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Abstract

Objective: Our study aims to head to head compare the application of gallium-68-fibroblast activation pro-
tein inhibitor (*Ga-FAPI) positron emission tomography/computed tomography (PET/CT) and fluorine-18-
fluorodeoxyglucose (“F-FDG) PET/CT in primary and metastatic lesions of gastric tumor to determine the su-
perior diagnostic tool. Materials and Methods: A systematic search, up to March 31, 2023, across PubMed,
Embase, and Cochrane Library databases utilized a data-specific Boolean logic strategy. Sensitivity (SEN) and
specificity (SPE) evaluations of “Ga-FAPl and "F-FDG PET/CT in gastric cancer lesions were conducted. The qu-
ality of the studies was assessed using QUADAS-2, and publication bias was examined through Begg and
Egger tests. Results: Analysis involved 141 gastric tumor patients and 2753 metastatic lesions in five studies,
with overall satisfactory study quality and no apparent publication bias. Patient-level data showed a combi-
ned SEN of 0.95 (95% Cl: 0.90-0.98) for “Ga-FAPI and 0.84 (95% Cl: 0.77-0.89) for “F-FDG. At the lesion level,
combined SENs were 0.91 (95% Cl: 0.84-0.96) for “Ga-FAPI and 0.72 (95% Cl: 0.63-0.80) for “F-FDG.The pooled
SEN for detecting lymph node metastases was 0.78 (95% Cl: 0.74-0.82) for *Ga-FAPI and 0.35 (95% Cl: 0.30-
0.39) for "F-FDG, with pooled SPE values of 0.99 (95% Cl: 0.98-0.99) and 0.97 (95% Cl: 0.96-0.98), respectively.
For detecting distant metastases, pooled SEN values were 0.97 (95% Cl: 0.96-0.98) and 0.69 (95% Cl: 0.66-0.72)
for ®“Ga-FAPI and "F-FDG, with pooled SPE values of 0.86 (95% Cl: 0.82-0.89) and 0.64 (95% Cl: 0.59-0.68), res-
pectively. Conclusion: This meta-analysis concluded that *Ga-FAPI PET/CT was significantly more sensitive
than “F-FDG PET/CT in assessing primary gastric tumors, lymph nodes, and distant metastases, but the diffe-
rence in the specificity of ymph node metastasis was not significant.
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Introduction

astric cancer, starting in the stomach, ranks as the fifth most frequently occur-

ring cancer globally and as the third top cause of cancer-related mortality [1].

The treatment of gastric cancer is stage-specific, involving surgical procedures,
chemotherapy, radiation therapy,immunotherapy, and targeted therapy [2]. In patients
with stage IA or IB cancer, the 5-year survival rate following surgical resection ranges
from 60% to 80% [1]. Positron emission tomography (PET) is a medical imaging techni-
que that utilizes a radiotracer to visualize metabolic processes within the body, while
PET/computed tomography (CT) combines the strengths of PET and CT scans [3]. Flu-
orine-18-fluorodeoxyglucose ("°F-FDG) PET/CT is commonly utilized for the diagnosis
and staging of gastric cancer [4]. However, this modality has limited sensitivity for detec-
ting gastric cancer, particularly in early stages and low metabolic activity cancers [5]. Fal-
se-positive results may arise from physiological uptake in the gastric wall and gastritis,
and the intensity of uptake cannot predict survival outcomes [6, 7]. Therefore, thereis a
need for more sensitive PET probes for accurate diagnosis and staging of gastric cancer
[8l.

Many tumors harbor cancer-associated fibroblasts that exhibit high levels of fibro-
blast activation protein (FAP) [9]. FAP inhibitors (FAPI) can target and visualize these tu-
mors by binding to FAP, a protein overexpressed in certain tumors. Gallium-68-FAPI
(*Ga-FAPI) and other radiolabeled FAPI probes have demonstrated efficacy in various
cancers such as lung, breast, prostate, sarcoma, and head and neck cancer [10, 11]. In
contrast to "*F-FDG PET/CT, which focuses on tumor cell glucose metabolism, radiola-
beled FAPI imaging can reveal cancer-associated fibroblasts and extracellular fibrosis
within the tumor stroma[8].

