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Abstract
Purpose This study aimed to investigate the diagnostic performance of  [68Ga]Ga-FAPI PET/CT for primary and metastatic 
pancreatic carcinoma lesions and compare the results with those of  [18F]-fluorodeoxyglucose  ([18F]FDG) PET/CT.
Methods Patients with suspected or diagnosed pancreatic malignancy, who underwent contemporaneous  [18F]FDG and 
 [68Ga]Ga-FAPI PET/CT between June 2020 and January 2021, were retrospectively analyzed. Routine contrast-enhanced 
CT (CE-CT) is performed in all patients as standardized care. Findings were confirmed by histopathology or radiographic 
follow-up. We compared radiotracer uptake, diagnostic performance, and TNM (tumor-node-metastasis) classifications.
Results We evaluated 36 participants (25/36 men; median age, 60 years), including 26 patients with pancreatic malignancies 
and ten patients with pancreatic benign lesions.  [68Ga]Ga-FAPI PET/CT showed higher radiotracer uptake and higher sen-
sitivity than  [18F]FDG PET/CT in evaluating primary tumors (SUVmax, 21.4 vs. 4.8; sensitivity, 100% vs. 73.1%), involved 
lymph nodes (SUVmax, 8.6 vs. 2.7; sensitivity, 81.8% vs. 59.1%), and metastases (SUVmax, 7.9 vs. 3.5; sensitivity, 91.5% vs. 
44.0%); Compared with  [18F]FDG,  [68Ga]Ga-FAPI PET/CT upstaged six patients’ TNM staging (6/23, 26.1%) and changed 
two patients’ clinical management (2/23, 8.7%). Compared with CE-CT,  [68Ga]Ga-FAPI PET/CT upgraded TNM staging 
in five patients (5/23, 21.7%) and changed the therapeutic regimen in only one patient (1/23, 4.3%). Intense  [68Ga]Ga-FAPI 
uptake was observed throughout the pancreas in 12/26 pancreatic malignancies; dual-time point  [68Ga]Ga-FAPI PET/CT 
may differentiate pancreatitis from malignancy.
Conclusions Compared with  [18F]FDG PET/CT,  [68Ga]Ga-FAPI PET/CT shows higher sensitivity in detecting primary 
pancreatic tumors, involved lymph nodes, and metastases and is superior in terms of TNM staging. Prospective trials with 
larger patient population are needed to evaluate whether  [68Ga]Ga-FAPI PET/CT could elicit treatment modification in 
pancreatic cancer when compared with standard of care imaging.
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Introduction

Pancreatic cancer is a leading cause of cancer mortality 
worldwide, with a 5-year survival rate < 10% [1]. The only 
potentially curative therapy for pancreatic cancer is the com-
bination of surgical resection and chemotherapy, but most 
patients with pancreatic cancer are diagnosed at an advanced 
stage (precluding the opportunity for resectable tumors) [2]. 
An optimal imaging modality is crucial for early diagnosis 
and accurate staging in patients with pancreatic cancer.

Contrast-enhanced CT (CE-CT) and magnetic resonance 
imaging (MRI) are widely recommended for diagnosing 
pancreatic cancer [3]. However, CE-CT often misses small 
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pancreatic tumors (< 20 mm), small liver metastases, and 
peritoneal carcinoma [4]. MRI is superior to CE-CT in 
detecting small liver metastases due to its high resolution 
but is similarly sensitive and specific in evaluating pancre-
atic cancer. Additionally, MRI is limited in detecting distant 
metastases because of its screening range.

Although NCCN guideline does not recommend fluo-
rine-18  ([18F]) fluorodeoxyglucose (FDG) PET/CT as the 
first-line imaging modality for the diagnosis of pancreatic 
cancer [3], it may be considered in high-risk patients to 
detect extra-pancreatic metastases [5, 6]. However, owing 
to its limited sensitivity for detecting involved lymph nodes 
(30–49%), liver metastases (43–88%), and peritoneal carci-
nomatosis (42.9–60%),  [18F]FDG PET/CT is sometimes of 
limited use for surgical planning in pancreatic cancer [7–9]. 
Thus, it is necessary to explore a more effective imaging 
technique for pancreatic tumor detection and staging.

Gallium 68  ([68Ga]Ga)-labeled fibroblast activation pro-
tein inhibitor (FAPI) is a novel PET tracer that targets fibro-
blast activation proteins (FAP) expressed on cancer-associ-
ated fibroblasts (CAFs) [10, 11]. Recently,  [68Ga]Ga-FAPI 
PET/CT has been successfully applied to imaging various 
types of tumors [12–14]. Pancreatic tumors are character-
ized by intense stromal desmoplastic reactions surrounding 
cancer cells, and CAFs are the main effector cells in the 
desmoplastic reaction [15]. Therefore, pancreatic cancer is 
expected to show intensive uptake of  [68Ga]Ga-FAPI [12], 
and previous studies have demonstrated good potential 
clinical value of  [68Ga]Ga-FAPI PET/CT for the diagnosis 
of pancreatic cancer [13, 16]. Herein, we further explored 
the diagnostic efficacy of  [68Ga]Ga-FAPI PET/CT for the 
primary and metastatic pancreatic cancer and compare the 
results with those of  [18F]FDG PET/CT.

Materials and methods

Demographic and medical characteristics

This is a post hoc retrospective analysis of a sub-cohort 
of patients from a previously prospectively acquired data-
base, namely the patient data screened in a study that was 
registered at ClinicalTrials.gov (NCT04416165) and was 
approved by the Clinical Research Ethics Committee of the 
First Affiliated Hospital of Xiamen University (ID 2020-
KY042). With agreement from the oncologists and on deter-
mination of the patients’ eligibility, patients were recruited 
for enrolment in the study, from June 2020 through Janu-
ary 2021, at our institute. All participants provided written 
informed consent. The time interval between  [18F]FDG and 
 [68Ga]Ga-FAPI PET/CT was 1–6 days. Inclusion criteria 
were as follows: (i) patients undergoing paired  [18F]FDG 
and  [68Ga]Ga-FAPI PET/CT for discriminating pancreatic 

mass lesions, (ii) patients undergoing paired  [18F]FDG and 
 [68Ga]Ga-FAPI PET/CT for tumor staging, and (iii) patients 
who were able to provide informed consent and permission 
according to the Clinical Research Ethics Committee guide-
lines. Exclusion criteria were as follows: (i) pregnancy, (ii) 
start of treatment before  [68Ga]Ga-FAPI PET/CT scan, and 
(iii) inability or unwillingness of the research participant 
or legal representative to provide written informed consent. 
Histopathology served as the gold standard for final diagno-
sis. For cases in which tissue diagnosis was not applicable, 
radiographic follow-up was requested. The minimal follow-
up period was 3 months. Lesions were considered malignant 
during follow-up based on (i) typical malignant features con-
firmed by multimodality medical imaging (including CT, 
MRI, and ultrasound), (ii) significant progression on follow-
up imaging (define by the significant increase in size), and 
(iii) a substantial reduction in size after anti-cancer treat-
ment (chemotherapy, radiotherapy, targeted therapy). The 
radiographic follow-up data was presented in Supplemental 
material.

