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Abstract

Objective To assess and compare the diagnostic performance of gallium-68-labelled fibroblast activation protein inhibitor

([*®Ga]FAPI-04) and fluorine-18 fluorodeoxyglucose (['*F]JFDG) positron emission tomography/computed tomography (PET/

CT) in gastrointestinal cancer.

Methods Fifty-one patients who underwent both ['*FJFDG and [**Ga]FAPI-04 PET/CT for initial staging or restaging were

enrolled. Histopathological findings, typical radiological appearances, and clinical imaging follow-up were used as the reference

standard. The diagnostic performance of the two tracers was calculated and compared. The maximum standardised uptake value

(SUVmax), mean SUV (SUVmean), tumour-to-mediastinal blood pool ratio (TBR), and tumour-to-liver ratio (TLR) of primary

and metastatic lesions were measured and compared between two imaging modalities.

Results In patient-based analysis, [**Ga]FAPI-04 showed much better diagnostic sensitivity than [ *F]JFDG in detecting primary

tumour (94.44% [17/18] vs. 61.11% [11/18]), postoperative recurrence and metastases (95.65% [22/23] vs. 69.57% [16/23]), and

peritoneal carcinomatosis (100% [28/28] vs. 60.71% [17/28]) (all p < 0.05). In lesion-based analysis, [**Ga]JFAPI-04 showed

higher sensitivity than ['*F]JFDG for detecting lymph node metastases. In peritoneal carcinomatosis, the median SUVmax (12.12

vs. 7.18) and SUVmean (6.84 vs. 4.11) with [**Ga]JFAPI-04 were significantly higher than those with ['*FJFDG (all p < 0.005).

The TBR and TLR of [**Ga]FAPI-04 were significantly higher than those of ['*F]JFDG for detecting primary tumour, lymph

node, liver, and peritoneal metastases (all p < 0.005). Therapeutic management changed in 13 patients according to [**Ga]FAPI-

04 PET/CT compared with conventional imaging.

Conclusions [**Ga]FAPI-04 is superior to ['*F]FDG PET/CT for detecting primary tumour, postoperative recurrence and me-

tastasis, and peritoneal carcinomatosis in gastrointestinal cancer.

Key Points

« [%*Ga]FAPI-04 PET/CT showed significantly higher sensitivity than ['*FJFDG PET/CT in the detection of primary
tumour and postoperative recurrence and metastasis in patients with gastrointestinal carcinoma.

« [%Ga]FAPI-04 PET/CT had obvious advantages over [!*F]JFDG PET/CT in the detection of peritoneal carcinomatosis from
gastrointestinal carcinoma with a much higher FAPI uptake value, TBR, and TLR.

« Although the median SUVmax and SUVmean of [**Ga] FAPI-04 were similar to those of ['*F]FDG for the primary tumour,
lymph node metastases, and liver metastases in gastrointestinal carcinoma, the TBR and TLR of the SUVmax and SUVmean
were significantly higher on [**Ga]FAPI-04 PET/CT, causing the lesions to be displayed more clearly.
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MAC  Mucinous adenocarcinoma

MRI  Magnetic resonance imaging

PET/CT Positron emission tomography/computed
tomography

SRCC  Signet ring cell carcinoma

SUV  Standardised uptake value

TBR  Tumour-to-mediastinal blood pool ratio
TLR Tumour-to-normal liver parenchyma ratio
Introduction

Gastric and colorectal cancers are two of the most common
cancer types worldwide, being the fourth and second leading
causes of cancer-related mortality, respectively [1]. Early di-
agnosis, accurate staging, and restaging are important for the
management and prognosis of patients with gastrointestinal
carcinoma. Computed tomography (CT) and magnetic reso-
nance imaging (MRI) are the most common diagnostic
methods used for evaluating gastrointestinal carcinoma, but
they present some limitations in the detection of small primary
lesions, occult lymph nodes, and peritoneal metastases.
Fluorine-18 fluorodeoxyglucose (['*F]JFDG) positron
emission tomography/computed tomography (PET/CT) has
become an essential imaging modality for gastrointestinal can-
cer evaluation. However, FDG uptake varies with the histo-
logical type of gastrointestinal carcinoma, and the detection
sensitivity and tracer uptake in signet ring cell carcinoma
(SRCC) are low [2, 3]. Additionally, the physiological uptake
of the gastrointestinal tract and acute gastroenteritis may mask
lesion detection, leading to missed diagnosis of abdominal and
pelvic lesions. A novel molecular imaging tracer is therefore
needed for accurate evaluation of gastrointestinal carcinoma.
Cancer-associated fibroblasts (CAFs) in the tumour stroma
can specifically express fibroblast activation protein (FAP),
which is highly expressed by CAFs in more than 90% of
human epithelial cancers; by contrast, FAP expression is near-
ly absent in normal adult tissues. Research has shown that
high FAP expression is closely related to tumour invasion,
lymph node metastasis, and a poor prognosis in many human
malignant tumours [4]. Therefore, FAP has become an attrac-
tive therapeutic and diagnostic target in most frequent solid
tumours. FAP-targeted treatment approaches mainly include
immunoconjugates, chimeric antigen receptor T cells, vac-
cines, peptide-drug complexes, FAP inhibitors, and anti-
bodies, and FAP imaging has been researched based on anti-
bodies and inhibitors [5, 6]. Among the many radiopharma-
ceuticals available, quinolone-based FAP-specific small mol-
ecule inhibitors (FAPIs) show advantages over [ *F]FDG, in-
cluding high tumour accumulation, low background tissue
uptake, and rapid in vivo clearance. These favourable charac-
teristics have led FAPIs to be introduced into clinical imaging
for the detection of many malignant tumours during the last
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few years [7-10]. [*®*Ga]FAPI-04 is the most widely used
imaging agent and has great potential for detection of tumours
and metastases [7].

