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Abstract
Purpose  We sought to assess the performance of 68 Ga-FAPI-04 PET/MR for the diagnosis of primary tumours as well as 
metastatic lesions in patients with pancreatic cancer and to compare the results with those of 18F-FDG PET/CT.
Methods  Prospectively, we evaluated 33 patients suspected to have pancreatic adenocarcinoma, of whom thirty-two were 
confirmed by histopathology, and one had autoimmune pancreatitis confirmed by needle biopsy and glucocorticoid treatment. 
Within 1 week, each patient underwent both 68 Ga-FAPI-04 PET/MR and 18F-FDG PET/CT. Comparisons of the detection 
abilities for primary tumours, lymph nodes, and metastases were conducted for the two imaging approaches. The original 
maximum standard uptake values (SUVmax) and normalised SUVmax (SUVmax/SUVbkgd) of paired lesions on 68 Ga-FAPI-04 
PET/MR and 18F-FDG PET/CT were measured and compared.
Results  Thirty pancreatic cancer patients and three pancreatitis patients were enrolled. 68 Ga-FAPI-04 PET/MR and 18F-
FDG PET/CT exhibited equivalent (100%) detection rates for primary tumours. The original/normalised SUVmax of primary 
tumours on 68 Ga-FAPI-04 PET was markedly higher than that on 18F-FDG (p < 0.05). Sixteen pancreatic cancer patients had 
pancreatic parenchymal uptake, whereas 18F-FDG PET images showed parenchymal uptake in only four patients (53.33% 
vs. 13.33%, p < 0.001). 68 Ga-FAPI-04 PET detected more positive lymph nodes than 18F-FDG PET (42 vs. 30, p < 0.001), 
while 18F-FDG PET was able to detect more liver metastases than 68 Ga-FAPI-04 (181 vs. 104, p < 0.001). In addition, mul-
tisequence MR imaging helped explain ten pancreatic cancers that could not be definitively revealed due to 68 Ga-FAPI-04 
inflammatory uptake and identified more liver metastases than 18F-FDG (256 vs. 181, p < 0.001).
Conclusion  68 Ga-FAPI-04 PET might be better than 18F-FDG PET in the detection of suspicious lymph node metastases. 
MR multiple sequence imaging of 68 Ga-FAPI-04 PET/MR was helpful for explaining pancreatic lesions in patients with 
obstructive inflammation and detecting tiny liver metastases.
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Introduction

Pancreatic cancer is a malignancy with high mortality. Its 
global incidence has tripled since the 1950s, ranking as the 
fourth leading cause of tumour-associated mortalities [1]. Sur-
gical therapy remains the only pancreatic cancer cure. With 
insidious clinical symptoms, most pancreatic tumours are 
found at the late stage, resulting in only 10–20% of patients 
being eligible for surgical resection when detected [2]. Thus, 
an early pancreatic cancer diagnosis will inform the choice of 
optimal therapy. Currently, relative to conventional imaging 
examinations (computed tomography (CT) and magnetic reso-
nance imaging (MRI)), positron emission tomography (PET) 
with 18F-fluorodeoxyglucose (FDG) has higher sensitivity 
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and specificity for pancreatic cancer staging [3]. Therapeutic 
responses and disease recurrence for pancreatic cancer have 
also been evaluated by 18F-FDG PET/CT [4]. Furthermore, 
18F-FDG PET/CT imaging parameters may predict its treat-
ment efficacy and clinical outcome [5]. It should be noted 
that 18F-FDG sometimes produces false positives for various 
nonmalignant lesions exhibiting moderate FDG avidity (e.g. 
reactive lymph nodes or inflammation), and produces false 
negatives in about 10% of pancreatic cancer patients [6].

