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Abstract: Objective: The heterogeneity of gastric cancer (GC) poses significant challenges for the detection capabilities of monomeric 
fibroblast activation protein inhibitor (FAPI) tracers, particularly in cases with low FAP expression. To address this limitation, a dual-
target heterodimeric radiotracer, 18F-FAPI-42-RGD, was designed to target both FAP and integrin αvβ3. This study aimed to evaluate 
the efficacy of 18F-FAPI-42-RGD in GC models and compare its performance with the mono-specific radiotracer, 18F-FAPI-42. Methods: 
18F-FAPI-42-RGD was synthesized, and its radiochemical properties and stability were assessed. Micro-PET imaging and biodistribution 
studies were conducted in BALB/C nude mice bearing MKN-45, N87-18.2, NUGC4 tumors, and GC patient-derived xenografts (PDX). 
The results were compared with those obtained from 18F-FAPI-42. Results: 18F-FAPI-42-RGD demonstrated excellent stability in saline 
and fetal bovine serum (FBS) for at least 2 hours. Compared to 18F-FAPI-42, 18F-FAPI-42-RGD exhibited significantly enhanced tumor 
uptake in MKN-45, N87-18.2, NUGC4, and GC-PDX tumors at all time points. Biodistribution studies revealed that 18F-FAPI-42-RGD had 
markedly higher tumor uptake in GC models compared to 18F-FAPI-42, particularly in the MKN-45, N87-18.2, and GC-PDX tumor models. 
The uptake of 18F-FAPI-42-RGD in these tumors was significantly greater than that of 18F-FAPI-42 (4.97 ± 1.36 vs. 2.18 ± 1.26, 7.02 ± 
0.97 vs. 2.34 ± 0.11, and 4.49 ± 1.29 vs. 1.09 ± 0.46 %ID/g in MKN-45, N87-18.2, and GC-PDX, respectively, at 4 h post-injection). 
Conclusion: The dual-targeting PET tracer 18F-FAPI-42-RGD demonstrated significantly enhanced tumor uptake in GC models, along with 
a clearer background compared to 18F-FAPI-42. This indicates its superior diagnostic performance, suggesting its potential for clinical 
translation in the imaging and diagnosis of GC.
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Introduction
Gastric cancer (GC) is one of the most common malignant 
tumors worldwide, with its incidence and mortality rank-
ing fifth and fourth, respectively, among all cancers [1]. 
Early detection, accurate diagnosis, and staging are criti-
cal for effective patient management and have a signifi-
cant impact on prognosis. Currently, 2-[18F]fluorodeoxy-
glucose (18F-FDG) positron emission tomography/comput-
ed tomography (PET/CT) is the dominant method for 
detecting malignancies [2]. However, the detection rate of 
GC by 18F-FDG PET/CT is influenced by the pathological 
type of tumor and the amount of FDG uptake in the gastric 
wall, leading to suboptimal sensitivity [3]. Therefore, there 
is an urgent need for more accurate and reliable early 
diagnostic tools, which has inspired the development of 
new alternative PET tracers for GC patients.

Fibroblast activation protein (FAP) is a member of the type 
II transmembrane serine protease family and is highly 
expressed in the stroma of more than 90% of epithelial 
cancers [4]. In contrast, its expression in normal organs 
and tissues is very limited. FAP overexpression is closely 
associated with cancer-associated fibroblasts (CAFs), 
which are specialized cells present in the tumor microen-

vironment [5]. Due to its specific localization on CAFs, FAP 
has emerged as an attractive target for cancer diagnosis 
and therapy [6, 7]. To date, fibroblast activation protein 
inhibitors (FAPIs) have shown great potential as PET trac-
ers, with significant improvements in tumor uptake, sensi-
tivity, tumor-to-background ratio (T/B), and overall tumor 
detection rate [8]. Several FAPI monomers, such as FAPI-
02, FAPI-42, and FAPI-46, along with other tracers target-
ing FAP, like the cyclic peptide FAP-2286, have been 
developed and evaluated for their potential in theranostic 
applications. While monomeric FAPI tracers have shown 
effectiveness over 18F-FDG in specific cases, issues such 
as limited detection capability in cancers with low FAP 
expression and rapid elimination hinder their broader uti-
lization [9-11].