Synthesis of radiopharmaceuticals

[18F]FDG was routinely synthesized at the Minnan PET 
Center of the First Affiliated Hospital, following standard 
methodology [17]. The FAPI precursor (DOTA-FAPI-04) 
was purchased from CSBio Ltd. (Shanghai, China). Radi-
olabeling of  [68Ga]Ga-FAPI was conducted according to a 
previously described protocol [13]. The final product was 
diluted with saline and sterilized by passing through a 0.22-
μm Millipore filter (EMD Millipore, Billerica, MA) into a 
sterile multidose syringe; radiochemical purity was > 95% 
for both  [18F]FDG and  [68Ga]Ga-FAPI. Sterility tests were 
performed in-house at the radiochemistry facility of the hos-
pital;  [68Ga]Ga-FAPI and  [18F]FDG tracers met all standard 
criteria before human administration.

Image acquisition and processing

All patients underwent sequential  [18F]FDG and  [68Ga]Ga-
FAPI PET/CT scanning within 1 week.  [18F]FDG PET/CT 
was conducted after > 6 h of fasting and among patients 
with normal blood glucose levels. No specific prepara-
tion was required for  [68Ga]Ga-FAPI PET/CT. Radio-
activity doses of injected  [18F]FDG and  [68Ga]Ga-FAPI 
were calculated according to patients’ weights (3.7 MBq 
[0.1 mCi]/kg for FDG; 1.8–2.2 MBq [0.05–0.06 mCi]/kg 
for FAPI). Static PET/CT imaging was performed using 
a hybrid PET/CT system (Discovery MI, GE Healthcare, 
Milwaukee, WI, USA) 60 min after injection. PET/CT 
scan was performed from the skull base to upper thigh 
(for  [18F]FDG, the head scan was performed separately) 
or from head to the upper thighs (for  [68Ga]Ga-FAPI 
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PET/CT). The following parameters for the CT scan were 
used: 110 kV, 80 mA, and a slice thickness of 3.75 mm. 
Acquired data were transferred to the Advantage Worksta-
tion (version AW 4.7, GE Healthcare). Image reconstruc-
tion was performed using the Bayesian penalized likeli-
hood reconstruction algorithm (Q.clear, GE Healthcare), 
with a penalization factor (beta) of 500. Routine contrast-
enhanced CT (CE-CT) is also performed in all patients as 
standardized care.

In order to evaluate whether the delayed scan could help 
differentiate cancerous lesions from inflammation, an addi-
tional 3-h  [68Ga]Ga-FAPI PET/CT delayed scan (due to 
68Ga’s relatively short half-life of 68 min) was performed 
in those who presented increased  [68Ga]Ga-FAPI uptake 
in the whole pancreas and masked the primary tumor. The 
patients with poor general condition or limited compliance 
are not required to undergo the delayed scan. The range of 
the delayed scan includes abdominal and pelvis. The PET/
CT acquisition protocol was the same as the 1-h baseline 
scan, with 2–3 bed positions and 2.5 min/position.

Image analysis and clinical staging

All images were reviewed on the AW 4.7 by two board-
certified nuclear medicine physicians (each with > 10 years 
of experience in PET/CT), who were blinded to the clini-
cal data including CT, MRI, endoscopic ultrasound (EUS), 
and pathologic results. Any difference in opinion was 
resolved by consensus. To decrease prejudice,  [18F]FDG 
PET/CT images were interpreted by group 1 (Z.L., S.L.), 
and  [68Ga]Ga-FAPI PET/CT images were interpreted by 
group 2 (C.H., W.H.). Reviews were performed in the 
absence of the information from the other PET/CT scan. 
Image interpretation included semiquantitative and visual 
interpretations. Contrast-enhanced CT (CE-CT) imaging 
was interpreted by two board-certified radiologists (W.X, 
P.Y.) in consensus without knowledge of PET/CT results.

Semiquantitative analysis

For semiquantitative analysis of  [18F]FDG and  [68Ga]Ga-
FAPI PET/CT images, regions of interest (ROIs) were 
manually delineated on transaxial slices around intense 
radiopharmaceutical uptake foci. Maximum standard 
uptake (SUVmax) values were measured automatically 
through the AW 4.7 workstation. Tracer uptakes for pri-
mary tumors, involved lymph nodes, and distant metas-
tases were quantified using SUVmax. The SUVmax of 
FAPI-avid lesions detected by 1-h baseline scan and by 
3-h delayed scan were calculated and compared.

Image interpretation

PET images were analyzed visually. If radiotracer uptake 
exceeded that of adjacent background tissues, these lesions 
were coded as positive. The CT findings of PET/CT were 
used as reference to exclude the possibility of physiological 
uptake, inflammation, infection, or trauma. Primary pancre-
atic lesions were classified into three locations: head, body, 
and tail. Involved lymph nodes were counted independently 
at four sites: the neck, supraclavicular, mediastinum, abdo-
men (paraaortic, porta hepatic, retroperitoneal, celiac), and 
pelvic regions. The brain, lung, liver, and bone were classi-
fied as individual metastasis sites. Peritoneum, mesentery, 
and omentum metastases were uniformly defined as peri-
toneal carcinomatosis. We calculated the median  SUVmax 
and ranges.

On patient-based analysis, we constructed a visual com-
parative system to intuitively compare the detection capa-
bilities of  [18F]FDG and  [68Ga]Ga-FAPI PET/CT, based on 
obviousness (for primary tumors), lesion area (for peritoneal 
carcinomatosis), or number (for involved lymph nodes and 
visceral metastases) in the same patient. If the obviousness/
area/number of lesions detected by  [68Ga]Ga-FAPI PET/
CT were superior/larger/more than that of  [18F]FDG PET/
CT, the result was classified as “FAPI outperformed,” and 
vice versa. If the area or number of lesions detected by the 
imaging modalities was the same, the result was classified 
as “equal.”

TNM stage was determined according to the 8th edi-
tion of the American Joint Committee on Cancer [18]. For 
patients undergoing initial assessment, we recorded changes 
in TNM staging based on  [68Ga]Ga-FAPI and  [18F]FDG 
PET/CT. Subsequent changes in oncological management 
were evaluated by two nuclear medicine physicians (CH, 
WH) and two treating physicians (FL, WS). The referring 
treating physicians have further been asked what the treat-
ment plan would be prior to and after FAPI PET/CT. All 
findings and changes were interpreted by consensus.

Statistical analyses

Statistical analyses were performed using SPSS version 
22.0 (IBM, Armonk, NY, USA). The Wilcoxon signed-rank 
tests were used to examine differences between lesion uptake 
for  [18F]FDG and  [68Ga]Ga-FAPI and to compare values 
of baseline and delayed imaging (SUVmax of FAPI PET-
positive lesions). Suspected lesions on PET/CT scanning 
were confirmed through histopathology (following biopsy 
or surgery) or radiographic follow-up and were used as 
reference standards. We used McNemar’s test to compare 
differences in detection rates for primary tumors, involved 
lymph nodes, and metastases. We calculated comparative 
sensitivity, specificity, and accuracy via McNemar’s test to 
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evaluate the diagnostic efficacy. Statistical significance was 
set at P < 0.05.

