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Fibroblast-activation protein is a promising target for oncologic molec-
ular imaging. Studies show that fibroblast activation protein inhibitor
(FAPI) radiotracers are accurate diagnostics with favorable tumor-to-
background ratios across various cancers. Therefore, we performed a
systematic review and metaanalysis to assess the diagnostic perfor-
mance of FAPI PET/CT in comparison with ['"®F]FDG PET/CT, the
most widely used radiotracer in oncology. Methods: We conducted a
systematic search in MEDLINE, Embase, Scopus, PubMed, Cochrane
Central Register of Controlled Trials, relevant trial registries, and bibli-
ographies. The search consisted of combinations of terms for 3 topics:
neoplasia, PET/CT, and FAPI. Two authors independently screened
retrieved articles using predefined inclusion and exclusion criteria and
extracted the data. Study quality was assessed using the criteria of
QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies 2).
For each study, the sensitivity, specificity, and 95% Cls were calcu-
lated to determine diagnostic accuracy for primary, nodal, and meta-
static lesions. A random-effects metaanalysis was used for pooling
the data, and heterogeneity was assessed (I? index). Results: Thirty-
nine studies (1,259 patients) investigating the use of FAPI PET/CT
were included. On a patient-based analysis, pooled sensitivity was
0.99 (95% ClI, 0.97-1.0) for the detection of primary lesions. Pooled
sensitivity for nodal and distant metastases was 0.91 (95% Cl,
0.81-0.96) and 0.99 (95% Cl, 0.96-1.0), respectively. On a paired anal-
ysis between FAPI and ['®FJFDG PET/CT, FAPI had a higher sensitivity
in the detection of primary, nodal, and metastatic lesions (all P <
0.001). The differences in sensitivities between FAPI and ['®F]FDG
were statistically significant. In terms of heterogeneity, analyses on pri-
mary lesions were moderately affected, distant metastatic lesions
were highly affected, and the nodal metastatic analyses had negligible
heterogeneity. Conclusion: The diagnostic performance of FAPI
PET/CT is superior to that of ['®F]FDG in the detection of primary,
nodal, and distant metastases. However, further studies are needed to
better evaluate its utility and indication in specific cancer types and
clinical settings.
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METAANALYSIS OF FAPI PET/CT IN ONCOLOGY ~ *

PET scans are used in the diagnosis and staging of various can-
cers, with ['8F]FDG the most widely used radiotracer (/). The glu-
cose analog FDG utilizes the increased glucose demand of many
tumors (Warburg effect); however, this can result in nonspecific
uptake in glucose-avid organs or areas of inflammation (/). More
recent research into the tumor microenvironment resulted in the
development of fibroblast activation protein inhibitor (FAPI) radio-
tracers, such as [*®Ga]FAPI-04 (2). This protein is a type II trans-
membrane serine protease that is overexpressed on cancer-associated
fibroblasts, a heterogeneous population of fibroblastlike cells and a
predominant component of the tumor microenvironment (2,3).
These fibroblasts are implicated in several aspects of tumorigenesis,
such as immunosuppression and extracellular matrix remodeling
(3,4). This protein is also expressed in wound healing, in inflamma-
tory conditions such as arthritis, in fibrosis, and in areas of extracel-
lular matrix remodeling such as myocardial infarction and liver
cirrhosis (3,5,6). Fibroblast activation protein is detected during
embryogenesis and tissue remodeling but is otherwise expressed at
low levels in healthy tissue (3,5). Studies show fibroblast activation
protein expression on tumor cells, with increased expression corre-
lating with poorer prognosis (7). These features make fibroblast acti-
vation protein an attractive target for oncologic imaging.

Since FAPI radiotracers were first described in 2018 (8), multiple
studies have investigated their diagnostic accuracy in the detection
of various cancers, reporting high accuracy and favorable tumor-to-
background ratios (9,10). Comparisons are made between FAPI
PET/CT, ['®F]FDG PET/CT, and other imaging modalities (CT and
MRI) (11,12). There are currently 4 metaanalyses investigating the
diagnostic accuracy of FAPI PET (13—16). Compared with prior
analyses, this current metaanalysis includes a larger number of
studies, covering multiple cancer types, and directly comparing
FAPI and ['®F]FDG PET/CT.

