]FDG
(indicated by red arrow). Adapted without any changes from the European Journal of Nuclear Medicine and Molecular Imaging [57] under
the Creative Commons Attribution 4.0 International License (CC BY). https://creativecommons.org/licenses/by/4.0/.
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Figure 9. Representative comparison of eight patients with different tumor entities undergoing [*®F]FDG PET and [*®Ga]Ga-FAPI-04 PET imaging within less than one week. Solid arrows
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potential to identify primary tumors in cases where other
diagnostic modalities cannot do so, even for small tumors
with low glucose metabolic activity.

For example, one study compared [*®Ga]Ga-FAPI-04 and
[*8F]FDG for gastric tumors [24]. Only five out of ten tumors
were initially detected using [®F]FDG. However, signifi-
cantly higher TBRs with FAPI detected all ten primary
gastric tumors [24]. In another case study, a 68-year-
old female with a right hepatic lobe mass, elevated
a-fetoprotein (>54,000 ng/mL), and neuroendocrine car-
cinoma (Ki-67 proliferation index of 80%) exhibited a high-
er [°8Ga]Ga-DOTA-FAPI-04 uptake than [*®F]FDG uptake
[59]. The potential influence of physiologic FAP expression
by pancreatic Langerhans islet alpha cells on FAPI PET
was examined by a retrospective study, which included
pancreatic tissues from a cohort of 40 patients, compris-
ing 24 males and 16 females, with a median age of 68
years (range: 14-84 years) [60]. Among these patients, 20
had NETs, and 20 had pancreatic ductal adenocarcino-
ma. The immunohistochemistry analysis consistently
revealed FAP expression with a score of 2 in the alpha
cells of the pancreatic Langerhans islets in all 40 patients,
regardless of cancer type. Notably, 8 out of the 20 patients
with pancreatic adenocarcinoma had received neoadju-
vant chemotherapy, but there were no observed differ-
ences in FAP expression based on chemotherapy status.
This suggests that FAP expression in the pancreas is
unlikely to impact the diagnostic accuracy of FAP-targeting
radiotracers. The diagnostic utility of FAPI was supported
by another study, which showed that [*®Ga]Ga-FAPI-04
successfully detected primary gastric cancer in four cases
of gastric adenocarcinoma and three cases of signet ring
cell carcinoma, which had been previously missed by [*8F]
FDG [23].

There was a case in which [8Ga]Ga-FAPI-04 was used to
delineate primary and metastatic lesions of signet-ring
cell carcinoma following [*®F]FDG PET/CT [61]. By using
[°8Ga]Ga-FAPI-04, the lesions were more clearly defined,
and additional lesions were detected compared to [®F]
FDG PET/CT [61]. Syed et al. also demonstrated a high
uptake of [®8Ga]Ga-FAPI in head and neck cancers with
low background uptake in healthy tissues (like salivary
glands) in head and neck regions [61]. Similarly, in a study
examining the added value of [®8Ga]Ga-FAPI PET/CT in 18
patients with head and neck cancer for whom [*F]FDG
PET/CT could not localize the primary site, [*8Ga]Ga-FAPI
PET/CT detected primary tumors in 7 out of 18 (38.89%)
patients [62]. Moreover, within this cohort, [*8Ga]Ga-FAPI
PET/CT had a greater detection rate for adenocarcinoma
(2/2, 100%) than squamous cell carcinoma (SCC) (5/16,
31.25%). Among the head and neck carcinomas from
unknown primary (HNCUP) patients with negative [‘8F]
FDG findings, the primary tumor sites were the nasophar-
ynx (n = 1), palatine tonsil (n = 2), submandibular gland (n
= 2), and hypopharynx (n = 2). The authors suggest that
given that the false-negative ['®F]FDG findings for three of
those seven primary tumors may be due to small size.
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Hence, due to the low tumor glucose metabolic activity,
[*8Ga]Ga-FAPI-04 is promising for detecting primary can-
cers early, with even small tumors showing evidence of
moderate FAP expression [62].

There is also growing evidence that [8Ga]Ga-FAPI can be
utilized for imaging solitary fibrous tumors (SFTs), a rare
fibroblastic mesenchymal neoplasm. In a case report, pri-
mary SFTs that were barely perceptible on [*8F]FDG PET/
CT had a substantial uptake of [¢8Ga]Ga-FAPI [63].
Furthermore, the authors noted that two lesions in the
lumbar vertebrae that did not exhibit [*®F]FDG uptake
were also detected by [*8Ga]Ga-FAPI PET/CT. One possible
explanation for this may be that SFT is rich in cancer-
associated fibroblasts (CAF), which overexpress FAP and
are a crucial part of the tumor microenvironment. Hence,
[¢8Ga]Ga-FAPI may perform better than [*¥F]FDG in identi-
fying SFT foci, further suggesting that [¢8Ga]Ga-FAPI could
be a useful potential tracer in identifying fibroblastic
tumors.

Potential detection of metastatic tumors
with FAPI

FAPI PET/CT demonstrates potential for detecting meta-
static tumors across various cancer types, including pros-
tate cancer, neuroendocrine tumors, nasopharyngeal car-
cinoma, gastrointestinal cancers, and breast cancer.
[*8Ga]Ga-FAPI PET/CT outperforms [*®F]FDG PET/CT in
detecting metastatic lesions, particularly in lymph nodes,
and shows promise as a prognostic marker and in assess-
ing tumor aggressiveness. FAPI PET/CT may provide addi-
tional value to the current standard in staging various
cancers, which relies on accurate detection of nodal and
visceral metastases.

Prostate cancer

In a case of mixed large-cell neuroendocrine carcinoma-
acinar adenocarcinoma of the prostate, [*8Ga]Ga-FAPI
PET/CT showed promising results in detecting the inter-
metastatic heterogeneity present in metastatic neuroen-
docrine prostate cancer [64]. Another case report sup-
ports further investigation of FAPI PET/CT as a prognostic
marker for prostate cancer [40]. After exhausting stan-
dard therapy, a 77-year-old man underwent [Y7Lu]
Lu-PSMA radioligand therapy twice; despite this, there
was a progression. At restaging, modest lymph node and
bone metastase uptake was seen on [*3Ga]Ga-PSMA-11
PET/CT. However, additional [*®F]FDG-avid lesions were
discovered, which did not demonstrate significant PSMA
expression, resulting in a mismatch pattern. Hence, [¢¥Ga]
Ga-FAPI-04 PET/CT was performed to determine candi-
dacy for FAP-based treatment. [*®Ga]Ga-FAPI-04 PET/CT
showed very strong tracer uptake in both lymph nodes
and bone metastases, and all [*8F]FDG and PSMA-positive
lesions were also positive for expression of FAP, suggest-
ing a role for FAPI-based theranostics in patients with
dedifferentiated prostate cancer.
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Neuroendocrine tumors