Recent studies have underscored the utility and superiority of “Ga-FAPI PET over "F-
FDG PET in gastric cancers, spanning from initial staging to recurrence detection [12-15].
Qin et al. (2022) [8] reported that “Ga-FAPI PET outperformed *F-FDG PET in primary
tumor detection (100.00% [14/14] vs. 71.43% [10/14]; P=0.03) with higher tracer uptake
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levels (P<0.05).Watabe et al. (2023) [16] observed greater ac-
cumulation of FAPI-PET in primary sites and metastatic lesi-
ons compared to "“F-FDG PET, particularly in detecting peri-
toneal carcinomatosis. Furthermore, *Ga-FAPI PET displa-
yed notable efficacy in gastric signet ring cell carcinoma,
where uptake levels are typically low in this subtype using
"F-FDG PET [12]. Despite the promising findings, the high
heterogeneityin resultsis attributed to varying sample sizes,
quality disparities, and geographical influences. Therefore,
conducting a rigorous meta-analysis is essential to reconcile
discrepancies, enhance effect estimates, and provide robust
evidence for evidence-based medicine.

A meta-analysis by Wang et al. (2023) [17] compared the
use of “Ga-FAPI-04 PETmagnetic resonance imaging (MRI)/
CT with "F-FDG PET MRI/CT in gastric cancer and found that
*Ga-FAPI-04 PET MRI/CT was superior in detecting primary
tumors, lymph node metastases, and peritoneal metastases.
Another meta-analysis [18] evaluated the application of
**Ga-FAPI PET/CT or PET/MR in digestive system tumors, re-
vealing the high accuracy and sensitivity of “Ga-FAPI PET in
diagnosing and evaluating such tumors. However, both me-
ta-analyses included a mix of PET/MRI and PET/CT equip-
ment, leading to significant statistical methodological and
clinical heterogeneity in their results. Moreover, they did not
assess publication bias within the studies. Cautionis advised
wheninterpreting the outcomes of these meta-analyses due
tothediverse nature of theincluded studies.

Our study aims to directly compare the effectiveness of
**Ga-FAPI PET/CT and "*F-FDG PET/CT in primary and metas-
tatic lesions of gastric cancer to determine the superior
diagnostictool.

Materials and Methods

The meta-analysis complied with the guidelines specified in
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement. This study was registe-
red in the PROSPERO database with the registration num-
ber CRD42023395260.

Data sources and search strategy

We conducted a comprehensive search across multiple da-
tabases, including PubMed, EMBASE, Web of Science, and
the Cochrane Library, for diagnostic studies related to “FAPI-
PET"“FDG-PET" and“gastric cancer”published from the ear-
liest indexing date through 31" March 2023. The search uti-
lized a database-specific Boolean logic approach incorpora-
ting keywords such as FAP, FAPI, fibroblasts, cancer-associ-
ated fibroblasts, CAF, PET, PET/CT, PET-CT, FDG, fluorode-
oxyglucose, positron emission tomography, gastric cancer,
stomach cancer, stomach tumor, and gastric tumor. To en-
sure completeness, we hand-searched the reference lists of
theidentified publications. Two independent reviewers(CLG
and HTL), conducted the search process.

Inclusion and exclusion criteria
The analysis included articles that were published and met the

following criteria:

1) “*GA-FAPI PET/CT and "“F-FDG PET/CT were evaluated si-
multaneously as diagnostic methods for gastric tumor (pri-
mary tumor, lymph node and distant metastasis).

2) The lesions were confirmed by histopathology or combi-
ned clinical/imaging follow-up.

3) Sufficient data were provided to calculate the number of
positive cases with respect to the primary gastric tumor, or
true-positive, false-positive, false-negative, and true-nega-
tive cases of non-primary tumors (lymph nodes or distant
metastases).

The exclusion criteria were as follows:

1) Those who were evaluated for gastric tumors utilized only
oneimaging agent (FAPlor FDG);

2) PET/MRIwas employed;

3) The study subjects included stomach, duodenal, or colo,rec-
tal tumors;

4) Overlapping papers;

5) Review articles, animal experiments, editorials or letters,
comments, and conference proceedings;

6) Alackof access to the full text;

7) Asample size of fewer than 10 patients or lesions.