Integrin αvβ3 is another crucial protein biomarker that 
plays a significant role in tumor imaging and therapy. It is 
highly expressed in activated endothelial cells during 
tumor angiogenesis and is involved in various cancer-
related processes, including cell adhesion, migration, and 
survival [12]. An αvβ3 integrin-conjugated radiotracer 
based on the Arg-Gly-Asp (RGD) sequence has been devel-
oped for the detection of lesions and angiogenesis. This 
tracer has been used in the diagnosis and staging of vari-
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ous cancers, including GC, breast cancer, glioma, and 
lung cancer [13, 14].

The diverse tumor heterogeneity observed in various 
types of cancer results in poor absorption of tracers that 
target only one specific aspect. To address the shortcom-
ings of single-target tracers, novel designs have been 
developed. These new approaches, such as heterodimers 
that bind to multiple targets within a single entity, aim to 
improve detection accuracy [15, 16]. A heterodimeric 
peptide, known as FAPI-RGD, was recently created by 
combining FAPI-02 and cyclo-RGD-D-Phe-Lys (c[RGDfK]) 
to target both FAP and integrin αvβ3 receptors [17-19]. In 
mouse xenografts, the uptake and retention of 68Ga-FAPI-
02-RGD were markedly higher compared to 68Ga-FAPI-02 
and 68Ga-c(RGDfK) [20]. However, the diagnostic perfor-
mance of 18F-FAPI-42-RGD PET in GC remains unclear.

The aim of this study is to investigate 18F-FAPI-42-RGD as 
a novel dual-targeting PET radiotracer, assessing its accu-
mulation in GC xenografts and contrasting it with the 
mono-specific radiotracer, 18F-FAPI-42.

Materials and methods

Patients

Specimens of GC were selected from patients who under-
went gastric surgical resection between January 2023 
and December 2023 at the Department of Gastrointestinal 
Surgery, Peking University Shenzhen Hospital. Inclusion 
criteria included patients diagnosed with gastric adeno-
carcinoma who underwent radical gastrectomy with or 
without postoperative therapy. All patients were followed 
up every 3 months. The study was conducted in accor-
dance with the Declaration of Helsinki and was approved 
by the Ethics Committee of Peking University Shenzhen 
Hospital.

Immunohistochemistry of human tissue samples

Immunohistochemistry (IHC) was conducted on tumor-
induced gastric lesions obtained from patients with GC. 
Tissue sections were stained with FAP antibody (ab53066, 
Abcam) and integrin αv antibody (GB11293-2-100, 
Servicebio). To neutralize endogenous peroxidase, slides 
were microwaved three times for 5-10 minutes and treat-
ed with 3% hydrogen peroxidase for 15 minutes at room 
temperature. Primary antibodies were applied overnight 
at 4°C. A secondary anti-rabbit or anti-mouse HRP-con- 
jugated antibody was then incubated for 50 minutes at 
room temperature. Visualization was done with 3,3’-diami-
nobenzidine for 5 minutes and counterstained with 
Mayer’s hematoxylin for 15 minutes, followed by washing 
in distilled water.

The expression levels of FAP and integrin αv were 
assessed using the H-score method [21]. Weak immuno-
density staining was assigned a score of 1, moderate 

immunoreactivity was given a score of 2, and strong 
immunostaining intensity corresponded to a score of 3. 
The overall H-score was calculated by multiplying the per-
centage of tumor cells exhibiting each staining density by 
the associated numeric score for staining intensity and 
summing these values.

Reagents, cell culture, and tumor models

The precursor (NOTA-FAPI-42-RGD) was obtained from 
Nanchang Tanzhen Biotechnology Co., Ltd. The human 
GC cell lines MKN-45 and NUGC4 were obtained from 
Cellverse Co., Ltd., while the NCI-N87-Claudin18.2 cell 
line was purchased from Sanyou Biopharmaceutical Co., 
Ltd. The NCI-N87-Claudin18.2 cell line, noted for its high 
expression of Claudin18.2, is referred to as N87-18.2. 
Tumor models were established by preparing the cells fol-
lowing standard protocols. Animal experimental proce-
dures and protocols were approved by the Institutional 
Animal Care and Use Committee (Peking University 
Shenzhen Hospital). Balb/c-Nude female mice aged 3-5 
weeks were purchased from Gempharmatech Co., Ltd. 
For subcutaneous tumor models, 3-5×106 tumor cells 
were suspended in a 100-200 µL PBS mixture and then 
inoculated. Patient-derived xenograft (PDX) models were 
developed by implanting biopsied human GC tissue into 
the flanks of 5-week-old female Balb/c-Nude mice.