Pancreatic cancer is characterised by a prominent des-
moplastic reaction. The desmoplastic stroma is produced 
by mainly pancreatic stellate cells (PSCs) [7]. Cancer-
associated fibroblasts (CAFs) are partly derived from PSCs 
and transform their tumour-promoting biological properties 
by a cross talk with neoplastic cells [8, 9]. CAFs promote 
the proliferation and growth of pancreatic cancer cells and 
thus contribute to the progression, invasion, metastasis, and 
therapy resistance [10, 11]. Unlike normal fibroblasts, CAFs 
express specific marker fibroblast activation protein (FAP) 
on their surface [12, 13]. Based on FAP-specific inhibitors 
(FAPI), radiopharmaceuticals targeting FAP have been 
developed. 68 Ga-labelled FAPI (68 Ga-FAPI-04) has been 
recently introduced as a promising tumour imaging agent 
targeting CAFs. High uptake of radioactive FAPI has been 
confirmed in various malignant cancers, including pancre-
atic cancer [14–16]. Röhrich et al. found that relative to con-
trast-enhanced CT (CECT), 68 Ga-FAPI-04 PET/CT is better 
at detecting recurrent and metastatic lesions in patients with 
pancreatic ductal carcinoma (PDAC) [16].

It is well known that the low resolution of low-dose CT 
does not allow satisfactory anatomic evaluation of lesions in 
soft tissue. The combination of PET and MRI is a very capa-
ble hybrid imaging technique that integrates the superiority 
of MRI soft-tissue contrast with the molecular specificity 
and sensitivity of PET [17]. Integrated PET/MR, as a ver-
satile modality, can potentially compensate for the known 
limitation of PET/CT in detecting small pancreatic cancer, 
distinguishing mimics, and detecting small hepatic metas-
tases [6, 18].

This is a prospective study to determine if the perfor-
mance of 68 Ga-FAPI-04 PET/MR is superior to that of 18F-
FDG PET/CT in diagnosing primary tumours, involvement 
of the lymph nodes, and distant metastases in patients with 
pancreatic cancer and to compare the potential impacts of 
both on therapeutic management.

Materials and methods

Patients

This prospective study was permitted by the Ethical Com-
mittee of the First Affiliated Hospital of Naval Medical 

University (Changhai Hospital, CHEC2020-071). All 
patients signed an informed consent form prior to partici-
pation. Inclusion criteria were as follows: (i) patients with 
clinical symptoms or blood tumour marker abnormalities 
were suspected of pancreatic adenocarcinoma by radiologic 
examinations (CECT or MRI); (ii) patients willing to accept 
both 68 Ga-FAPI-04 PET/MR and 18F-FDG PET/CT scans; 
(iii) patients were subjected to both 68 Ga-FAPI-04 PET/
MR as well as 18F-FDG PET/CT scans within 1 week; (iv) 
no contraindications to MRI. The exclusion criteria were as 
follows: (i) pregnancy; (ii) subjected to invasive examina-
tions prior to PET scans, including histopathological biopsy, 
endoscopic retrograde cholangiopancreatography (ERCP), 
and stent placement; (iii) received radiotherapy or chemo-
therapy before PET scans; (iv) no available complete clinical 
or pathological records; (v) exclusion of typical cystic or 
blood-rich pancreatic tumours (e.g. solid pseudopapillary 
neoplasm of the pancreas, pancreatic neuroendocrine neo-
plasms, etc.); (vi) inability or unwillingness of the research 
participant, parent, or legal representative to provide written 
informed consent.

Biological and clinical data, including sex, clinical pres-
entation, age, and laboratory indices, were collected from 
each patient. The final diagnosis was based on the histo-
pathological assessments of tumour samples harvested by 
surgical resection or biopsy. For patients for whom tis-
sue diagnosis is not appropriate, radiological follow-up is 
required. The minimum follow-up time was 3 months.

Radiopharmaceuticals

The synthesis and labelling of 68 Ga-FAPI-04 were per-
formed according to a previously documented method [19]. 
68 Ga was obtained from an in-house 68Ge-to-68 Ga generator 
(ITG, Germany). Chelation was performed after adjusting 
the pH using sodium acetate. Then, for 10 min, heating of 
the reaction mixture was performed at 100 °C. The reac-
tion integrity was assessed by radio-liquid chromatography. 
Solid-phase extraction of 68 Ga compounds was performed 
before injection. The final product was sterile and pyrogen-
free, and the radiochemical purity was > 95%.