This systematic review and metaanalysis synthesize the current
literature on various FAPI radiotracers and the diagnostic accuracy
of FAPI PET/CT in comparison with ['®F]FDG PET/CT for the
detection of cancers and associated metastatic lesions.

MATERIALS AND METHODS

Literature Search

We conducted this systematic review and metaanalysis in line with
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines. The study protocol is registered in PROSPERO
(International Prospective Register of Systematic Reviews) (CRD42
021270480).
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A systematic search of the literature on FAPI PET/CT was per-
formed in November 2021 and updated in April 2022. Relevant studies
were identified from the following electronic databases: MEDLINE,
Embase, Scopus, PubMed, and the Cochrane Central Register of Con-
trolled Trials. To identify trials, we searched the U.S. National Institutes
of Health Ongoing Trials Register, World Health Organization Interna-
tional Clinical Trials Registry Platform, and the Australian New Zea-
land Clinical Trials Registry. The search strategy utilized medical
subject headings and free-text terms centered around neoplasia, PET/
CT, and FAPI. No language or publication period limitations were used
in the search. Additional studies were manually retrieved through cita-
tion searches and the reference lists of included articles.

Eligibility Criteria

We applied the following criteria for study inclusion: use of FAPI
PET/CT imaging for suspected or proven tumors (initial detection,
staging, or recurrence detection), adult participants (=18 y), tumor
presence confirmed by reference standard (histopathologic or imag-
ing), data available for primary outcome, and studies with ethical
approval. The following were excluded: nonhuman studies, studies in
fields other than oncology, case reports, review articles, editorials, let-
ters, commentaries, and conference proceedings.

Data Extraction

All identified studies were screened using the predefined eligibility
criteria by 2 investigators. Studies were screened first for inclusion or
exclusion using titles and abstracts and then using full texts. A third
investigator resolved any discrepancies in study inclusion and exclu-
sion. If studies had insufficient data to construct 2 X 2 contingency
tables, the corresponding authors were contacted for data before the
study was excluded. If 2 or more studies by the same group had over-
lapping study periods and populations, the study with the largest
cohort was included. In these cases, the corresponding authors were
also contacted to check for any potential study overlap.

We extracted the following data: publication details, study design,
study methodology, patient demographics, imaging modalities used,
number of accurately diagnosed primary and metastatic lesions, num-
ber of accurately diagnosed lesions, number of inaccurately diagnosed
primary and metastatic lesions, number of inaccurately diagnosed
lesions, and PET radiopharmaceuticals used. If the studies did not
report the raw diagnostic data, we reconstructed 2 X 2 tables from the
diagnostic estimates given in the text.

Study Quality Assessment

All included studies were screened and assessed for quality using the
QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies 2)
criteria by 2 of the investigators independently. The risk of bias and
applicability were evaluated for patient selection, index test, and refer-
ence standard, with the flow and timing domain being used only to
assess bias.

Data Synthesis and Statistical Analysis
We assessed the diagnostic performance of
FAPI PET/CT and ['®F]FDG PET/CT for pri-
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FIGURE 1. Flowchart of study inclusions.

curves for each analysis using Revman (version 5.4, ReviewManager).
Heterogeneity was evaluated using general linear models to evaluate
between-study variance. Publication and any other potential biases were
assessed visually using funnel plots. A P value of 0.05 or less was consid-
ered statistically significant.

RESULTS

Study Selection and Characteristics

Electronic database searches identified 1,272 articles. Duplicate
screening removed 688 articles, and a further 507 articles were
removed after title and abstract screening, resulting in full-text
retrieval of 77 relevant articles. After full-text review, 39 studies
met the inclusion criteria, constituting 1,259 patients. Nineteen
studies were excluded because of insufficient data, 17 studies had
overlapping populations, and 2 studies investigated only dual-
tracer scans (Fig. 1).