Additionally, in a case, a patient with pulmonary nodules
and a nonspecific hepatic lesion underwent a series of
[*8F]FDG PET/CT and [*'C]-acetate PET/CT imaging stud-
ies, which did not elucidate the underlying disease [65].
However, the images acquired by [*®Ga]Ga-FAPI-04 PET/
CT displayed strong uptake at the tail of the pancreas and
effectively delineated a lesion in the liver with elevated
uptake. The patient underwent surgical treatment and
was confirmed to have pancreatic NET. As mentioned ear-
lier, in a patient with multiple metastases from primary
pancreatic NET, abnormal hepatic and pancreatic uptake
was visualized by [*®F]FDG, [®®Ga]Ga-FAPI, and [®®Ga]
Ga-DOTATATE PET/CT [66]. Notably, [*®Ga]Ga-FAPI PET/CT
exhibited the highest tumor-to-liver ratios. Another case
involving a 56-year-old patient with multiple liver masses
was confirmed as having grade 2 well-differentiated NET
[67]. Compared to [*8Ga]Ga-DOTATATE PET/CT, [*®Ga]
Ga-FAPI PET/CT had superior lesion differentiation and
selection due to lower background activity. To evaluate
the correlation between [*8Ga]Ga-DATASm.SA.FAPi PET/
CT and Ki-67 as a marker of tumor aggressiveness in
patients with liver metastases from NET, 13 patients were
included in a retrospective analysis [68]. While [*®F]FDG
SUVmax and [#8Ga]Ga-DOTATOC SUVmax showed moder-
ate correlations with Ki-67, FAPI SUVmax exhibited no sig-
nificant correlation. However, FAPI-positive tumor fraction
was strongly correlated with Ki-67, suggesting that FAPI
PET/CT may serve as a parameter for assessing dediffer-
entiation and aggressiveness of liver metastases in NET
[68].

Nasopharyngeal carcinoma

A study of 15 patients with nasopharyngeal carcinoma
compared the diagnostic performance of [8Ga]Ga-DOTA-
FAPI-04 PET/MR to [*®F]FDG PET/MR [34]. Although [%8Ga]
Ga-FAPI and [*®F]FDG PET/MR both achieved a 100% suc-
cess rate in detecting the primary tumor, [*8Ga]Ga-FAPI
PET/MR outperformed [*®F]FDG PET/MR in delineating
the primary tumor, evaluating the skull base, and detect-
ing intracranial invasion by suspected distant metasta-
ses. The study found that [*®Ga]Ga-FAPI PET/MR can be
used as a single-step staging modality for nasopharyn-
geal carcinoma. However, further investigation was rec-
ommended to determine the value of [8Ga]Ga-FAPI PET/
MR in evaluating lymph nodes and distant metastases
[34].

Gastrointestinal cancers

[*8Ga]Ga-FAPI-04 was furthermore found to be superior to
[*8F]FDG in detecting tumor recurrence and nodal metas-
tasis in a prospective study by Liu et al., which included
41 patients with gastric, duodenal, and colorectal cancer
[46]. Specifically, [*®®Ga]Ga-FAPI-04 was superior to [*8F]
FDG in the detection of nodal metastasis but not distal
metastasis [46]. The superior diagnostic performance of
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[®8Ga]Ga-FAPI-04 over [*8F]FDG was similarly supported in
another study evaluating 10 patients with gastric cancer
who had regional lymph nodes and distant metastases
[23]. This study determined that the sensitivities of [8Ga]
Ga-FAPI-04 PET and [*®F]FDG PET for detecting metastat-
ic lesions were 60% and 50%, respectively. Qin et al. com-
pared the efficacy of [*®Ga]Ga-DOTA-FAPI-04 PET/MR with
[8F]FDG PET/CT in diagnosing metastatic gastric cancer
lesions [69]. [*®Ga]Ga-DOTA-FAPI-04 PET/MR was able to
detect gastric cancer metastases to the peritoneum,
abdominal lymph nodes, liver, and bones at a higher rate
than [*8F]FDG PET/CT. Although this did not hold for ovar-
ian metastases, the study found that, when combined
with hybrid MRI, [®8Ga]Ga-DOTA-FAPI-04 PET/MR could
help avoid misdiagnosis. Similarly, a case report on
appendiceal mucinous adenocarcinoma with lymph node
metastases and extensive peritoneal carcinomatosis
found that [®®Ga]Ga-FAPI was able to identify several pri-
mary and metastatic lesions in the ileocecal intestinal
wall, peritoneum, mesentery, the omentum, and a nearby
enlarged mesenteric lymph node, all of which were previ-
ously undetected by [*®F]FDG [70]. This may have been
due to the low level of glucose transporter protein type 1
expressed in this subtype of adenocarcinoma.

Breast cancer

Lastly, the importance of FAPI PET in staging newly diag-
nosed breast cancer was evaluated in a prospective study
of 34 patients who underwent [°8Ga]Ga-FAPI and [*F]FDG
PET/CT within one week of diagnosis [47]. In their analy-
sis, the authors noted that [(®Ga]Ga-FAPI PET/CT was
found to have superior accuracy compared to [*®F]FDG
PET/CT in excluding the presence of axillary nodal metas-
tases. Therefore, staging, which depends critically on
detecting nodal and visceral metastases, may represent
an area where FAPI PET can provide additional value to
the current standard, with potential applications span-
ning a wide breadth of oncologic imaging.

Other benefits of FAPI

Greater convenience

Both [®8Ga]Ga-FAPI and [‘8F]-FAPI differ from [*®F]FDG in
terms of patient preparation for imaging. Unlike [*®F]FDG,
FAPI imaging does not require fasting, other dietary prep-
arations, or resting time [14]. Likewise, FAPI PET/CT can
be performed even on patients with high serum glucose
levels, such as people with diabetes [6]. The lack of
patient preparation required for FAPI utilization suggests
that image acquisition could begin much earlier than that
for [*8F]FDG imaging [71].