Several recent studies showed that [**Ga]JFAPI-04 had bet-
ter detection sensitivity (100%) than ['*F]JFDG (53-86.6%)
for the primary tumour of gastrointestinal carcinoma
[10-13]. However, in the assessment of distant metastasis
(e.g. peritoneal carcinomatosis and liver metastasis), the re-
sults of these relatively small sample studies (20-38 patients)
were inconsistent. Therefore, we conducted the present study
to assess and compare the diagnostic performance of
[*®Ga]FAPI-04 and ['®F]FDG PET/CT in the detection of
primary and metastatic lesions of gastrointestinal cancer and
to quantify and compare the uptake of the two tracers. We
further evaluated the diagnostic efficiency of the two tracers
for detecting SRCC and mucinous adenocarcinoma (MAC)
and analysed their impacts on patient management.

Materials and methods
Patients

This was a post hoc retrospective study of patients recruited as
part of a larger ongoing single-centre prospective study to
assess the application utility of [**Ga]FAPI-04 PET/CT in
malignant tumours, which was approved by the medical ethics
committee of Zhongnan Hospital of Wuhan University and
registered in ClinicalTrials.gov (NCT05034146). Written
informed consent was obtained from all included patients.
Patients with newly diagnosed or previously treated
gastrointestinal cancer who underwent both ['*F]JFDG and
[*Ga]FAPI-04 PET/CT for staging or restaging between
February and October 2021 were retrospectively collected.
Patients were excluded because of the following reasons: (a)
lack of a definitive diagnosis; (b) a history of other malignant
tumours. Finally, fifty-one patients (31 men; median age, 57
years) were enrolled (Fig. 1).

Preparation of [*®Ga]FAPI-04

[*®Ga]FAPI-04 was prepared according to a previously vali-
dated process with minor modification using the **Ge/**Ga
generator and iQS-TS automated synthesis module [14] (sup-
plementary material).

PET/CT image acquisition

Patients were required to fast for at least 6 h before the
["®F]FDG PET/CT, and their blood glucose concentration
was checked to ensure that it was less than 11.0 mmol/L.
PET/CT (Biograph mCT; Siemens Healthineers) was perform-
ed approximately 40—60 min after an i.v. injection of ['*FJFDG


http://clinicaltrials.gov

European Radiology (2023) 33:2779-2791

2781

Fig. 1 Flowchart indicating the
patient selection process

A total of 61 patients with gastrointestinal carcinoma underwent both '*F-FDG
and ®*Ga-FAPI-04 PET/CT scan between February and October 2021

Excluded

» Patients without pathological and clinical imaging follow-up data (n=4)

4

Patients with a history of two primary tumors (n=4)

4

Patients with peritoneal malignancy but without definite diagnosis (n=2)

4

Finally, 51 patients with gastrointestinal carcinoma were included in this study

\ 4

Gastric cancer
(n=28)

v \
Colorectal cancer Appendiceal cancer
(n=21) (n=2)

(3.70-5.55 MBg/kg) and 30-60 min after an i.v. injection of
[**Ga]FAPI-04 (1.85-3.70 MBg/kg). The median time interval
between [ *FJFDG and [**Ga]FAPI-04 PET/CT was 1 day (in-
terquartile range [IQR], 1-1). Details of the image acquisition
and processing are provided in the supplementary material.

Image analysis

All PET/CT images were independently reviewed by two
board-certified nuclear medicine physicians (C.L. and Y.T.)
who were blinded to the conventional imaging (CT/MRI)
findings and pathological information. In the qualitative ana-
lysis, the lesion was considered positive when its tracer uptake
was obviously higher than that of the adjacent background
tissue on visual evaluation (excluding physiological tracer up-
take and definitive benign diseases). In the quantitative ana-
lysis, the maximum standardised uptake value (SUVmax) and
mean SUV (SUVmean) of the lesions, mediastinal blood pool,
and normal liver parenchyma were measured using Syngo
Multimodality Workplace software (details in supplementary
material). The tumour-to-blood pool ratio (TBR) and tumour-
to-liver ratio (TLR) were calculated. Any differences in PET/
CT findings between the two reviewers were resolved by
consensus.

Reference standards

All primary tumours were confirmed by biopsy or surgical
pathology. The reference standards for the final diagnoses of
recurrence and/or metastatic lesions were histopathologic
findings, typical CT and/or MRI findings, or clinical imaging

follow-up of at least 3 months [14—19] (details in supplemen-
tary material).

Statistical analysis

All statistical analyses were performed using SPSS statistics
(version 19.0; IBM). Categorical variables are expressed as
frequency and percentage. Continuous variables are expressed
as mean + standard deviation or median (IQR). Interobserver
agreement was assessed using Cohen’s kappa (k). Diagnostic
performance characteristics including sensitivity, specificity,
positive predictive value, and negative predictive value were
calculated. Continuous variables were compared using the
Mann-Whitney U test. McNemar’s test was used to compare
the diagnostic sensitivity. A two-sided p-value < 0.05 was
considered statistically significant.