Study quality was assessed using the QUADAS-2 criteria (Fig. 2).
The main issues in study quality were uncertainty about consecutive
enrollment, lack or uncertainty of masking, lack of inclusion of all
patients in the final analysis, and the use of different reference
standards.
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FIGURE 2. QUADAS-2 criteria assessment results for included studies. Judgments about each
domain are presented as percentages, and number of studies is presented within bars.
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TABLE 1

Study Demographics

Study Patients (n) Study design Age (y) Cancer type

Ballal (2021, India) 54 20M, 34F)  Prospective 48.4 Various

Germik (2022, Turkey) 42 (26 M, 16 F)  Prospective 58.5 Various

Chen (2021, China) 68 (40M, 28F)  Prospective 57 Various

Chen (2022, China) 36 (29M, 7F) Prospective 61.6 Oral squamous cell carcinoma
Elboga (2022, Turkey) (17) 37 23M, 14F)  Retrospective 62.8 Colorectal, gastric, pancreaticobiliary
Elboga (2022, Turkey) (48) 14 (7M, 7F) Retrospective 59 Multiple myeloma

Gu (2022, China) 45 (24M, 21F)  Prospective 46* Soft-tissue sarcoma

Gundogan (2022, Turkey) 21 (12M, 9F) Prospective 61 Gastric adenocarcinoma

Guo (2021, China) 34 (25M, 9F) Retrospective 60.6 Hepatic

Hu (2022, China) 22 (12M, 10F)  Prospective 55.5% Various

Jiang (2022, China) 38 (29 M, 9F) Retrospective 63.7 Gastric

Jin (2022, China) 73 (837M, 36F)  Prospective 51.6 Lymphoma

Kessler (2022, Germany) 47 (24 M, 23F)  Prospective 48.1 Sarcoma

Komek (2021, Turkey) 20 (OM, 20F) Prospective 44* Breast

Kreppel (2021, Germany) 13 (8M, 5F) Retrospective 66.8 Liver metastases in neuroendocrine tumors
Kuten (2022, Israel) 13 (6M, 7F) Prospective 70* Gastric adenocarcinoma

Lan (2022, China) 123 (69M, 54F)  Prospective 56.11 Various

Li (2022, China) 34 (25M, 9F) Prospective 62* Lung adenocarcinoma

Lin (2022, China) 56 (40M, 16 F)  Prospective 63.8* Gastric

Linz (2021, Germany) 10 8M, 2F) Prospective 62 Oral squamous cell carcinoma

Mona (2022, United States) 15 (8M, 7F) Prospective 60.7 Various

Pang (2021, China) 35 (18M, 17F)  Retrospective 64 Gastric, colorectal, duodenal

Pang (2022, China) 36 25M, 11F)  Retrospective 60" Pancreatic

Promteangtrong (2022, Thailand) 40 27M, 13F)  Prospective 57 Head and neck squamous cell carcinoma
Qin (2021, China) 15 (8M, 7F) Prospective 51.2 Nasopharyngeal carcinoma

Qin (2022, China) 20 OM, 11F) Prospective 56 Gastric

Ristau (2020, Germany) 7 (5M, 2F) Retrospective 63.5* Esophageal

Rohrich (2021, Germany) 19 (10M, 9F) Retrospective 64* Pancreatic adenocarcinoma

Sahin (2021, Turkey) 31 (19M, 12F)  Retrospective 61.9 Liver metastases in gastrointestinal cancer
Serfling (2021, Germany) 8 (6M, 2F) Retrospective 62 Tonsil carcinoma

Shi (2021, China) 20 (18 M, 2F) Prospective 58 Hepatic

Siripongsatian (2022, Thailand) 27 21 M, 6F) Retrospective 68 Hepatic

Wang (2021, China) 25 (24M, 1F) Retrospective 59.4 Hepatic

Wang (2022, China) 34 (20M, 14F)  Prospective 64* Lung

Wei (2022, China) 28 (16 M, 12F)  Prospective 59.8 Various

Windisch (2020, Germany) 13 (5M, 8F) Prospective 60.9 Glioblastoma

Zhang (2022, China) 33 (19M, 14F)  Prospective 68.8 Pancreatic

Zhao (2021, China) (37) 21 (18M, 3F) Retrospective 60" Esophageal

Zhao (2021, China) (35) 45 (35M, 10F)  Retrospective 50" Nasopharyngeal carcinoma

*Median.