[8Ga]Ga-DOTA-FAPI-04 as a promising tool for differenti-
ating ovarian physiological uptake

Abnormal [*8F]FDG uptake can occur in both functioning
and malignant ovarian lesions. A study assessed the fea-
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Vaccination

Figure 10. MIP and transaxial slices (CT, fused PET/CT, and PET) of a patient with gastric cancer and peritonitis carcinomatosa show
tracer uptake in the left shoulder, abdomen, and right hip joint. The left shoulder accumulation is due to a chronic inflammation from a
six-month-long peptide vaccination. The right hip joint uptake corresponds to activated arthritis, while the multiple abdominal lesions are
caused by peritonitis carcinomatosa. Adapted without any changes from EJNMMI Radiopharmacy and Chemistry [16] under the Creative
Commons Attribution 4.0 International License (CC BY). https://creativecommons.org/licenses/by/4.0/.

sibility of early diagnosis of primary ovarian disease with
[®8Ga]Ga-DOTA-FAPI-04 PET/CT [71]. It was found that
both ovarian functional and pathological changes can be
[*8F]FDG avid, but [*8Ga]Ga-DOTA-FAPI-04 has no physio-
logical accumulation in the ovary and is not affected by
the menstrual cycle [71]. Hence, [®®3Ga]Ga-DOTA-FAPI-04
may have the potential to accurately diagnose ovarian dis-
orders and discriminate between normal and pathological
ovarian lesions in the early stages [71].

Limitations of FAPI
Non-specific uptake

Some common pitfalls of FAPI include its non-tumor-spe-
cific uptake (Figures 10 and 11) [16].

FAPI can accumulate in degenerative lesions (for exam-
ple, benign lesions of bones and joints), scar tissue, mus-
cle, head and neck, mammary glands, and the uterus,
which might be reported as false positives [39, 72].
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Similar to [*®F]FDG, which is known to accumulate in acute
inflammation, recent studies have demonstrated that
there is also increased uptake of radiolabeled FAPI in
chronic inflammation [73, 74]. This could be due to FAP
activation in chronic inflammation, which may lead to a
fibrotic reaction [73, 74]. This limitation of FAPI is espe-
cially concerning for cancer patients, who have often
undergone previous rounds of radiation therapy. The
chronic inflammation from past radiation therapy may be
misinterpreted as tumor recurrence, increasing the pos-
sibility of false-positive cancer diagnosis.

Variations with age and menopause status

The uptake of FAPI in the normal endometrium and breast
appears to be correlated with menopausal status [75].
FAPI uptake in healthy hormone-responsive organs sig-
nificantly differed between premenopausal and post-
menopausal females [75]. A study consisting of 12 pre-
menopausal (<35 years) and 68 postmenopausal (>65
years) patients showed significantly higher mean SUVmax
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Figure 11. MIP and transaxial slices (CT, fusion image, and PET) from a patient diagnosed with non-small cell lung cancer reveal tracer
uptake in the primary tumor, mediastinal lymph node metastases, bone metastases, and soft tissue metastasis. Additionally, physiologi-
cal uptake is observed in the uterus. Adapted without any changes from EJNMMI Radiopharmacy and Chemistry [16] under the Creative
Commons Attribution 4.0 International License (CC BY). https://creativecommons.org/licenses/by/4.0/.

among premenopausal compared to postmenopausal
women in the endometrium (11.7 vs. 3.0; P<0.001) and
breast (1.8 vs. 1.0; P = 0.004) [75].

Since female patients have avid [(8Ga]Ga-FAPI uterine
uptake, studies have investigated the physiological
uptake of [8Ga]Ga-FAPI by the uterus in women of differ-
ent ages. One retrospective study found that [®3Ga]
Ga-FAPI uptake was higher in females of reproductive
and perimenopausal age compared to postmenopausal
females [76]. [*®Ga]Ga-FAPI uptake was also higher in
patients who had uterine fibroids or had undergone previ-
ous invasive gynecologic surgeries (cesarean operation,
induced abortion, intrauterine device implantation, and
myomectomy). Moreover, [*8Ga]Ga-FAPI uptake was asso-
ciated with uterine volume and age [76]. MRI and CT
images demonstrated an age-related decrease in uterine
volume. The uterus of reproductive and perimenopausal
patients had higher [¢8Ga]Ga-FAPI-04 uptake than that of
postmenopausal patients. Images demonstrated that
the uterus with the oldest age and the smallest size
had the lowest uptake of [*®Ga]Ga-FAPI-04. Thus, [*8Ga]
Ga-FAPI-04 uptake was positively correlated with uterine
volume and negatively with age. Interestingly, there was
no correlation between [*®F]FDG and [*®Ga]Ga-FAPI
uptake in the uterus [76]. Nonetheless, [8Ga]Ga-FAPI still
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has utility in evaluating patients with malignant uterine
lesions [75, 76].

Controversies in lymph node metastasis

In abdominal malignancies, [*3Ga]Ga-FAPI has been found
to be superior to [*¥F]FDG in detecting both primary
tumors and nodal and distant metastases [19]. However,
the ability of [®8Ga]Ga-FAPI to perform nodal staging has
not been as impressive as its ability to identify primary
tumors [19]. Some studies have found that [*F]FDG is a
better agent than [*8Ga]Ga-FAPI for lymph node staging
[19, 34]. One meta-analysis showed that when analyzing
only nodal metastases, high heterogeneity was detected
in the pooled sensitivity/specificity of [*®Ga]Ga-FAPI (I? =
89.18% and 1?2 = 95.74%, respectively) [19]. Given that
lymph nodes typically comprise a network of fibroblast
reticular cells, the considerable diversity of ®8Ga-FAPI per-
formance in nodal staging assessment (sensitivity of
59-100 percent) is perhaps unexpected [19].

Controversies in bone metastasis
Initial evidence noted that bone metastases have an

increased [®8Ga]Ga-FAPI uptake [77-80], suggesting the
potential for [8Ga]Ga-FAPI for diagnosing bone metasta-
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ses. Several studies have found that [®8Ga]Ga-FAPI PET
detects a greater number of bone metastases and has a
higher SUVmax than [*8F]FDG PET [78, 81, 82]. However,
one retrospective study found that bone metastases and
benign osteoarticular lesions can have increased [°®Ga]
Ga-FAPI uptake [81]. They discovered that 68.1% of the
foci in the bones and joints with high uptake were, in fact,
benign disease entities [81]. More consideration should
be given to the positive results of FAPI-PET to prevent mis-
diagnosis, as benign bone and joint conditions frequently
coexist with malignant diseases [81].

