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Abstract: To compare the diagnostic value of [18F]-AlF-NOTA-FAPI-04 PET/CT and [18F]-FDG PET/CT for primary and 
metastatic lesions in different types of tumors. A retrospective analysis was conducted on 51 patients with 11 dif-
ferent types of tumors. Among them, 20 patients underwent PET/CT, and 31 patients underwent restaging. The 
patients were diagnosed using [18F]-AlF-NOTA-FAPI-04 PET/CT and [18F]-FDG PET/CT scan techniques, and adverse 
reactions were recorded. Thickness of primary lesions, metastasis, and lymph node involvement were analyzed and 
confirmed by histological analysis. The sensitivity, specificity, positive predictive value, negative predictive value, and 
accuracy of [18F]-AlF-NOTA-FAPI-04 PET/CT and [18F]-FDG PET/CT were calculated. Neither [18F]-AlF-NOTA-FAPI-04 
PET/CT nor [18F]-FDG PET/CT scan techniques caused adverse reactions in the patients. [18F]-AlF-NOTA-FAPI-04 
PET/CT performed well in detecting recurrence, with a positive rate of 100%, higher than 71.0% of [18F]-FDG PET/
CT. Compared with [18F]-FDG PET/CT, [18F]-AlF-NOTA-FAPI-04 PET/CT identified 6 types of malignant tumors more 
clearly, and could improve the detection rate of primary and metastatic tumors (97.0% vs. 84.8%, P<0.001). [18F]-
AlF-NOTA-FAPI-04 PET/CT exhibited a higher sensitivity for detecting lymph node (81.8% vs. 50.0%, P<0.05) than 
[18F]-FDG PET/CT. Additionally, [18F]-AlF-NOTA-FAPI-04 PET/CT demonstrated higher diagnostic sensitivity (67.39% 
vs. 58.7%, P=0.387) and accuracy (82.14% vs. 60.71%, P=0.377) for detecting metastatic lesions compared to 
[18F]-FDG PET/CT. [18F]-AlF-NOTA-FAPI-04 PET/CT outperforms [18F]-FDG PET/CT in diagnosing primary and metastat-
ic lesions across various types of tumors, especially in identifying lymph node, visceral, and peritoneal metastases. 
It can improve diagnostic efficiency and accuracy, thereby positively influencing clinical decision-making for optimal 
patient management.
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sis, peritoneal metastasis

Introduction

Malignant tumors consist of tumor cells as well 
as a variety of non-malignant cells that contrib-
ute to the formation and composition of tumor 
mesenchymal microenvironment [1]. In certain 
cancers, imaging techniques that focus on the 
tumor cells are less sensitive than mesenchy-
mal-targeted imaging, as the mesenchyme 
accounts for 90% of the total volume of the 
tumor [2]. Cancer-associated fibroblasts (CAFs) 
are a heterogeneous population of cells that 
constitute the majority of the tumor mesen-
chyme. They play a critical role in tumor enlar- 
gement, metastasis, migration, extracellular 
matrix remodeling, therapy resistance, and 
immunosuppression [3]. Compared to cancer 

cells, genetically, CAFs are more stable and less 
prone to therapeutic resistance, making them 
ideal target cells for antitumor therapy [4]. The 
development of CAFs in the tumor mesenchyme 
is accompanied by alterations in morphology 
and the production of specific surface markers, 
including fibroblast activation protein (FAP). 
According to the research, FAP is intensely 
expressed in over 90% of mesenchyme in epi-
thelial carcinoma [5, 6].