Radiolabeling

The procedure for synthesizing 18F-FAPI-42-RGD was as 
follows. First, 18F was produced using a medical cyclotron 
(MINItrace, GE Healthcare, USA), transferred onto a QMA 
cartridge (Waters Corporation, USA), followed by elution 
with 0.5 mL of saline. For radiolabeling, 18F in saline (50 
µL, 370-740 MBq) was mixed with 350 µL N,N-
Dimethylformamide (DMF), 5.0 µL glacial acetic acid, and 
6.0 µL 2.0 mM AlCl3 for 5 minutes at room temperature to 
form the [Al18F]2+ conjugate. Next, 50 µL of the precursor 
(1 mg/mL) in highly pure water was introduced to the 
reaction mixture and heated at 100°C for 10 minutes. 
Following this, the reaction mixture was diluted with 5 mL 
of highly pure water and subjected to purification using a 
Sep-Pak Light C18 cartridge (Waters Corporation, USA). 
The final product was obtained by eluting the C18 car-
tridge with 5 mL of saline followed by 1.5 mL of anhydrous 
ethanol, and then diluting the mixture with 5 mL of 0.9% 
sterile NaCl solution containing ascorbic acid at a concen-
tration of 10 mg/mL. Radio-HPLC was used to determine 
the radiochemical purity and stability of 18F-FAPI-42-RGD.

Micro-PET imaging and biodistribution in mice bearing 
xenografts

PET scans using wBIT Micro-PET (Developed by Shenzhen 
Bay Lab and Bay Imaging Technology Co., Ltd.) were con-
ducted on tumor-xenografted mice (MKN-45, N87-18.2, 
NUGC4, and GC-PDX) following a tail vein injection of 
approximately 7.4 MBq of 18F-FAPI-42-RGD for a 10-min-
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ute static PET imaging session. The mice were then anes-
thetized at 1-, 2-, and 4-hours post-injection (p.i.) and 
positioned in the imaging chamber of the PET scanner for 
imaging. For comparative purposes, the tumor-bearing 
mice (n = 3) also received intravenous injections of appro- 
ximately 7.4 MBq of 18F-FAPI-42 (Guangdong Gyro- 
scope Pharmaceutical Technology Co., Ltd.) for PET imag-
ing. A blocking study was also conducted on MKN-45 
tumor-xenografted mice (n = 3) by first administering unla-
beled FAPI-42-RGD before the injection of 18F-FAPI-42-
RGD. PET images were reconstructed using 3D ordered 
subset expectation maximization (3D OSEM) and manu-
ally drawn regions of interest (ROI) using PMOD software 
(PMOD Technologies LLC, Zurich, Switzerland). The ROI 
data were then normalized to the administered activity to 
parameterize images as %ID/g.

Following PET imaging at the final time point, the mice 
were euthanized. Biological samples, such as blood, liver, 
kidney, and tumor, were obtained and wet-weighted. The 
radioactive content of these samples was then measured 
utilizing an automated γ-counter. Subsequently, the 
uptake percentage expressed as %ID/g was determined 
and reported for primary organs or tissues.

Statistical analysis

Data analysis was conducted with GraphPad software to 
perform statistical analyses. The results, presented as 
mean ± SD, were considered statistically significant when 
P-values <0.05.

Results

Patient characteristics

In the cohort, 72.7% (24/33) of the patients were male, 
with a median age of 64 years. Among all cases, the most 
common classifications were pT3 (12/33, 36.4%) and 
pN0 (11/33, 33.3%). FAP was detected in 84.8% of 
patients with an H-score of 20 or higher. However, in 
cases with an H-score of 20 or higher, the incidence of 
integrin αv was only 21.2%. Detailed clinical pathological 
information for GC patients is presented in Table 1.

