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Predictive performance of [18F]F-fibroblast activation protein 
inhibitor (FAPI)-42 positron emission tomography/computed 
tomography (PET/CT) in evaluating response of recurrent or 
metastatic gastrointestinal stromal tumors: complementary or 
alternative to [18F]fluorodeoxyglucose (FDG) PET/CT?
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Background: Accurately and promptly predicting the response of gastrointestinal stromal tumors (GISTs) 
to targeted therapy is essential for optimizing treatment strategies. However, some fractions of recurrent or 
metastatic GISTs present as non-FDG-avid lesions, limiting the value of [18F]fluorodeoxyglucose positron 
emission tomography/computed tomography ([18F]FDG PET/CT) in treatment evaluation. This study 
evaluated the efficacy of [18F]F-fibroblast activation protein inhibitor (FAPI)-42 [18F]FAPI-42) PET/CT for 
assessing the treatment response in recurrent or metastatic GISTs, in comparison to [18F]FDG PET/CT and 
explores a model integrating PET/CT imaging and clinical parameters to optimize the clinical use of these 
diagnostic tools.
Methods: Our retrospective analysis included 27 patients with recurrent or metastatic GISTs who underwent 
[18F]FAPI-42 PET/CT and [18F]FDG PET/CT at baseline before switching targeted therapy. Treatment 
response status was divided into a progression group (PG) and a non-progression group (NPG) based 
on the Response Criteria in Solid Tumors (RECIST) 1.1, according to the contrast-enhanced computed 
tomography (CT) scan at six months. [18F]FAPI-42 and [18F]FDG PET/CT parameters including the mean 
standardized uptake value (SUVmean), the standard uptake value corrected for lean body mass (SULpeak), 
the maximum standardized uptake value (SUVmax), tumor-to-blood pool SUV ratio (TBR), tumor-to-liver 
SUV ratio (TLR), metabolic tumor volume (MTV)/FAPI-positive tumor volume (GTV-FAPI), total lesion 
glycolysis (TLG)/FAPI-positive total lesion accumulation (TLF) were correlated with the response status to 
identify indicative of treatment response. The predictive performance of them was quantified by generating 
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Introduction

Gastrointestinal stromal tumors (GISTs) represent a 
subtype of sarcoma originating from Cajal mesenchymal 
cells or their precursor cells in the myenteric plexus (1), 
with a current incidence of 6–22/1,000,000/year (2). 
Approximately 50% of patients experience recurrence or 
metastasis within 5 years after resection of the primary 
tumor (3,4). Targeted therapy is the standard-of-care 
treatment for recurrent or metastatic GISTs, and the 
detection of treatment resistance and objective responses 
during follow-up is clinically challenging. When targeted 
therapy is effective, surgical resection of the locally 
recurrent or metastatic lesion may minimize damage to vital 
organ function and prolong survival (5). Imatinib, sunitinib, 
regorafenib, and ripretinib are the prevalent therapies 
for recurrent/metastatic GISTs, yet the efficacy in some 
cases falls short of expectations (6-10). In addition, the 
biological behavior of GISTs is complex and heterogeneous, 
making it difficult to assess treatment efficacy. The 
Response Criteria in Solid Tumors 1.1 (RECIST1.1) is 
recommended as the primary response assessment criteria 
for GISTs (11). However, the response of GISTs to targeted 
therapy is evident after 6 months of treatment (9), and the 
6-month progression-free survival after targeted therapy is 
significantly correlated with the prognosis (12). Therefore, 

it is crucial to predict the response of targeted therapy early 
and accurately during the 6-month follow-up, which can 
help fine-tune therapeutic strategies and reduce unnecessary 
drug toxicity and the high cost of targeted therapy.

T h e r e  i s  a n  i n c r e a s i n g  c o n s e n s u s  t h a t  [ 1 8F ]
fluorodeoxyglucose positron emission tomography/
computed tomography ([18F]FDG PET/CT) is highly 
effective in detecting the recurrence and metastasis (13), 
monitoring early re-staging (14) and predicting the 
prognosis of GISTs (15). A study showed that 18% more 
lesions could be detected in GIST patients by [18F]FDG 
PET/CT than other modalities [ultrasound, magnetic 
resonance imaging (MRI), and computed tomography 
(CT)], positively influencing clinical re-staging (16). 
However, approximately 13–20% of recurrent or metastatic 
GISTs present as non-FDG-avid lesions (14,17,18), 
limiting the value of [18F]-fluorodeoxyglucose ([18F]FDG) 
in treatment evaluation. Therefore, more specific, and 
accurate imaging examinations are needed to predict the 
response of GISTs to targeted therapy.