Systematic Review

Study demographic and index test characteristics are summa-
rized in Table 1 and Supplemental Table 1, respectively (supple-
mental materials are available at http://jnm.snmjournals.org).
The included studies were published between 2020 and 2022.
Twenty-four studies were prospective, and 15 were retrospective.

METAANALYSIS OF FAPI PET/CT IN ONCOLOGY ~ *

More than half the studies were conducted in China. The included
studies focused on gastrointestinal cancers (/2,17-31), head and
neck cancer (11,32-36), various cancers (9,10,37—41), lung cancer
(42,43), sarcoma (44,45), breast cancer (46), lymphoma (47), mul-
tiple myeloma (48), glioblastoma (49), and liver metastases
(50,51).
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Metaanalysis

I?=34.5%, P<0.001 I*=50.1%, P<0.001

Study TP FP FN TN Cancer Type Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (5% CI)

Ballal et al. 2020 3% 0 018 Various ~ 1.00[0.90,1.00]  1.00[0.81,1.00] - — We used per-patient data for primary
Cermik et al. 2022 3% 0 3 0 Varous  0.93[0.81,0.99] Not estimable — . .

Chen et al, 2021 8 5 4 4 Varous  088(071,096]  0.44(0.14,0.79] - — lesions and per-lesion data for the nodal and
Chen et al, 2022 3 0 0 0 HNC 1.00[0.90, 1.00] Not estimable - : : :

Elboga et al. 2022 37 00 0 Gastic  1.00(0.91, 1.00] Not estimable - distant metastatic lesions. The overall pooled
Elboga et al. 2022 (B) 10 0 4 0 MulipleMyeloma  0.71[0.42,0.92] Not estimable — Sensitivity of FAPI was 0.99 (95% CI, 0.97—
Gundogan et al. 2021 19 0 2 0 Gastric 0.90 [0.70, 0.99] Not estimable - . . 2 o
Guo et al. 2021 2 0 10 Hepalic 096 [0.78, 1.00] Not estimable —= 1.00; heterogeneity index [I] = 34.5%),
Hu et al. 2021 2 00 0 Various  1.00 [0.85, 1.00] Not estimable —a 0 . 12— 000

Jiang et al. 2022 38 0 0 0 Gastric 1.00[0.91, 1.00] Not estimable - 0.91 (95 /o CI’ 0.81 096’ Iz 0.0 A))’ and
Jinetal, 2021 72 0 1 0 Lymphoma  0.99[0.93,1.00] Not estimable - 0.99 (95% CI, 0.96-1.00; I*= 96,8%) for
Kessler et al. 2021 27 0 1 1 Sarcoma  0.96[0.82,1.00]  1.00[0.03,1.00] - s . . ;

Kuten et al. 2021 0 0 0 0 Gastic  1.00[0.69, 1.00] Not estimable — the detection of primary, nodal, and distant
Lan et al. 2021 84 1 2 1 Varous  0.98[0.92,1.00]  0.50[0.01,0.99] o — . : : : .

Lin et al. 2022 45 0 0 0 Gastric 1.00 [0.92, 1.00] Not estimable - metastatic leSIOHS’ respectlvely (Flg 3’ Sup-
Linz et al. 2021 10 0 0 0 HNC 1.00 [0.69, 1.00] Not estimable —a plemental Flg 1) The overall pooled speciﬁ_
Mona et al. 2021 4 0 0 1 Various 1.00(0.77, 1.00] 1.000.03, 1.00] = = . 0

Pang etal. 2021 3 0 0 0 Gastic  1.00(0.90, 1.00] Not estimable - city of FAPI was 0.84 (95% CI, 0.28-0.99;
Pang et al. 2022 % 7 0 3 Pancreatic  1.00[0.87,1.00]  0.30(0.07, 0.65] - —— 2 _ o : .