FAP and integrin αv IHC staining in GC patients

Representative images of FAP and integrin αv staining are 
presented in Figure 1A-F. No significant differences in FAP 
expression were observed among GC patients with vary-
ing T-staging and N-staging (Figure 1G, 1H). In contrast, 
integrin αv expression in T3 and T4 patients was signifi-
cantly lower than that in T1 patients (8.8 ± 5.9 vs. 16.8 ± 
8.1, P = 0.0173 and 7.3 ± 4.4 vs. 16.8 ± 8.1, P = 0.0309, 
respectively) (Figure 1I). However, the staining intensity of 
integrin αv did not show significant differences among GC 
patients with different N-staging (Figure 1J).

Synthesis, radiochemistry, and stability

The radiolabeling yield was 56.4 ± 4.0% (n = 3). The radio-
chemical purity of 18F-FAPI-42-RGD exceeded 98%, as 
determined by HPLC with a retention time of 13.5 minutes 
(Figure 2A). As illustrated in Figure 2B, the radiochemical 
purity of the probe remained above 98% after incubation 
in PBS and fetal bovine serum (FBS) at 37°C for 2 hours.

Micro-PET imaging and biodistribution in MKN-45 tumor 
model

For the in vivo biodistribution and targeting efficiency of 
18F-FAPI-42-RGD, we performed micro-PET scanning using 
both 18F-FAPI-42-RGD and 18F-FAPI-42 in GC xenografts in 
mice and compared the results head-to-head. Micro-PET 
images of 18F-FAPI-42-RGD and 18F-FAPI-42 recorded in 
the MKN-45 tumor model between 1 to 4 h are presented 
in Figure 3A. The tumor uptake of 18F-FAPI-42-RGD was 
significantly higher than normal tissues (Figure 3A), with 
tumor uptake values calculated to be 5.35 ± 0.81, 6.58 ± 
1.81, and 6.94 ± 0.51 %ID/g at 1, 2, and 4 h p.i., respec-
tively. In contrast, normal tissue uptakes of 18F-FAPI-42-
RGD were lower than that of the tumor, especially at 4 h 
p.i. (heart uptake was 4.88 ± 0.60 %ID/g, liver uptake 
was 3.09 ± 0.11 %ID/g, kidney uptake was 3.03 ± 0.58 
%ID/g, and muscle uptake was 1.42 ± 0.34 %ID/g at 4 h) 
(Figure 3B). To evaluate the targeting specificity, unla-
beled FAPI-42-RGD was administered 1 h before the injec-
tion of 18F-FAPI-42-RGD. The tumor uptake was greatly 
inhibited by blocking with unlabeled FAPI-42-RGD in MKN-

Table 1. Baseline characteristics of GC patients
Patients (n) 33
Age (years) 
    Mean ± SD 62.9 ± 11.0
Gender, n (%) 
    Men 24 (72.7)
    Women 9 (27.3)
pT-category, n (%)
    pT1 10 (30.3)
    pT2 6 (18.2)
    pT3 12 (36.4)
    pT4 5 (15.2)
pN-category, n (valid %)
    pN0 11 (33.3)
    pN1 7 (21.2)
    pN2 10 (30.3)
    pN3 5 (15.2)
FAP H-score, n (valid %)
    <20 5 (15.2)
    ≥20 28 (84.8)
Integrin αv H-score, n (valid %)
    <20 26 (78.8)
    ≥20 7 (21.2)
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To further evaluate the pharmacokinetic properties in 
vivo, biodistribution studies were conducted using MKN-
45 tumor-bearing mice (Figure 3F). As illustrated in Figure 
3F, the tumor uptake of 18F-FAPI-42-RGD was measured 
at 4.97 ± 1.36 %ID/g at 4 h p.i. In contrast, significantly 
lower tumor uptake was observed in the 18F-FAPI-42-RGD 
with blocking FAPI-42-RGD group and the 18F-FAPI-42 

45 xenografts (Figure 3A, 3C and 3E). By contrast, PET 
imaging of 18F-FAPI-42 (Figure 3A) showed that the MKN-
45 tumor signal was significantly lower than that of 
18F-FAPI-42-RGD. MKN-45 tumor uptake values of 
18F-FAPI-42 were 3.11 ± 0.83, 2.94 ± 0.65, and 2.73 ± 
0.64 %ID/g at 1, 2, and 4 h p.i., respectively (Figure 3D 
and 3E).