Results
Patient characteristics

Fifty-one patients with gastrointestinal cancer were retro-
spectively enrolled, and their specific diagnoses included
28 gastric, 21 colorectal, and 2 appendiceal cancers
(Table 1, supplementary Table S1). In total, 18 patients
had a primary tumour; thirty-two patients had suspected
postoperative recurrence and metastasis undergoing restag-
ing; one patient’s primary tumour disappeared after che-
motherapy and targeted therapy, but the patient showed
extensive peritoneal carcinomatosis.
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Table 1 Clinicopathological

characteristics of patients Characteristics

Value (%) *

included in this study
Number of patients

Age (years, range)
Mean + SD
Median (IQR)
Sex
Men
Women
Types of cancer
Gastric cancer
Colon cancer
Rectal cancer
Appendiceal cancer
Pathological type
Adenocarcinoma
Mucinous adenocarcinoma
Signet ring cell carcinoma
Squamous cell carcinoma
Unclassified carcinoma
Tumour differentiation degree
Well
Moderately
Poorly
Unknown
Purpose for PET/CT
Initial staging

Evaluation of treatment efficacy after adjuvant therapy °
Postoperative recurrence and metastasis detection (restaging)

51
23-83

5529 +13.07
57 (48-66)

31 (60.8)
20 (39.2)

28 (54.9)
12 (23.5)
9 (17.6)
2(3.9)

29 (56.9)
1121.6)
7(13.7)
2(3.9)
2(3.9)

2(3.9)
15 (31.4)
23 (43.1)
11 21.6)

13 (25.5)
6(11.8)
32(62.7)

Note. * Percentages may not be total 100% due to rounding

®The median time interval between the end of adjuvant therapy and the PET/CT was 5.5 weeks (range, 1-7

weeks)
IQOR interquartile range

Interobserver agreement assessment

On [*®*Ga]FAPI-04 PET/CT, the two observers showed sub-
stantial consistency in assessment of the primary tumour (k =
0.771, p = 0.001) and perfect agreement in evaluation of post-
operative overall recurrence and metastasis (x = 1.000, p <
0.001). On ['®F]FDG PET/CT, the two readers also showed
substantial agreement with a corresponding x value of 0.776
(p =0.001) and 0.747 (p < 0.001), respectively.

Primary tumour detection

The diagnostic performances of [**GaJFAPI-04 and ['*FJFDG
for primary tumour are summarised in Table 2. [**Ga]FAPI-04
had much higher sensitivity for detection of gastrointestinal pri-
mary tumour than did ['*FJFDG PET/CT. Of the 18 patients,
[*®Ga]FAPI-04 detected 17 of them giving a sensitivity of
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94.44% (17/18), and ['®*F]FDG detected 11 giving a sensitivity
of 61.11% (11/18) (p =0.031). One cystic low-grade appendiceal
MAC was not FAPI-avid. Five primary gastric cancers and two
appendiceal MACs were false-negative on ['*FJFDG PET/CT.

Comparisons of the primary tumour uptake of [**Ga]
FAPI-04 and [ISF]FDG are summarised in Table 3, Fig. 2,
and supplementary Fig. S1. The median SUVmax and
SUVmean of primary tumours were slightly lower with
[*®Ga]FAPI-04 than with ["*F]FDG (11.60 vs. 12.11 and
6.62 vs. 7.13), but the differences were not significant (all p
> 0.05). However, [**Ga]FAPI-04 showed significantly
higher TBR and TLR than did ['*F]FDG. The median TLR
of the [**Ga]FAPI-04 SUVmax was approximately 3.34 times
that of ['*F]JFDG (11.05 vs. 3.31, p < 0.001), and the median
TLR of the [*®*Ga]FAPI-04 SUVmean was 4.48 times that of
["®F]FDG (10.71 vs. 2.39, p < 0.001).
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Table 2 Diagnostic performance

of ['®F]FDG and [**Ga]FAPI-04 Location of lesions

Sen. (%)

Spe. (%) PPV (%) NPV (%) p value (sen.)*

PET/CT in gastrointestinal

carcinoma (patient-based Primary tumour

analysis) ['*F]FDG 61.11 (11/18) NA 100 (11/11) NA 0.031%

[**Ga]FAPI-04 94.44 (17/18) NA 100 (17/17) NA

Postoperative recurrence/metastasis (overall evaluation)
['*F]FDG 69.57 (16/23)  66.67 (6/9) 8421 (16/19)  46.15(6/13)  0.031*
[**Ga]FAPI-04 95.65 (22/23)  66.67 (6/9)  88.00 (22/25)  85.71 (6/7)

Lymph node involvement
['"*F]FDG 5455 (6/11)  NA 100 (6/6) NA 0.250
[**Ga]FAPI-04 81.82(9/11) NA 100 (9/9) NA

Liver metastases
['"*FIFDG 80.00 (8/10)  NA 100 (8/8) NA 1.000
[8Ga]FAPI-04 90.00 (9/10)  NA 100 (9/9) NA

Peritoneal metastasis
['"*FIFDG 60.71 (17/28) 3333 (1/3)  89.47 (17/19) 833 (1/12)  0.001*
[*8Ga]FAPI-04 100 (28/28) NA 90.32 (28/31) NA

Local recurrence
['*F]FDG 62.50 (5/8) NA 100 (5/5) NA 0.250
[**Ga]FAPI-04 100 (8/8) NA 100 (8/8) NA