Tumor and CAF co-evolution

Another issue is the co-evolution of tumors and cancer-
associated fibroblasts (CAF) during tumorigenesis and
their progression. This phenomenon may impact the stro-
ma and, therefore, the expression of FAP - this could
potentially complicate the interpretation of FAPI PET/CT
images over time. For instance, colorectal carcinogenesis
and heterogeneity are driven by the diverse interactions
between cancer cells and CAFs of the tumor microenviron-
ment (TME) [83]. Reactive oxygen species (ROS) and
other “metabolic” and “mutagenic” factors stimulate the
co-evolution of the tumor and its stroma, DNA damage,
and aneuploidy in malignant cells, all of which contribute
to the growth of a more aggressive tumor [84]. ROS pro-
duced by cancer cells can also encourage fibroblasts to
transdifferentiate into myofibroblasts, enhancing tumor
growth and spread [85]. This vicious cycle, which results
in ongoing variation in FAP, raises the question of whether
FAPI is a uniform and reliable tool for cancer diagnosis
and surveillance.

Concerns with manufacturing and commercialization

Limited manufacturing and commercialization resources
pose a challenge to the widespread utilization of FAPI.
Moreover, FAPI radiotracers are mostly labeled with ¢Ga
produced via a %8Ge/%8Ga generator. Due to the radionu-
clide’s short half-life, the ®8Ga activity obtained from a
generator may be limited [6]. This may hinder both the
manufacturing and delivery of the radionuclide. The cost
of %8Ge/%8Ga generators is also an important limitation to
their widespread acceptance [6].

Small sample size and lack of long-term follow-up

Most of the current literature on FAPI uses a relatively
small sample size. It lacks long-term follow-up, limiting our
knowledge of this imaging tool’s full potential and limita-
tions. The study designs used in these studies vary con-
siderably, further impacting the dependability of the
results. Furthermore, most studies on FAPI do not have
histopathological confirmation of the metastatic lesions
[20, 21]. Hence, immunohistochemistry confirmation may
be required to correlate tumor tracer uptake with FAP
expression [20, 21].
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Conclusion

FAPI has several advantages over ['®F]FDG for detecting
and delineating primary and metastatic tumors due to its
increased uptake and TBR. Compared to [*®F]FDG, FAPI
demonstrated a greater ability to identify both primary
and metastatic lesions in several malignancies, particu-
larly those small in size and with low [*8F]FDG avidity. FAPI
had a higher tumor detection rate for gastrointestinal
tumors, liver tumors, breast cancer, and nasopharyngeal
carcinoma in comparison to [*®F]FDG. In contrast, studies
have found that [*®F]FDG performs better than FAPI for
hematological malignancies like lymphoma and multiple
myeloma. While research has posited that FAPI may be
more specific to tumors, especially stromal tumors, and
have higher tumor-to-background ratios than radiolabeled
[*8F]FDG, this still needs to be confirmed histologically.
FAPI still has several limitations. From its non-specific
uptake and variation with age and menopause status to
concerns with manufacturing and commercialization,
many obstacles still stand in the way of the widespread
entry of FAPI into clinical settings. Much of the current
research on the efficacy of FAPI has small sample sizes,
lacks long-term follow-up, and has not conducted histo-
logical verification of FAPI tracer uptake and expression.
Moreover, controversies still exist about the ability of FAPI
to detect metastases to lymph nodes and bones. Thus,
although FAPI has shown promise for diagnosing tumors,
it cannot yet replace using [*®F]FDG.

Disclosure of conflict of interest

None.

Abbreviations

FAPI, Fibroblast activation protein inhibitor; [*®F]FDG,
[*8F]-fluorodeoxyglucose; TBR, tumor to background ratio;
N/A, Not applicable; PET, Positron Emission Tomography.

Address correspondence to: Shashi B Singh, Molecular Imaging
Program at Stanford (MIPS), Stanford University School of
Medicine, 1201 Welch Road, Stanford, CA 94305, USA. E-mail:
drmrshashi@gmail.com

References

[1] Shen LH, Tseng YC, Liao MH and Fu YK. The role of mo-
lecular imaging in the diagnosis and management of neu-
ropsychiatric disorders. J Biomed Biotechnol 2011; 2011:
439397.

[2] AlaviA, Kung JW and Zhuang H. Implications of PET based
molecular imaging on the current and future practice of
medicine. Semin Nucl Med 2004; 34: 56-69.

[3] Yao, Li YM, He ZX, Civelek AC and Li XF. Likely common
role of hypoxia in driving (18)F-FDG uptake in cancer, myo-
cardial ischemia, inflammation and infection. Cancer Bio-
ther Radiopharm 2021; 36: 624-631.

Am J Nucl Med Mol Imaging 2024;14(4):190-207



(4]

(5]

(7]

(8]

(10]

(11]

[12]

(15]

(17]

(18]

205

FAPI PET in malignancies

Glaudemans AW, de Vries EF, Galli F, Dierckx RA, Slart RH
and Signore A. The use of (18)F-FDG-PET/CT for diagnosis
and treatment monitoring of inflammatory and infectious
diseases. Clin Dev Immunol 2013; 2013: 623036.
Almuhaideb A, Papathanasiou N and Bomaniji J. 18F-FDG
PET/CT imaging in oncology. Ann Saudi Med 2011; 31:
3-13.

Treglia G, Muoio B, Roustaei H, Kiamanesh Z, Aryana K
and Sadeghi R. Head-to-head comparison of fibroblast ac-
tivation protein inhibitors (FAPI) radiotracers versus [(18)
FIF-FDG in oncology: a systematic review. Int J Mol Sci
2021; 22: 11192.

Treglia G, Sadeghi R, Del Sole A and Giovanella L. Diagnos-
tic performance of PET/CT with tracers other than F-
18-FDG in oncology: an evidence-based review. Clin Transl
Oncol 2014; 16: 770-775.

Altmann A, Haberkorn U and Siveke J. The latest develop-
ments in imaging of fibroblast activation protein. J Nucl
Med 2021; 62: 160-167.

Liu F, Qi L, Liu B, Liu J, Zhang H, Che D, Cao J, Shen J, Geng
J,Bi Y, Ye L, Pan B and Yu Y. Fibroblast activation protein
overexpression and clinical implications in solid tumors: a
meta-analysis. PLoS One 2015; 10: e0116683.

Hu K, Wang L, Wu H, Huang S, Tian Y, Wang Q, Xiao C, Han
Y and Tang G. [(18)F]FAPI-42 PET imaging in cancer pa-
tients: optimal acquisition time, biodistribution, and com-
parison with [(68)Ga]Ga-FAPI-O4. Eur J Nucl Med Mol Im-
aging 2022; 49: 2833-2843.

Busek P, Mateu R, Zubal M, Kotackova L and Sedo A. Tar-
geting fibroblast activation protein in cancer - prospects
and caveats. Front Biosci (Landmark Ed) 2018; 23: 1933-
1968.