18F-FDG injections were obtained from Shanghai Atom 
Kexing Pharmaceutical Co., Ltd. (their radiochemical purity 
was > 95%).

68 Ga‑FAPI‑04 PET/MR imaging

PET/MR assessments were conducted on an integrated 
PET/MR scanner (Biograph mMR; Siemens Healthcare, 
Erlangen, Germany) that has a combination of PET and 
3.0-T MRI scanners. The intravenous injection activity of 
68 Ga-FAPI-04 was 1.85–3.70 MBq/kg. After a fast and sim-
ple MRI scout imaging sequence, a PET scan (3 min/bed 
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position) was conducted for the whole body from the skull 
vertex to mid-thigh in 5–6 bed positions. MRI was concur-
rently conducted using the protocol: T1-weighted 3D volu-
metric interpolated breath-hold examination (VIBE) with 
Dixon fat saturation (T1-VIBE-DIXON) (3D, transversal, 
TR 4.07 ms, TE 1.28 ms, flip angle 12°, 72 slices, 3-mm 
slice thickness, the field of view (FOV) 400 × 400, voxel 
size 1.3 × 1.3 × 3.0 mm3), T2W-BLADE (transversal, TR 
3000 ms, TE 89 ms, flip angle 90°, 33 slices, slice thickness 
6 mm, FOV 400 × 400, voxel size 1.3 × 1.3 × 6.0 mm3), DWI 
(2D, transversal, TR 6270 ms, TE 50 ms, 33 slices, 6-mm 
slice thickness, FOV 400 × 400, voxel size 1.6 × 1.6 × 6.0 
mm3, b-values 50, 800 s/mm2). The PET data were recon-
structed using high-definition PET (HD-PET) (3 iterations, 
21 subsets; matrix 172 × 172, voxel size 2.3 × 2.3 × 5.0 mm3). 
The Dixon sequence was used to derive MRI-based attenu-
ation correction.

18F‑FDG PET/CT imaging

Prior to the 18F-FDG PET/CT scan, study participants were 
asked to fast for at least 6 h, ensuring a blood glucose (BG) 
less than 11.1 mmol/L, and then they were intravenously 
administered 18F-FDG (3.70–5.55 MBq/kg). All acquisi-
tions were performed on a Biograph 64 PET/CT scanner 
(Siemens Healthcare, Erlangen, Germany) 45–60 min after 
18F-FDG injection. The whole-body CT scanning parameters 
were set as follows: current (170 mA), voltage (120 kV), and 
scan layer thickness (3 mm). The PET scan was performed 
after CT scan acquisition and conducted in 5–6 bed posi-
tions. Immediately after CT image acquisition, PET data 
were acquired for 3 min per bed position. Reconstruction 
of the acquired data was performed by the postprocessing 
workstation with an iterative TrueD reconstruction system 
(Siemens Medical Solutions). Correction attenuation was 
performed by CT images.

Image interpretation

All reconstructed 68 Ga-FAPI-04 PET/MR and 18F-FDG 
PET/CT images were evaluated using Syngo. Via (Siemens 
Healthcare, Erlangen, Germany) by two groups of experi-
enced nuclear medicine physicians independently. Any dis-
crepancies were discussed to reach a consensus.

Due to the presence of obstructive inflammation, we 
assessed the readability of PET uptake in primary lesions. 
Tumours that could not be accurately localised/discerned on 
PET images were defined as PET negative; otherwise, they 
were defined as PET positive. Additionally, the number of 
primary foci and metastases detected by 68 Ga-FAPI-04 or 
18F-FDG PET, 68 Ga-FAPI-04 PET/MR, and 18F-FDG PET/
CT were recorded, and the evaluations were conducted with-
out any information from the other PET scan. The patient’s 

previous CECT/MR images were also referenced during the 
segmentation.

In this study, if 68 Ga-FAPI-04 or 18F-FDG uptake in the 
lymph node surpassed that in the surrounding tissue, it was 
considered a positive lymph node. Distant metastases were 
assessed by abnormal tracer uptake as well as CT or MR 
imaging findings. Locations and other information on metas-
tases were documented.