Ovarian metastasis
['"*F]IFDG 60.00 (3/5) NA 100 (3/3) NA 1.000
[**Ga]FAPI-04 80.00 (4/5) NA 100 (4/4) NA

Pulmonary metastasis
['"*FIFDG 80 (4/5) NA 100 (4/4) NA 1.000
[®*Ga]FAPI-04 60 (3/5) NA 100 (3/3) NA

Bone metastasis
['"*FIFDG 100 (3/3) NA 75 (3/4) NA NA
[*Ga]FAPI-04 100 (3/3) 100 (1/1) 100 (3/3) 100 (1/1)

Note. * Comparison of diagnostic sensitivities of ['® FJFDG and [*® Ga]FAPI-04 PET/CT for detection of primary
tumour and metastatic lesions in gastrointestinal carcinoma (*p < 0.05)

Sen. sensitivity, Spe. specificity, PPV positive predictive value, NPV negative predictive value, NA not applicable

Postoperative recurrence and metastasis detection

Thirty-two patients with suspected postoperative recurrence
and metastasis of gastrointestinal carcinoma were evaluated.
Of these, 23 patients were diagnosed with recurrence and/or
metastasis. Eight patients had loco-regional relapse.
Metastatic locations included lymph nodes, liver, peritoneum,
ovary, lung, pancreas, muscle, and rectum. The sensitivity of
[®Ga]FAPI-04 for detection of postoperative overall recur-
rence and metastasis was significantly higher than that of
["*FIFDG (95.65% [22/23] vs. 69.57% [16/23], p = 0.031),
but the specificities of [**Ga]FAPI-04 and ['*F]JFDG were the
same (Table 2). A representative case is shown in Fig. 3.

Metastatic lymph node detection

Among the 51 included patients, 11 had lymph node involve-
ment, with a total of 45 metastatic lymph nodes (38 in

abdomen and pelvis, 5 in supraclavicular region, and 2 in
mediastinum). The diagnostic sensitivity of [**Ga]FAPI-04
and ['®F]JFDG was 81.82% (9/11) and 54.55% (6/11), respec-
tively, in patient-based analysis (p = 0.250) (Table 2) and
88.89% (32/36) and 55.56% (20/36) in lesion-based analysis
(p = 0.002) (supplementary Table S3). The median SUVmax
of [**Ga]FAPI-04 and ['*F]FDG was 9.14 and 10.65 (p =
0.880), respectively, and the SUVmean was 5.85 and 6.39
(p = 0.888). The TBR and TLR of the SUVmax and
SUVmean of [**Ga]FAPI-04 were significantly higher than
those of ['®F]FDG (all p < 0.005) (Table 3, Fig. 2,
supplementary Fig. S1).

Liver metastasis detection
Among all 51 included patients, 10 showed liver metasta-

ses and a total of 25 hepatic lesions with a median largest
diameter of 2.05 cm (IQR, 1.36-3.32 cm) were assessed.
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Table 3  Uptake of ['*F]JFDG and [**Ga]FAPI-04 in primary tumour and metastatic lesions of gastrointestinal carcinoma

Locations of lesions ["*F]FDG [*®Ga]FAPI-04 p value
No. of lesions Median (IQR) No. of lesions Median (IQR)

Primary tumour
SUVmax 11 12.11 (5.96-16.30) 17 11.60 (9.68-20.00) 0.781
SUVmean 11 7.13 (3.52-10.10) 17 6.62 (5.62-10.89) 0.746
TBR_ syvmax 11 4.58 (2.59-5.69) 17 7.06 (5.70-12.48) 0.003*
TBR_suvmean 11 3.15(1.68-4.14) 17 5.71 (4.29-11.62) 0.001*
TLR suvmax 11 3.31(2.24-4.26) 17 11.05 (7.04-15.59) < 0.001*
TLR suvmean 11 2.39 (1.47-3.54) 17 10.71 (8.48-20.74) < 0.001*

Lymph node involvement
SUVmax 20 10.65 (4.78-14.14) 32 9.14 (6.56-13.49) 0.880
SUVmean 20 6.39 (3.24-8.63) 32 5.85(4.41-8.47) 0.888
TBR_ suvmax 20 3.63 (1.46-4.74) 32 4.82 (3.72-7.31) 0.003*
TBR_suvmean 20 2.86 (1.23-4.37) 32 4.65 (3.09-6.95) 0.003*
TLR suvmax 20 2.89 (1.23-4.22) 32 6.69 (5.31-8.80) <0.001*
TLR suvmean 20 2.51(1.18-3.70) 32 8.59 (6.86-11.07) <0.001*

Liver metastases
SUVmax 21 9.68 (6.41-12.07) 24 11.35 (8.00-13.28) 0211
SUVmean 21 6.02 (3.90-7.04) 24 6.61 (4.55-7.67) 0.207
TBR_ syvmax 21 3.62 (2.66-4.13) 24 6.68 (5.25-8.73) <0.001*
TBR_suvmean 21 2.78 (2.26-3.41) 24 6.01 (4.39-7.24) <0.001*
TLR suvmax 21 3.04 (2.27-3.44) 24 6.87 (5.64-9.20) < 0.001*
TLR suvmean 21 2.63 (1.96-2.90) 24 8.97 (7.06-10.97) < 0.001*