Singh S, Khurana NK, Saboury B, Werner T, Alavi A and
Revheim ME. The evolving role of FAPI-PET in assessing
patients with various malignancies and its potential supe-
riority over FDG-PET in this setting. Soc Nuclear Med 2022;
63: 2711.

Chen H, Zhao L, Ruan D, Pang Y, Hao B, Dai Y, Wu X, Guo
W, Fan C, Wu J, Huang W, Lin Q, Sun L and Wu H. Useful-
ness of [(68)Ga]Ga-DOTA-FAPI-04 PET/CT in patients pre-
senting with inconclusive [(18)F]FDG PET/CT findings. Eur
J Nucl Med Mol Imaging 2021; 48: 73-86.

Giesel FL, Kratochwil C, Schlittenhardt J, Dendl K, Eiber M,
Staudinger F, Kessler L, Fendler WP, Lindner T, Koerber
SA, Cardinale J, Sennung D, Roehrich M, Debus J, Sath-
ekge M, Haberkorn U, Calais J, Serfling S and Buck AL.
Head-to-head intra-individual comparison of biodistribu-
tion and tumor uptake of 68Ga-FAPI and 18F-FDG PET/CT
in cancer patients. Eur J Nucl Med Mol Imaging 2021; 48:
4377-4385.

Kratochwil C, Flechsig P, Lindner T, Abderrahim L, Altmann
A, Mier W, Adeberg S, Rathke H, Rohrich M, Winter H,
Plinkert PK, Marme F, Lang M, Kauczor HU, Jager D, Debus
J, Haberkorn U and Giesel FL. (68)Ga-FAPI PET/CT: tracer
uptake in 28 different kinds of cancer. J Nucl Med 2019;
60: 801-805.

Lindner T, Loktev A, Giesel F, Kratochwil C, Altmann A and
Haberkorn U. Targeting of activated fibroblasts for imaging
and therapy. EJINMMI Radiopharm Chem 2019; 4: 16.
Moradi F and lagaru A. Will FAPI PET/CT replace FDG PET/
CT in the next decade? Counterpoint-no, not so fast! AJR
Am J Roentgenol 2021; 216: 307-308.

Calais J and Mona CE. Will FAPI PET/CT replace FDG PET/
CT in the next decade? Point-an important diagnostic, phe-
notypic, and biomarker role. AJR Am J Roentgenol 2021,
216: 305-306.

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

[33]

Sollini M, Kirienko M, Gelardi F, Fiz F, Gozzi N and Chiti A.
State-of-the-art of FAPI-PET imaging: a systematic review
and meta-analysis. Eur J Nucl Med Mol Imaging 2021, 48:
4396-4414.

Kémek H, Can C, Glizel Y, Orug Z, Glindogan C, Yildirim 0A,
Kaplan I, Erdur E, Yildinm MS and Cakabay B. 68Ga-FA-
PI-04 PET/CT, a new step in breast cancer imaging: a com-
parative pilot study with the 18F-FDG PET/CT. Ann Nucl
Med 2021; 35: 744-752.

Elboga U, Sahin E, Kus T, Cayirli YB, Aktas G, Uzun E, Cinkir
HY, Teker F, Sever ON, Aytekin A, Yilmaz L, Aytekin A, Cimen
U, Mumcu V, Kilbas B and Celen YZ. Superiority of (68)Ga-
FAPI PET/CT scan in detecting additional lesions com-
pared to (18)FDG PET/CT scan in breast cancer. Ann Nucl
Med 2021, 35: 1321-1331.

Qin C, Shao F, Gai Y, Liu Q, Ruan W, Liu F, Hu F and Lan X.
68Ga-DOTA-FAPI-04 PET/MR in the evaluation of gastric
carcinomas: comparison with 18F-FDG PET/CT. J Nucl
Med 2022; 63: 81-88.

Jiang D, Chen X, You Z, Wang H, Zhang X, Li X, Ren S,
Huang Q, Hua F, Guan Y, Zhao J and Xie F. Comparison of
[(68) Ga]Ga-FAPI-04 and [(18)F]-FDG for the detection of
primary and metastatic lesions in patients with gastric
cancer: a bicentric retrospective study. Eur J Nucl Med Mol
Imaging 2022; 49: 732-742.

Kuten J, Levine C, Shamni O, Pelles S, Wolf |, Lahat G, Mis-
hani E and Even-Sapir E. Head-to-head comparison of
[(68)GalGa-FAPI-04 and [(18)F]-FDG PET/CT in evaluating
the extent of disease in gastric adenocarcinoma. Eur J
Nucl Med Mol Imaging 2022; 49: 743-750.

Wang G, Jin X, Zhu H, Wang S, Ding J, Zhang Y, Yang Z and
Wang X. 68Ga-NOTA-FAPI-04 PET/CT in a patient with pri-
mary gastric diffuse large B cell lymphoma: comparisons
with [18F] FDG PET/CT. Eur J Nucl Med Mol Imaging 2021;
48: 647-648.

Rao Z, Wu J, Jiang G and Zhang C. Cardiac metastasis from
esophageal carcinoma detected on 18F-FDG PET/CT and
68Ga-FAPI PET/CT scan. J Nucl Cardiol 2022; 29: 3590-
3592.

Fu L, Hu K, Tang G, Wu H and Zhou W. [68Ga]Ga-FAPI-04
PET/CT imaging in signet-ring cell carcinoma of sigmoid
colon. Eur J Nucl Med Mol Imaging 2021; 48: 1690-1691.
Qiu L and Chen Y. 68Ga-FAPI PET/CT depicted non-FDG-
avid metastatic appendiceal mucinous adenocarcinoma.
Radiology 2021; 301: 45.

Wang H, Zhu W, Ren S, Kong Y, Huang Q, Zhao J, Guan Y,
Jia H, Chen J, Lu L, Xie F and Qin L. (68)Ga-FAPI-04 versus
(18)F-FDG PET/CT in the detection of hepatocellular carci-
noma. Front Oncol 2021; 11: 693640.

Siripongsatian D, Promteangtrong C, Kunawudhi A, Kiatkit-
tikul P and Chotipanich C. 68Ga-FAPI-46 PET/MR detects
recurrent cholangiocarcinoma and intraductal papillary
mucinous neoplasm in a patient showing increasing CEA
with negative 18F-FDG PET/CT and conventional CT. Nucl
Med Mol Imaging 2021; 55: 257-260.