To calculate the standard uptake values, circular regions 
of interest were drawn around the lesions and automati-
cally adapted to a tridimensional volume of interest. 
For every lesion, the maximum standard uptake value 
(SUVmax) was automatically calculated by the syngo.
via software. To ensure that the SUVmax was relatively 
comparable, referring to Qin et  al. [20], the original 
SUVmax was normalised using the following formula: 
NormalisedSUVmax = OriginalSUVmax∕SUVbkgd. 
SUVbkgd refers to the average SUV of the background tissue. 
We normalised the average SUV of the descending aorta, 
liver, and spleen to the original SUVmax.

If there were fewer than five lesions in a single organ/
region, all lesions were quantitatively assessed. If there 
were more than five lesions in a single organ/region, the 
five lesions with the highest activity were quantitatively 
evaluated.

Statistical analysis

Data analyses were conducted using SPSS (version 26.0; 
IBM, Armonk, NY, USA). The quantitative data are pre-
sented as the mean ± SD. The chi-squared test was used to 
compare the number of positive lesions identified by two 
examinations. We used a paired t test to compare different 
paired 18F-FDG and 68 Ga-FAPI-04 PET SUVmax. p < 0.05 
was the cutoff for significance, and all tests were two-sided.

Results

Patient characteristics

We recruited 33 patients between January 2020 and August 
2021. Patient information, including clinical presentation 
and laboratory indices, was recorded, as summarised in 
Table 1. The median time interval between the two scans 
was 2 days (range: 1–6 days); see Supplementary Table 1 
for further details.

Clinical diagnosis of suspicious patients

Among the 33 patients, 30 cases were confirmed as pancre-
atic cancer by histopathological results, with nine patients 
undergoing surgical resection and 21 patients undergoing 
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endoscopic ultrasound-fine needle aspiration (EUS-FNA) 
(Supplementary Table 1). Of the nine surgical samples, eight 
were duct adenocarcinoma, and one was adenosquamous 
carcinoma.

The other three patients were confirmed to have pancrea-
titis. Two patients (patients 31 and 32) were confirmed to 
have chronic pancreatitis by surgery. In the other patient 
(patient 33), tumour cells were not detected by needle 
biopsy, and her clinical symptoms improved after glucocor-
ticoid treatment. The diagnosis of autoimmune pancreatitis 
was established.

Primary tumour detection

68  Ga-FAPI-04 PET/MR and 18F-FDG PET/CT exhib-
ited comparable detection abilities for primary pancreatic 
tumours with a 100% positive detection rate. Table 2 shows 
the comparison of uptake parameters (including the origi-
nal and normalised SUVmax) between 68 Ga-FAPI-04 and 
18F-FDG. Both the original and normalised SUVmax of the 
primary tumour on 68 Ga-FAPI-04 PET were higher than 
those on 18F-FDG (p < 0.05).

Elevated tracer uptake was observed in the adjacent tissue 
of the pancreas at the same time in 68 Ga-FAPI-04 imaging 
in 16 patients (53.33%), which masked the tumour uptake in 
11 patients (Fig. 1). Density differences were not observed 
in 12 lesions (75.00%) on low-dose CT images, while all 
patients (100.0%) showed abnormal signals on multiparam-
eter MR, which enhanced confidence in the interpretation of 
pancreatic tumours (Table 3). In 68 Ga-FAPI-04 PET, there 
was no significant difference in SUVmax between obstruc-
tive pancreatic inflammation and pancreatic cancer lesions 
(SUVmax, 13.70 ± 5.15 vs. 12.58 ± 4.44, p = 0.596). Two of 

Table 1   Clinical characteristics of all patients

Abbreviations: CA19-9, carbohydrate antigen 19–9; CEA, carcinoem-
bryonic antigen; EUS-FNA, endoscopic ultrasound-fine needle aspira-
tion

Pancreatic cancer 
(n = 30)

Pancreatitis (n = 3)