FAP, a membrane-bound glycoprotein of type II, 
belongs to the family of dipeptidyl peptidases 4 
(DPP4). It possesses both dipeptidyl peptidase 
and endopeptidase activities and shares a pro-
tein-level homology of 52% with DPP4. FAP 
expression is observed only in inactivated fibro-
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blasts, not in quiescent fibroblasts [7]. CAFs 
are strongly expressed in several epithelial 
malignancies, particularly hepatocellular, colo- 
rectal, ovarian, and pancreatic cancers, char-
acterized by a strong pro-fibroproliferative 
response [8]. The correlation between the poor 
prognosis in tumor patients and FAP overex-
pression revealed that FAP activity affects the 
tumor development, metastasis, and invasion 
[9]. The relatively distinctive expression of FAP 
differentiates CAFs from ordinary fibroblasts 
[10]. Therefore, FAP-targeted imaging is cur-
rently considered to be a promising strategy  
for tumor-stromal visualization. [18F]-AlF-NOTA-
FAPI-04 imaging works based on the overex-
pression of αVβ3 and αVβ5 integrins on the 
surface of tumor cells, while [18F]-FDG PET 
detects the differences in metabolic activity 
between tumor cells and surrounding normal 
tissues. In recent years, PET/CT imaging target-
ing tumor mesenchymal FAP has gained signifi-
cant research attention worldwide. The current-
ly reported imaging agent [68Ga]-FAPI-04 has 
shown promising results in the pre-treatment 
staging and post-treatment evaluation of a 
wide range of tumors. However, probes, such 
as [68Ga]-FAPI-04, are limited by short half-lives 
and low preparation volumes. Typically, there is 
only enough drug for 1 to 3 patients per produc-
tion run. The cost of the [68Ge]/[68Ga] generator 
and the lower resolution of [68Ga] PET imaging 
should also be taken into account. As the other 
most commonly used posionuclide in clinical 
practice, [18F] (radioactive half-life =109.8 min) 
can be produced in large quantities by a cyclo-
tron. [18F]-labeled FAPI probes have offer more 
favorable characteristics, including suitable 
half-lives, high radioactivity yields, and high 
purity of radiochemistry. These probes demon-
strate good pharmacokinetics and tumor 
absorption in both tumor individuals and nor-
mal models. Additionally, [18F]-labeled FAPI 
probes allow for delayed visualization as well as 
the potential for multiple patient detections. 
The recent progress in radiolabeling of FAPI 
probes with [18F] has shown promise in clinical 
and preclinical research [11, 12]. There is sig-
nificant heterogeneity among different types of 
cancers, with differences in tumor surface 
markers, metabolic levels, or growth character-
istics. Currently, it is difficult to detect different 
cancers at the same time with a single test. 
Therefore, different diagnostic methods are 
needed for discrimination and judgement, 

which significantly increases medical costs. In 
this study, we aim to apply [18F]-AlF-NOTA-
FAPI-04 PET/CT and [18F]-FDG PET/CT in the 
diagnosis of primary and metastatic lesions of 
various tumors, such as lung cancer, liver can-
cer, gastric cancer, ovarian cancer, pancreatic 
cancer, prostate cancer, colorectal cancer, 
esophageal cancer, cervical cancer, breast 
cancer, and renal cancer. We aimed to investi-
gate the clinical application value of [18F]-AlF-
NOTA-FAPI-04 PET/CT and [18F]-FDG PET/CT in 
the diagnosis and differentiation of various 
tumors, so as to provide a clinical basis for 
tumor diagnosis and expand the options for 
tumor evaluation.

Materials and methods

Study design and patients

The data collected in this study have no harm 
to the subjects’ interests, and the study proto-
col has been approved by the Institutional 
Review Committee of the Cancer Hospital of 
Harbin Medical University.