Qin et al. 2021 15 0 0 0 HNC  1.00(0.78, 1.00] Not estimable —=n I 50.1%) for the detection of primary
Qin et al. 2022 14 0 0 0 Gastric 1,00 [0.77, 1.00] Not estimable — lesions. The forest plOt n Figure 3 shows the
Ristau et al. 2020 7 000 HNC  1.00(0.59, 1.00] Not estimable — . L. o
Rohrich et al, 2020 B 0 0 1 Pancreatic  1.00[0.81,1.00]  1.00[0.03,1.00] —. pooled estimates of sensitivity and specificity
Serfling et al. 2020 8 0 0 0 HNC 1.00 [0.63, 1.00] Not estimable — : . :

Shi et al. 2020 17 0 0 3 Hepatic ~ 1.00[0.80,1.00]  1.00[0.29, 1.00] —a — = for the detection of primary lesions. The
Siipongsatianetal. 2022 21 2 0 0 Hepatic 1.00[0.84,1.00]  0.00[0.00, 0.84] I — estimated metastatic pooled per—lesion sensi-
Wang et al. 2022 27 0 0 0 Lung 1.00 [0.87, 1.00] Not estimable —a .. . .

Wel et al. 2022 28 0 0 0 Various 1.0 [0.88, 1.00] Not estimable -u tivity was not reliable because of high het-
Windisch et al. 2020 13 0 0 0  Globlastoma  1.00[0.75,1.00] Not estimable —=a B 2 _ 0

Zhang et al. 2022 30 0 0 0 Pancreatic 1.00[0.88, 1.00] Not estimable - erogenelty (I - 968%)) Forest plOtS for the
Zhao et al. 2021 210 0 0 HNC  1.00[0.84,1.00] Not estimable —a detection of nodal and distant metastases and
Zhao et al. 2021 (B) 3 0 0 0 HNC  1.00(0.91,1.00] Notestimable , , , , . ® . . . . R . ..
Pooled Estimate 099 (0.87-1.00) 0.4 (0.28-0.99) 0 0.2 0.4 06 08 1 0 0.2 0.4 06 08 1 summary receiver-operating characteristic

curves are shown in Supplemental Figures 1

FIGURE 3. Forest plot showing random-effects estimates and individual study sensitivity and spe-
cificity for detection of primary lesions by FAPI PET/CT. FN = false-negative; FP = false-positive;

HNC = head and neck cancer; TN = true-negative; TP = true-positive.

PET/CT was used as the index test imaging modality in 34 stud-
ies, PET/MRI was used in 3 studies, and both PET/CT and PET/
MRI were used in 2 studies. The studies used various FAPI ligands
(FAPI-02, FAPI-04, FAPI-42, FAPI-46, DOTA.SA .FAPI, and
DATA ™ SA.FAPI) and isotopes ('°F and °*Ga). The injected
activity of the radiotracer varied among studies (Supplemental
Table 1). The most common acquisition time was 60 min (24 stud-
ies), 5 studies used acquisition times shorter than 60 min, and 10
studies used a range of acquisition times (30—113 min) (Supplemen-
tal Table 1). The FAPI scans were compared with ['*F]FDG in 34
studies, MRI in 3 studies, contrast-enhanced CT in 2 studies, and a
second FAPI ligand in 1 study; 2 studies had no comparator.

and 2, respectively. The limited number of
studies reporting true-negative data reduced
the certainty of the pooled specificity results.