Quality assessment

The methodological quality of each eligible article was ap-
praised by two independent reviewers (CLG and HTL). Any
discrepancies were resolved through consultation or by in-
volving a third reviewer.The modified Quality Assessment of
Diagnostic Accuracy Studies version 2 (QUADAS-2), as re-
commended by the Cochrane Collaboration guidelines[19],
was used for evaluation. Each item was classified as having a
"high","low", or "unclear"risk of bias.

Data extraction

Data extraction was carried out on literature that met the
predetermined criteria. Each study's data included the first
author's name, publication year, country of origin, study de-
sign (prospective or retrospective), study center type (sin-
gle-center or multi-center), gastric cancer subtype, diagnos-
tic criteria used, purpose of imaging, interpretation of
images, patient age and gender distribution, sample size,
range of PET/CT scans, type ofimaging agent used, injection
activity, time interval between “Ga-FAPI and "*F-FDG scans,
maximum standardized uptake value (SUVmax) of primary
lesions, tumor-to-background ratio (TBR), and type of image
analysis (qualitative, quantitative, or semi-quantitative).
Sensitivity (SEN), specificity (SPE), and accuracy were recor-
ded or calculated for each patient and/or lesion. Subgroup
analyses were performed by collecting these data when
analyzing primary and non-primary (metastatic) tumors. Un-
published literature was not sought through author contact.

Statisticalanalysis

This study collected data from all eligible studies and emplo-
yed descriptive statistics and frequency tables to summarize
the data. Subgroup analyses were conducted on primary and
non-primary tumors, and diagnostic pooled assessments of
“Ga-FAPIPET/CT and "F-FDG PET/CT were performed within
these subgroups. The utility of “Ga-FAPI PET/CT and “F-FDG
PET/CT in primary tumors, encompassing primary staging
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and recurrence on a patient-level basis, was evaluated. For
non-primary tumors, assessments were undertaken lesion
by lesion, covering metastases in lymph nodes, adrenal
glands, peritoneum, liver, bones, and other sites. The pri-
mary aim of this study was to assess the effectiveness of “Ga-
FAPIPET/CT and "F-FDG PET/CT in detecting gastric tumors
by calculating combined measures such as sensitivity, speci-
ficity, and the area under the curve (AUC). Cochran’s Q ho-
mogeneity tests and I were employed to evaluate data con-
sistency, with I’<50% set as the acceptable level of hetero-
geneity. Subgroup analyses or sensitivity analyses would be
conducted in case of high heterogeneity, followed by po-
oling the results using a random effects model. Additionally,
Begg and Egger tests were carried out to evaluate publi-
cation bias. Statistical significance was evaluated with two-
tailed tests, using a significance threshold of P<0.05. All sta-
tistical analyses were performed using Stata version 16.0
software (StataCorp LP, College Station, TX, USA), Review
Manager software (Cochrane Collaboration, version 5.3.5,
London, United Kingdom), and MetaDiSc 1.4 (Clinical Bio-
statistics team of the Ramon y Cajal Hospital in Madrid, Spa-
in).

Results

Literature search and study selection

Records identified database

(n=86)

J [ Identification ]

A

Records after duplicates removed
(n =44)

A,

Reports sought for retrieval

A comprehensive systematic search was conducted across
three key databases: PubMed/MEDLINE, Embase, and the
Cochrane Library, resulting in the retrieval of 86 relevant ar-
ticles. To ensure data quality, 42 duplicate articles were ex-
cluded. The titles and abstracts of the remaining papers we-
re scrutinized based on specific inclusion and exclusion cri-
teria, leading to the exclusion of 27 articles. This process left
us with a final selection of 17 papers for full-text assessment.
Following athoroughreview of these 17 articles, five met the
criteria and were selected for inclusion in the meta-analysis.
For a detailed visualization of the literature screening pro-
cess, referto Figure 1.

Characteristicsof theincluded studies

The studies examined in this review were published bet-
ween 2022 and 2023. Of these, four studies [12-14, 20] were
undertaken in China, while one study [15] was conducted in
Turkey. These studies involved 141 patients with gastric tu-
morsand 2753 metastatic lesions, all of which were classified
as adenocarcinomas, with 78 cases showing signet ring cell
features. Among these studies, three [13-15] were pros-
pective in design, while the rest were retrospective. Additio-
nally, one study [12] gathered data from multiple centers,
whereas the others were single-center studies. The age ran-
ge of patients spanned from 24 to 85 years. Further details of
the characteristics of the five studies included in the meta-
analysiscanbefoundinTable 1.