Figure 1. Immunohistochemical analysis of FAP and integrin αv expression in human gastric cancer tissue. (A-C) High (A), medium (B) 
and low (C) expression of FAP in GC specimens. (D-F) High (D), medium (E) and low (F) expression of integrin αv in GC specimens. (G, H) 
The associations of FAP H-score with T-staging (G) and N-staging (H). (I, J) The associations of integrin αv H-score with T-staging (I) and 
N-staging (J).

Figure 2. Synthesis and in vitro analysis of 18F-FAPI-42-RGD. A: HPLC analysis of 18F-FAPI-42-RGD, demonstrating greater than 98% purity. 
B: In vitro stability of 18F-FAPI-42-RGD after incubation in PBS or fetal bovine serum at 37°C for 1 h and 2 h, respectively.
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persisted at later time points. ROI analysis showed that 
the average uptake of 18F-FAPI-42-RGD at 1, 2, and 4 h 
was 3.11 ± 1.08, 5.13 ± 1.18, and 5.81 ± 1.84 %ID/g, 
respectively (Figure 4B, 4D). 18F-FAPI-42 PET image 
showed obviously lower tumor uptake compared with that 
of 18F-FAPI-42-RGD (Figure 4A). The tumor uptake values 
at 1, 2, and 4 h p.i. were 2.11 ± 0.21, 1.42 ± 0.25, and 
1.43 ± 0.45 %ID/g, respectively (Figure 4C, 4D).

To enhance the assessment of the in vivo pharmacoki-
netic characteristics, we conducted biodistribution analy-
ses in mice with N87-18.2 tumors. Figure 4E illustrates 

group, with values of 0.67 ± 0.46 %ID/g and 2.18 ± 1.26 
%ID/g, respectively.

Micro-PET imaging and biodistribution study in N87-18.2 
tumor model

We next studied the imaging of 18F-FAPI-42-RGD and 
18F-FAPI-42 in N87-18.2 xenograft mice. As shown in 
Figure 4A, the PET image showed that 18F-FAPI-42-RGD 
was characterized by rapid tumor uptake and long-term 
retention in N87-18.2 tumors. In N87-18.2 tumors, higher 
signal intensity was observed 1 hour after injection and 

Figure 3. 18F-FAPI-42-RGD and 18F-FAPI-42 imaging and biodistribution in the MKN-45 xenograft model. (A) Micro-PET imaging of 18F-FAPI-
42-RGD, blocking FAPI-42-RGD+18F-FAPI-42-RGD and 18F-FAPI-42 in MKN-45 subcutaneous xenograft tumor mice at 1, 2, and 4 h p.i. The 
MKN-45 tumors are indicated by white circles. (B-D) ROI analysis of 18F-FAPI-42-RGD (B), blocking FAPI-42-RGD+18F-FAPI-42-RGD (C) and 
18F-FAPI-42 (D) at different time points. (E) The tumor uptake of PET imaging of 18F-FAPI-42-RGD, blocking FAPI-42-RGD+18F-FAPI-42-RGD 
and 18F-FAPI-42 at different time points. (F) Biodistribution data showed uptake of 18F-FAPI-42-RGD, blocking FAPI-42-RGD+18F-FAPI-
42-RGD and 18F-FAPI-42 in the tumor, blood, major organs, and tissues at 4 h.
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prolonged retention in NUGC4 tumors. Notably, at just 1 h 
p.i., enhanced signal intensity was detected in NUGC4 
tumors, which persisted consistently at the later time 
points. The ROI analysis indicated that the average uptake 
of 18F-FAPI-42-RGD was recorded as 2.15 ± 0.51 %ID/g, 
2.62 ± 0.09, and 3.06 ± 0.22 %ID/g at 1, 2, and 4 h p.i., 
respectively (Figure 5B, 5D). In contrast, imaging data for 
18F-FAPI-42, presented in Figure 5A, yielded tumor uptake 
values of 1.86 ± 0.44, 2.22 ± 0.14, and 2.32 ± 0.10 
%ID/g at 1, 2, and 4 h p.i., respectively (Figure 5C, 5D), 
which was slightly lower than that of 18F-FAPI-42-RGD.