Results

Participant characteristics

This retrospective study recruited 36 patients (25/36 men; 
median age, 60 years; interquartile range, 48–71 years) 
with suspected or newly diagnosed pancreatic cancer (June 
2020–January 2021). Among these patients, 17 were evalu-
ated for discriminating pancreatic mass lesion, and the final 
diagnosis revealed pancreatic malignancy (n = 7, including 
adenocarcinoma [n = 3], adenosquamous carcinoma [n = 1], 
and neuroendocrine tumor [n = 3]), a solid pseudopapillary 
tumor (n = 1), pancreatitis (n = 4), IgG4-related disease 
(n = 2), a cystadenoma (n = 1), and other undefined benign 
lesions (n = 2; the possibility of malignancy was excluded 
due to no elevated tumor markers, no progression on follow-
up imaging, and no evidence of malignancy in the EUS-
guided biopsy); 19 patients were evaluated for initial tumor 
staging, and the final diagnosis revealed adenocarcinoma 
(n = 18, including one with signet-ring cell features) and an 
acinar cell carcinoma (n = 1). Among 26 patients with pan-
creatic malignancy, 8 underwent surgical resection, includ-
ing Whipple procedure (n = 5), distal pancreatectomy (n = 2), 
and pancreatectomy plus cytoreductive surgery (n = 1). The 
median time interval between the two scans was 2 days 
(range, 1–6 days). Participant characteristics are presented 
in Table 1. The radiographic follow-up data was presented 
in Supplemental material.

Adverse events

All participants tolerated the  [68Ga]Ga-FAPI PET/CT scan. 
No  [68Ga]Ga-FAPI-related pharmacological effects or 
physiological responses occurred. None of the participants 
reported any abnormal symptoms.

Image interpretation and semiquantitative analysis

In contrast to  [18F]FDG, no brain tissue uptake was observed 
on  [68Ga]Ga-FAPI PET/CT, which also showed lower back-
ground activity in the liver, heart, and gastrointestinal tract. 
 [68Ga]Ga-FAPI PET/CT had a favorable image contrast with 
low background activity throughout the body (Fig. 1). In the 
semiquantitative parameter analysis,  [68Ga]Ga-FAPI PET/
CT showed higher radiotracer uptake in primary lesions 
(SUVmax, 21.4 vs. 4.8; P < 0.001), involved lymph nodes 
(SUVmax, 8.6 vs. 2.7; P < 0.001), liver metastases (SUV-
max, 7.4 vs. 3.7; P < 0.001), peritoneal carcinomatosis 

(SUVmax, 8.4 vs. 2.8; P < 0.001), and bone metastases 
(SUVmax, 10.6 vs. 2.3; P = 0.001) (Table 2).

A visual comparative system was established to compare 
the detection capabilities of  [18F]FDG and  [68Ga]Ga-FAPI 
PET/CT. On patient-based comparison,  [68Ga]Ga-FAPI 
PET/CT demonstrated a higher detection capability than 
 [18F]FDG for primary tumor, lymph node, bone, and vis-
ceral metastases (Figs. 2 and 3). For visualizing the primary 
tumor,  [68Ga]Ga-FAPI PET/CT was superior to  [18F]FDG 
in 27% (7/26) of patients (Fig. 1, patient nos. 13, 15, 16, 17, 
34, tumors indicated by solid arrows). For detecting lymph 
node, bone, and visceral metastases,  [68Ga]Ga-FAPI PET/
CT revealed a larger disease extent of peritoneal carcinoma-
tosis in 80% (8/10) of patients (Fig. 1, patient nos. 12, 13, 14, 
15, 16, 29, 34; Fig. 4), more liver metastases in 92% (11/12) 
of patients (Fig. 1, patient nos. 13, 14, 15, 16; Fig. 5), more 
bone metastases in 83% (5/6) of patients (Fig. 1, patient nos. 
13, 15, 29, lesions indicated by dotted arrows), and more 
abdominal lymph node metastases in 79% (11/14) of patients 
(Fig. 1, patient nos. 13, 14, 15, 17). Supraclavicular lymph 
node and pleural metastases (uncommon sites of metastases) 
were detected by  [68Ga]Ga-FAPI PET/CT in two patients 
(Fig. 1, patient nos. 14, 17); however, these lesions were not 
visualized using  [18F]FDG-PET/CT.

Diagnostic performance

Histopathology or radiographic follow-up were used as 
references for the diagnostic performance of  [18F]FDG 
and  [68Ga]Ga-FAPI PET/CT. All pancreatic mass lesions 
(n = 36) were confirmed via biopsy (n = 25), laparoscopic 
biopsy (n = 3), and/or surgical resection (n = 8). The final 
diagnosis revealed 26 patients with pancreatic malignancy. 
All 26 lesions showed intense uptake of  [68 Ga]Ga-FAPI; 
19/26 lesions showed positive uptake of  [18F]FDG. Of the 
ten patients who were diagnosed with non-malignant dis-
ease, seven showed increased  [68Ga]Ga-FAPI uptake in the 
pancreatic mass (patient nos. 7, 27 with IgG4-related pan-
creatitis, patient nos. 20, 22, 23, 35 with pancreatitis, and 
patient no. 21 with a solid pseudopapillary tumor), whereas 
only four (patients 7, 27 with IgG4-related pancreatitis, 
patients 20, 35 with pancreatitis) showed increased  [18F]
FDG uptake in the mass lesion. Sensitivity, specificity, and 
accuracy for the diagnosis of primary tumors were 73.1% 
(19/26), 60.0% (6/10), and 69.4% (25/36) for  [18F]FDG PET/
CT and 100% (26/26), 30.0% (3/10), and 80.6% (29/36) for 
 [68Ga]Ga-FAPI PET/CT, respectively (Table 3).  [68Ga]Ga-
FAPI PET/CT had a higher sensitivity than  [18F]FDG, and 
the difference was statistically significant (100% vs. 73.1%, 
P = 0.025). The specificity of  [68Ga]Ga-FAPI PET/CT was 
lower than  [18F]FDG PET/CT, but the difference was not 
statistically significant (30.0% vs. 60.0%, P = 0.25).
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Table 1  Summary of patient characteristics

No Sex Age CA19-9* Jaundice Clinical indica-
tion for PET/CT

Pathology diag-
nosis

Site of primary 
lesion

Confirmed 
metastases

Ways of Confirma-
tion

Patient 1 M 55 142.41 Yes Evaluation of 
suspicious mass 
lesion

Adenosquamous 
carcinoma

Head None Surgery (Whipple 
procedure with 
lymph node dis-
section)

Patient 2 F 57 3.66 No Evaluation of 
suspicious mass 
lesion

Undefined benign 
lesions†

Tail / Biopsy, laboratory 
tests, and radio-
graphic follow-up

Patient 3 M 46 24.37 No Evaluation of 
suspicious mass 
lesion

Undefined benign 
lesions†

Tail / Biopsy, laboratory 
tests, and radio-
graphic follow-up

Patient 4 M 60 73.92 Yes Initial staging Adenocarcinoma Head None Surgery (Whipple 
procedure with 
lymph node dis-
section)

Patient 5 M 52  > 700 Yes Initial staging Adenocarcinoma Head LNM, PC Surgery (Whipple 
procedure with 
lymph node dis-
section)