Records excluded: (n =27)

(n=17)

Screening

r

Full-text articles assessed for
eligibility

-no relevant study (15),
-abstract /non-hunman /review/editorial (12).

Full-text articles excluded,with reasons:(n =12)

(n=17)

Studies included in qualitative
synthesis
(n=5)

Included

y
Studies included in qualitative
synthesis(meta-analysis)
(n=5)

-

-lack sufficient data to calculate detection rate
(12),

Figure 1. Flowchart ofthe search foreligible studies on “Ga-FAPl and “F-FDG PET/CT in patients of gastric cancer. Five articles were finally selected for this meta-analysis.
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Technicalaspects

Table 2 summarizes the techniques of *Ga-FAPI PET/CT and
"F-FDG PET/CT as reported in five articles focusing on the
diagnosis and evaluation of gastric cancer. While both
PET/CT and PET/MRI imaging modalities were employed in
the study by Chen etal. (2023) [12], our study specifically uti-
lized PET/CT scanners for imaging all subjects, with “Ga-
FAPI-04 and "F-FDG serving as the imaging agents. The time
interval between injection of the imaging agents and scan-
ningacrossall studiesranged from 35to 71 minutes.

Regarding scan ranges, four studies [13-15, 20] primarily
covered PET/CT scans from the head to the upper middle
thigh. Additionally, the interval duration between scans in-
volving the two imaging agents was detailed in four studies
[12-15]. Specifically, three studies [12, 13, 15] completed the
scans within a week, while another study [14] finished the
processin nine days.

All studies conducted semi-quantitative image analyses,
where three studies [12, 13, 15] utilized both SUVmax and
TBR for image interpretation. Furthermore, a comparison of
SUVmax values between “Ga-FAPI PET/CT and "*F-FDG PET/
CT imaging agents was performed in all studies, indicating
that the “Ga-FAPI-SUVmax values of primary tumors surpas-
sed the "F-FDG-SUVmaxvalues.

Risk of bias and applicability

In evaluating the quality of the included studies, QUADAS-2
was utilized, as depicted in Figure 2. Our assessment revealed
that none of the studies exhibited low quality, with an overall
satisfactory quality assessment. Consequently, the risk of bias
and concerns regarding applicability were determined to be
relatively low for the studies scrutinized in our meta-analysis.

Quantitative analysis (meta-analysis)

Based on primary tumor performance analysis
Patient-level data from four studies [13-15, 20] were utilized
to evaluate the SEN of “Ga-FAPI PET/CT and "“F-FDG PET/CT
in primary gastric tumors, resulting in combined SEN values
of 0.95 (95% Cl: 0.90-0.98; 12=64.4%, P=0.04) and 0.84 (95%
C1:0.77-0.89;1’=78.8%, P=0.00) respectively (Figure 3A, B). At
the lesion-level, the combined SENs from four additional
studies[12,13,15,20] were 0.91(95% Cl: 0.84-0.96;’=70.8%,
P=0.02) for “Ga-FAPI and 0.72 (95% Cl: 0.63-0.80; ’=93.5%,
P=0.00) for °F-FDG (Figure 3C, D). Limited primary tumor da-
ta availability hindered the pooling of effect sizes for specifi-
city, thereby limiting the meta-analysis to sensitivity asses-
sment only. Nevertheless, the consolidated sensitivity esti-
mates offer valuable insights into the overall performance of
the diagnostic tests, facilitating informed clinical decision-
making.

A
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Figure 2. Risk of bias and applicability concerns the summary (A) and graph (B) of the studies included in the systematic review according to the QUADAS-2 tool. Overall

quality of theincluded studies was deemed satisfactory.
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Based on non-primary tumor (lymph node and dis-
tant metastasis) performance analysis