Peritoneal carcinomatosis
SUVmax 17 7.18 (3.92-9.05) 28 12.12 (6.28-13.86) 0.004*
SUVmean 17 4.11 (2.56-4.95) 28 6.84 (3.70-8.66) 0.003*
TBR_suvmax 17 2.57 (1.47-3.59) 28 6.47 (4.25-9.86) <0.001*
TBR_suvmean 17 1.89 (1.18-2.93) 28 591 (3.35-8.22) < 0.001*
TLR suvmax 17 2.01 (1.10-3.02) 28 10.78 (5.63-16.08) <0.001*
TLR suvmean 17 1.56 (0.95-2.32) 28 11.35 (6.10-18.63) <0.001*

Peritoneal carcinomatosis of SRCC and MAC
SUVmax 8 7.21 (3.18-9.08) 12 12.71 (8.32-13.97) 0.012%*
SUVmean 8 4.11 (2.22-4.95) 12 7.30 (4.74-8.45) 0.012*
TBR_ suvmax 8 2.92 (1.21-3.61) 12 7.35 (4.77-9.86) < 0.001*
TBR_suvmean 8 1.99 (1.07-3.01) 12 6.27 (4.33-8.22) < 0.001*
TLR_suvmax 8 2.49 (0.85-3.08) 12 12.54 (6.92-16.22) < 0.001*
TLR sUvmean 8 1.68 (0.86-2.33) 12 12.30 (7.35-19.01) < 0.001*

IQOR interquartile range, 7BR tumour-to-mediastinal blood pool ratio, 7LR tumour-to-normal liver parenchyma ratio, SRCC signet ring cell carcinoma,
MAC mucinous adenocarcinoma

#p < 0.05

Nine and eight patients were diagnosed on [**Ga]FAPI-04
and ['®F]FDG, respectively, with a sensitivity of 90%
(9/10) and 80% (8/10) (p = 1.000) (Table 2). Twenty-one
and 24 lesions were detected on ['*F]FDG and [**Ga]FAPI-
04 PET/CT, respectively, with a sensitivity of 84% (21/25)
and 96% (24/25) (p = 0.25) (supplementary Table S3).
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Three hepatic metastatic lesions were missed on ['*F]JFDG
in a patient with gastric cancer, but these lesions showed
intense uptake on [*®*Ga]FAPI-04 (Fig. 4). One small liver
metastasis (9 x 7 mm) in a patient with colon MAC was
missed on both ['®F]FDG and [*®Ga]FAPI-04. In hepatic
metastases, the median SUVmax (9.68 vs. 11.35, p =
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represent median with interquartile range. TBR, tumour-to-mediastinal
blood pool uptake ratio based on SUVmax; TLR, tumour-to-normal liver
parenchyma uptake ratio based on SUVmax

[*®Ga]FAPI-04 than on ['*F]FDG, indicating that liver metas-
tases could be clearly displayed on [*®*Ga]FAPI-04 PET/CT
(Table 3, Fig. 2, supplementary Fig. S1).
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Fig. 3 Images of a 68-year-old man with a history of postoperative che-
motherapy for rectal mucinous adenocarcinoma who underwent PET/CT
for restaging. (a—c) Delayed abdominal and pelvic [**Ga]FAPI-04 PET/
CT images show a markedly thickened posterior bladder wall with in-
tense FAPI uptake (SUVmax = 15.12) and a FAPI-avid lesion in the
prostate and presacral soft tissue (SUVmax = 14.06) (a, maximum inten-
sity projection, MIP; b and ¢, axial fused images). In addition, a FAPI-
avid benign lesion in the left 10th posterior rib (SUVmax = 13.56) and
degenerative disease with intense FAPI uptake (SUVmax = 8.06) in the

Peritoneal carcinomatosis detection

Among all 51 included patients, 31 had suspected peritoneal
carcinomatosis and 28 were finally diagnosed, including 16 with
nodular-type and 12 with diffuse-type lesions. [**GaJFAPI-04
revealed 28 true-positive patients with significantly higher sensi-
tivity (100%) than ["*F]JFDG (60.71% [17/28]) (p = 0.001)
(Table 2); Fig. 5 shows a representative case. Eleven patients
had false-negative diagnoses on ['*F]JFDG (ten gastric cancers
and one colonic MAC). One patient with reactive nodular fibrous
hyperplasia mimicking peritoneal carcinomatosis showed false-
positive finding on [**GaJFAPI-04 (Fig. 6). Two patients with
peritoneal inflammation had false-positive diagnoses on
['"®F]FDG and [®*Ga]JFAPI-04 PET/CT, and a case is shown in
supplementary Fig. S2. Compared with ['*FJFDG PET/CT,
[*®Ga]FAPI-04 yielded a significantly higher median SUVmax
(12.12 vs. 7.18, p = 0.004) and SUVmean (6.84 vs. 4.11, p =
0.003). The median TLR of the SUVmax on [*Ga]FAPI-04 was
nearly 5.36 times higher than that on ["SFJFDG (10.78 vs. 2.01, p
< 0.001) (Table 3, Fig. 2, supplementary Fig. S1).