Fibroblast activation protein (FAP) is a type II 
transmembrane serine protease that is highly expressed in 
many epithelial cancer-associated fibroblasts (CAFs) and 
some mesenchymal-derived tumor cells, playing an essential 
role in tumor growth and metastasis (19). The healthy 

receiver operating characteristic curves (ROC), calibration curves, and cross-validation. 
Results: A total of 110 lesions were identified in 27 patients. Compared with PG, NPG was associated 
with lower levels of TBR and SUVmean in FDG PET/CT (TBR-FDG, SUVmean-FDG; P=0.033 and P=0.038, 
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gastrointestinal tract and liver show low uptake background 
in fibroblast activation protein inhibitor(FAPI) PET/CT 
(20,21), and our previous study consistently revealed that 
the [18F]F-fibroblast activation protein inhibitor ([18F]FAPI)-
42 PET/CT ([18F]FAPI-42 PET/CT) was superior to [18F]
FDG PET/CT for imaging recurrent or metastatic GISTs, 
especially for detecting liver metastases (22). Herein, we 
aimed to investigate the value of FAPI PET in predicting 
the treatment response of recurrent or metastatic GISTs, 
in comparison to [18F]FDG PET/CT. We also intended 
to explore the model based on PET/CT parameters and 
clinical parameters to ascertain the optimal utilization of 
these parameters for enhanced predictive accuracy.

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Ethics Committee of The First Affiliated 
Hospital of Sun Yat-sen University (Ethics Review [2022] 
No. 257) and registered on the Chinese medical research 
registration information system (No. MR-44-23-024246). 
Written informed consent was obtained from each patient 
prior to each PET/CT scan.

Patients

This study retrospectively analyzed 27 patients with 
recurrent or metastatic GISTs who underwent baseline [18F]
FAPI-42 PET/CT and [18F]FDG PET/CT before switching 
targeted therapy from September 2021 to June 2022. The 
inclusion criteria included: (I) recurrent or metastatic 
GISTs confirmed by pathology or follow-up imaging [the 
diagnosis references according to our previous study (22)]; 
(II) patients who underwent baseline [18F]FAPI-42 PET/
CT and [18F]FDG PET/CT before switching targeted 
therapy; (III) patients who underwent contrast-enhanced 
CT to assess the response after six months of new targeted 
therapy. The exclusion criteria were as follows: (I) patients 
who underwent ablation or surgery within 6 months of new 
targeted therapy; (II) patients who experienced treatment 
interruption; (III) patients with other malignant tumors. 

We evaluated the response of each lesion separately by 
using contrast-enhanced CT after 6 months of new targeted 
therapy. The lesions were classified into four groups based 
on the RECIST 1.1 criteria: complete response (CR), 
partial response (PR), stable disease (SD), and progressive 
disease (PD). Lesions classified as CR, PR, and SD were 

considered non-progression lesions, while lesions classified 
as PD were considered progression lesions. Gene mutations 
of lesions and type of targeted therapy were collected 
during the initial diagnosis.

Radiopharmaceuticals and PET/CT image acquisition

[18F]FAPI‑42 and [18F]FDG were synthesized in the nuclear 
medicine department of the First Affiliated Hospital of 
Sun Yat-sen University, as previously documented in our 
previous study (22). 

Patients underwent [18F]FDG PET/CT and [18F]FAPI-
42 PET/CT on two days of the same week. Before taking 
[18F]FDG PET/CT, patients were required to fast for at 
least 6 hours and maintain a blood glucose level of less than 
10 mmol/L. Patients were given 259±26 MBq [18F]FAPI-
42 or 5.18 MBq/kg [18F]FDG intravenously, and the PET/
CT scan was performed using a uMI780 scanner (United 
Imaging Healthcare, Shanghai, China) around 60 min 
after injection. Parameters for CT were as follows: voltage  
=120 kV, current =174 mA, CT reconstruction = thickness 
1.25 mm, matrix =512×512. Immediately after the 
completion of the CT scan, PET scanning was performed 
in the same axial field of view, and 6–8 beds were collected 
according to the patient’s height in three-dimension (3D) 
acquisition mode, and each bed was collected for 1 min. The 
PET image dataset was reconstructed using the ordered 
subset expectation maximization iterative reconstruction 
method. 