All 51 patients were recommended by clinical 
oncologists and admitted to Harbin Medical 
University Cancer Hospital between May 2021 
to January 2022. The [18F]-AlF-NOTA-FAPI-04 
PET/CT was applied after the [18F]-FDG PET/CT 
for comparison, without changing the final man-
agement of the patients. Inclusion criteria: (1) 
patients who were diagnosed with any kind of 
malignant tumor (including but not limited to 
lung cancer, liver cancer, gastric cancer, ovari-
an cancer, pancreatic cancer, prostate cancer, 
colorectal cancer, esophageal cancer, cervical 
cancer, breast cancer, and renal cancer); (2) 
patients who underwent [18F]-AlF-NOTA-FAPI-04 
PET/CT and [18F]-FDG PET/CT examinations; (3) 
patients whose diagnosis was subsequently 
confirmed by pathological examination; (4) 
patients who agreed to use their medical 
records and examination results for research; 
(5) patients whose missing important medical 
records or examination results was rectified. 
Exclusion criteria: (1) patients with poor quality 
of PET/CT examination results, e.g., significant 
masses or artifacts that affected the lesion 
detection or evaluation; (2) patients missing 
essential medical records or examination re- 
sults, such as laboratory or histopathological 
results, operation reports and drug treatment 
records; (3) patients who received radiothera-
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py, chemotherapy or living surgery before PET/
CT examinations.

[18F]-AlF-NOTA-FAPI-04 and [18F]-FDG prepara-
tion

FDG was prepared according to a standard 
method using F300e chemical synthesis mod-
ule (Sumitomo, Japan). The FAPI precursor (AlF-
NOTA-FAPI-04) was acquired from Nanchang 
Probe Biotechnology Co.

To prepare buffer solution, 0.9 g of NaAc was 
dissolved into 100 m of water. While measuring 
the pH of the solution, HAc was added dropwise 
until the pH reduced to 4.0 (approximately 1.2 
mL of HAc was used). To prepare aluminum tri-
chloride solution, 0.2415 g of AlCl3.6H2O was 
dissolved in 100 mL of injection water to pre-
pare 10 mmol/L of aluminum trichloride solu-
tion. Next, 1 mg of AlF-NOTA-FAPI precursor 
chemistry was place in a cillin vial, and 500 µL 
of acetonitrile and 500 µL of L1.1 buffer were 
added to the cillin vial with a pipette to sonicate 
the precursor. Then, 200 µL of the 2.1 precur-
sor solution was add to a 3 ml Celine bottle, 
along with 10 µL of aluminum trichloride solu-
tion. Another 300 µL of acetonitrile and 225 µL 
of buffer solution was added to the bottle. The 
18F- was obtained by bombarding of heavy oxy-
gen water with the accelerator, and then it was 
passed into the CFN200 synthesis module. The 
QMA column was used to capture and record 
the RI1 activity. Bottles of saline were added to 
the reaction tube, the reaction solution was dis-
solved and placed on an 18C column for captur-
ing the product. The reaction tube was washed 
with saline, and the 18C column was cleaned. To 
extract the desired product, membrane filtra-
tion was performed. Pump A, which contained a 
solution consisting of 0.25% methanol and 
0.08% trifluoroacetic acid, and pump B, which 
contained 0.75% water, were used to maintain 
a constant flow rate of 1 ml/min, ensuring that 
the column temperature matched the room 
temperature. For quality control purposes, the 
retention time was set at 5.15 min.

Procedures related to PET/CT imaging

A paired PET/CT scans with [18F]-AlF-NOTA-
FAPI-04 and [18F]-FDG were applied within 7 
days. Patients were required to fast for at least 
five hours before the PET/CT scan with 
[18F]-FDG. Before undergoing a CT scan, they 