We also carried out biodistribution studies in mice bear-
ing NUGC4 tumors. As shown in Figure 5E, the uptake of 
18F-FAPI-42-RGD was determined to be 3.03 ± 0.59 %ID/g 

that the tumor uptake of 18F-FAPI-42-RGD at 4 hours fol-
lowing administration is 7.02 ± 0.97 %ID/g. Additionally, 
we carried out similar biodistribution investigations for 
18F-FAPI-42 in the same tumor model. After 4 hours, the 
tumor uptake for 18F-FAPI-42 measured 2.34 ± 0.11 
%ID/g, which was notably lower than that of 18F-FAPI- 
42-RGD.

Micro-PET imaging and biodistribution study in NUGC4 
tumor model

Subsequently, we investigated the imaging capabilities of 
18F-FAPI-42-RGD and 18F-FAPI-42 in mice with NUGC4 
xenografts. As illustrated in Figure 5A, PET imaging 
revealed that 18F-FAPI-42-RGD exhibited rapid uptake and 

Figure 4. 18F-FAPI-42-RGD and 18F-FAPI-42 imaging and biodistribution in the N87-18.2 xenograft model. (A) Micro-PET imaging of 18F-
FAPI-42-RGD and 18F-FAPI-42 in N87-18.2 subcutaneous xenograft tumor mice at 1, 2, and 4 h p.i. The N87-18.2 tumors are indicated by 
white circles. (B, C) ROI analysis of 18F-FAPI-42-RGD (B) and 18F-FAPI-42 (C) at different time points. (D) The tumor uptake of PET imaging 
of 18F-FAPI-42-RGD and 18F-FAPI-42 at different time points. (E) Biodistribution data showed uptake of 18F-FAPI-42-RGD and 18F-FAPI-42 
in the tumor, blood, major organs, and tissues at 4 h.
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tumor. Notably, the signal intensity in the GC-PDX tumor 
increased one hour p.i. and remained elevated over time. 
The Region of Interest (ROI) analysis quantified the mean 
uptake of 18F-FAPI-42-RGD at 1, 2, and 4 h p.i. as 3.93 ± 
1.35, 4.42 ± 1.96, and 4.69 ± 0.97 %ID/g, respectively 
(Figure 6B, 6D). In stark contrast, the uptake of 18F-FAPI-42 
remained consistently low throughout the assessment 
period, with values of 1.72 ± 0.21, 1.39 ± 0.16, and 1.10 
± 0.06 %ID/g at 1, 2, and 4 h p.i., respectively (Figure 6C, 
6D).

Following the final imaging session at the 4-hour mark, all 
major organs were harvested for gamma counting (Figure 

at the 4-hour after injection. At this same time point, the 
tumor uptake recorded for 18F-FAPI-42 was 2.22 ± 0.67 
%ID/g, which was considerably lower compared to the 
uptake seen with 18F-FAPI-42-RGD.

Micro-PET imaging and biodistribution study in GC-PDX 
tumor model

In this study, we investigated the imaging of GC-PDX 
tumor-bearing mice using 18F-FAPI-42-RGD and 18F-FAPI- 
42. As illustrated in Figure 6A, the PET images indicated 
that 18F-FAPI-42-RGD rapidly accumulated in the tumor 
and demonstrated significant retention within the GC-PDX 

Figure 5. 18F-FAPI-42-RGD and 18F-FAPI-42 imaging and biodistribution in the NUGC4 xenograft model. (A) Micro-PET imaging of 18F-FAPI-
42-RGD and 18F-FAPI-42 in NUGC4 subcutaneous xenograft tumor mice at 1, 2, and 4 h p.i. The NUGC4 tumors are indicated by white 
circles. (B, C) ROI analysis of 18F-FAPI-42-RGD (B) and 18F-FAPI-42 (C) at different time points. (D) The tumor uptake of PET imaging of 
18F-FAPI-42-RGD and 18F-FAPI-42 at different time points. (E) Biodistribution data showed uptake of 18F-FAPI-42-RGD and 18F-FAPI-42 in 
the tumor, blood, major organs, and tissues at 4 h.
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with this disease [22]. Additionally, Wu et al. found that 
integrin αv was significantly more prevalent in GC tissues 
compared to normal tissues [23]. The evidence indicates 
that FAP and integrin αv may significantly contribute to 
the progression of GC. Our study revealed that the expres-
sion levels of integrin αv were higher in patients diag-
nosed with T1 GC compared to those with T3 and T4 stag-
es. However, we did not observe any significant differenc-
es in FAP expression across the various T and N stages. 
This inconsistency may be due to the limited sample size 
in our investigation.