Local recurrence and other metastasis detection

As shown in Table 2 and supplementary Table S3, there was
no statistical significance in the detection of local recurrence
or ovarian and pulmonary metastases between ['*F]FDG and
[°®Ga]FAPI-04 (all p > 0.05). Three patients had extensive
bone metastases detected on both ['*F]JFDG and [**Ga]
FAPI-04, with comparable diagnostic efficiency by visual
analysis. In addition, a sacral lesion in a patient with a history
of rectal cancer that was finally diagnosed as a sacral
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L2 vertebra were also revealed on the delayed [**Ga]FAPI-04 MIP image
(a). (d—f) Delayed ['®FJFDG PET/CT images show negative uptake in
these lesions (d and e, axial fused images; f, MIP). In addition, a dilated
left ureter is visible on both the [**Ga]FAPI-04 (a) and ['*F]FDG (f) MIP
images, and a slightly dilated right ureter is also visible on [ *FJFDG MIP
image (f). The patient underwent biopsies of the bladder and prostate, and
histopathological findings confirmed the lesions to be postoperative loco-
regional relapse with bladder and prostate infiltration

insufficiency fracture was given a false-positive diagnosis on
['"®FJFDG but showed no FAPI uptake.

SRCC and MAC detection

The patients in this study had 7 SRCCs of the stomach and 11
MACs (3 gastric, 6 colorectal, and 2 appendiceal cancers)
(supplementary Table S4). The detection rate of [**GaJFAPI-
04 for primary tumour of SRCC and MAC was 85.71% (6/7),
which was much higher than that of ['*FIFDG (28.57%, 2/7) (p
= 0.125). Ten patients had suspected postoperative recurrence
and metastasis, and seven patients were finally diagnosed. The
detection sensitivity was 85.71% (6/7) for [**Ga]FAPI-04 and
42.86% (3/7) for ['*F]FDG PET/CT (p = 0.250). Of 18 SRCCs
and MACs, 12 were associated with peritoneal metastases. The
detection rates were 100% (12/12) for [*®Ga]FAPI-04 and
66.67% (8/12) for ['*FIFDG (p = 0.125) (Table 4), and the
median SUVmax of peritoneal metastases on [**Ga]FAPI-04
was significantly higher than that on ['*F]FDG (Table 3).

Changes in therapeutic management

Table 5 and supplementary Table S5 show changes in treat-
ment management. Among the 51 patients, 4 had no available
CT or MRI data. Of the remaining 47 patients, 34 (72.3%, 34/
47) had no changes in their treatment. Finally, 13 (27.7%, 13/
47) changed their treatment regimens because of the detection
of new primary and/or metastatic lesions or a decreasing dis-
ease extent according to [**Ga]FAPI-04 PET/CT compared
with conventional imaging. In the initial staging assessment,
[*®Ga]FAPI-04 did not change the patients’ clinical stage
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Fig. 4 Images of a 61-year-old man with a history of postoperative che-
motherapy for gastric antrum cancer (moderately differentiated adenocar-
cinoma, pT4bNOMO) over 2 years who underwent PET/CT for restaging.
(a—e) Three FAPI-avid hepatic lesions (SUVmax = 8.48-14.99; a, max-
imum intensity projection, MIP; b—d, axial fused images; arrows) and one
pancreatic head lesion with intense FAPI uptake (SUVmax = 26.03; e,

because most patients with advanced disease were included;
however, three treatment-naive patients’ primary tumour,
which had been missed on conventional imaging, was clearly
displayed on [*®Ga]FAPI-04 PET/CT. Major changes oc-
curred in eight patients, three of whom underwent surgery
and adjuvant therapy. Two patients refused systematic thera-
py, and their actual regimens were therefore unavailable.

Discussion

In this study, we evaluated and compared diagnostic perfor-
mance and tracer uptake between [**Ga]FAPI-04 and
['*F]FDG PET/CT in primary tumour and metastatic lesions
of gastrointestinal carcinoma. We found that [**Ga]FAPI-04
was superior to ['*F]JFDG in the detection of primary tumour,
postoperative overall recurrence and metastases, and peritone-
al carcinomatosis. The higher TBR and TLR of [*®*Ga]FAPI-
04 enhanced the contrast of lesions against background tissue,
making them easier to see and reducing the rate of missed
diagnoses.

FAPI, as a new imaging agent, presents a promising alterna-
tive for gastrointestinal carcinoma. Pang et al reported detection
sensitivities of 100% for [**GaJFAPI-04 and 53% for ['*FJFDG

18F-FDG PET/CT

axial fused image; arrow) are observable on [*®*Ga]FAPI-04 PET/CT
images, suggesting liver metastases and loco-regional relapse (involve-
ment of the pancreas). (f—j) ["®FJFDG PET/CT reveals false-negative
FDG uptake in the liver lesions and mild FDG uptake in the pancreatic
head lesion (SUVmax = 4.89; f—i, axial fused images; j, MIP)

PET/CT in the diagnosis of primary tumour in patients with
gastrointestinal cancer, with [**Ga]FAPI-04 showing higher
TBR than ["*F]FDG (7.6 vs. 2.2) [11]. Jiang et al also found
sensitivities of 100% for [**Ga]FAPI-04 and 82% for ['*FIFDG
PET in the detection of primary gastric cancer, but found no
significant difference between the SUVmax of the two tracers.
However, the TBR of [**Ga]FAPI-04 was obviously higher than
that of ['®F]JFDG [12]. In our study, [**Ga]FAPI-04 resulted in
detection of more primary tumours than did ['*FJFDG (94.44%
vs. 61.11%), with higher TBR and TLR. In patients with SRCC
and MAC, [*®*Ga]FAPI-04 detected more primary tumours than
did ["®F]FDG, although there was no significant difference be-
cause of the small number of cases. Compared with CT and/or
MRI, [*®Ga]FAPI-04 had obvious advantages in finding small
primary lesions of gastric and appendiceal cancer; moreover,
because [**Ga]JFAPI-04 detected new and/or more lesions or a
decreasing disease extent, the treatment was changed in 13
(27.7%) patients, similar to a recent study (22.9%) [20]. A high
TBR is one of the most important requirements for clear display
of lesions, which is crucial for accurate staging and determina-
tion of treatment strategies.