Population
Age (range, mean) 48–81, 68.61 47–52, 49.33
Gender (M:F) 17:13 2:1
Laboratory
CA19-9 (> 37U/ml) 22 (73.33%) 1 (33.33%)
CEA (> 5 ng/ml) 11 (36.67%) 2 (66.67)
History
Smoking 9 (30.00%) 1 (33.33%)
Alcohol 8 (26.67%) 1 (33.33%)
Diabetes 6 (20.00%) 1 (33.33%)
Hypertension 16 (53.33%) 0
Abdominal pain 24 (80.00%) 1 (33.33%)
Jaundice 4 (13.33%) 1 (33.33%)
Weight loss 15 (50.00%) 1 (33.33%)
Histopathology
Surgical resection 9 (30.00%) 2 (66.67%)
EUS-FNA 21 (70.00%) 1 (33.33%)

Table 2   Comparison of the 
primary tumour, lymph node, 
and liver metastases between 
68 Ga-FAPI-04 PET/MR and 
18F-FDG PET/CT

Abbreviations: A, descending aorta; L, liver; S, spleen; “-” means no need to compare

Primary tumour Lymph nodes Liver metastases

Lesion number 68 Ga-FAPI-04 PET 20 42 104
18F-FDG PET 30 30 181
p value 0.001  < 0.001  < 0.001
68 Ga-FAPI-04 PET/MR 30 43 256
18F-FDG PET/CT 30 30 181
p value -  < 0.001  < 0.001

Original SUVmax Paired lesions 30 23 22
68 Ga-FAPI-04 PET 12.58 ± 4.44 9.35 ± 5.42 5.97 ± 2.19
18F-FDG PET 8.78 ± 3.80 7.77 ± 4.18 8.64 ± 2.04
p value 0.002 0.648 0.001

Normalised SUVA
68 Ga-FAPI-04 PET 7.26 ± 3.01 5.18 ± 2.85 3.46 ± 1.01
18F-FDG PET 5.16 ± 4.32 5.39 ± 3.74 6.37 ± 2.56
p value 0.012 0.330 0.001

Normalised SUVL
68 Ga-FAPI-04 PET 4.54 ± 2.39 4.94 ± 2.93 3.16 ± 0.85
18F-FDG PET 3.11 ± 1.45 3.44 ± 1.86 4.35 ± 1.72
p value 0.002 0.101 0.019

Normalised SUVS
68 Ga-FAPI-04 PET 6.30 ± 2.59 4.74 ± 2.53 2.95 ± 0.80
18F-FDG PET 4.05 ± 1.66 4.31 ± 2.53 4.98 ± 1.35
p value  < 0.001 0.903  < 0.001
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the 16 patients had a clinical history of chronic pancreatitis, 
and thirteen showed dilated pancreatic ducts on MR or CT 
images. Diffuse or focal parenchymal uptake in 18F-FDG 
PET imaging was observed in only four patients (13.33% vs. 
53.33%, p < 0.001), and the radiographic follow-up data of 
these four patients were presented in Supplementary Fig. 1. 
Typical cases are presented in Figs. 2 and 3.

Lymph node assessment

In this study, each lymph node with obvious 68 Ga-FAPI-04 
or 18F-FDG uptake was deemed a positive lymph node. 
Among the 15 patients with alleged metastasis of lymph 
nodes, 33.33% (5/15) showed more positive lymph nodes 
on 68 Ga-FAPI-04 than on 18F-FDG PET. Altogether, 42 and 
30 positive lymph nodes were depicted by 68 Ga-FAPI-04 
and 18F-FDG PET, respectively (p < 0.001). In all, compared 
with 18F-FDG PET, 68 Ga-FAPI-04 led to N upstaging in 
26.67% (4/15) of patients, and upstaging from N0 to N1 
(patient 18) and N0 to N2 (patient 8) occurred in one case. 
Two patients were upstaged from N1 to N2 (patients 3 and 
26). Notably, one 18F-FDG-positive metastatic lymph node 
was missed by 68 Ga-FAPI-04 PET in a patient (patient 28); 
however, abnormal signals on multiparametric MR of PET/
MR enhanced interpretation confidence. Follow-up CT 

imaging 3 months after chemotherapy revealed shrinkage of 
the lymph node. Typical cases are presented in Figs. 4 and 5.