In recent years, numerous studies have demonstrated 
that FAPIs PET imaging can be utilized for the diagnosis of 

6E). Consistent with the ROI findings, the accumulation of 
18F-FAPI-42-RGD in the GC-PDX tumors was significantly 
greater compared to that of 18F-FAPI-42, with values of 
4.49 ± 1.29 %ID/g versus 1.09 ± 0.46 %ID/g.

Discussion
This study preliminarily revealed the expression of FAP 
and integrin αv in human GC tissues. Our findings indi-
cated that over 80% of GC patients exhibited high expres-
sion levels of FAP, while more than 20% demonstrated 
elevated expression of integrin αv. Lyu et al. have con-
firmed that FAP serves as a novel biomarker for GC and 
significantly influences the poor prognosis associated 

Figure 6. 18F-FAPI-42-RGD and 18F-FAPI-42 imaging and biodistribution in the GC-PDX xenograft model. (A) Micro-PET imaging of 18F-FAPI-
42-RGD and 18F-FAPI-42 in GC-PDX subcutaneous xenograft tumor mice at 1, 2, and 4 h p.i. The GC-PDX tumors are indicated by white 
circles. (B, C) ROI analysis of 18F-FAPI-42-RGD (B) and 18F-FAPI-42 (C) at different time points. (D) The tumor uptake of PET imaging of 
18F-FAPI-42-RGD and 18F-FAPI-42 at different time points. (E) Biodistribution data showed uptake of 18F-FAPI-42-RGD and 18F-FAPI-42 in 
the tumor, blood, major organs, and tissues at 4 h.
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Moreover, the visualization of 18F-FAPI-42-RGD absorption 
in the tumor was observed at 1 h, while all non-target 
organs exhibited low uptake. This resulted in a consistent-
ly high tumor-to-background ratio. Liu et al. confirmed that 
the tumor uptake of 18F-FAPI-02-RGD was greater than 
that of most normal organs, including the kidneys, at each 
time point within a 4-hour period [18]. Our analysis of 
18F-FAPI-42-RGD PET data and biodistribution yielded 
comparable results. Chen et al. evaluated the clinical fea-
sibility of 68Ga-FAPI-RGD PET for imaging of various types 
of cancer and the dual-targeting tracer showed improved 
tumor uptake and TBR compared with 68Ga-FAPI [19]. The 
great clinical translation potiental of dual-targeting PET 
radiotracers that target both FAP and integrin αvβ3 recep-
tors in cancer patients has been indicated in many stud-
ies [17-19, 28, 29]. Based on the above previous studies, 
we will also performed the clincial study of 18F-FAPI-42-
RGD in GC patients in future to explore its great clinical 
translation potiental for diagnosing gastric cancer. FAP is 
recognized as a valuable target for both imaging and 
treatment of tumors. Numerous studies have indicated 
that FAPI multimers labled with 177Lu and 225Ac exhibit sig-
nificant therapeutic promise [30-32]. Consequently, we 
propose that FAPI-42-RGD after chemical optimization, 
labeled with 177Lu and 225Ac, could serve as promising 
therapeutic radiopharmaceuticals. Future research will 
investigate the therapeutic potential of chemically opti-
mized FAPI-42-RGD.

This study presents a novel dual-targeting tracer, 18F-FAPI-
42-RGD, which targets both FAP and integrin αvβ3. 
However, it is important to note certain limitations. Cell-
binding assay was not conducted to indicate the binding 
affinity of FAPI-42-RGD for FAP and integrin αvβ3. But we 
demonstrated that FAPI-42-RGD exhibited superior tumor 
binding ability in various GC tumor models compared with 
that of FAPI-42. While preclinical evaluations included a 
head-to-head comparison with 18F-FAPI-42, future studies 
should also conduct head-to-head comparisons with 18F-
RGD. The expression levels of FAP and RGD in tumor-
xenografted mice (MKN-45, N87-18.2, NUGC4, and 
GC-PDX) should be verified in our future research.