Image analyses

All images were processed by the PETVCAR (PET Volume 
Computed Assisted Reading) software of the AW4.7 
(Advantage workstation 4.7) post-processing workstation. 
The images were analyzed jointly by two clinically 
experienced nuclear medicine physicians. The volume of 
interest (VOI) was then manually adjusted according to 
the 3 levels of cross-sectional, sagittal, and coronal images 
to include the lesions in the VOI as accurately as possible 
at each level. Parameter measurements were performed 
using a fixed threshold method with a threshold set at 41% 
of the maximum standardized uptake value (SUVmax) (23). 
Volumetric segmentation of the lesions was performed 
automatically by the software on [18F]FAPI-42 PET/CT 
and [18F]FDG PET/CT images, respectively, and the 
corresponding metabolic parameters were obtained: the 
mean standardized uptake value in FAPI PET/CT (SUVmean-
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FAPI), SUVmean-FDG, the standard uptake value corrected 
for lean body mass in FAPI PET/CT (SULpeak-FAPI), 
the standard uptake value corrected for lean body mass in 
FDG PET/CT (SULpeak-FDG), maximum standardized 
uptake value in FAPI PET/CT (SUVmax-FAPI), maximum 
standardized uptake value in FDG PET/CT (SUVmax-FDG), 
metabolic tumor volume (MTV) and total lesion glycolysis 
(TLG), FAPI-positive tumor volume (GTV-FAPI), and 
FAPI-positive total lesion accumulation (TL-FAPI). Tumor-
to-blood pool ratio (TBR) was calculated by dividing the 
tumor SUVmax by the SUVmax of the blood pool (a VOI with 
a 1.5 cm diameter was placed in the aorta arch). The tumor-
to-liver ratio (TLR) was calculated by dividing the tumor 
SUVmax by the SUVmax of the liver (measured in a 3 cm VOI 
in all scans while avoiding large vessels.

Statistical analysis

Univariate analysis was performed between the non-

progressive and progressive groups using IBM SPSS 
Statistics software (version 26.0, IBM Corp, Armonk, NY, 
USA) to screen the independent variables. The Mann-
Whitney U test was used to compare quantitative variables. 
Categorical data were analyzed using Pearson’s Chi-square 
test or Fisher’s exact probability test. A P value <0.05 was 
statistically significant.

Multivariate logistic regression models based on PET/
CT parameters were developed by different combinations 
of significant parameters in univariate analyses. The 
receiver operating characteristic curves (ROC) were 
constructed us ing the R (vers ion 4 .2 .2)  package 
“reportROC”. Delong’s test was used to compare the area 
under the curve (AUC) of different models to assess the 
discrimination of the models. A 5-fold cross-validation was 
used for internal validation. The calibration curves were 
plotted using the R package “riskRegression”. A smaller 
Brier score value indicated better model calibration 
(24). The Hosmer-Lemeshow test was used to assess the 
goodness of fit of the curves.

Finally, a nomogram of the optimal model was plotted 
using the R package “rms”.

Results

Patient demographics

A total of 27 patients with recurrent/metastatic GISTs 
were included in this study (Figure 1), exhibiting a male 
predominance (n=18), with 13 patients younger than  
60 years and 14 patients older than 60 years) (Table 1). The 
most common primary sites were the jejunum and ileum 
(17/27, 63.0%), followed by the gastric (6/27, 22.2%), 
duodenum (3/27, 11.1%), and rectum (1/27, 3.7%). KIT 
proto-oncogene receptor tyrosine kinase gene (KIT) exon 
11 mutation was the most common type of mutation (16/27, 
59.3%), followed by wild-type and other mutations (n=6, 
22.2%) and KIT exon 9 mutations (n=5, 18.5%). Treatment 
was switched to the following targeted drugs: imatinib 
(n=15, 55.6%), sunitinib (n=6, 22.2%), regorafenib (n=4, 
14.8%), ripretinib (n=1, 3.7%), and other target drugs  
(n=1, 3.7%).

Comparison of PET/CT parameters and clinicopathological 
indicators between the non-progression group (NPG) and 
progression group (PG)

A total of 110 lesions (27 in the PG and 83 in the non-

Patients with recurrent or metastatic GISTs 
who underwent baseline [18F]FAPI-42 PET/
CT and [18F]FDG PET/CT before switching 
targeted therapy from September 2021 to 

June 2022 (n=57)

Patients who kept the switched targeted 
therapy for at least six months (n=33)

•	Patients who underwent ablation 
or surgery with 6 months of new 
targeted therapy (n=19)

•	Patients who experienced 
treatment interruption (n=5)

•	Patients with other malignant 
tumors (n=0)

Patients who didn’t undergo CT 
to assess the response after six 
months of the switched targeted 
therapy (n=6)

Patients who underwent CT to assess the 
response after six months of the switched 

targeted therapy (n=27)