were instructed to drink 500 mL of water to 
facilitate the excretion of [18F]-FDG from the 
kidney calyces and promote urination. Prior to 
the [18F]-FDG PET/CT assessment, it was 
ensured that the patient’s peripheral blood glu-
cose levels were normal. Based on patient 
weight, the intravenous [18F]-FDG versus 
[18F]-AlF-NOTA-FAPI-04 doses were calculated 
(3.7 MBq for FDG and 1.8-2.2 MBq for FAPI). 
Data were acquired using a hybrid PET/CT sys-
tem (Discovery 690, GE Healthcare, Milwaukee, 
USA) after 1-hour intravenous administration. 
For [18F]-FDG, an upper-thigh CT scan (head 
scan alone) was applied, and for [18F]-AlF-NOTA-
FAPI-04, the scan was from head to upper 
thigh. The CT scanning parameters were set as 
follows, tube voltage: 110 kV, tube current: 120 
mA, and slice thickness: 3.75 mm. Following 
the CT scan, a PET scan was immediately car-
ried out with 6-8 beds and a duration of 2.0 to 
2.5 minutes per position in a 3D acquisition 
mode. Acquired data were transferred to 
Advantage Workstation (version AW4.7, GE 
Healthcare, Milwaukee, WI, USA). Data were 
reconstructed using the ordered subset expec-
tation maximization algorithm (2 iterations/21 
subsets), with CT attenuation correction. After 
reconstruction, co-aligned images were dis-
played. Patients were instructed by the clini- 
cal physician to report any changes in vital 
signs, including heart rate, breathing, blood 
pressure, or temperature, within 120 minutes 
after the PET/CT scan following the injection of 
[18F]-AlF-NOTA-FAPI-04.

Review of PET/CT imaging

Two experienced radiologists analyzed the 
images from the [18F]-FDG and [18F]-AlF-NOTA-
FAPI-04 PET/CT scans. To prevent bias, PET/CT 
images of [18F]-FDG were reviewed by Zhiyun 
Jiang, and PET/CT images of [18F]-AlF-NOTA-
FAPI-04 were reviewed by Kezheng Wang. The 
image evaluations were conducted without the 
information available from other PET/CT scans. 
Viewing of the PET/CT fusion was performed 
using the Advantage workstation (AW4.7, GE 
Healthcare). Around the tumor lesion on the 
transexual image, a region of interest was 
drawn for semi-quantitative analysis. The maxi-
mum standard uptake values (SUVmax) were 
automatically calculated for quantifying the 
uptake of the tracer in primary tumors, lymph 
nodes, and metastases. For measuring the 
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lymph nodes, primary tumors, and metastases 
tracer uptake, SUVmax was utilized. For brain 
lesions, the SUVmax value of the lesion was 
divided by the average SUV value (SUVmean) of 
the contralateral normal tissue. The tumor-to-
background (T/B) ratio was calculated to deter-
mine individual lymph nodes and primary 
lesions in the liver, brain, peritoneum, lung, 
bone, and pleura. Lesions were considered 
positive if they had more cell activity than sur-
rounding tissues. There were five sites where 
lymph nodes were categorized individually, 
comprising supraclavicular, axillary, neck, medi-
astinal (comprising diaphragmatic, intramam-
mary, epicardial, and hilar lymph nodes), 
abdominal (including para-aortic, retroperito-
neal, mesenteric, abdominal and iliac regions). 
There were separate categories for the involve-
ment of the bone, pleura, peritoneum, liver, 
lung, and brain. Using [18F]-FDG and [18F]-AlF-
NOTA-FAPI-04, we recorded the SUVmax, medi-
an, and range for each site. In the case of mul-
tiple positive lesions at a single site, the SUV 
values of the five most active lesions (>5) or the 
SUV values of all lesions (≤5) were averaged to 
obtain a final SUV value.

Statistical analysis

The data in this study were statistically ana-
lyzed by R software version 4.0.3. To compare 
the means of two continuous variables that 
were normally distributed (mean ± SD), inde-
pendent samples t-tests were employed. For 
comparing two groups of non-normally distri- 
buted variables (median, IQR), the Mann-
Whitney Index U test was utilized. Pearson χ2 
and McNemars tests were employed to com-
pare the frequencies of the categorical vari-
ables. Classification performance was evaluat-
ed by confusion matrix analysis and receiver 
operating characteristic (ROC) curves. For vis-
ceral and lymph node metastases recognized 
by [18F]-FDG and [18F]-AlF-NOTA-FAPI-04, the 
diagnostic values were analyzed and com-
pared. P<0.05 was considered significant.