There was no significant difference in the uptake of 18F-
FDG and 68 Ga-FAPI-04 between all 23 double-positive 
lymph nodes, and the normalised indicators did not affect 
the results (p > 0.05).

Liver metastases

Biopsy of at least one lesion in the liver should be performed 
in patients with liver metastasis, but it was not mandatory. 
Of the five patients (patients 8, 9, 26, 29, and 30) with liver 
metastases (Supplementary Fig. 2), 18F-FDG PET showed 
more metastatic lesions than 68 Ga-FAPI-04 (181 vs. 104, 
p < 0.001). 18F-FDG exhibited a higher uptake than 68 Ga-
FAPI-04 (SUVmax, 8.64 ± 2.04 vs. 5.97 ± 2.19, p = 0.001) in 
all 22 double-positive intrahepatic metastasis lesions, and 
the normalised indicators did not affect the results. In these 
five patients, the visual analysis revealed that larger intrahe-
patic metastases often showed ring-shaped 68 Ga-FAPI-04 
uptake with tracers around merely the edge of the lesions, 
and the uptake intensity was significantly lower than that of 
18F-FDG. Typical cases are presented in Fig. 6.

All intrahepatic metastases with increased 18F-FDG or 
68 Ga-FAPI-04 uptake were detected by PET/MR MRI, and 
more micrometastases were detected by MRI (Table 2). 

Fig. 1   Representative maximum intensity project (MIP) images of 68 Ga-FAPI-04 PET and 18F-FDG PET in patients with concomitant pancre-
atic obstructive inflammation (patient 3, 14, 17, 19, 24, and 28)
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However, the results have no influence on tumour M staging, 
which is important for clinical management and outcomes.

Discussion

The present study was designed as a single-centre and pro-
spective study. We compared the diagnostic and staging effi-
cacy of 68 Ga-FAPI-04 PET/MR with 18F-FDG PET/CT for 
pancreatic cancer.

Pancreatic cancer is characterised by vascular deficiency 
and plentiful desmoplastic stroma, accounting for 90% of the 
tumour volume. The stroma consists of extracellular matrix 
proteins and CAFs [21]. Our study revealed that the primary 
tumour could be visualised by 68 Ga-FAPI-04, which was 
consistent with previous studies [14, 16]. Fibrosis of the 
pancreas is often a striking feature of chronic pancreatitis 
[22]. 68 Ga-FAPI-04 was not more tumour-precise than 18F-
FDG and has a limitation of false-positive uptake caused by 
inflammation-induced fibrosis, which has been demonstrated 
by previous studies [16, 23]. In this study, there seemed to 
be an overlap of the uptake intensities in the pancreatic mass 
and obstructive pancreatitis of the pancreatic parenchyma, 
and it is crucial to differentiate pathological 68 Ga-FAPI-04 
uptake from tumour-induced obstructive pancreatitis. The 
positive 68 Ga-FAPI-04 uptake caused by tumour-induced 
inflammation sometimes affects the visual interpretation of 
PET; thus, the qualitative reading of 68 Ga-FAPI-04 PET 

images sometimes must be combined with other radiologi-
cal data.

Our results showed that 68 Ga-FAPI-04 might be better 
than 18F-FDG in the assessment of lymph node metastasis in 
pancreatic cancer. This result was in accordance with previ-
ous research [24]. These findings may significantly impact 
clinical management. A recent study by Qin et al. proposed 
the contrary opinion. They found that the number of avid 
lymph nodes detected by 18F-FDG was higher than that of 
68 Ga-FAPI-04 in nasopharyngeal carcinoma (100 vs. 48) 
[25]. None of the lymph nodes was confirmed by histo-
pathological results, but imaging follow-up was performed. 
Further studies with histopathological results are required.