Figure 1 Flow diagram shows participant selection details. 
GISTs, gastrointestinal stromal tumors; [18F]FAPI-42, [18F]
F-fibroblast activation protein inhibitor-42; PET/CT, positron 
emission tomography/computed tomography; [18F]FDG, [18F]
F-fluorodeoxyglucose; CT, computed tomography. 
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progressive group) were retrospectively analyzed in our 
study (Table 2). For [18F]FDG PET/CT parameters, tumor-
to-blood pool SUV ratio (TBR)-FDG (P=0.033) and 
SUVmean-FDG (P=0.038) in the NPG were lower than that 
in the PG, while the differences in tumor-to-liver SUV 
ratio in FDG PET/CT (TLR-FDG), SUVmax-FDG, MTV, 
and TLG were comparable between the two groups. For 
[18F]FAPI-42 PET/CT parameters, TLF-FAPI (P=0.049) 
and SULpeak-FAPI (P=0.010) in the NPG were higher than 

that in the PG, while the remaining parameters (tumor-
to-liver SUV ratio in FAPI PET/CT (TLR-FAPI), tumor-
to-blood pool SUV ratio in FAPI PET/CT (TBR-FAPI), 
SUVmax-FAPI, SUVmean-FAPI, GTV-FAPI were comparable 
between the two groups. In terms of clinicopathological 
indicators, the type of targeted drug used was significantly 
associated with PD (P<0.001). There was a nearly 
significant difference in the type of gene mutation observed 
between the non-progression and PGs (P<0.1).

Collinearity test of [18F]FAPI-42, [18F]FDG PET/CT 
parameters and clinical indicators

Given that a significant correlation was observed between 
TBR-FDG and SUVmean-FDG (r=0.86) and between 
TLF-FAPI and SULpeak-FAPI (r=0.90) (Figure 2), TBR-
FDG and SULpeak-FAPI were included in the model. To 
investigate the value of [18F]FAPI-42 PET/CT in predicting 
the treatment response of recurrent or metastatic GISTs 
compared with [18F]FDG PET/CT and explore the model 
based on PET/CT parameters and clinical parameters to 
ascertain the optimal utilization of these parameters for 
enhanced predictive ability. We further included gene 
mutation in the models, which was not associated with 
FDG PET/CT and FAPI PET/CT parameters (Table 3). 
Therefore, TBR-FDG, SULpeak-FAPI, gene mutation type, 
and targeted drugs were included as variables in the logistic 
regression model. 

Comparison of models with different parameters and 
internal validation

Four models were developed with the dependent variable 
being the progression status, and different combinations of 
independent variables including TBR-FDG, SULpeak-FAPI, 
gene mutation type, and targeted drug (model 1: TBR-
FDG + SULpeak-FAPI + gene mutation type + targeted drug; 
model 2: TBR-FDG + SULpeak-FAPI; model 3: TBR-FDG; 
model 4: SULpeak-FAPI).

The area under the curve of model 1 (AUC =0.865) was 
significantly higher than model 2 (AUC =0.721, P<0.001), 
model 3 (AUC =0.637, P<0.001) and model 4 (AUC =0.665, 
P<0.001) (Figure 3, Table 4). Notably, the AUC of model 
3 is similar to that of model 4. Five-fold cross-validation 
showed that model 1 yielded the highest average AUC 
among these four models (AUC =0.802). The sensitivity 
of models 1, 2, 3, and 4 were 70.4%, 81.5%, 59.3%, and 
66.7%, and the specificity was 90.4%, 57.8%, 69.9%, and 

Table 1 Clinical and pathological features of 27 patients with 
recurrent or metastatic GISTs

Parameters No. of patients (%)

Sex

Man 18 (66.7)

Woman 9 (33.3)

Age (years)

≤60 13 (48.1)

>60 14 (51.9)

Primary location

Gastric 6 (22.2)

Duodenum 3 (11.1)

Jejunum and ileum 17 (63.0)

Rectum 1 (3.7)

Previous treatment

Surgery only 0 (0.0)

Targeted therapy 0 (0.0)

Both surgery and targeted therapy 27 (100)

Type of gene mutation

KIT exon 9 5 (18.5)

KIT exon 11 16 (59.3)

Wild-type and others 6 (22.2)

Targeted therapy

Imatinib 15 (55.6)

Sunitinib 6 (22.2)

Regorafenib 4 (14.8)

Ripretinib 1 (3.7)

Others 1 (3.7)

GISTs, gastrointestinal stromal tumors; KIT, KIT proto-oncogene 
receptor tyrosine kinase gene.
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Table 2 Comparison of PET/CT parameters and clinicopathological indicators between the non-progression group and progression group