Results

Overview of clinical characteristics of the pa-
tients

Among the 51 patients, there were 23 males 
and 28 females. The ages of the subjects 
ranged from 33 to 81 years old, with an aver-

age of 59 years. The patients were diagnosed 
with 11 types of cancer, including lung, liver, 
stomach, ovarian, pancreatic, prostate, colorec-
tal, esophageal, cervical, breast and kidney 
cancers. Of these, 20 newly diagnosed patients 
received a preliminary PET/CT assessment for 
lesion detection and staging, and 31 patients 
with recurrent tumors underwent PET/CT scans 
for restaging. A total of 11 types of cancers 
were identified. The research design is shown 
in Figure 1.

Out of 20 newly diagnosed patients, the clinical 
staging suggested by [18F]-AlF-NOTA-FAPI-04 
PET/CT was higher than that of [18F]-FDG PET/
CT. Positive rates for [18F]-FDG PET/CT and 
[18F]-AlF-NOTA-FAPI-04 PET/CT were 71.0%, 
and 100%, respectively, among patients under-
going recurrence detection. See Table 1 for 
details.

Adverse events

All patients were able to endure the [18F]-AlF-
NOTA-FAPI-04 PET/CT scan. The adverse 
effects of the medication were not observed. 
No vital indicators (including temperature, 
heart rate, and blood pressure) were observed 
to be altered within hours after the injection. 
There were no other symptoms reported by the 
patients.

Primary cancer detection

There were 2 patients with 2 primary lesions, 4 
patients with 3 primary lesions, and 1 patient 
with 4 primary lesions among the 20 newly 
diagnosed patients (a total of six types of c). 
Thus, we examined 33 primary lesions. We 
compared the semi-quantitative parameters of 
[18F]-AlF-NOTA-FAPI-04 and [18F]-FDG in primary 
tumors. See Figure 2.

In primary tumors, the [18F]-FDG PET/CT sensi-
tivity was 84.8% (28 out of 33), while that of 
[18F]-AlF-NOTA-FAPI-04 PET/CT was 97.0% (32 
out of 33) (P<0.001). Five cases of liver cancer 
(3 cases), gastric cancer (1 case), and lung can-
cer (1 case) were not seen by the [18F]-FDG 
PET/CT. In [18F]-AlF-NOTA-FAPI-04 PET/CT imag-
es, most primary lesions had obvious tumor 
contours and a greater tumor background ratio, 
when compared to [18F]-FDG, particularly in 
hepatocellular carcinoma, pancreatic cancer 
(Figure 3), and neuroglioma.
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Figure 1. Study design scheme.

Table 1. Comparison of initial staging and recurrence detection results
Initial staging

N
[18F]-FDG PET/CT staging [18F]-FAPI-04 PET/CT staging

Type of cancer I II III IV I II III IV
Total 20 7 2 11 5 1 1 13
Lung ca 3 1 2 1 2
Liver ca 7 2 5 1 6
Stomach ca 4 2 1 1 1 1 2
Ovarian ca 2 2 2
Pancreatic ca 3 3 3
Prostate ca 1 1 1
Recurrence detection

N
[18F]-FDG PET/CT staging [18F]-FAPI-04 PET/CT staging

Cancer type Negative Positive Negative Positive
Total 31 9 22 31
Lung ca 2 2 2
Colorectal ca 7 2 5 7
Liver ca 4 2 2 4
Stomach ca 4 1 3 4
Ovarian ca 3 3 3
Pancreatic ca 2 1 1 2
Breast ca 3 1 2 3
Cervical ca 2 2 2
Kidney ca 2 1 1 2
Prostate ca 1 1 1
Esophageal ca 1 1 1
Note: Clinical staging is based on the American Joint Committee on Cancer (AJCC) staging system (8th edition). Ca: cancer.
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Lymph node metastases detection