A paired analysis including studies com-
paring both radiotracers showed that sensi-
tivity was higher for FAPI than for ['8F]JFDG in the detection of
primary lesions (1.00 [95% CI, 0.95-1.00] vs. 0.91 [95% CI,
0.81-0.96]), nodal metastases (0.91 [95% CI, 0.81-0.96] vs. 0.78
[95% CI, 0.66—0.87]), and distant metastatic lesions (0.99 [95% CI,
0.96-1.00] vs. 0.73 [95% CI, 0.53-0.87]). There was a significant
difference in sensitivity between FAPI and ['®F]FDG in the detec-
tion of primary lesions (P < 0.001), nodal metastases (P < 0.001),
and distant metastatic lesions (P < 0.001). The study estimates of
sensitivity and specificity for the detection of primary lesions by
['®F]FDG PET/CT are shown in Figure 4, and paired summary
receiver-operating characteristic curves are shown in Figure 5. The
paired analysis for primary lesions had moderate heterogeneity
(I*=29.0% for FAPI, I>=493% for

18 ..
Study TP FP FN TN Cancer Type Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% Cl)  Specificity (95% CI) [ F]FDG)’ nOdzal metastases had neghglble
Balal et al. 2020 % 0 018 Various  1.00[0.80,1.00]  1.00(0.81,1.00] - —= heterogeneity (I” = 0.0% for both), and met-
Cermik et al. 2022 B/ 0 4 0 Various 080 [0.77,0.97] Not estimable - . . : . 2 _
Chen et al, 2022 B 0 0 0 HNC  1.00[0.80, 1.00] Not estimable - astatic lesions hadzhlgh heterogeneity (I° =
Elboga et al. 2022 010 Gastic 0,97 [0.86, 1.00] Not estimable - 96.8% for FAPI; I* = 96.6% for ['*F]FDG).
Elboga et al. 2022 (B) 8 0 6 0 MutipleMysloma  0.57[0.29,0.62] Notestmable ~ — % .
Gundoganetal 2021 17 0 4 0 Gastic 081058, 095] Not estimable — The overall pooled specificity for the detec-
Guo et al. 2021 15 0 8 0 Hepatic 0.65[0.43, 0.84] Not estimable — . . . .
Jiang et al. 2022 N0 7 0 Gastic  0.82(0.66,0.92] Not estimable — tion of primary lesions was higher for
Kuten et al. 2021 505 0 Gastic 050 [0.19, 0.81] Notestmable ~ —#—— ['8F]FDG than for FAPI (0.95 [95% CI,
Lan etal. 2021 o213 0 Various  0.85[0.76,002]  0.00[0.00, 0.84] - —
Lin etal. 2022 #4010 Gastic 098 [0.88, 1.00] Not estimable = 0.05-1.00] vs. 0.87 [95% CI, 0.05-1.00]);
Linz et al. 2021 10 0 0 0 HNC 100059, 1.00] Not estimable —=n h the limited b £ studi
Mona et al. 2021 12 0 2 1 Various  0.86[057,0.88)  1.00[0.03, 1.00] — = owever, the limited number of studies
Pang et al. 2021 17 018 0 Gastic  0.49(0.31,0.66] Not estimable . reporting true-negative data reduced the cer-
Pang et al. 2022 1907 4 6 Pancreatic  0.83[0.61,095]  0.46[0.19,0.75] —  —— P g gatt
Qin etal. 2021 5 0 0 0 HNG  1.00[0.78, 1.00] Not estimable —= tainty of the specificity analyses. Forest plots
Qin et al. 2022 0 0 4 0 Gastric 0.71[0.42, 0.92] Not estimable I . -
Serfing et al. 2020 800 0 HNC  1.00(0.63, 1.00] Not estimable — for the detection of nodal and distant metas-
Shietal. 2020 00 7 3 Hepalic  059[033,082]  100(029, 1.00) —a— — tases are shown in Supplemental Figure 3.
Siripongsatianetal. 2022 11 1 10 0 Hepatic 0.52[0.30, 0.74] 0.00[0.00, 0.97] o L .
Wang et al. 2022 27 0 0 0 lung  1.00[0.87,1.00] Not estimable — Funnel plot asymmetry (Supplemental Figs.
Wei et al. 2022 8 020 0 Various  0.29[0.13,0.49] Notestmable —%— 46 ts slioht study bi rticularl
Zhang et al. 2022 30 0 0 0 Pancreatic 1.0 [0.88, 1.00] Not estimable - —6) suggests slight study bias, particularly
Zhao etal. 2021 21 0 0 0 HNC 100084, 1.00] Not estimable —a for lymph node and metastatic analyses.
Zhao et al. 2021 (B) 38 0 1 0 HNC 0.97 [0.87, 1.00] Notestimable , _, . . | 1 —_— R .
Pooled Estimate 091(0.61-096)  0.95(0.051.00)0 0.2 0.4 06 0.8 1 0 02 0.4 06 08 1 A subgroup analysis comparing FAPI
I¥'= 49.3%, P<0.001 IF = 10.6%, P<0.05 . . .
and ['®F]FDG PET/CT in gastrointestinal