Variables Non-progression group Progressive group Total P

TLR-FDG 1.46 (1.13, 2.49) 2.15 (1.28, 4.84) 1.59 (1.14, 3.03) 0.075

TBR-FDG 1.89 (1.45, 3.60) 3.20 (1.76, 5.63) 2.11 (1.49, 3.89) 0.033*

SUVmax-FDG 2.76 (2.15, 5.71) 3.89 (2.62, 8.20) 3.10 (2.27, 6.40) 0.053

SUVmean-FDG 1.94 (1.44, 3.23) 2.75 (1.95, 4.84) 2.15 (1.52, 3.46) 0.038*

MTV 5.52 (1.46, 26.42) 3.61 (1.20, 24.22) 4.76 (1.46, 25.00) 0.567

TLG 10.00 (2.70, 112.70) 11.30 (2.50, 77.50) 10.90 (2.68, 79.40) 0.972

SULpeak-FDG 1.77 (1.17, 3.72) 2.51 (1.37, 5.20) 1.87 (1.17, 4.26) 0.198

TLR-FAPI 3.79 (2.24, 9.34) 3.07 (1.97, 6.45) 3.59 (2.18, 8.57) 0.514

TBR-FAPI 2.85 (1.76, 5.63) 2.30 (1.51, 4.86) 2.73 (1.72, 5.17) 0.314

SUVmax-FAPI 3.22 (1.56, 6.12) 1.95 (1.30, 4.13) 2.90 (1.49, 5.73) 0.057

SUVmean-FAPI 1.75 (1.00, 3.37) 1.24 (0.81, 2.47) 1.63 (0.94, 3.00) 0.056

GTV-FAPI 4.74 (1.60, 35.47) 2.48 (0.86, 7.84) 3.97 (1.52, 28.17) 0.249

TLF-FAPI 8.30 (2.80, 80.10) 3.60 (1.10, 11.90) 7.80 (2.40, 60.08) 0.049*

SULpeak-FAPI 1.76 (0.90, 4.27) 1.02 (0.00, 2.02) 1.54 (0.79, 3.35) 0.010*

Type of gene mutation 0.076

KIT exon 9 18 5 23

KIT exon 11 54 13 67

WT and others 11 9 20

Total 83 27 110

Targeted therapy <0.001***

Imatinib 41 2 43

Sunitinib 29 7 36

Regorafenib 9 10 19

Ripretinib 2 3 5

Others 2 5 7

Total 83 27 110

Data are presented as M (P25, P75) or number. *, P<0.05; ***, P<0.001. PET/CT, positron emission tomography/computed tomography; TLR-
FDG, tumor-to-liver standardized uptake value ratio in FDG PET/CT; TBR-FDG, tumor-to-blood pool standardized uptake value ratio in 
FDG EPT/CT; SUVmax-FDG, maximum standardized uptake value in FDG PET/CT; SUVmean-FDG, mean standardized uptake value in FDG 
PET/CT; MTV, metabolic tumor volume; TLG, total lesion glycolysis; SULpeak-FDG, peak standard uptake value corrected for lean body 
mass in FDG PET/CT; TLR-FAPI, tumor-to-liver SUV ratio in FAPI PET/CT; TBR-FAPI, tumor-to-blood pool standardized uptake value 
ratio in FAPI PET/CT; SUVmax-FAPI, maximum standardized uptake value in FAPI PET/CT; SUVmean-FAPI, mean standardized uptake value 
in FAPI PET/CT; GTV-FAPI, FAPI-positive tumor volume; TLF-FAPI, FAPI-positive total lesion accumulation; SULpeak-FAPI, peak standard 
uptake value corrected for lean body mass in FAPI PET/CT; KIT, KIT proto-oncogene receptor tyrosine kinase gene; WT, wild-type; FDG, 
fluorodeoxyglucose; FAPI, fibroblast activation protein inhibitor; M (P25, P75), median (interquartile range). 

59.0%, respectively (Table 4). These findings suggest that 
model 1 exhibited the best discrimination ability.

A calibration curve was generated showing that model 1 

yielded the most accurate calibration of the four models (as 
depicted in Figure 4) and had an excellent goodness-of-fit, 
as determined by the Hosmer-Lemeshow test (P>0.05).
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SUVmean-FDG, mean standardized uptake value in FDG PET/CT; MTV, metabolic tumor volume; TLG, total lesion glycolysis; SULpeak-
FDG, peak standard uptake value corrected for lean body mass in FDG PET/CT; TLR-FAPI, tumor-to-liver SUV ratio in FAPI PET/
CT; TBR-FAPI, tumor-to-blood pool SUV ratio in FAPI PET/CT; SUVmax-FAPI, maximum standardized uptake value in FAPI PET/CT; 
SUVmean-FAPI, mean standardized uptake value in FAPI PET/CT; GTV-FAPI, FAPI-positive tumor volume; TLF-FAPI, FAPI-positive total 
lesion accumulation; SULpeak-FAPI, peak standard uptake value corrected for lean body mass in FAPI PET/CT; [18F]FAPI-42, [18F]F-fibroblast 
activation protein inhibitor-42; [18F]FDG, [18F]F-fluorodeoxyglucose; PET/CT, positron emission tomography/computed tomography; 
SUV, standardized uptake value; FAPI, fibroblast activation protein inhibitor. 