Patient 6 M 58 NA No Initial staging Adenocarcinoma Body LM PT: biopsy
LM: radiographic 

follow-up
Patient 7 M 59 3.79 No Evaluation of 

suspicious mass 
lesion

IgG4-related 
pancreatitis

Tail / Biopsy and labora-
tory tests

Patient 8 F 84 244.49 Yes Initial staging Adenocarcinoma Head LNM PT: biopsy
LNM: EUS biopsy 

and radiographic 
follow-up

Patient 9 M 69  > 700 No Initial staging Adenocarcinoma Tail LNM Surgery (distal 
pancreatectomy 
with lymph node 
dissection)

Patient 10 M 65  > 700 No Initial staging Adenocarcinoma Tail LM, PC PT: biopsy
LM and PC: radio-

graphic follow-up
Patient 11 F 56 30.75 No Evaluation of 

suspicious mass 
lesion

Adenocarcinoma Head LNM, LM, PC PT: biopsy
LNM, LM, and 

PC: radiographic 
follow-up

Patient 12 F 55 16.12 No Initial staging Acinar cell carci-
noma

Tail LNM, PC Surgery (total 
pancreatectomy 
plus cytoreduc-
tive surgery)

Patient 13 M 61  > 700 Yes Initial staging Adenocarcinoma Body and tail LNM, LM, PC, 
BM, PM

PT: biopsy
LNM, LM, PC, 

BM, and PM: 
radiographic 
follow-up

Patient 14 F 57  > 700 No Initial staging Adenocarcinoma Tail LNM, LM, PC, 
PM

PT: biopsy
LM: percutaneous 

biopsy
LNM, PC, and 

PM: radiographic 
follow-up

Patient 15 F 62  > 700 No Initial staging Adenocarcinoma Tail LM, BM PT: biopsy
LM and BM: radio-

graphic follow-up
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Table 1  (continued)

No Sex Age CA19-9* Jaundice Clinical indica-
tion for PET/CT

Pathology diag-
nosis

Site of primary 
lesion

Confirmed 
metastases

Ways of Confirma-
tion

Patient 16 M 85  > 700 No Initial staging Adenocarcinoma Head LNM, LM PT: biopsy
LM: percutaneous 

biopsy
LNM: radiographic 

follow-up
Patient 17 F 65  > 700 No Initial staging Adenocarcinoma Body None PT: biopsy
Patient 18 M 65 NA No Evaluation of 

suspicious mass 
lesion

Adenocarcinoma Body and tail LNM, PC PT: biopsy
LNM and PC: 

radiographic 
follow-up

Patient 19 F 47 20.56 No Evaluation of 
suspicious mass 
lesion

Neuroendocrine 
tumor, G2 
(NET-G2)

Body and tail LM PT: surgery (distal 
pancreatectomy)

LM: percutaneous 
biopsy

Patient 20 M 71 37.95 Yes Evaluation of 
suspicious mass 
lesion

Pancreatitis Body and tail / Laparoscopic 
biopsy and labo-
ratory tests

Patient 21 M 51 26.72 No Evaluation of 
suspicious mass 
lesion

Solid pseudopap-
illary tumor

Head / Biopsy

Patient 22 M 56 10.25 No Evaluation of 
suspicious mass 
lesion

Pancreatitis Tail / Biopsy, laboratory 
tests, and radio-
graphic follow-up

Patient 23 M 75 432.86 No Evaluation of 
suspicious mass 
lesion

Pancreatitis Head / Biopsy, laboratory 
tests, and radio-
graphic follow-up

Patient 24 M 56 NA No Evaluation of 
suspicious mass 
lesion

Cystadenoma Head / Laparoscopic 
biopsy and radio-
graphic follow-up

Patient 25 M 53 3.43 No Evaluation of 
suspicious mass 
lesion

Neuroendocrine 
tumor, G3 
(NET-G3)

Head LM PT: biopsy
LM: percutaneous 

biopsy
Patient 26 M 73  > 700 Yes Initial staging Adenocarcinoma Head None Surgery (Whipple 

procedure)
Patient 27 M 71 7.72 No Evaluation of 

suspicious mass 
lesion

IgG4-related 
pancreatitis

Head / Laparoscopic 
biopsy and labo-
ratory tests

Patient 28 M 68 14.8 No Initial staging Adenocarcinoma Head LNM Surgery (Whipple 
procedure with 
lymph node dis-
section)

Patient 29 M 53 581.73 No Initial staging Adenocarcinoma 
(with signet 
ring cell fea-
tures)

Tail PC, BM PT: biopsy
PC and BM: percu-

taneous biopsy

Patient 30 M 79 189.55 Yes Initial staging Adenocarcinoma Head None Biopsy
Patient 31 M 73 501.68 Yes Initial staging Adenocarcinoma Head None Biopsy
Patient 32 F 61  > 700 No Evaluation of 

suspicious mass 
lesion

Adenocarcinoma Head LM PT: biopsy
LM: percutaneous 

biopsy
Patient 33 M 48 3.59 Yes Initial staging Adenocarcinoma Head LM PT: biopsy

LM: percutaneous 
biopsy

Patient 34 F 60  > 700 No Initial staging Adenocarcinoma Body and tail PC PT: biopsy
PC: percutaneous 

biopsy
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A total of 169 lymph nodes were identified in 17 patients 
and confirmed via lymph node dissection (n = 129), biopsy 
(n = 2), or radiographic follow-up (n = 38). Of these, 22 
lymph nodes (in 10 patients) were positive for malignancy. 
Lymph node involvement included 13 true-positive, 28 false-
positive, nine false-negative, and 119 true-negative findings 
on  [18F]FDG PET/CT and 18 true-positive, 21 false-posi-
tive, four false-negative, and 126 true-negative findings on 
 [68Ga]Ga-FAPI PET/CT. In the node-based analysis, the 

sensitivity, specificity, and accuracy of  [18F]FDG PET/CT 
were 59.1%, 81.0%, and 78.1%, respectively, and the sen-
sitivity, specificity, and accuracy of  [68Ga]Ga-FAPI PET/
CT were 81.8%, 85.7%, and 85.2%, respectively (Table 3). 
Although sensitivity and specificity were not statistically 
significantly different between  [68Ga]Ga-FAPI and  [18F]
FDG,  [68Ga]Ga-FAPI surpassed  [18F]FDG in terms of sen-
sitivity (81.8 vs. 59.1%, P = 0.063) and specificity (85.7 vs. 
81.0%, P = 0.065) of the involved lymph nodes.