PET-positive lymph nodes were categorized into 
5 categories based on their anatomical sites 
among the 20 newly diagnosed patients. Since 
some patients had lymph nodes that were posi-
tive in the axillary and inguinal sites, 4 regions 
were finally assessed in this study (the hilar 
region was classified within the mediastinum, 
and the iliac region was classified within the 
abdomen). As shown in Table 2, lymph nodes in 
4 sites (cervical, supraclavicular, abdomen, 
oral, and mediastinal) revealed higher SUV 
median and range in [18F]-AlF-NOTA-FAPI-04 
than in [18F]-FDG (all P<0.05) (Figure 4).

In total, 39 lymph nodes were found in 16 
patients, and pathological information was 
used to assess the lymph nodes. Of these, 22 
lymph nodes in 12 patients were confirmed to 
be malignant. Based on the data obtained from 
[18F]-AlF-NOTA-FAPI-04 PET/CT, lymph node 
interference in 12 of the 16 patients was cor-
rectly identified (false-negative in 1 patient and 
false-positive in 3 patients). Based on [18F]-FDG 
PET/CT information, the involvement of lymph 
nodes was determined in 8 of the 16 patients 
(6 false negatives and 2 false positives).

The sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), 
and accuracy of [18F]-FDG PET/CT in the diagno-
sis of metastatic lymph nodes were 50.0%, 
70.59%, 68.75%, 52.17%, and 58.97%, respec-
tively, and those of [18F]-AlF-NOTA-FAPI-04 PET/

bone, and liver were divided into separate 
areas to assess the value of [18F]-AlF-NOTA-
FAPI-04 and [18F]-FDG PET/CT to detect bone 
and visceral metastases (Figure 5). Compared 
to [18F]-FDG, [18F]-AlF-NOTA-FAPI-04 demon-
strated a higher detection rate of metastatic 
foci and exhibited higher tracer uptake levels, 
as demonstrated in Table 5. In addition, 
[18F]-AlF-NOTA-FAPI-04 revealed identified more 
abnormal lesions compared to [18F]-FDG, par-
ticularly in the liver, retroperitoneum, omentum, 
mesentery (Figure 6), brain and skull (Figure 7), 
and axial bone.

Distant metastases were identified by the biop-
sy (CT or ultrasound-guided percutaneous aspi-
ration biopsy or laparoscopic biopsy) in 46 
lesions among 32 patients. As a result, 28 met-
astatic lesions were confirmed in 22 patients. 
In 26 of the 32 patients, metastatic lesions 
were accurately identified using [18F]-AlF-NOTA-
FAPI-04 PET/CT (2 false negatives and 4 false 
positives), but [18F]-FDG PET/CT data presented 
correct diagnosis in 16 of the 32 patients (4 
false positives and 12 false negatives). The 
main false-positive uptake of [18F]-AlF-NOTA-
FAPI-04 PET/CT was related to inflammatory 
disease (2 cases), fibrotic nodules (1 case), and 
myelofibrosis (1 case). Table 6 summarizes the 
specificity, sensitivity, NPV, PPV, and accuracy 
of lesion analysis-based identification of meta-
static lesions. In terms of sensitivity, [18F]- 
FDG PET/CT has an advantage over [18F]-FAPI- 
04 PET/CT, with a general consistency between 
the two tests. There was no significant differ-

Figure 2. Differences in semi-quantitative parameters of [18F]-AlF-NOTA-FA-
PI-04 and [18F]-FDG in primary tumors. Note: The size of gastric and colorec-
tal cancers is indicated by the thickness of the primary lesion. The size of 
other types of cancer is expressed as the largest diameter of the primary 
lesion.