While preclinical evaluations have been conducted in 
select GC models, future PET imaging comparisons should 
specifically focus on distinct types of GC models, including 
FAP-/αvβ3+ GC models, FAP+/αvβ3- GC models, and 
FAP+/αvβ3+ GC models, to demonstrate the advantages 
of dual targeting.

Conclusion
In this study, we reported the synthesis of a novel FAPI-
RGD heterodimer, 18F-FAPI-42-RGD, and investigated its 
pharmacokinetics and efficacy in GC tumor models. The 
18F-FAPI-42-RGD compound demonstrated higher tumor 
uptake compared to 18F-FAPI-42, leading to enhanced 
tumor-background contrast. Our present study suggested 
that 18F-FAPI-42-RGD holds significant potential for clini-

GC [24, 25]. However, it is important to note that the sen-
sitivity of 68Ga-FAPI is limited in the early detection of GC 
in the mucosa and submucosa, with only 37.5% of prima-
ry lesions exhibiting the high sensitivity of 68Ga-FAPI [26]. 
Recent research has shown that homodimeric radiotrac-
ers enhance tumor uptake and retention compared to 
previously developed monomeric radiotracers [20]. The 
RGD peptide sequence exhibits a high affinity and selec-
tivity for integrin αvβ3, making it an ideal candidate for 
the development of various PET formulations [27]. FAP 
and integrin αv are two proteins that are highly expressed 
in human GC tissues. Notably, the expression of integrin 
αv at the T1 stage of GC is higher than that observed in 
the T3 and T4 stages. This suggests that the PET probe 
targeting integrin αv may demonstrate greater sensitivity 
in the detection of early-stage GC. Two studies have inves-
tigated the application of dual-specific radiotracers, 
18F-FAPI-02-RGD and 68Ga-FAPI-02-RGD, in various tumor 
models and clinical patients. The findings indicated that 
the tumor uptake of these dual-specific radiotracers sur-
passed that of 18F-FAPI-02 and 68Ga-FAPI-02, respectively 
[18, 20]. Additionally, 18F-FAPI-42 exhibited excellent 
imaging and detection capabilities in tumors with high 
FAP expression [25]. Currently, there are no studies on 
18F-FAPI-42-RGD. Consequently, we designed and devel-
oped a dual-specific heterodimeric radiotracer, 18F-FAPI-
42-RGD, which targets FAP and αvβ3 for 18F-based PET 
imaging in GC.

In our study, the 18F-FAPI-42-RGD labeling method demon-
strated high purity and radiochemical efficiency. Given 
that free 18F specifically binds to bone, the stability of the 
label is a significant concern. Stability testing revealed 
that 18F-FAPI-42-RGD remained intact after a 2-hour incu-
bation with FBS or PBS, indicating that this labeling  
method was both effective and suitable for high yield. 
Additionally, Liu et al. reported that 18F-FAPI-02-RGD 
exhibited good stability over a 2-hour period [18]. These 
findings suggest that the stability of 18F-FAPI-42-RGD in 
our study is comparable to that previously reported.

To highlight the key distinguishing features of FAPI-42-
RGD, we compared the dual-target probe 18F-FAPI-42-RGD 
with the single-target probe 18F-FAPI-42 in various GC 
models. These models included xenografts derived from 
GC cell lines (MKN-45, N87-18.2, and NUGC4) as well  
as a GC-PDX model. Compared to 18F-FAPI-42, the MKN-
45 tumor uptake and retention of 18F-FAPI-42-RGD were  
significantly enhanced at all examined time points. 
Furthermore, 18F-FAPI-42-RGD exhibited higher uptake 
than 18F-FAPI-42 in normal organs. In other tumor models, 
including N87-18.2, NUGC4, and GC-PDX, 18F-FAPI-42-
RGD exhibited comparable performance. In blocking 
experiments, non-radioactively labeled FAPI-42-RGD dem-
onstrated significant inhibition of 18F-FAPI-42-RGD uptake 
in MKN-45 tumors, thereby confirming the specificity of 
the designed tracer. Tumor uptake in different models of 
GC is not the same, which may be related to the expres-
sion levels of FAP and integrin αvβ3 in the tumor. 
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cal applications in the imaging and diagnosis of gastric 
cancer. Further studies are warranted to explore its clini-
cal utility and validate its efficacy in human patients.
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