Table 1  (continued)

No Sex Age CA19-9* Jaundice Clinical indica-
tion for PET/CT

Pathology diag-
nosis

Site of primary 
lesion

Confirmed 
metastases

Ways of Confirma-
tion

Patient 35 M 67 213.28 No Evaluation of 
suspicious mass 
lesion

Pancreatitis Tail / Biopsy, laboratory 
tests, and radio-
graphic follow-up

Patient 36 F 51 55.65 Yes Evaluation of 
suspicious mass 
lesion

Neuroendocrine 
tumor, G3 
(NET-G3)

Head None PT: biopsy

*CA19-9 normal range: 0–37 U/mL. Abbreviations: PT primary tumor, LNM lymph node metastases, LM liver metastases, PC peritoneal carci-
nomatosis, PM pleural metastases, BM bone metastases
† The possibility of malignancy was excluded through endoscopic ultrasound (EUS) biopsy, a lack of elevated tumor markers, and no progression 
on follow-up imaging
The radiographic follow-up data was presented in Supplemental material

Fig. 1  Eight representative patients with pancreatic cancer underwent 
 [18F]-fluorodeoxyglucose  ([18F]FDG) and  [68Ga]Ga-labeled fibro-
blast activation protein inhibitor  ([68Ga]Ga-FAPI) positron emission 
tomography/computed tomography (PET/CT) imaging.  [68Ga]Ga-
FAPI PET/CT outperformed  [18F]FDG PET/CT in detecting primary 
tumors (patient nos.13, 14, 15, 16, 17, 29, 34; indicated with solid 

arrows), supraclavicular lymph node metastases (patient no. 17, indi-
cated with arrowhead), abdomen lymph node metastases (patient nos. 
13, 14, 15, 17), liver metastases (patient nos. 13, 14, 15, 16), perito-
neal carcinomatosis (patient nos. 12, 13, 14, 15, 16, 29, 34), pleural 
metastases (patient nos.13, 14), and bone metastases (patient nos.13, 
15, 29; indicated with dotted arrows)
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Regarding diagnostic performance for bone and vis-
ceral metastases, we evaluated 164 suspicious lesions in 
16 patients. Pathologic data via surgery (n = 61), biopsy 
(n = 43), or radiographic follow-up (n = 60) were used 
to evaluate suspicious lesions. Of these, 141 lesions (in 
16 patients) were confirmed as tumor metastases. In the 
lesion-based analysis, sensitivity, specificity, and accuracy 
in the diagnosis of bone and visceral metastases were 44.0% 
(62/141), 73.9% (17/23), and 48.2% (79/164), respectively, 
on  [18F]FDG PET/CT, compared with 91.5% (129/141), 
65.2% (15/23), and 87.8% (144/164), respectively, on  [68Ga]
Ga-FAPI PET/CT (Table 3). Thus, the sensitivity and accu-
racy of  [68Ga]Ga-FAPI were superior to those of  [18F]FDG 
(P < 0.001 and P < 0.001, respectively). The specificity of 
 [68Ga]Ga-FAPI was similar to that of  [18F]FDG (P = 0.50).

TNM staging and clinical management

Among 23 patients with pancreatic cancer,  [68Ga]Ga-FAPI 
PET/CT upgraded the N stage in 7 patients (7/23, 30.4%) 
and the M stage in 5 patients (5/23, 21.7%) compared with 
 [18F]FDG PET/CT (Table  4).  [68Ga]Ga-FAPI PET/CT 
demonstrated a greater number of involved lymph nodes in 
patient nos. 9, 11, 13, 14, 16, 17, and 18. Unexpected dis-
tant metastases detected by  [68Ga]Ga-FAPI PET/CT were 
located in the liver (patient nos. 6, 10, 13, 15, 16, 26), peri-
toneum (patient nos. 10, 13, 34), and bones (patient nos. 6, 
11, 13). With the new lesions detected via  [68Ga]Ga-FAPI 

PET/CT, TNM staging was eventually upstaged in 6 patients 
(6/23, 26.1%): one from IIA to IIB, one from IIA to IV, three 
from IIB to IV, and one from III to IV. Consequently, the 
therapeutic regimen was changed in 2 patients (2/23, 8.7%; 
from surgically resectable to unresectable) due to newly 
detected liver/bone metastases and peritoneal carcinoma-
tosis (Table 4).

Compared with CE-CT,  [68Ga]Ga-FAPI PET/CT 
upgraded the N stage in 6 patients (6/23, 26.1%) and the 
M stage in 4 patients (4/23, 17.4%). However,  [68Ga]Ga-
FAPI PET/CT also underestimated the T stage in one patient 
(due to the vascular involvement detected by CE-CT). As a 
result, TNM staging was finally upstaged in 5 patients (5/23, 
21.7%), and therapeutic regimen was changed in only one 
patient (1/23, 4.3%).

Based on these findings,  [68Ga]Ga-FAPI PET/CT did not 
obviously modify the probability of management change 
when compared with contrast-enhanced CT and 18F-FDG 
PET/CT. The comparative results for TNM staging with 
CE-CT,  [18F]FDG PET/CT, and  [68Ga]Ga-FAPI PET/CT 
are summarized in Table 4.

[68Ga]Ga‑FAPI uptake in tumor‑associated 
pancreatitis and cholangitis

Intense  [68Ga]Ga-FAPI uptake was observed throughout the 
pancreas in 12/26 patients with pancreatic malignancy. It 
was not possible to distinguish between pancreatic tumors 

Fig. 2  A visual comparative 
system was constructed to com-
pare the detection capabilities of 
 [18F]fluorodeoxyglucose  ([18F]
FDG) and  [68Ga]Ga-labeled 
fibroblast activation protein 
inhibitor  ([68Ga]Ga-FAPI) posi-
tron emission tomography/com-
puted tomography (PET/CT) for 
primary tumors, involved lymph 
nodes, and distant metasta-
ses. Note: LNM lymph nodes 
metastases, Liver Mets liver 
metastases, Pleural Mets pleural 
metastases, Bone Mets bone 
metastases
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and pancreatitis in 8/12 patients based on the semiquanti-
tative analysis due to similar  [68Ga]Ga-FAPI uptake rates 
(SUVmax-tumor vs. SUVmax-pancreatitis: 26.4 vs. 22.0, 
P = 0.069). Among these patients, only one had been diag-
nosed with chronic pancreatitis before  [68Ga]Ga-FAPI PET/
CT. We speculated that the increased  [68Ga]Ga-FAPI uptake 
in the majority of these patients was due to tumor-associated 
pancreatitis; 4/12 patients subsequently underwent radical 
pancreatectomy after  [68Ga]Ga-FAPI PET/CT, and post-
operative pathology confirmed the diagnosis of pancreatic 
cancer and pancreatitis.

Since neither visual interpretation nor semiquantita-
tive analysis could distinguish pancreatitis from pancre-
atic cancer on the 1-h  [68Ga]Ga-FAPI, we further explored 
whether the delayed PET/CT scan could play a role. An 
additional delayed  [68Ga]Ga-FAPI scan (3 h after tracer 
injection) was performed in six patients with both pan-
creatic cancer and pancreatitis. The other 6 patients did 
not undergo the delayed scan due to the poor general sta-
tus or limited compliance. Results indicated that stable 
 [68Ga]Ga-FAPI uptake in pancreatic tumors were observed 

between the 1-h and 3-h scans (median SUVmax, 20.4 
vs. 20.1; P = 0.249); we observed decreased  [68Ga]Ga-
FAPI uptake within pancreatitis (median SUVmax, 18.6 
vs. 13.7; P = 0.028) (Fig. 3A–B). Representative images 
from early and delayed scans are shown in Fig. 3C.