FIGURE 4. Forest plot showing random-effects estimate and individual study sensitivity and speci-
ficity for detection of primary lesions by ['®F]FDG PET/CT. FN = false-negative; FP = false-positive;

HNC = head and neck cancer; TN = true-negative; TP = true-positive.

4

cancers demonstrated that FAPI PET/CT
had a higher sensitivity (1.00 [95% CI,
0.84-0.99] vs. 0.81 [95% CI, 0.66—0.90])
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study. Shaded circles represent summary points, and dotted circles show
95% Cls.
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and specificity (0.54 [95% CI, 0.05-0.96] vs. 0.52 [95% CI,
0.26-0.77]) than ['®F]JFDG PET/CT in the detection of primary gas-
trointestinal lesions (Supplemental Fig. 7). There was a significant
difference in sensitivity between ['*F]JFDG and FAPI (P < 0.001),
but not specificity (P = 0.42), and both analyses had high heteroge-
neity (I> = 87.9% and 1> = 87.8%, respectively). FAPI PET/CT had
a higher sensitivity than ['®F]FDG PET/CT in the detection of nodal
[0.90 (95% CI, 0.65-0.98) vs 0.64 (95% CI, 0.43-0.81)] and distant
(0.99 [95% CI, 0.88-0.99] vs. 0.61 [95% CI, 0.43-0.78]) metastatic
lesions in gastrointestinal cancers (Supplemental Figs. 8 and 9).
Both analyses were significant (P < 0.001), and they had moderate
(I = 57.9%) and high (I> = 98.2%) heterogeneity, respectively.

DISCUSSION

This systematic review and metaanalysis showed that FAPI is
highly sensitive in the detection of primary, nodal, and metastatic
lesions. We demonstrated that FAPI is significantly more sensitive
than ['®F]FDG for primary, nodal, and metastatic lesions, across
studies examining both radiotracers. Our analyses showed that
['8F]FDG had a higher specificity than FAPI for the detection of
primary lesions; however, the lack of studies reporting true-
negative data reduces our confidence in pooled specificities.

Several metaanalyses investigated the diagnostic accuracy of
FAPI PET/CT in the detection of oncologic lesions (/3—/6). Com-
pared with previous metaanalyses, our comprehensive analysis pro-
vides an up-to-date evaluation of the diagnostic applicability of FAPI
PET/CT radiotracers and a direct comparison to ['F][FDG PET/CT
for primary lesions, nodal metastases, and distant metastases.