Due to the absence of patient-level data, only data at the me-
tastatic lesion level could be combined, leading to limita-
tions in capturing potential variations in diagnostic perfor-
mance among patients. The pooled SEN of *Ga-FAPI PET/CT
and "F-FDG PET/CT in non-primary tumors were 0.91 (95%
Cl: 0.90-0.93; I’=98.4%, P=0.00) and 0.57 (95% Cl: 0.54-0.60;
1’=92.4%, P=0.00), with pooled SPE of 0.95 (95% Cl: 0.94-0.96;
I’=94.7%, P=0.00) and 0.86 (95% Cl: 0.84-0.88; I’=97.3%, P=
0.00), respectively, alongside AUC values of 0.98 and 0.62,
respectively. To mitigate inter-study heterogeneity, sub-
group analyses were conducted for lymph node and distant
metastasis, yielding pooled SEN for detecting lymph node
metastases of 0.78 (95% Cl: 0.74-0.82) and 0.35 (95% Cl: 0.30-
0.39) with ®Ga-FAPI PET/CT and "F-FDG PET/CT, and pooled
SPE of 0.99 (95% Cl: 0.98-0.99) and 0.97 (95% Cl: 0.96-0.98),

A Sensitivity (95% CI)
1.00 (082 -1.00)
0.50 (0.80-0.86)
095 (0.74-1.00)
1.00 (0.78 - 1.00)
|
+ I Pocled Sensitivity = 0.95 (0.90 ta 0.98)
| Chi-square = 8.43; df = 3 (p =0.0380)
0 [F] 04 06 08 1 Inconsistency (I-square) = B4.4 %
Sensitivity
C Sonstivity (35% CI)
| o — Chen 0.73 (0.50-0.89)
Lin 098 (0.85-1.00)
4 zhang 095 (0.75-1.00)
i+ | Gundopan 090 (0.70-099)
“* | Pooled Sensitivity = 0.91 {0.84 1o 0.96)
Chi-square = 10.26; di = 3 (p = 0.0165)
02 04 08 08 1 Inconsistenty (I-square) = 708 %
Sensitivity

respectively (Figure 4A, B, C, D). The AUC values were 0.98
and 0.49, respectively.

For the detection of distant metastases, the combined
SEN were 0.97 (95% Cl: 0.96-0.98) for *Ga-FAPI PET/CT and
0.69 (95% Cl: 0.66-0.72) for "F-FDG PET/CT, with correspon-
ding SPE of 0.86 (95% Cl: 0.82-0.89) and 0.64 (95% CI: 0.59-
0.68),asdepictedin Figure 5A,B,C,D.Theareaunderthe cur-
ve (AUC) values were 0.89 and 0.82, respectively.

Publication bias

Utilizing funnel plots, we visually assessed the potential
publication bias in the included studies. The funnel plots,
constructed for primary tumors, lymph node metastases,
and distant metastases, based on the sensitivity of “Ga-FAPI
PET/CT and "F-FDG PET/CT, exhibited predominantly sym-
metrical patterns, suggesting an absence of publication bias
across the combined studies.

B Sensitivity (95% CI)
- Lin 098 (0.68-1.00)
R = Miao 077 {0.65-087)
L zhang 088 (043-087)
i Gundogan 0487 (0.60-0.58)
Ad Pooled Sensitivity = 0.84 (0.77 to 0.89)
Chi-square = 1413, df = 3 (p = 0.0027)
1] 0.2 04 06 o8 1 Inconsistency (l-square) = T8.8 %
Sensitivity
D Sonsitivity (95% €1)
. Chen 018 10.05-040)
@ Ln 086 (085-0.99)
— zhang 068 (0.43-087)
i Gundogan 081 (0.58-0.95)
+ Pagled Sersitivity = 0,72 (0,63 to 0.80)
Chi-square = 46,16, df = 2 (p = 0.0000)
o 0.2 04 06 [iF] 1 Inconsistency (l-squane) = 835 %
Sensitivity

Figure 3. Forest plot of primary gastric tumors. Based on patient-level data, the pooled SEN of “Ga-FAPI (A) and “F-FDG (B). Based on lesion-level data, the pooled SEN of

“Ga-FAPI(C) and "F-FDG (D).
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89— Lin 019 (0.12-028)
zhang 100 (0.95- 1.00)
Gundogan 100 (0.98 - 1.00)
£ Pooled Sensitivty = 0.78 (0.74 1o 0,82)
Chi-square = 307.62. df = 3 {p = 0.0000)
0 02 04 06 08 1 Inconsistency {I-square) = 9.0 %
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C Senshivity (95% CI)
| —e Chen 023 (0.44-034)
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Figure 4. Forest plot ofthe lymph node metastases. The pooled SEN for “Ga-FAPI (A) and “F-FDG (B), the pooled SPE for “Ga-FAPI (C) and “F-FDG (D).
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Figure 5. Forest plot of the distant metastases. The pooled SEN for “Ga-FAPI (A) and “F-FDG (B), the pooled SPE for “Ga-FAPI () and “F-FDG (D).