Increased  [68Ga]Ga-FAPI uptake was observed in the 
intrahepatic bile ducts and common bile duct in ten of the 
36 patients. However, increased activity was not observed 
in the corresponding  [18F]FDG PET/CT. Among the 10 
patients, nine were diagnosed with pancreatic cancer, and 
one had IgG4-related pancreatitis. Dilation of the intrahe-
patic bile ducts and the common bile duct was observed 
in all ten patients, and jaundice was observed in eight 
patients. Increased  [68Ga]Ga-FAPI uptake was mainly 
caused by tumor-induced obstructive cholangitis. Similar 
to pancreatitis, we observed the decreased  [68Ga]Ga-FAPI 
uptake within the hepatobiliary tract in four of the six 
patients who underwent dual-time point PET scan (median 
SUVmax of cholangitis: 11.7 vs. 8.0) (Fig. 3C), but the 
difference was not statistically significant (P = 0.068).

Fig. 3  [68Ga]Ga-labeled fibroblast activation protein inhibitor  ([68Ga]
Ga-FAPI) uptake assessment of six patients with pancreatic can-
cer and pancreatitis in a 1-h normal image and a 3-h delayed image. 
The trend of maximum standard uptake values (SUVmax) of tumor 
and pancreatitis lesions visualized with FAPI in a 1-h normal image 
and a 3-h delayed image are shown in A. B The median and range of 
SUVmax-FAPI for the tumor and pancreatitis in a 1-h normal image 
and a 3-h delayed image. The representative patient was a 48-year-old 
man with pancreatic cancer visible on the  [18F]-fluorodeoxyglucose 
 ([18F]FDG) positron emission and computed tomography (PET/CT) 
scan (C, left line), and the metabolic activity of the primary tumor 

was high (SUVmax: 9.4, indicated with a solid arrow). However, the 
1-h image for  [68Ga]Ga-FAPI PET/CT (C, middle line) demonstrated 
intense  [68Ga]Ga-FAPI uptake in the primary tumor (SUVmax: 16.8, 
solid arrow), the intrahepatic bile duct (red dotted arrows), and the 
body and tail of the pancreas (SUVmax: 15.6, white and black dotted 
arrows). To differentiate between malignant and benign lesions, 3-h 
delayed imaging of  [68Ga]Ga-FAPI PET/CT was performed (C, right 
line). The SUVmax value of the primary tumor was slightly elevated 
(SUVmax: 17.6, solid arrow), and the SUVmax values of the pancre-
atitis lesions were decreased (SUVmax: 9.0, white and black dotted 
arrow) compared to the 1-h  [68Ga]Ga-FAPI PET/CT images
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Discussion

Though surgical resection is the only potentially curative 
therapy for pancreatic cancer, pancreatic cancer is difficult 
to accurately diagnose at resectable stages [2]. Conven-
tional  [18F]FDG PET/CT is of limited use for tumor staging 
and surgical planning in pancreatic cancer. Therefore, the 
development of novel PET tracers is of great significance to 
improve the diagnostic performance of PET/CT. In the pre-
sent study, we evaluated the clinical utility of PET/CT with 
 [68Ga]Ga-FAPI (a PET tracer used for visualization of tumor 
stroma) for the diagnosis of primary and metastatic lesions 
in patients with pancreatic malignancies, and in comparison 
with  [18F]FDG PET/CT. Our results indicated that  [68Ga]
Ga-FAPI PET/CT was superior to  [18F]FDG in detecting 
primary and metastatic lesions. Compared with the  [18F]
FDG-based TNM stage, the  [68Ga]Ga-FAPI-based TNM 
stage was upgraded in 6 patients (6/23, 26.1%), resulting in 
management changes in 2 patients (2/23, 8.7%). However, 
the therapeutic regimen was changed in only one patient 
when compared with CE-CT (1/23, 4.3%). As such, the 
standard of care imaging which included a  [68Ga]Ga-FAPI 
PET/CT did not significantly modify the clinical manage-
ment in this study.

Regarding the assessment of primary tumors,  [18F]FDG 
PET/CT has unsatisfactory sensitivity in the detection of 
pancreatic cancer, especially small tumors (< 20 mm). In 
this study,  [68Ga]Ga-FAPI PET/CT had a higher sensitivity 
than  [18F]FDG PET/CT for detecting pancreatic cancer. This 
finding will help improve physician’s diagnostic confidence 
and reduce the proportion of missed diagnosis. It is known 
that pancreatic tumors are characterized by intense stromal 
desmoplastic reactions surrounding cancer cells, and CAFs 
are the main effector cells in the desmoplastic reaction. 
Therefore, intense uptake of  [68Ga]Ga-FAPI was observed 
in pancreatic cancer, resulting in a favorable target-to-back-
ground ratio (TBR) and clear tumor boundary from  [68Ga]
Ga-FAPI PET/CT. A clear tumor boundary could improve 
the delineation of the gross tumor volume for radiotherapy 
planning [19]. This implies that  [68Ga]Ga-FAPI PET/CT 
may hold clinical utility in the early diagnosis of pancreatic 
cancer and may provide additional information for target 
volume delineation.

Previous studies have reported that  [68Ga]Ga-FAPI was 
not a more tumor-specific tracer than  [18F]FDG and  [68Ga]
Ga-FAPI also accumulates in many non-oncological condi-
tions [20–23]. In this study, different factors may account for 
the increased  [68Ga]Ga-FAPI in the benign pancreatic mass. 

Fig. 4  A representative patient with additional findings for the pri-
mary pancreatic tumor and peritoneal and bone metastases. The 
patient was a 53-year-old man with known pancreatic ductal adeno-
carcinoma (with signet-ring cell features) who underwent PET/CT. 
 [18F]-fluorodeoxyglucose  ([18F]FDG) PET/CT showed moderate 
 [18F]FDG uptake in the primary tumor, with a SUVmax of 5.8 (indi-
cated with a solid arrow) and several bone metastases (arrowheads). 
Although multiple nodules of the omentum, peritoneum, and mesen-
tery were revealed via  [18F]FDG PET/CT, these lesions had low-to-
moderate metabolic activity (dotted arrow) (A). In  [68Ga]Ga-labeled 

fibroblast activation protein inhibitor  ([68Ga]Ga-FAPI) PET/CT imag-
ing, higher radiotracer uptake was observed on the primary lesion 
(SUVmax 30.4, solid arrow), bone metastases (arrowheads), and peri-
toneal carcinomatosis (dotted arrows). In addition,  [68Ga]Ga-FAPI 
PET/CT demonstrated the involved location and scope of peritoneal 
carcinomatosis more effectively than  [18F]FDG (B). Follow-up  [68Ga]
Ga-FAPI PET/CT after three cycles of chemotherapy reveals a partial 
response (measurable target lesions, 38% decrease in the sum of the 
longest diameters) (C)
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Intense  [68Ga]Ga-FAPI uptake was observed in patients with 
pancreatitis (patient 20, 22, 23 and 35); this is because  [68Ga]
Ga-FAPI had an affinity for inflammatory cells, which may 
also activate fibrotic reaction and manifest avidity for  [68Ga]
Ga-FAPI [24]. High accumulation of  [68Ga]Ga-FAPI was 
also noted in IgG4-related disease (patients 7 and 27), which 
is histopathologically characterized by storiform fibrosis 
[25]. To be more specific, myofibroblasts and fibroblasts 

are activated by polarized CD4-positive T-cell population 
to drive the fibrotic process in IgG4-related disease [26]. 
Therefore, we speculate that the increased  [68Ga]Ga-FAPI 
uptake in IgG4-related disease results from the uptake by the 
activated fibroblasts or myofibroblasts. Due to the increased 
 [68Ga]Ga-FAPI uptake in these non-oncological diseases, 
 [68Ga]Ga-FAPI PET/CT had lower specificity for the diag-
nosis of pancreatic mass lesion than that of  [18F]FDG PET/