Visualization of the optimal model with a nomogram

A nomogram was used to illustrate model 1 (Figure 5) and 
facilitate clinical application, which incorporated TBR-
FDG, SULpeak-FAPI, gene mutation type, and targeted drug 
as predictors. When the gene mutation type was wild-type 
and others (except KIT exon 9 and KIT exon 11), the risk 
of progression was correspondingly increased. The risk of 
progression increased with the use of first- to fourth-line 
targeted agents. Higher TBR-FDG levels were associated 
with an increased risk of progression, although this was 
observed in a smaller proportion of cases. Conversely, a 
lower risk of progression was unexpectedly associated with 
higher SULpeak-FAPI levels. Two representative cases were 
presented in Figure 6 to illustrate this relationship.

Discussion

In this study, we highlighted that both baseline [18F]FAPI-
42 PET/CT and [18F]FDG PET/CT had predictive 
value in assessing treatment responses for recurrent or 
metastatic GIST lesions. Furthermore, we determined 
that the combined predictive capacity of FAPI and 
FDG PET imaging enhances the precision of response 
predictions, surpassing the capabilities of each method 
individually. Significantly, our study revealed that a model 
integrating baseline [18F]FAPI-42 PET/CT, [18F]FDG 
PET/CT parameters, gene mutation type, and targeted 
therapy yielded the most accurate predictions for recurrent 
metastatic GISTs. 

[18F]FDG uptake is a promising indicator for predicting 
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Table 3 Correlation between gene mutation and FDG/FAPI PET/CT parameters

Parameters KIT exon 9 KIT exon 11 Wild-type and others P

TLR-FDG 1.90 (1.51, 3.35) 1.37 (0.98, 4.19) 1.59 (1.19, 2.60) 0.342

TBR-FDG 2.76 (2.23, 4.82) 1.76 (1.37, 4.69) 1.97 (1.55, 3.51) 0.095

SUVmax-FDG 3.97 (3.37, 6.07) 2.58 (2.10, 7.71) 3.51 (2.65, 6.04) 0.077

SUVmean-FDG 2.65 (1.95, 3.23) 1.87 (1.36, 4.51) 2.33 (1.58, 3.44) 0.107

MTV 2.01 (0.78, 14.47) 6.88 (1.65, 55.64) 3.48 (1.19, 10.53) 0.053

TLG 5.40 (2.80, 21.00) 21.60 (2.60, 117.4) 6.95 (2.60, 57.20) 0.299

SULpeak-FDG 2.15 (1.11, 2.92) 1.59 (1.57, 4.90) 2.21 (1.40, 4.34) 0.518

TLR-FAPI 3.07 (2.28, 16.16) 4.23 (1.90, 8.21) 3.14 (2.33, 14.10) 0.648

TBR-FAPI 2.46 (1.80, 6.67) 2.91 (1.50, 5.38) 1.96 (1.71, 3.96) 0.619

SUVmax-FAPI 2.04 (1.26, 7.27) 3.33 (1.56, 5.92) 2.33 (1.40, 5.32) 0.639

SUVmean-FAPI 1.22 (0.88, 4.12) 1.98 (0.95, 2.99) 1.50 (0.94, 2.97) 0.743

GTV-FAPI 3.00 (0.63, 13.31) 5.09 (1.80, 40.81) 1.84 (1.08, 7.97) 0.095

TLF-FAPI 4.40 (1.30, 25.6) 8.30 (3.50, 105.30) 4.10 (1.53, 18.75) 0.141

SULpeak-FAPI 1.26 (0.75, 5.11) 1.84 (0.95, 3.33) 1.15 (0.73, 2.99) 0.366

Data are presented as M (P25, P75). FDG, fluorodeoxyglucose; FAPI, fibroblast activation protein inhibitor; PET/CT, positron emission 
tomography/computed tomography; KIT, KIT proto-oncogene receptor tyrosine kinase gene; TLR-FDG, tumor-to-liver standardized 
uptake value ratio in FDG PET/CT; TBR-FDG, tumor-to-blood pool standardized uptake value ratio in FDG EPT/CT; SUVmax-FDG, maximum 
standardized uptake value in FDG PET/CT; SUVmean-FDG, mean standardized uptake value in FDG PET/CT; MTV, metabolic tumor volume; 
TLG, total lesion glycolysis; SULpeak-FDG, peak standard uptake value corrected for lean body mass in FDG PET/CT; TLR-FAPI, tumor-to-
liver SUV ratio in FAPI PET/CT; TBR-FAPI, tumor-to-blood pool SUV ratio in FAPI PET/CT; SUVmax-FAPI, maximum standardized uptake 
value in FAPI PET/CT; SUVmean-FAPI, mean standardized uptake value in FAPI PET/CT; GTV-FAPI, FAPI-positive tumor volume; TLF-FAPI, 
FAPI-positive total lesion accumulation; SULpeak-FAPI, peak standard uptake value corrected for lean body mass in FAPI PET/CT; M (P25, 
P75), median (interquartile range).