Accurate lymph node staging is crucial for treatment and
prognosis in patients with gastrointestinal cancer. Kuten et al
found that the detection rate of regional lymph node
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Fig. 5 Images of a 23-year-old woman with a history of gastric signet
ring cancer and peritoneal carcinomatosis who received four cycles
of chemotherapy. PET/CT was performed to assess treatment effi-
cacy. (a—e) [**Ga]FAPI-04 PET/CT images show an intense FAPI-
avid primary gastric tumour (SUVmax = 10.24) and diffuse

involvement in gastric cancer was comparable between
["®FIFDG and [**Ga]FAPI-04, with a similar SUVmax (4.3
vs. 7.9) [14]. Pang et al found that [**GaJFAPI-04 showed
more lymph node metastases than did ['*F]JFDG PET/CT
(79% vs. 54% for lesion-based sensitivity) in patients with
gastrointestinal cancers, with a much higher median
SUVmax (6.7 vs. 2.4) [11]. Our results are partially consistent
with previous studies; in patient-based analysis, the sensitivity
of [*®Ga]FAPI-04 (81.82%) was similar to that of ['*FJFDG
(54.55%) for the detection of lymph node involvement.
However, the detection rate of [**Ga]FAPI-04 (88.89%) was
significantly higher than that of ['*FJFDG (55.56%) in lesion-
based analysis, with a similar median SUVmax and SUVmean
but higher TBR and TLR. In general, [**Ga]FAPI-04 PET/CT
could detect more lymph node metastases than ['*F]JFDG.
The peritoneum frequently shows metastatic involvement
in gastrointestinal carcinoma. The peritoneal cancer index
score is an important evaluation indicator of tumour resect-
ability and curability, and it is strongly associated with patient
selection for cytoreductive surgery and hyperthermic intraper-
itoneal chemotherapy [21]. Both CT and ['*F]FDG PET have
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peritoneal carcinomatosis with high FAPI uptake (SUVmax =
12.76) (a, maximum intensity projection, MIP; b—e, axial fused
images; arrows). (f—j) ['*F]JFDG PET/CT images show negative
FDG uptake in the primary tumour and peritoneal metastases (f-i,
axial fused images; j, MIP)

limited diagnostic reliability for peritoneal carcinomatosis,
leading to gross underestimations in the extent of peritoneal
carcinomatosis, especially in small miliary lesions (< 0.5 cm)
on peritoneal surfaces and in mucinous tumours [22-25].
Zhao et al reported that the diagnostic sensitivity for peritoneal
carcinomatosis from various tumour types was significantly
higher on [*®*Ga]FAPI-04 than on ['*F]FDG (97.67% vs.
72.09%) and found significantly higher uptake of [**Ga]
FAPI-04 than ['®*F]JFDG in gastric cancer (8.05 vs. 3.44) and
colorectal cancer (10.14 vs. 3.86) [19]. Our results also dem-
onstrated that [**Ga]FAPI-04 was superior to ['*F]JFDG in the
detection of peritoneal metastasis. Moreover, the uptake value
of [*®Ga]FAPI-04 was significantly higher than that of
["®F]FDG, which is similar to the findings of previous studies
[11, 19]. Additionally, because there is no [**Ga]FAPI-04
uptake in the normal gastrointestinal tract, peritoneal lesions
were shown more clearly. In our study, we also found false-
positive [**Ga]FAPI-04 accumulation in peritoneal lesions in
patients with postoperative gastrointestinal carcinoma. In
addition to overexpression in CAFs, FAP is also selective-
ly expressed in stromal cells and mesenchymal stem cells
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Fig. 6 A representative false-positive case mimicking peritoneal metas-
tasis on [**Ga]FAPI-04 PET/CT. A 67-year-old woman presented with a
1-week history of intestinal obstruction. Seven years previously, she had
undergone partial gastrectomy followed by two cycles of chemotherapy
for gastric cancer. (a—d) [**Ga]JFAPI-04 PET/CT images (a, maximum
intensity projection, MIP; b—d, axial CT, PET, and fused slices) show a
FAPI-avid nodular lesion in the omentum measuring 27 X 18 mm

during wound healing, fibrotic reactions, and inflammatory
conditions [26]. Accordingly, we should pay more atten-
tion to reviewing [**GaJFAPI-04 PET/CT images in rou-
tine clinical practice, especially in postoperative patients.
Overall, compared with ['*F]JFDG, [*®Ga]FAPI-04 shows
much higher diagnostic sensitivity and accuracy for detec-
tion of peritoneal involvement in patients with gastrointes-
tinal cancer, which is more conductive to patient stratifica-
tion management and could guide surgeons in the resection
of peritoneal lesions.