CT were 81.82%, 58.82%, 
72%, 71.43%, and 71.79%, 
respectively (Table 3). The 
accuracy and sensitivity of 
[18F]-AlF-NOTA-FAPI-04 PET/
CT were higher (sensitivity, 
P=0.026; accuracy, P=0.234). 
The specificity of [18F]-FDG 
PET/CT was higher, but the 
difference was not statisti- 
cally significant (P=0.472). 
However, there was no signifi-
cant difference in specificity 
and good consistency (Table 
4).

Bone and visceral metasta-
ses detection

Aberrant lesions in the pleura, 
lung, omentum, peritoneum, 
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Figure 3. Results of pancreatic cancer examination. A 43-year-old man had abdominal pain for 2 months and 
elevated CA199 level. He self-reported that pancreatic MRI revealed a suspected malignant tumor occupying the 
pancreatic tail. Further evaluation with [18F]-FDG PET/CT and [18F]-FAPI-04 PET/CT was performed before treatment. 
A. [18F]-FDG PET/CT images demonstrated pancreatic tail occupancy with SUVmax: 6.5. B. [18F]-FAPI-04 PET/CT im-
ages displayed pancreas tail occupancy with SUVmax: 22.7. In addition, the pancreatic body inflammation was very 
clear. C. Surgical pathology indicated a moderately differentiated ductal adenocarcinoma of the pancreas, Scale 
bar, 100 μm.

Table 2. Comparison of [18F]-AlF-NOTA-FAPI-04 and [18F]-FDG performance and semi-quantitative 
parameters of lymph nodes

Department
Lymph node size (cm)

Tracer
No. of positive SUV 

median
SUV 

range P-value
Median Range Cases (patients)

Neck 2.00 0.9-3.5 FDG 5 3.45 1.2-8.8 0.009

FAPI 8 6.6 1.7-9.8

Supraclavicular 2.50 0.6-4.0 FDG 6 5.35 1.5-9.3 0.014

FAPI 9 6.65 4.1-10.8

Mediastinum (Incudes epicardium, internal breast, 
diaphragm and hilar)

2.15 0.8-3.0 FDG 7 3.55 0.7-8.9 <0.001

FAPI 11 6.45 2.1-11.9

Abdomen (Incudes Aorta parietal, hilar, retroperitoneal, 
abdominal and iliac regions)

2.05 0.8-3.2 FDG 14 1.85 0.5-8.2 0.001

FAPI 23 3.1 1.3-10.4

Figure 4. Detection results of lymph node metastasis. A 59-year-old man who had a one-month history of food chok-
ing, with a history of for cardia esophagus cancer surgery two years ago, without radiotherapy. Gastroscopy revealed 
inflammatory changes around the anastomosis. [18F]-FDG PET/CT images revealed hyperintensity mass around the 
anastomotic stoma of the esophageal operation area to the posterior pancreatic para-aortic area, fused into a mass 
(SUVmax: 3.8). [18F]-FAPI-04 PET/CT showed a clearer border of the mass extension (SUVmax: 8.72) compared to 
[18F]-FDG PET/CT, considering lymph node metastases. FAPI imaging uptake was significantly higher than FDG imag-
ing in terms of the number of lymph node metastases and SUV uptake values.
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ence in the specificity between the two tests, 
and showing good consistency (Table 7).

Discussion

This study assessed diagnostic efficacy of the 
[18F]-FDG PET/CT and [18F]-AlF-NOTA-FAPI-04 
PET/CT among multiple small cancer patient 
groups. [18F]-AlF-NOTA-FAPI-04 PET/CT distin-
guished 6 types of malignant tumors with a 
greater rate of primary tumor identification  
in comparison with the [18F]-FDG PET/CT. 

Regarding identification of metastatic lesions 
in patients with newly diagnosed cancer, 
[18F]-FDG PET/CT revealed a poorer sensitivity 
in comparison with [18F]-AlF-NOTA-FAPI-04 PET/
CT. In addition, the uptake values of [18F]-AlF-
NOTA-FAPI-04 in primary and metastatic le- 
sions were significantly higher.