We found that larger hepatic metastases usually had 
“ring-like” 68 Ga-FAPI-04 uptake at the edge of the lesion 
only. In many animal models, the highest tracer uptake is 
usually at specific tumour areas with a good blood supply 
[26]. Early studies showed that in the peritumoural hepatic 
parenchyma of hepatic metastases, the rate of sinusoidal 
hyperaemia was 95%, and the rate of fibrous proliferation 
was 58% [27]. However, the extent of CAF expression was 
consistent in peritumoural and intratumoural regions of liver 
metastases [28]. Thus, we speculate that the “ring-like” 
68 Ga-FAPI-04 uptake in liver metastases might be related 
to sinusoidal congestion surrounding metastatic tumours.

18F-FDG PET/CT, which has good accuracy, is a power-
ful screening tool for metastatic disease assessment. How-
ever, the assessment of liver lesions is inhibited by high 

Table 3   Patients with 
concomitant obstructive 
inflammation

Abbreviations: 1obstructive inflammation (+ , positive; − , negative); 2tumour boundary identification on 
PET images (+ , influence; − , no influence); 3abnormal density/signal at the site of pancreatic cancer on 
CT/MR (+ , yes; − , no); 4presence or absence of pancreatic duct dilation (+ , presence; − , absence)

Patient no 68 Ga-FAPI-04 PET 18F-FDG PET CT density3 MRI signal3 Pan-
creatic 
duct4Inflammation1 Boundary2 Inflammation1 Boundary2

1  +   −   −   −   −   +   − 
2  +   +   −   −   −   +   + 
3  +   +   −   −   +   +   + 
6  +   +   +   −   −   +   + 
10  +   −   +   +   −   +   − 
11  +   +   −   −   −   +   + 
12  +   −   −   −   −   +   + 
14  +   +   −   −   −   +   − 
17  +   +   −   −   −   +   + 
19  +   +   −   −   +   +   + 
21  +   −   −   −   −   +   + 
22  +   +   −   −   +   +   + 
24  +   +   −   −   −   +   + 
27  +   −   −   −   −   +   + 
28  +   +   +   −   −   +   + 
30  +   +   +   −   +   +   + 
Total + no 16 11 4 1 4 16 13
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background liver uptake as well as other intrinsic technical 
limitations [29]. In contrast, 68 Ga-FAPI-04 demonstrates 
very low unspecific liver uptake and is expected to be supe-
rior for identifying liver metastasis. However, in five patients 
with liver metastasis in our cases, some 18F-FDG hypermeta-
bolic micrometastases were not detected by 68 Ga-FAPI-04, 
and the SUVmax was significantly lower in 68 Ga-FAPI-04 
than in 18F-FDG PET. This is contrary to previously pub-
lished studies that showed that 68 Ga-FAPI-04 PET/CT iden-
tified more metastatic sites than 18F-FDG with a significantly 
higher SUV [14, 24]. The reason for this discrepancy might 
be related to the difference in the origins of CAFs. Differ-
ences in progenitor cellular origins result in different phe-
notypes and functions of CAFs [30, 31]. Patients who were 
identified with pancreatic cancer as their only tumour or 
first primary tumour were included in this study, whereas 
the metastases reported in other studies consisted of mixed 

primary tumour compositions, with few pancreatic primary 
tumours.

As reported previously, pancreatic cancer may cause 
false-positive concentrations of 68 Ga-FAPI-04 in the inflam-
matory pancreatic parenchyma to some extent; therefore, 
we introduced PET/MR to explore the added value of MR 
[16]. Based on our results, obstructive inflammation of the 
pancreas might affect the interpretation of tumour foci in 
68 Ga-FAPI-04 imaging, which is inferior to 18F-FDG for the 
identification of liver metastases, and false-negative results 
would be expected for 68 Ga-FAPI-04 imaging in some meta-
static lymph nodes. As mentioned above, MR provides more 
valuable information for its superior soft-tissue contrast and 
multiple sequence imaging to compensate for the deficiency 
of 68 Ga-FAPI-04 imaging [6, 17, 32]. Therefore, we think 
PET/MR may be a better partner for 68 Ga-FAPI-04 imaging 
of pancreatic tumours.