An early metaanalysis of 14 studies on [*®Ga]FAPI by Sollini
et al. (13) reported a patient-based pooled sensitivity and specificity
of 0.99 and 0.87, respectively. On a lesion-based analysis, they
reported sensitivities of 1.00 and 0.93 for the detection of primary
and distant metastases, respectively. However, the results were
highly heterogeneous, and the study design of the included papers
prevented the calculation of pooled specificity for both primary
tumors and metastases. Our lesion-based analysis for the detection
of distant metastases was also heterogeneous (I* = 96.6%). Sollini
et al., however, did not report or compare [*3Ga]FAPI PET/CT with
['8F]FDG PET/CT or other imaging modalities (/3). A metaanaly-
sis by Roustaei et al. directly compared the detection rates of
[*3Ga]FAPI and ['8F]FDG PET using odds ratios (OR) and risk dif-
ferences for various cancers across 9 studies (/4). They found that
gastrointestinal tumors had the highest estimated OR (32.079; 95%
ClI, 4.001-257.212; P = 0.001) for the detection of primary tumors
(14). For nodal and distant metastases, they found that hepatobiliary
tumors (OR, 11.609) and nasopharyngeal carcinomas (OR, 77.451)
had the highest ORs, respectively (/4). Their analysis of different
cancer types had high heterogeneity, similar to our analysis of dis-
tant metastases across various cancer types (/4). Gege et al. com-
pared [*®Ga]FAPI and ['®F]FDG PET/CT for the detection of
peritoneal metastases, showing [®Ga]FAPI to have superior sensi-
tivity in both patient-based analysis (98.2% vs. 55.9%, 9 studies)
and lesion-based analyses (99.9% vs. 27.35, 4 studies) (15). Finally,
Huang et al. analyzed the detection rates of [*3Ga]FAPI in digestive
system tumors in 18 studies (16), reporting a patient-based sensitiv-
ity of 0.98 and a lesion-based sensitivity of 0.97 (16), as well as a
pooled sensitivity of 0.94 for the detection of nonprimary (lymph
node and distant metastases) lesions (/6). Specificity was statisti-
cally pooled by neither Gege et al. nor Huang et al. because of a
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lack of true-negative data, a common limitation in these diagnostic
studies (15,16).

FAPI PET/CT appears to be a promising diagnostic radiotracer
for tumors and lesions that are inconclusive on ['®F]FDG imaging,
such as tumors in the gut and liver with variable ['*F]FDG uptake
due to metabolic alterations (24). A study by Chen et al. (9)
showed that [*®®Ga]DOTA-FAPI PET/CT had higher tumor uptake
and a more favorable tumor-to-background ratio in tumors with
inconclusive ['®F]FDG findings.

Our metaanalysis has some limitations. First, because of the lim-
ited number of studies available on FAPI PET/CT, we included all
studies that used FAPI PET/CT in an oncologic setting. These stud-
ies were heterogeneous, with various cancers and patients. As study
of FAPI PET/CT continues, further analyses can be conducted on
specific cancer types to better determine its diagnostic utility. Sec-
ond, a small number of studies reporting true-negative data resulted
in wide pooled ClIs for specificity and limited conclusions on over-
all diagnostic accuracy. The fact that some studies also excluded
patients with benign disease or included only patients who already
had a confirmed malignancy highlights the need for adequate stud-
ies on patients who do not have histologic confirmation of cancer.
Third, in terms of the detection of nodal and metastatic lesions,
patients in some studies had already undergone treatment whereas
others were treatment-naive, which may underestimate FAPI’s abil-
ity to detect these treated lesions. Finally, many of the included
studies were retrospective or focused on tumors with suboptimal
['®F]FDG sensitivity, resulting in a risk of pretest selection bias.

CONCLUSION

This systematic review demonstrates that FAPI has high sensitiv-
ity in the detection of primary and nodal lesions. Additionally, the
sensitivity of FAPI in the detection of primary, nodal, and meta-
static lesions was significantly higher than that of ['F]FDG across
various cancers. However, our findings on distant metastases were
biased by high heterogeneity. Although FAPI is a promising radio-
tracer, the high risk of bias and study heterogeneity suggest that
further trials are required to evaluate the role of FAPI in an onco-
logic setting and its utility alongside or over ['®F]FDG PET/CT.
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KEY POINTS

QUESTION: What is the diagnostic accuracy of FAPI PET/CT
alone and compared with ['®F]JFDG PET/CT for the detection of
primary and metastatic lesions?

PERTINENT FINDINGS: This systematic review and metaanalysis
found that FAPI has high sensitivity in the detection of primary
lesions (0.99; 95% ClI, 0.97-1.00), nodal metastases (0.91; 95%
Cl, 0.81-0.96), and distant metastases (0.99; 95% CI, 0.96-1.00).
In a paired analysis, the sensitivity of FAPI was superior to that of
["8FIFDG PET/CT, with statistical significance.

IMPLICATIONS FOR PATIENT CARE: These findings show that
FAPI is a promising radiotracer in oncology, but further studies are
required to better evaluate its indications and role.
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