Sahin E, Elboga U, Celen YZ, Sever ON, Cayirli YB and Gi-
men U. Comparison of 68Ga-DOTA-FAPI and 18FDG PET/
CT imaging modalities in the detection of liver metastases
in patients with gastrointestinal system cancer. Eur J Ra-
diol 2021; 142: 109867.

Gu B, Xu X, Zhang J, Ou X, Xia Z, Guan Q, Hu S, Yang Z and
Song S. The added value of 68Ga-FAPI PET/CT in patients
with head and neck cancer of unknown primary with 18F-
FDG-negative findings. J Nucl Med 2022; 63: 875-881.
Syed M, Flechsig P, Liermann J, Windisch P, Staudinger F,
Akbaba S, Koerber SA, Freudlsperger C, Plinkert PK, De-

Am J Nucl Med Mol Imaging 2024;14(4):190-207



(34]

(35]

(36]

(37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

206

FAPI PET in malignancies

bus J, Giesel F, Haberkorn U and Adeberg S. Fibroblast ac-
tivation protein inhibitor (FAPI) PET for diagnostics and
advanced targeted radiotherapy in head and neck can-
cers. Eur J Nucl Med Mol Imaging 2020; 47: 2836-2845.
Qin C, Liu F, Huang J, Ruan W, Liu Q, Gai Y, Hu F, Jiang D,
Hu Y, Yang K and Lan X. A head-to-head comparison of
(68)Ga-DOTA-FAPI-04 and (18)F-FDG PET/MR in patients
with nasopharyngeal carcinoma: a prospective study. Eur J
Nucl Med Mol Imaging 2021; 48: 3228-3237.

Zhou X, Wang S, Zhu H, Yang Z and Li N. Imaging superior-
ity of [68Ga]-FAPI-04 over [18F]-FDG PET/CT in alveolar
soft part sarcoma (ASPS). Eur J Nucl Med Mol Imaging
2021; 48: 3741-3742.

Wang R, Liu Q, Sui H, Zhang M, Zhu Z and Cui R. (68)Ga-
FAPI outperforms (18)F-FDG PET/CT in identifying solitary
fibrous tumor. Eur J Nucl Med Mol Imaging 2021; 48:
2055-2056.

Wang H, Du Z, Huang Q, Ren S, Guan Y, Xie F, Lu L and Zhu
W. The superiority of [68Ga]Ga-FAPI-04 over [18F]-FDG in
a case of neuroendocrine tumour with hepatic metastasis.
Eur J Nucl Med Mol Imaging 2021; 48: 3005-3006.

Linz C, Brands RC, Kertels O, Dierks A, Brumberg J, Ger-
hard-Hartmann E, Hartmann S, Schirbel A, Serfling S, Zhi
Y, Buck AK, Kubler A, Hohm J, Lapa C and Kircher M. Tar-
geting fibroblast activation protein in newly diagnosed
squamous cell carcinoma of the oral cavity - initial experi-
ence and comparison to [(18)F]FDG PET/CT and MRI. Eur
J Nucl Med Mol Imaging 2021; 48: 3951-3960.

Xu T, Zhao Y, Ding H, Cai L, Zhou Z, Song Z and Chen Y.
[68Ga]Ga-DOTA-FAPI-04 PET/CT imaging in a case of pros-
tate cancer with shoulder arthritis. Eur J Nucl Med Mol Im-
aging 2021; 48: 1254-1255.

Khreish F, Rosar F, Kratochwil C, Giesel FL, Haberkorn U
and Ezziddin S. Positive FAPI-PET/CT in a metastatic cas-
tration-resistant prostate cancer patient with PSMA-nega-
tive/FDG-positive disease. Eur J Nucl Med Mol Imaging
2020; 47: 2040-2041.

Lan L, Liu H, WangY, Deng J, Peng D, Feng Y, Wang L, Chen
Y and Qiu L. The potential utility of [(68)Ga]Ga-DOTA-FA-
PI-04 as a novel broad-spectrum oncological and non-on-
cological imaging agent-comparison with [(18)F]FDG. Eur J
Nucl Med Mol Imaging 2022; 49: 963-979.

Zhao L, Pang, Luo Z, Fu K, Yang T, Zhao L, Sun L, Wu H,
Lin Q and Chen H. Role of [(68)Ga]Ga-DOTA-FAPI-04 PET/
CT in the evaluation of peritoneal carcinomatosis and com-
parison with [(18)F]-FDG PET/CT. Eur J Nucl Med Mol Im-
aging 2021; 48: 1944-1955.

Ballal S, Yadav MP, Moon ES, Kramer VS, Roesch F, Kumari
S, Tripathi M, ArunRaj ST, Sarswat S and Bal C. Biodistribu-
tion, pharmacokinetics, dosimetry of [(68)Ga]Ga-DOTA.
SA.FAPi, and the head-to-head comparison with [(18)F]F-
FDG PET/CT in patients with various cancers. Eur J Nucl
Med Mol Imaging 2021; 48: 1915-1931.

Guo W, PangY, Yao L, Zhao L, Fan C, Ke J, Guo P, Hao B, Fu
H, Xie C, Lin Q, Wu H, Sun L and Chen H. Imaging fibroblast
activation protein in liver cancer: a single-center post hoc
retrospective analysis to compare [(68)Ga]Ga-FAPI-04
PET/CT versus MRI and [(18)F]-FDG PET/CT. Eur J Nucl
Med Mol Imaging 2021; 48: 1604-1617.

Wegen S, Roth KS, Weindler J, Claus K, Linde P, Trommer
M, Akuamoa-Boateng D, van Heek L, Baues C, Schomig-
Markiefka B, Schomacker K, Fischer T, Drzezga A, Kobe C,
Kohler C and Marnitz S. First clinical experience with
[68Ga]Ga-FAPI-46-PET/CT versus [18F]F-FDG PET/CT for

[46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]

[55]

(56]

(57]

(58]

nodal staging in cervical cancer. Clin Nucl Med 2023; 48:
150-155.

Liu H, Yang X, Liu L, Qu G and Chen Y. Comparison of 18F-
FDG and 68Ga-FAPI-04 uptake in postoperative re-evalua-
tion of gastric, duodenal, and colorectal cancers. Clin Nucl
Med 2023; 48: 304-308.

ZhengsS, Lin J, Zhu Y, Chen Y, Zhang J, Chen X and Miao W.
68Ga-FAPI versus 18F-FDG PET/CT in evaluating newly di-
agnosed breast cancer patients: a head-to-head compara-
tive study. Clin Nucl Med 2023; 48: €104-¢109.