Discussion

Gastric cancer represents a highly invasive and biologically
heterogeneous tumor entity often diagnosed at advanced
stages [1]. This highlights the critical need for imaging mo-
dalities with heightened sensitivity and specificity to pre-
cisely assess tumor location and extent, enabling early de-
tection and guiding effective treatment strategies. Gallium-
68-FAPI PET/CT, an innovative molecular targeted imaging
modality targeting tumor cell surface-specific proteins, offers
superior specificity in visualizing tumor cells, surpassing con-
ventional metabolic PET/CT approaches [10]. Our meta-ana-
lysis reveals that *Ga-FAPI PET/CT exhibits increased sensiti-
vity in detecting primary gastric tumors compared to "°F-FDG
PET/CT (0.95 vs. 0.84), aligning with existing literature [10,
21], underscoring its diagnostic accuracy across diverse can-
cers. Notably, the absence of patient-level data in some stu-
dies may constrain the generalizability of our findings. Con-
cerning metastatic lesions, our analysis demonstrates that
*Ga-FAPI PET/CT outperforms "“F-FDG PET/CT in both sensi-
tivity and specificity for non-primary tumors detection (SEN:
0.91 vs.0.57, SPE: 0.95 vs. 0.86), suggesting its heightened re-
levance in gastric cancer detection and staging, particularly
in identifying distant metastases. The study further indicates
that “Ga-FAPI PET/CT has higher combined sensitivity and
quite similar specificity to *F-FDG PET/CT in detecting lymph
node metastases, a crucial consideration impacting treat-
ment decisions and prognostic outcomes.

Our meta-analysis findings suggest that ““Ga-FAPI PET/CT
outperforms "“F-FDG PET/CT in diagnosing primary gastric
tumors, particularly in the detection of primary lesions. The-
seresults support the notion that *Ga-FAPI PET/CT stands as
a more dependable method for identifying primary gastric
tumors, offering enhanced precision in lesion localization
and diagnosis of lesion extent. The variance in sensitivity
between these techniques may stem from their distinct tar-

geting of varied biological traits. While "“F-FDG and “Ga-FAPI
employ differing tumor imaging mechanisms, each yielding
disparate performance in tumoridentification [22]. As tumor
cellsundergo heightened metabolismviaincreased glucose
uptake, leading to elevated lactate production, FDG scan-
ning serves as a prevalent technique in tumor imaging [23].
Conversely, “Ga-FAPI utilizes positron emission dosimetry
to target fibroblast activation protein on tumor cell surfaces,
diverging from the glucose metabolic detection of tumor
cells [24]. Being prominently expressed in tissue fibrosis and
tumor proliferation processes, fibroblast activation protein
exhibits significantly elevated levelsin gastric cancer cells re-
lative to normal tissues or benign lesions like gastric ulcers
[25]. Hence, “Ga-FAPI PET/CT holds potential for heigh-
tened sensitivity and specificity in tumor detection, especi-
ally in cases showcasing pronounced morphological diver-
sity.