tumor progression. [18F]FDG PET/CT-based imaging 
parameters such as SUV, SUL, MTV, and TLG have 
previously been suggested as potential prognostic markers 
for various tumors (25-29), and high MTV and TLG in 
GISTs are associated with a risk of poor prognosis (29). 
However, in our study, only TBR-FDG and SUVmean-FDG 
were higher in the PG than in the NPG, while there was no 
difference in MTV and TLG between the progression and 
NPGs. The possible reason is that the fixed threshold (41% 
of SUVmax) was not always effective in determining tumor 
metabolic volume due to noise, tracer uptake of tumor and 
background homogeneity, and tumor/background ratio (30).  
Moreover, our findings lead us to hypothesize that the 
proliferation of GISTs lesions may not be governed by the 
aggregate volume and glycolytic activity of the tumor cells as 
a whole. Instead, it appears to be driven by a specific subset 
of cells characterized by heightened glucose metabolic 
activity. It is well-established that the measurement of 

SUVmax is influenced by body composition, time intervals, 
technical factors, tumor burden, tumor volume, and VOI 
(31,32). Studies have demonstrated that normalizing the 
SUVmax of tumors with a suitable reference background 
can address this heterogeneity in some cases (31).  
The liver and blood pools are commonly used as reference 
backgrounds as they maintain a relatively constant SUV 
level following injection over time (33). In this study, TBR 
rather than TLR differed significantly between progression 
and NPGs, likely due to the SUVmax of the blood pool being 
smaller than that of the liver, resulting in a larger ratio 
and a more significant difference. In general, baseline [18F]
FDG PET/CT parameters (TBR-FDG and SUVmean-FDG) 
had predictive value in assessing treatment responses for 
recurrent or metastatic GIST lesions. 

According to our previous study, fibroblast-activating 
protein-targeted imaging (FAPI PET/CT) is superior to 
FDG PET/CT in the imaging of metastatic/recurrent 
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GISTs (22). Moreover, FAPI PET/CT has been found 
to have predictive value in the efficacy and prognosis of 
esophageal squamous cell carcinoma (ESCC) (34,35). In 
this research, we delved into the potential of FAPI PET/CT 
as a prognostic tool for the therapeutic response in GISTs, 
assessing its role as either a supplementary or an alternative 
method to [18F]FDG PET/CT. Notably, the results of this 
study showed that SULpeak-FAPI and TLF-FAPI based on 

[18F]FAPI-42 PET/CT were higher in the NPG than that 
in the PG, which indicates that GISTs exhibiting lower FAP 
expression are more likely to develop resistance to targeted 
therapy. This is opposite to the previous study, indicating 
that the higher the baseline ratio of tumor SUVmax to bood 
pool SUVmax, the worse the response to chemoradiotherapy 
and PD-1 inhibitors (34,36). Therefore, our findings, apart 
from confirming the predictive value of FAPI PET/CT 
for the response of GISTs, could have a novel that high 
FAPI uptake (a high level of FAP) does not always induce 
resistance to the therapy.

Notably, model 3 incorporating only FDG PET/CT 
parameters and model 4 incorporating only FAPI PET/CT 
parameters had similar predictive capabilities. To ascertain 
the optimal utilization of these parameters for enhanced 
predictive accuracy, we explored the model based on both 
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Figure 3 Comparison of ROC curves of logistic models with 
different parameters. Variables included in model 1 (ROC 1): 
TBR-FDG + SULpeak-FAPI + gene mutation type + targeted drug; 
model 2 (ROC 2): TBR-FDG + SULpeak-FAPI; model 3 (ROC 3): 
TBR-FDG; model 4 (ROC 4): SULpeak-FAPI. AUC, area under 
curve; ROC, receiver operating characteristic; TBR-FDG, tumor-
to-blood pool standardized uptake value ratio in FDG PET/
CT; SULpeak-FAPI, peak standard uptake value corrected for lean 
body mass in FAPI PET/CT. FDG, fluorodeoxyglucose; PET/
CT, positron emission tomography/computed tomography; FAPI, 
fibroblast activation protein inhibitor.