Zheng W, Liu L, FengY, Wang L and Chen Y. Comparison of
68Ga-FAPI-04 and fluorine-18-fluorodeoxyglucose PET/
computed tomography in the detection of ovarian malig-
nancies. Nucl Med Commun 2023; 44: 194-203.

Chen H, Pang, Li J, Kang F, Xu W, Meng T, Shang Q, Zhao
J, Guan Y, Wu H, Xie F, Wang J and Sun L. Comparison of
[(68)GalGa-FAPI and [(18)F]FDG uptake in patients with
gastric signet-ring-cell carcinoma: a multicenter retrospec-
tive study. Eur Radiol 2023; 33: 1329-1341.

Novruzov E, Dendl K, Ndlovu H, Choyke PL, Dabir M, Beu
M, Novruzov F, Mehdi E, Guliyev F, Koerber SA, Lawal I,
Niegisch G, Debus J, Haberkorn U, Sathekge M and Giesel
FL. Head-to-head Intra-individual comparison of [(68)Ga]-
FAPI and [(18)F]-FDG PET/CT in patients with bladder can-
cer. Mol Imaging Biol 2022; 24: 651-658.

Wegen S, van Heek L, Linde P, Claus K, Akuamoa-Boateng
D, Baues C, Sharma SJ, Schomacker K, Fischer T, Roth KS,
Klussmann JP, Marnitz S, Drzezga A and Kobe C. Head-to-
head comparison of [(68)Ga]Ga-FAPI-46-PET/CT and [(18)
F]F-FDG-PET/CT for radiotherapy planning in head and
neck cancer. Mol Imaging Biol 2022; 24: 986-994.
Zheng J, Liu F, Lin K, Zhang L, Huang N, Zheng W, Zhang J,
Yao S and Miao W. [(68)Ga]Ga-FAPI PET/CT improves the T
staging of patients with newly diagnosed nasopharyngeal
carcinoma: a comparison with [(18)F]F-FDG. Mol Imaging
Biol 2022; 24: 973-985.

Kuyumcu S, Sanli Y and Subramaniam RM. Fibroblast-ac-
tivated protein inhibitor PET/CT: cancer diagnosis and
management. Front Oncol 2021; 11: 758958.

Shou Y, Xue Q, Yuan J and Zhao J. 68Ga-FAPI-04 PET/MR
is helpful in differential diagnosis of pancreatitis from pan-
creatic malignancy compared to 18F-FDG PET/CT: a case
report. Eur J Hybrid Imaging 2021; 5: 12.

Shou Y, Xue Q, Yuan J and Zhao J. (68)Ga-FAPI-04 PET/MR
is helpful in differential diagnosis of pancreatitis from pan-
creatic malignancy compared to (18)F-FDG PET/CT: a case
report. Eur J Hybrid Imaging 2021; 5: 12.

Brambilla M, Matheoud R, Secco C, Sacchetti G, Comi S,
Rudoni M, Carriero A and Inglese E. Impact of target-to-
background ratio, target size, emission scan duration, and
activity on physical figures of merit for a 3D LSO-based
whole body PET/CT scanner. Med Phys 2007; 34: 3854-
3865.

Giesel FL, Kratochwil C, Schlittenhardt J, Dendl K, Eiber M,
Staudinger F, Kessler L, Fendler WP, Lindner T, Koerber
SA, Cardinale J, Sennung D, Roehrich M, Debus J, Sath-
ekge M, Haberkorn U, Calais J, Serfling S and Buck AL.
Head-to-head intra-individual comparison of biodistribu-
tion and tumor uptake of (68)Ga-FAPI and (18)F-FDG PET/
CT in cancer patients. Eur J Nucl Med Mol Imaging 2021;
48: 4377-4385.

Zhao L, Chen J, Pang, Fu K, Shang Q, Wu H, Sun L, Lin Q
and Chen H. Fibroblast activation protein-based theranos-
tics in cancer research: a state-of-the-art review. Ther-
anostics 2022; 12: 1557-1569.

Am J Nucl Med Mol Imaging 2024;14(4):190-207



(59]

[60]

(61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

207

FAPI PET in malignancies

Ergul N, Yilmaz B, Cin M and Cermik TF. 68Ga-DOTA-FA-
PI-04 PET/CT in neuroendocrine carcinoma of the liver
with elevated AFP level: comparison with 18F-FDG PET/CT.
Clin Nucl Med 2022; 47: €29-e31.

Kirienko M, Centonze G, Sabella G, Sollai M, Sollini M, Lan
X, Chen H, Terracciano L, Seregni E and Milione M. FAP
expression in alpha cells of Langherhans insulae-implica-
tions for FAPI radiopharmaceuticals’ use. Eur J Nucl Med
Mol Imaging 2023; 50: 3042-3049.

Fu L, Hu K, Tang G, Wu H and Zhou W. [(68)Ga]Ga-FAPI-04
PET/CT imaging in signet-ring cell carcinoma of sigmoid
colon. Eur J Nucl Med Mol Imaging 2021; 48: 1690-1691.
Gu B, Xu X, Zhang J, Ou X, Xia Z, Guan Q, Hu S, Yang Z and
Song S. The added value of (68)Ga-FAPI PET/CT in pa-
tients with head and neck cancer of unknown primary with
(18)F-FDG-negative findings. J Nucl Med 2022; 63: 875-
881.

Wang R, Liu Q, Sui H, Zhang M, Zhu Z and Cui R. (68)Ga-
FAPI outperforms (18)F-FDG PET/CT in identifying solitary
fibrous tumor. Eur J Nucl Med Mol Imaging 2021; 48:
2055-2056.

Cai J, Xu W, Meng T, Pang Y and Chen H. Visualization of
intermetastatic heterogeneity in mixed neuroendocrine
carcinoma-acinar adenocarcinoma of the prostate by
68Ga-PSMA, 68Ga-FAPI, and 18F-FDG PET/CT. Clin Nucl
Med 2023; 48: 743-745.

Wang H, Du Z, Huang Q, Ren S, Guan Y, Xie F, Lu L and Zhu
W. The superiority of [(68)Ga]Ga-FAPI-0O4 over [(18)F]-FDG
in a case of neuroendocrine tumour with hepatic metasta-
sis. Eur J Nucl Med Mol Imaging 2021; 48: 3005-3006.
Cheng Z, Zou S, Cheng S, Song S and Zhu X. Comparison
of 18F-FDG, 68Ga-FAPI, and 68Ga-DOTATATE PET/CT in a
patient with pancreatic neuroendocrine tumor. Clin Nucl
Med 2021; 46: 764-765.