Fig. 5  A representative patient with additional findings for the 
primary pancreatic tumor and liver metastases. A 62-year-old 
woman with known pancreatic ductal adenocarcinoma underwent 
 [18F]-fluorodeoxyglucose  ([18F]FDG) PET/CT for initial staging 
before therapy.  [18F]FDG PET/CT showed low-to-moderate  [18F]FDG 
uptake (with a SUVmax of 4.0) in the primary tumor of the pancre-
atic body and tail (indicated with a solid arrow); moderate metabolic 

activity was observed in the lytic bone destruction lesions (dotted 
arrow) (A).  [68Ga]Ga-FAPI PET/CT demonstrated higher radiotracer 
uptake in both the primary tumor (SUVmax 16.2, solid arrow) and 
bone metastases (dotted arrows) compared with  [18F]-FDG PET/CT. 
A greater number of liver metastases were observed in the  [68Ga]Ga-
FAPI PET/CT; most of these lesions were negative in the  [18F]FDG 
PET/CT (B)

Table 3  Diagnostic performances of  [18F]FDG and  [68Ga]Ga-FAPI PET/CT in assessment of primary and metastatic lesions (lesion-based anal-
ysis)

Numbers in parentheses are the numbers of lesions used to calculate the percentage
Numbers in brackets are 95% CIs

Parameters [18F]FDG PET/CT [68Ga]Ga-FAPI PET/CT

Sensitivity (%) Specificity (%) Accuracy (%) Sensitivity (%) Specificity (%) Accuracy (%)

Primary tumor 73.1% (19/26) [57, 
85]

60.0% (6/10) [35, 
81]

69.4% (25/36) [56, 
80]

100.0% (26/26) 
[89, 100]

30.0% (3/10) [12, 
56]

80.6% (29/36) [64, 
91]

Lymph node 
metastases

59.1% (13/22) [39, 
77]

81.0% (119/147) 
[74, 87]

78.1% (132/169) 
[71, 84]

81.8% (18/22) [61, 
93]

85.7% (126/147) 
[79, 91]

85.2% (144/169) 
[79, 90]

Bone and visceral 
metastases

44.0% (62/141) 
[36, 52]

73.9% (17/23) [53, 
88]

48.2% (79/164) 
[41, 56]

91.5% (129/141) 
[86, 95]

65.2% (15/23) [45, 
81]

87.8% (144/164) 
[82, 92]
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Table 4  Comparison of CE-CT,  [18F]FDG, and  [68Ga]Ga-FAPI PET/CT-based TNM staging of 23 treatment-naive patients with pancreatic can-
cer

Abbreviations: Mets metastases, PC peritoneal carcinomatosis, LN lymph node

No TNM stage 
(CE-CT-
based)

TNM stage 
(FDG-
based)

TNM stage 
(FAPI-
based)

Additional finding on 
FAPI PET/CT (com-
pared to CE-CT)

Staging change 
(compared to 
CE-CT)

Additional finding on 
FAPI PET/CT (com-
pared to FDG)

Staging change 
(compared to 
FDG)

Patient 1 T2N0Mx T2N0M0 T2N0M0 None None None None
Patient 4 T2N0Mx T2N0M0 T2N0M0 None None None None
Patient 5 T2N0Mx T2N0M0 T2N0M0 None None None None
Patient 6 T3N1M1 T3N1M0 T3N1M1 Bone mets, greater 

number of liver mets
None Bone and liver mets Upstaged

Patient 8 T2N2Mx T2N2M0 T2N2M0 None None None None
Patient 9 T3N0Mx T3N0M0 T3N1M0 Abdominal LN mets Upstaged Abdominal LN mets Upstaged
Patient 10 T2N2M1 T2N2M0 T2N2M1 PC, greater number of 

liver mets
None PC, liver mets Upstaged

Patient 11 T4N1Mx T4N1M1 T4N2M1 More abdominal LN 
mets; liver and bone 
mets, PC

Upstaged More abdominal LN, 
liver, and bone mets; 
larger disease extent 
of PC

None

Patient 12 T4N1M1 T4N1M1 T4N1M1 Larger disease extent 
of PC

None None None

Patient 13 T3N2M1 T3N1M0 T3N2M1 Greater number of 
liver, bone, and 
pleural mets; larger 
disease extent of PC

None Greater number of 
abdominal LN mets; 
liver, bone, and 
pleural mets; PC

Upstaged

Patient 14 T2N0M1 T2N0M1 T2N1M1 Abdominal LN and 
pleural mets, greater 
number of liver mets, 
PC

None Abdominal LN and 
pleural mets, greater 
number of liver mets, 
larger disease extent 
of PC

None

Patient 15 T4N0M1 T4N0M1 T4N0M1 Greater number of 
liver mets; bone 
mets, PC

None Greater number of 
liver mets; bone mets

None

Patient 16 T3N0M1 T3N0M0 T3N1M1 Mediastinal LN mets; 
greater number of 
liver mets

None Mediastinal LN and 
liver mets

Upstaged

Patient 17 T3N1M0 T3N0M1 T3N2M1 Supraclavicular and 
abdominal LN mets; 
PC

Upstaged Supraclavicular and 
abdominal LN mets; 
larger disease extent 
of PC

None

Patient 18 T2N1M1 T2N1M1 T2N2M1 Abdominal LN mets; 
larger disease extent 
of PC

None Abdominal LN mets; 
larger disease extent 
of PC

None

Patient 26 T2N1M0 T2N1M0 T2N1M1 Liver mets Upstaged Liver mets Upstaged
Patient 28 T2N2Mx T2N2M0 T2N2M0 None None None None
Patient 29 T2N1Mx T2N1M1 T2N1M1 Bone mets, PC Upstaged Larger disease extent 

of PC
None

Patient 30 T3N0Mx T3N0M0 T3N0M0 None None None None
Patient 31 T4N0Mx T4N0M0 T4N0M0 None None None None
Patient 32 T3N1M1 T3N1M1 T3N1M1 Greater number of 

liver mets
None Greater number of 

liver mets
None

Patient 33 T4N0M1 T3N0M1 T3N0M1 Greater number of 
liver mets

None Greater number of 
liver mets

None

Patient 34 T4N0M1 T4N0M1 T4N0M1 Larger disease extent 
of PC

None Larger disease extent 
of PC

None
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CT. Considering sometimes the pancreatitis occurred along 
with malignant disease, image interpretation must take into 
consideration of other imaging findings (including contrast-
enhanced CT and MR) and clinical data rather than solely 
based on the uptake level of  [68Ga]Ga-FAPI.