Table 4 Comparison of models with different parameters and internal validation

Model Factors AUC (95% CI) 5-fold cross-validation Sensitivity Specificity P value (Delong’s test) 

Model 1 Gene mutation + drug + 
TBR-FDG + SULpeak-FAPI

0.865 (0.794–0.936) 0.802 70.4% 90.4% Reference

Model 2 TBR-FDG + SULpeak-FAPI 0.721 (0.620–0.821) 0.552 81.5% 57.8% <0.001

Model 3 TBR-FDG 0.637 (0.518–0.757) 0.552 59.3% 69.9% <0.001

Model 4 SULpeak-FAPI 0.665 (0.553–0.777) 0.615 66.7% 59.0% <0.001

AUC, area under the curve; 95% CI, 95% confidence interval; TBR-FDG, tumor-to-blood pool standardized uptake value ratio in FDG PET/
CT; FDG, fluorodeoxyglucose; SULpeak-FAPI, peak standard uptake value corrected for lean body mass in FAPI PET/CT; PET/CT, positron 
emission tomography/computed tomography; FAPI, fibroblast activation protein inhibitor.
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A1 A2 A3 A4

B1 B2 B3 B4

Figure 5 Nomogram to predict the risk of progression of recurrent or metastatic GISTs. The score for each variable is on the topmost dot 
axis and the total score line is at the bottom of the nomogram; the scores for each variable are added together to get the total score. The 
probability of progression for total points by drawing a vertical line from the total points axis to the outcome axis. TBR-FDG, tumor-to-
blood pool standardized uptake value ratio in FDG PET/CT; SULpeak-FAPI, peak standard uptake value corrected for lean body mass in 
FAPI PET/CT; GISTs, gastrointestinal stromal tumors; FDG, fluorodeoxyglucose; PET/CT, positron emission tomography/computed 
tomography; FAPI, fibroblast activation protein inhibitor.

Figure 6 Two patients with recurrent or metastatic GISTs using a response prediction model based on [18F]FAPI-42 and [18F]FDG PET/CT 
parameters. (A1,B1) The fusion image of baseline [18F]FDG PET/CT; (A2,B3) the fusion image of baseline [18F]FAPI-42 PET/CT; (A3,B3) 
baseline contrast-enhanced CT; (A4,B4) the contrast-enhanced CT after six-month of new targeted therapy. (A1-A4) A case who had liver 
metastasis following the resection of small intestinal GIST. (A1,A2) (red arrows) show that FDG and FAPI-avid in liver metastases significantly 
increased; the probability of progression was less than 1.0% according to the nomogram. (A3,A4) Red arrows show that the longest diameter 
of liver metastases shortened by about 16.0% after six months of targeted therapy (SD, non-progression). (B1-B4) A case that developed diffuse 
peritoneal metastases following the resection of GIST. (B1,B2) Diffuse multiple peritoneal metastases with focal areas of slightly increased uptake 
on both FDG and FAPI PET/CT scans; the probability of progression was less than 10%, according to the nomogram. (B3,B4) The number of 
metastatic nodules on the peritoneum was markedly reduced after six months of targeted therapy (PR, non-progression). GISTs, gastrointestinal 
stromal tumors; [18F]FAPI-42, [18F]F-fibroblast activation protein inhibitor-42; [18F]FDG, [18F]F-fluorodeoxyglucose; PET/CT, positron emission 
tomography/computed tomography; CT, computed tomography; SD, stable disease; PR, partial response.
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PET/CT parameters and combined clinical parameters 
by comparing the value of four models in predicting the 
response of recurrent or metastatic GISTs and constructed 
the nomogram based on the best model. The value of 
combined FDG PET/CT and FAPI PET/CT for predicting 
the response of recurrent and metastatic GISTs was better 
than FDG PET/CT or FAPI PET/CT alone. It is widely 
acknowledged that the efficacy of targeted drugs in patients 
with GISTs is related to gene mutation type. Further, 
our study suggested that the performance of the model 
incorporating TBR-FDG, SULpeak-FAPI, gene mutation, and 
the targeted drug was superior to the model incorporating 
FDG PET/CT and FAPI PET/CT parameters alone, which 
could yield more precise predictions of the response of 
recurrent metastatic GISTs to targeted therapy.

There are several limitations to this study that need to 
be addressed. Firstly, the sample size was inevitably small. 
Secondly, the evaluation was focused on lesions rather than 
patients, which may be relevant for local recurrence or 
metastasis but may not provide predictive value for overall 
patient survival outcomes. Thirdly, the model was not 
externally validated with a data set in another institution. To 
overcome these limitations, it is essential to expand the sample 
size and optimize the model, assess the response of patients, 
analyze its predictive value on patient prognosis, and conduct 
multicenter studies for external validation of the model.

Conclusions

Both baseline [18F]FAPI-42 PET/CT and [18F]FDG PET/
CT had predictive value in assessing treatment responses 
for recurrent or metastatic GIST lesions. Furthermore, 
the combined predictive capacity of FAPI and FDG PET 
imaging enhances the precision of response predictions, 
surpassing the capabilities of each method individually. 
The model integrating baseline [18F]FAPI-42 PET/CT, 
[18F]FDG PET/CT parameters, gene mutation type, and 
targeted therapy yielded the most accurate predictions for 
recurrent metastatic GISTs. 
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