Fig. 2   A 53-year-old man (patient 24) with pancreatic ductal ade-
nocarcinoma (PDAC). a–f 68  Ga-FAPI-04 PET/MR and 18F-FDG 
PET/CT exhibited high focal uptake (FAPI: SUVmax = 9.59; FDG: 
SUVmax = 12.10) in the pancreatic head (white arrows) and lymph 
node metastasis (FAPI: SUVmax = 6.77; FDG: SUVmax = 15.40) in the 

lesser omentum (yellow arrows). g Haematoxylin–eosin (HE) staining 
of pancreatic cancer tissues (× 200 magnification). h, i Dilatation of 
the major pancreatic duct with obstructive pancreatitis-related 68 Ga-
FAPI-04 uptake in the body and pancreatic tail (SUVmax = 11.70)
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The present study had several limitations. First, hard-
ware differences between the two devices may lead to 
data heterogeneity; therefore, we normalised the two 
sets of data to ensure relative comparability. Second, 

histopathology results were not obtained for lymph node 
metastasis. Third, the present study was a single-centre 
based trial with a small sample size. Further studies with 
larger patient cohorts are needed to confirm these results.

Fig. 3   A 72-year-old man (patient 17) with pancreatic ductal adeno-
carcinoma (PDAC). 68  Ga-FAPI-04 PET/MR and 18F-FDG PET/
CT exhibited high focal uptake (FAPI: SUVmax = 19.30; FDG: 
SUVmax = 7.64) in the pancreatic head (white arrows). Pancreatitis-
related 68  Ga-FAPI-04 uptake could be seen in the pancreatic body 
and tail (SUVmax = 14.9), and nodular 18F-FDG uptake could also be 
seen in the body of the pancreas (SUVmax = 4.34). On CT images, 
the pancreatic head lesion showed soft tissue density (dashed arrow), 

swelling of the pancreatic body and tail, and the main pancreatic duct 
appears ill defined, while MR images showed abnormal signal in the 
lesion (low signal on T1WI, slightly high signal on T2WI, high signal 
on DWI, and low signal on ADC, yellow arrows), accompanied by 
slight dilation of the main pancreatic duct, which enhanced the con-
fidence of diagnosing pancreatic head carcinoma on 68  Ga-FAPI-04 
images

2884 European Journal of Nuclear Medicine and Molecular Imaging (2022) 49:2877–2888



1 3

Conclusion

In this prospective study, 68 Ga-FAPI-04 PET/MR dem-
onstrated an equivalent detection rate to 18F-FDG PET/

CT for primary tumours of pancreatic cancer, and MR 
multiple sequence imaging of integrated PET/MR was 
helpful for explaining pancreatic lesions in patients with 
obstructive inflammation. 68 Ga-FAPI-04 PET might be 
better than 18F-FDG PET in the detection of suspicious 

Fig. 4   In these three patients, 18F-FDG-negative lymph nodes were 68 Ga-FAPI-04 positive (arrows)

Fig. 5   Comparison of 18F-FDG PET/CT and 68 Ga-FAPI-04 PET/MR 
of para-aortic lymph nodes in a 66-year-old man (patient 28). This 
lymph node measured 1.2 cm in short diameter and showed marked 
18F-FDG accumulation (SUVmax = 5.6). On 68 Ga-FAPI-04 PET/MR 
imaging, no increased radioactive uptake was seen in the enlarged 
node, which made it difficult to determine whether it was benign or 

malignant; however, MR signals showed significant changes (high 
signal on T2WI and DWI, low signal on ADC), which enhanced the 
confidence in diagnosing the metastatic lymph node. After chemo-
therapy, the lymph node was reduced to 0.7 cm on the follow-up CT 
images
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lymph node metastases, but the value of 68 Ga-FAPI-04 
PET for N staging needs further study. The 68 Ga-FAPI-04 
PET shows no obvious superiority over 18F-FDG PET in 
detecting intrahepatic metastasis, but hybrid MR imaging 
was helpful in detecting the tiny metastatic foci.
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