A meta-analysis by Huang et al. (2023) [18] suggested that
**Ga-FAPI PET/MR or PET/CT exhibited a sensitivity of 95%
for detecting gastrointestinal tract lesions. A previous study
[21] on the use of “Ga-FAPI and "F-FDG PET/CT in abdo-
minal and pelvic malignant tumors found that the detection
rates for primary gastric cancer were 99% with “Ga-FAPI and
97% with "F-FDG, respectively, slightly higher than our fin-
dings. This difference may be attributed to the inclusion of
both true positives and false positives in their positive cases.
The depth of invasion and tumor size are key factors influen-
cing “Ga-FAPI-04 uptake in gastric cancer [14]. In addition,
*Ga-FAPI shows low sensitivity for detecting early-stage
gastric cancer [14]. Considering conditions such as inflam-
mation and fibrosis can lead to increased uptake in “Ga-FAPI
PET/CT scans, a detailed understanding of the patient's me-
dical history is essential for interpreting imaging results [12].
In the context of pathology, “Ga-FAPI PET/CT shows signifi-
cantly higher uptake rates in infiltrating adenocarcinoma
SRCC and mucinous carcinoma compared to "“F-FDG
PET/CT, aphenomenon possibly associated with GLUT-1 ex-
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pression levels [13]. The improved diagnostic precision of
*Ga-FAPIin primary gastric tumors over "“F-FDG PET/CT can
be attributed toits higher SUVmax, TBR, and impressive ima-
ge contrast capabilities [12, 13]. This is due to the selective
binding of ®Ga-FAPI to FAP on tumor cell surfaces, allowing
for precise identification of tumor cells within tissues and re-
sulting in heightened SUVmax values [26]. Additionally, the
rapid distribution and clearance of “Ga-FAPI in non-tumor
tissues contribute to reduced uptake in these areas, thereby
enhancingthe TBR and image contrast, which facilitates cle-
arer visualization of the tumor [27]. Furthermore, FAPI de-
monstrates less variability in SUVmax uptake between diffe-
rent tumors compared to "*F-FDG imaging, potentially beca-
use FAPI targets a specific set of proteins with consistent ex-
pression levels, whereas "“F-FDG uptake is influenced by va-
riable glucose metabolism across tumor stages, treatments,
anddrugresistances[26].

Accurate evaluation of lymph node metastasis is crucial
for predicting the prognosis of patients with gastric cancer
and aiding in treatment decision-making. In this study, we
evaluated the effectiveness of two imaging agents in detec-
ting lymph node metastasis in gastric cancer, finding that
“Ga-FAPI demonstrated superior overall detection capabi-
lity for metastaticlesionsin the lymph nodes associated with
gastric cancer compared to "*F-FDG. This conclusion was ba-
sed on assessments of sensitivity, specificity, diagnostic od-
ds ratio, and ROC analysis. Specifically, the sensitivity of *Ga-
FAPI in diagnosing lymph node metastatic lesions was no-
tably higher at 0.78 compared to 0.35 for *F-FDG. Chen et al.
(2023)[12] examined 77 confirmed cases of ymph node me-
tastasis and reported that **Ga-FAPI detected 77% (59/77) of
the lymph node lesions, while "F-FDG only detected 23%
(18/77).The increased detection rate with “Ga-FAPI may be
attributed to its higher uptake and TBR in metastatic lymph
nodes [12], consistent with findings from previous studies
[28, 29]. However, Miao et al. (2023) [14] observed that the
sensitivity of “Ga-FAPI was not significantly higher than that
of "F-FDG, with both demonstrating relatively low sensiti-
vity rates (63.6% vs. 54.5%, P>0.05). Some studies [14] have
suggested several reasons for the low sensitivity of “Ga-FAPI
in detecting regional lymph nodes in gastric cancer. Firstly,
postoperative lymph node dissection for pathological de-
tection may lead to false-negative results, particularly in re-
gional lymph nodes. Secondly, patients included in regional
lymph node analysis may be in earlier disease stages, resul-
ting in small and obscure metastatic lymph nodes. Additi-
onally, the uptake of small lymph nodes near the stomach
may be masked by the radioactive volume effect of primary
gastrictumorsand gastric motion. It has also been proposed
that the limited performance of ®Ga-FAPI in detecting lym-
ph node metastasis could be influenced by the biological
characteristics of the tumor and the level of lymph node cell
enrichment [30]. Furthermore, our study indicated that both
imaging agents exhibited comparable specificity in detec-
ting lymph node metastasis (*Ga-FAPI: 0.99 vs. "“F-FDG:
0.97), leading us to believe that both have similar abilities to
rule out the presence of lymph node metastasis.

The potential sites of distant metastases in gastric cancer
encompass the liver, adrenal glands, bones, peritoneum,
ovaries, and infrequent sites [12, 13]. Previous research [31]