Lymph node metastasis is the main metastatic pattern 
of pancreatic cancer, typically occurring in the early phase 
[27]. The number of involved lymph nodes and the lymph 
node ratio (LNR) are closely associated with pancreatic 
cancer prognosis [28]. Thus, accurate assessment of lymph 
node metastasis is important, and  [18F]FDG PET/CT has 
low-to-moderate sensitivity in the evaluation of lymph node 
metastasis [5, 29]. In our study,  [68Ga]Ga-FAPI PET/CT 
demonstrated a greater number of involved lymph nodes 
than  [18F]FDG PET/CT, resulting in high sensitivity. The 
N stage was upstaged in seven patients (7/26, 26.9%) using 
 [68Ga]Ga-FAPI PET/CT, which benefits from higher radi-
otracer uptake and lower physiological uptake. Thus,  [68Ga]
Ga-FAPI PET/CT may overcome existing problems in the 
accurate assessment of N staging and better rationalize sur-
gical planning and may thereby improve the prognosis of 
pancreatic cancer.

Liver metastasis is one of the most common distant meta-
static modes in pancreatic cancer and strongly influences 
prognosis. In patients with hepatic oligometastasis, synchro-
nous resection of primary tumors and liver metastases pro-
longs patients’ median overall survival (14.5–16.8 months) 
[30].  [18F]FDG PET/CT has some limitations in detecting 
liver metastases, including high physiological metabolic 
uptake in the liver and poor visualization of small metasta-
ses [31, 32]. This study demonstrated that  [68Ga]Ga-FAPI 
PET/CT outperformed  [18F]FDG PET/CT in detecting 
liver metastasis. There is no physiological uptake of  [68Ga]
Ga-FAPI in the normal liver, leading to a high target-to-
background ratio for  [68Ga]Ga-FAPI PET/CT. In this study, 
 [68Ga]Ga-FAPI PET/CT detected liver metastases in six 
patients (identifying liver metastases as small as 0.78 cm), 
whereas  [18F]FDG PET/CT missed all lesions. Accurate 
diagnosis of liver metastases with  [68Ga]Ga-FAPI PET/
CT could help guide oncologic management, especially for 
patients with hepatic oligometastasis (patient nos. 10, 11, 
and 25 in this study).

Peritoneal carcinomatosis is another common distant 
metastatic pattern in pancreatic cancer; accurate assess-
ment is crucial for selecting an appropriate therapy regimen 
[33]. Previous studies demonstrated the superiority of  [68Ga]
Ga-FAPI PET/CT for detecting peritoneal carcinomatosis 
in various types of cancer [34]; the present study confirmed 
the usefulness of  [68Ga]Ga-FAPI PET/CT in the evalua-
tion of peritoneal carcinomatosis in pancreatic cancer. This 
result may be explained by the strong fibrotic response when 
tumors invade peritoneal tissue (increased tumor uptake) and 

no interference of physiological uptake within the gastroin-
testinal tract (low background uptake).

Increased  [68Ga]Ga-FAPI uptake was observed in patients 
with tumor-associated pancreatitis and cholangitis. Intense 
 [68Ga]Ga-FAPI uptake (especially in pancreatitis) in inflam-
mation may mask tumor activity in pancreatic cancer [13, 
24]. In previous oncological imaging studies [35–37], the 
additional delayed scan has been considered to offer sub-
stantial advantage for the discrimination of cancerous lesion 
versus non-cancerous lesions, as the malignant tumor usu-
ally show a further increase in tracer accumulation on the 
late scans. Benign lesions, on the other hand, usually show 
a decrease in SUVs. Therefore, we conducted an additional 
3-h delayed  [68Ga]Ga-FAPI PET/CT scan to discriminate 
pancreatic cancer from pancreatitis in 6 patients. The results 
demonstrated that the dual-time imaging in all 6 patients 
indicated differential uptake kinetics in pancreatic cancer 
(stable  [68Ga]Ga-FAPI uptake) and tumor-associated pan-
creatitis (decreased  [68Ga]Ga-FAPI uptake). A similar phe-
nomenon was observed in tumor-induced cholangitis in three 
patients. These findings are similar to those of a recent study 
[16]. Therefore, the different uptake kinetics of  [68Ga]Ga-
FAPI might help differentiate pancreatic cancer from pan-
creatitis. Studies with larger patient cohorts are needed to 
confirm this finding.

In this study,  [68Ga]Ga-FAPI PET/CT revealed more met-
astatic lesions than  [18F]FDG PET/CT and led to upstaging 
of TNM stage, especially in identifying abdominal lymph 
node, liver, and bone metastases and peritoneal carcinomato-
sis. Therefore,  [68Ga]Ga-FAPI PET/CT may lead to signifi-
cant changes in initial staging when compared to  [18F]FDG 
PET/CT. Another recent study demonstrated that  [68Ga]
Ga-FAPI-based TNM staging differed in nearly all patients 
with recurrent/progressive disease compared to staging 
obtained by contrast-enhanced CT [16]. Therefore, hybrid 
imaging using FAPI-based tracers may open up new applica-
tions in staging and restaging of pancreatic. Moreover, one 
patient (with widespread metastatic pancreatic cancer) in 
this study underwent  [68Ga]Ga-FAPI PET/CT for the evalu-
ation of therapy response to chemotherapy, which showed an 
excellent response with decreasing  [68Ga]Ga-FAPI activity 
in most of metastatic lesions. Therefore, we would speculate 
that  [68Ga]Ga-FAPI PET/CT may also be useful for evaluat-
ing the treatment response to chemotherapy. The next step 
is to assess the utility of  [68Ga]Ga-FAPI PET/CT in early 
determination of prognosis in patients with pancreatic can-
cer. A study addressing this specific question would be an 
important contribution.

This study has some limitations. First, due to the modest 
number of patients, we are not able to fully investigate the 
role of  [68Ga]Ga-FAPI PET/CT in clinical management of 
pancreatic cancer (whether  [68Ga]Ga-FAPI PET/CT could 
modify the clinical management when compared to standard 
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of care imaging and  [18F]FDG PET/CT). Second, more than 
half of the patients enrolled were in advanced stage and can-
not receive surgical resection, and whether  [68 Ga]Ga-FAPI 
PET/CT can be beneficial for the staging of pancreatic can-
cer in earlier stage needs further investigation. Additionally, 
although dual-time  [68Ga]Ga-FAPI PET/CT imaging may help 
distinguish pancreatitis from malignancy, only six patients 
underwent dual-time  [68Ga]Ga-FAPI PET/CT imaging, and 
the results are hence preliminary. The hypothesis of differential 
uptake in pancreatic cancer and pancreatitis should be evalu-
ated in a larger patient cohort.

Conclusions

Compared with  [18F]FDG PET/CT,  [68Ga]Ga-FAPI PET/CT 
had a higher sensitivity in the detection of primary tumors, 
involved lymph nodes, liver/bone metastases, and peritoneal 
carcinomatosis in patients with pancreatic cancer. As a result, 
 [68Ga]Ga-FAPI PET/CT demonstrated better performance 
than  [18F]FDG PET/CT in terms of TNM staging. The role of 
 [68Ga]Ga-FAPI PET/CT for clinical management in pancreatic 
cancer requires further investigation.
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