"®F-FDG PET/CT

(SUVmax = 9.01; arrows) that was adherent to an abdominal incision
and the adjacent ileum, suggesting the possibility of peritoneal metastasis.
(e=h) ["®F]JFDG PET/CT reveals negative uptake in the peritoneal lesion
(e—g, axial CT, PET, and fused images; h, MIP). The patient subsequently
underwent surgery, and histopathological examination confirmed the
peritoneal lesion to be a reactive nodular fibrous pseudotumour, not peri-
toneal metastasis

The liver is a common metastatic location for gastrointesti-
nal carcinoma, and accurate identification of the degree of liver
metastasis from gastrointestinal cancer is critical for subse-
quent treatment management and the patient’s prognosis [27,
28]. [*®GaJFAPI-04 shows advantages over ['"®FFDG in the
detection of liver metastasis from gastrointestinal cancer, with
reported patient-based sensitivities of 96.6% and 70.8% and
lesion-based sensitivities of 96.8% and 80.2% [29]. Although
there was no significant difference in the SUVmax of
[*®Ga]FAPI-04 versus ['*F]JFDG in liver metastases, the TLR

Table 4 Diagnostic performance

of ['*F]FDG and [*®Ga]FAPI-04 Location of lesions Sen. (%) Spe. (%) PPV (%) NPV (%) p value (sen.) *
PET/CT in SRCC and MAC
(patient-based analysis) Primary tumour
['*F]FDG 28.57 (2/7) NA 100 (2/2) NA 0.125
[**Ga]FAPI-04 85.71 (6/7) NA 100 (6/6) NA
Postoperative recurrence/metastasis (overall evaluation)
['"*F]IFDG 42.86 (3/7) 66.67 (2/3) 75.00 (3/4) 33.33 (2/6) 0.250
[®*Ga]FAPI-04 85.71 (6/7) 100 (3/3) 100 (6/6) 75 (3/4)
Peritoneal metastasis
['*F]FDG 66.67 (8/12) NA 100 (8/8) NA 0.125
[*®Ga]FAPI-04 100 (12/12) NA 100 (12/12) NA

Note.  Comparison of diagnostic sensitivities of ['® FJFDG and [*® Ga]JFAPI-04 PET/CT for detection of primary
tumour and metastatic lesions in SRCC and MAC

Sen. sensitivity, Spe. specificity, PPV positive predictive value, NPV negative predictive value, NA not applicable
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Table 5 Changes in therapeutic
management of gastrointestinal

carcinoma according to
[*®Ga]FAPI-04 PET/CT versus
conventional imaging (CI)

Characteristics N (%)
Treatment-naive patients 13/51
NA of CI 2
Overall change 3/11 (27.3%)
New detection of primary tumour 3/3

No change 8/11 (72.7%)
Treatment efficacy evaluation after adjuvant therapy 6/51
NA of CI 1
Overall change 3/5 (60.0%)
New detection of primary tumour and peritoneal metastasis 173
Reducing the number of metastatic organs on CI 2/3
No change 2/5 (40.0%)
Patients with suspected postoperative recurrence and metastasis 32
—No recurrence and metastasis 9/32
Overall change 1/9 (11.1%)
Absence of suggestive metastasis on CI 1/1
No change 8/9 (88.9%)
—Patients with recurrence and/or metastasis 23/32
NA of CI 1
Overall change 6/22 (27.3%)
Detection of new recurrence and/or metastasis 6/6
No change 16/22 (72.7%)

Note. NA of CI, patients had no available conventional imaging data; C/, conventional imaging, including CE-CT
and/or CE-MRI and DWI (CE-CT, abdominal and pelvic contrast-enhanced CT; CE-MRI and DWI, abdominal
and pelvic contrast-enhanced MRI and diffusion-weighted imaging)

was significantly higher on [**Ga]FAPI-04 than on ['*F]FDG
[29]. In line with previous studies [13, 29], our results showed
that the TLR of the SUVmax was higher on [**Ga]FAPI-04 than
on ["®*F]FDG. Our patient- and lesion-based analyses revealed
that [**Ga]FAPI-04 allowed detection of more liver metastases,
although the difference was not statistically significant, which
may be because of the small number of liver metastases. Mao
et al reported that for colorectal cancer liver metastases (less than
10 mm), both early and delayed ['*F]JFDG PET/CT imaging had
significantly lower sensitivity (26.42% vs. 47.17%) [30]. Four
metastatic liver lesions were missed on ['*FJFDG, which may be
because of high ["*F]JFDG uptake in liver blood pool and partial
volume effect. Overall, our results suggest that [**Ga]JFAPI-04 is
superior to ['*FJFDG in diagnosing liver metastasis.

This study had several limitations. First, we included pa-
tients with a wide range of cancers. Patient selection bias may
have affected this study. Second, this was a retrospective
single-centre study, and some metastatic lesions were not con-
firmed by histopathological findings. Third, the number of
patients with distant metastases (ovary, lung, and bone) was
small, and the diagnostic efficiency of the two imaging mo-
dalities may not be representative. A future prospective study
with a larger number of participants would provide a more
comprehensive overview of the usefulness of [**Ga]FAPI-04
PET/CT in gastrointestinal carcinoma.

@ Springer

Conclusions

Our study demonstrated that [**Ga]FAPI-04 outperformed ['*F]
FDG PET/CT in detecting primary tumour, postoperative recur-
rence and metastases, and peritoneal carcinomatosis in patients
with gastrointestinal carcinoma. Moreover, [**Ga]JFAPI-04 PET/
CT displayed lesions more clearly because of its higher TBR.
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