has highlighted the efficacy of *F-FDG PET in detecting liver,
lung, and bone metastases, exhibiting a sensitivity of 95.2%
and a specificity of 100%. Nevertheless, our meta-analysis
reveals that **Ga-FAPI demonstrates notably higher sensiti-
vity (0.97 vs. 0.69) and specificity (0.86 vs. 0.64) in identifying
metastatic lesions of gastric cancer compared to "“F-FDG.
Specifically, “Ga-FAPI failed to identify all metastatic lesions,
as evidenced by Miao et al. (2023) [14] reporting the detec-
tion of three liver metastases by "“F-FDG PET/CT that were
missed by “Ga-FAPI-04 PET/CT, while one liver metastasis
detected by “Ga-FAPI PET/CT was misdiagnosed as a false
positive. Similarly, Zhang et al. (2022) [32] noted that "*F-FDG
PET identified more pancreatic cancer liver metastases than
*Ga-FAPI-04 (P<0.00). Peritoneal dissemination commonly
occurs as a mode of distant metastasis in gastric cancer. No-
tably, Gallium-68-FAPI-04 exhibits minimal physiological
uptakeintheintestine, resulting in reduced background up-
take within the peritoneal cavity. This characteristic enhan-
ces the sensitivity and diagnostic superiority of “Ga-FAPI-04
over "F-FDG PET/CT in detecting peritoneal implants [14].
Furthermore, larger tumor lesions with supporting stroma
exceeding 2mm may contain a stromal volume larger than
the tumor cells themselves [33]. Therefore, in cases where
thereisabundant FAP expressionin the stroma, “Ga-FAPI-04
PET may exhibit higher sensitivity than "“F-FDG PET [14]. Ne-
vertheless, it is important to note that *Ga-FAPI PET shows
lower specificity than "*F-FDG PET in detecting bone and vis-
ceral metastases due to the presence of more false-positive
lesions on ®*Ga-FAPI PET images [12]. Chen et al. (2023) [12]
also suggested that conditions such as bone marrow fibro-
sis, arthritis, granulomas, uterine fibroids, pneumonia, and
esophagitis can exhibit *Ga-FAPI uptake leading to false-
positive results. Therefore, meticulous interpretation of *Ga-
FAPI PET/CT images is necessary to prevent misdiagnosis,
emphasizing the importance of considering additional ima-
ging findings and clinical data, not solely relying on the up-
takelevels of *Ga-FAPI[12,18].

Heterogeneity among studies poses a potential source of
bias in meta-analysis, stemming from variations in patient
characteristics, methodological approaches, and overall
study quality [34]. Our analysis revealed heterogeneityin the
sensitivity of “Ga-FAPI and "*F-FDG in evaluating gastric pri-
mary tumors. Subgroup analyses were performed based on
lesion and patient characteristics, but heterogeneity persis-
ted. Further subgroup analyses were conducted by differen-
tiating non-primary lesions into lymph nodes and distant
metastases, revealing continued heterogeneity possibly
attributed to differences in radioactive dosage, scan timing,
imaging instrumentation, and study populations. To acco-
unt for this heterogeneity, random-effects models were utili-
zed for effect size amalgamation. Additionally, the histolo-
gical type of gastric cancer may influence result heteroge-
neity, with varying pathological types affecting the response
to FAPI-PET/CT. Addressing publication bias, a common
concern in meta-analyses given the preference for publi-
shing positive results [35], we employed funnel plots in our
assessment. Symmetrical funnel plots were observed for
both primary tumor staging and non-primary tumor metas-
tasis, suggestingan absence of publication bias.

In contrast, whileWang etal. (2023) [17]also examined the
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diagnostic capabilities for gastric cancer, their inclusion of sub-
jects undergoing PET/MRI and PET/CT imaging introduced in-
creased heterogeneity among studies. Our study featured
stringent inclusion and exclusion criteria, comprehensive
outcome indicators, and all five included studies utilized both
imaging agents concurrently. Notably, evaluation extended
beyond primary tumor staging to include lymph nodes and
distant metastases for “Ga-FAPI and "F-FDG PET/CT. Quality
assessment utilizing the QUADAS-2 tool revealed no studies of
low quality and an overall satisfactory level of study quality.
However, several limitations were identified in our meta-ana-
lysis. Primarily, the limited number of published articles in this
area led to the inclusion of only five studies, potentially intro-
ducing bias. Moreover, significant discrepancies in sample size
and study design across the included studies may impact re-
sult reliability. Lastly, persistent heterogeneity among studies,
as evidenced by the lack of improvement post subgroup ana-
lyses, may influence the accuracy of combined results.

In conclusion, our meta-analysis revealed that *Ga-FAPI PET/
CT exhibited significantly higher sensitivity compared to "F-
FDG PET/CT in evaluating primary gastric tumors, lymph no-
des, and distant metastases. However, no significant difference
was found in the specificity of detecting lymph node metas-
tases.
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