Komek H, Gundogan C and Can C. 68Ga-FAPI PET/CT ver-
sus 68Ga-DOTATATE PET/CT in the evaluation of a patient
with neuroendocrine tumor. Clin Nucl Med 2021; 46:
€290-e292.

Kreppel B, Gonzalez-Carmona MA, Feldmann G, Kuppers
J, Moon ES, Marinova M, Bundschuh RA, Kristiansen G,
Essler M, Roesch F and Gaertner FC. Fibroblast activation
protein inhibitor (FAPi) positive tumour fraction on PET/CT
correlates with Ki-67 in liver metastases of neuroendo-
crine tumours. Nuklearmedizin 2021; 60: 344-354.

Qin C, Shao F, Gai Y, Liu Q, Ruan W, Liu F, Hu F and Lan X.
(68)Ga-DOTA-FAPI-04 PET/MR in the evaluation of gastric
carcinomas: comparison with (18)F-FDG PET/CT. J Nucl
Med 2022; 63: 81-88.

Qiu L and Chen Y. (68)Ga-FAPI PET/CT depicted non-FDG-
avid metastatic appendiceal mucinous adenocarcinoma.
Radiology 2021; 301: 45.

Wang Q, Yang S, Tang W, Liu L and Chen Y. (68)Ga-DOTA-
FAPI-04 PET/CT as a promising tool for differentiating
ovarian physiological uptake: preliminary experience of
comparative analysis with (18)F-FDG. Front Med (Laus-
anne) 2021; 8: 748683.

Kessler L, Ferdinandus J, Hirmas N, Zarrad F, Nader M,
Kersting D, Weber M, Kazek S, Sraieb M, Hamacher R, Lu-
eckerath K, Umutlu L, Fendler WP and Rischpler C. Pitfalls
and common findings in (68)Ga-FAPI PET: a pictorial analy-
sis. J Nucl Med 2022; 63: 890-896.

Windisch P, Zwahlen DR, Giesel FL, Scholz E, Lugenbiel P,
Debus J, Haberkorn U and Adeberg S. Clinical results of fi-
broblast activation protein (FAP) specific PET for non-ma-
lignant indications: systematic review. EJINMMI Res 2021,
11: 18.

[74]

[75]

[76]

[77]

[78]

[79]

[80]

(81]

[82]

[83]

[84]

[85]

Hicks RJ, Roselt PJ, Kallur KG, Tothill RW and Mileshkin L.
FAPI PET/CT: will it end the hegemony of 18F-FDG in oncol-
ogy? J Nucl Med 2021; 62: 296-302.

Dendl K, Koerber SA, Finck R, Mokoala KMG, Staudinger F,
Schillings L, Heger U, Réhrich M, Kratochwil C, Sathekge
M, Jager D, Debus J, Haberkorn U and Giesel FL. 68Ga-
FAPI-PET/CT in patients with various gynecological malig-
nancies. Eur J Nucl Med Mol Imaging 2021; 48: 4089-
4100.

Zhang X, Song W, Qin C, Song Y, Liu F, Hu F and Lan X.
Physiological uterine uptake of 68Ga-FAPI-04 may limit its
application in uterine pathology. 2021.

Kratochwil C, Flechsig P, Lindner T, Abderrahim L, Altmann
A, Mier W, Adeberg S, Rathke H, Roéhrich M, Winter H,
Plinkert PK, Marme F, Lang M, Kauczor HU, Jager D, Debus
J, Haberkorn U and Giesel FL. 68Ga-FAPI PET/CT: tracer
uptake in 28 different kinds of cancer. J Nucl Med 2019;
60: 801-805.

Pangy, Zhao L, Luo Z, Hao B, Wu H, Lin Q, Sun L and Chen
H. Comparison of 68Ga-FAPI and 18F-FDG uptake in gas-
tric, duodenal, and colorectal cancers. Radiology 2021;
298: 393-402.

Koerber SA, Staudinger F, Kratochwil C, Adeberg S, Haef-
ner MF, Ungerechts G, Rathke H, Winter E, Lindner T, Syed
M, Bhatti IA, Herfarth K, Choyke PL, Jaeger D, Haberkorn
U, Debus J and Giesel FL. The role of 68Ga-FAPI PET/CT for
patients with malignancies of the lower gastrointestinal
tract: first clinical experience. J Nucl Med 2020; 61: 1331-
1336.

Windisch P, Zwahlen DR, Koerber SA, Giesel FL, Debus J,
Haberkorn U and Adeberg S. Clinical results of fibroblast
activation protein (FAP) specific PET and implications for
radiotherapy planning: systematic review. Cancers (Basel)
2020; 12: 2629.

Qin C, Song Y, Liu X, Gai Y, Liu Q, Ruan W, Liu F, Hu F and
Lan X. Increased uptake of 68Ga-DOTA-FAPI-04 in bones
and joints: metastases and beyond. Eur J Nucl Med Mol
Imaging 2022; 49: 709-720.

Chen H, Pang Y, Wu J, Zhao L, Hao B, Wu J, Wei J, Wu S,
Zhao L, Luo Z, Lin X, Xie C, Sun L, Lin Q and Wu H. Com-
parison of [(68)Ga]Ga-DOTA-FAPI-04 and [(18)F] FDG PET/
CT for the diagnosis of primary and metastatic lesions in
patients with various types of cancer. Eur J Nucl Med Mol
Imaging 2020; 47: 1820-1832.

Ahmad Zawawi SS and Musa M. Dynamic Co-evolution of
cancer cells and cancer-associated fibroblasts: role in
right- and left-sided colon cancer progression and its clini-
cal relevance. Biology (Basel) 2022; 11: 1014.
Martinez-Outschoorn UE, Balliet RM, Rivadeneira DB, Chi-
avarina B, Pavlides S, Wang C, Whitaker-Menezes D, Dau-
mer KM, Lin Z, Witkiewicz AK, Flomenberg N, Howell A,
Pestell RG, Knudsen ES, Sotgia F and Lisanti MP. Oxidative
stress in cancer associated fibroblasts drives tumor-stro-
ma co-evolution: a new paradigm for understanding tumor
metabolism, the field effect and genomic instability in can-
cer cells. Cell Cycle 2010; 9: 3256-3276.

Arcucci A, Ruocco MR, Granato G, Sacco AM and Montag-
nani S. Cancer: an oxidative crosstalk between solid tumor
cells and cancer associated fibroblasts. Biomed Res Int
2016; 2016: 4502846.

Am J Nucl Med Mol Imaging 2024;14(4):190-207