[18F]-AlF-NOTA-FAPI-04 PET/CT successfully 
detected almost all primary lesion categories 
(32 out of 33 primary lesions), while [18F]-FDG 
PET/CT missed 5. This improved detection may 

Table 3. Diagnostic value of [18F]-FAPI-04 PET/CT and [18F]-FDG PET/CT for lymph node involvement

Basis of analysis and modality
Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

95% CI 95% CI 95% CI 95% CI 95% CI
[18F]-FDG PET/CT 50.0 (11/22) 70.59 (12/17) 68.75 (11/16) 52.17 (12/23) 58.97 (23/39)

28.8-71.2 44.0-88.6 41.5-87.9 31.1-72.6 42.1-74.4
[18F]-FAPI-04 PET/CT 81.82 (18/22) 58.82 (10/17) 72.0 (18/25) 71.43 (10/14) 71.79 (28/39)

58.9-94.0 33.5-80.6 50.4-87.1 42.0-90.4 55.1-85.0
P-value 0.026 0.472 0.823 0.300 0.234

Table 4. Results of the 3-dimensional paired chi-square test for the comparison of lymph node in-
volvement

Item
Sensitivity Specificity

McNemar Test Kappa McNemar Test Kappa
[18F]-FDG PET/CT vs. [18F]-FAPI-04 PET/CT P=0.016 0.364 P=0.500 0.746

Figure 5. Detection results of metastatic tumor by different methods. Images of 6 patients undergoing [18F]-FDG 
and [18F]-AlF-NOTA-FAPI-04 PET/CT. The number of metastases in FAPI imaging was significantly higher than that in 
FDG images.
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Table 5. Comparison of the performance and semi-quantitative parameters of [18F]-FAPI-04 and [18F]-
FDG in bone and visceral metastases

Department Trace Number of positive 
cases (patients)

SUV 
median SUV range P-value

Pleura FDG 3 3.1 1.1-12.9 0.250
FAPI 5 5.6 1.3-10.5

Peritoneum FDG 11 3.93 1.3-17.6 0.001
FAPI 15 8.6 2.11-17.3

Lung FDG 6 3.82 1.4-15.1 0.021
FAPI 8 5.9 1.6-10.9

Liver FDG 6 2.0 1.2-11.9 <0.001
FAPI 8 7.3 1.1-15.6

Pancreas FDG 4 1.5 1.2-2.1 0.125
FAPI 5 3.85 3.3-9.8

Hip FDG 3 2.4 1.0-3.8 0.003
FAPI 5 6.1 1.3-16.3

Medial shaft bone (Includes skull, ribs, and spine) FDG 5 7.25 1.1-12.5 0.470
FAPI 8 9.15 1.3-18.8

Figure 6. Detection results of abdominal metastatic tumor. A 64-year-old woman was admitted with a 2-month his-
tory of abdominal distention. Abdominal ultrasound revealed a predominant abdominal mass, which was suspected 
to be malignant. Further evaluation with [18F]-FDG PET/CT and [18F]-FAPI-04 PET/CT was performed before treat-
ment. A. FDG: No abnormal radioactive distribution is seen. B. FAPI: Nodular shadow is seen in bilateral paracolic 
sulcus, SUVmax: 5.9. C. Surgical pathology shows intra-retinal adenocarcinoma, Scale bar, 50 μm.

Figure 7. Detection results of head metastatic tumor. A 45-year-old female hospitalized with a 3-month history of 
cough and malaise. Chest CT revealed a dense shadow in the lower lobe of the right lung. Following anti-inflamma-
tory treatment, a repeat CT scan was performed, and malignancy was suspected. Further evaluation with [18F]-FDG 
PET/CT and [18F]-FAPI-04 PET/CT was performed before treatment. A. FDG: Slightly hypodense nodule in the deep 
left frontal lobe, abnormal radioactive concentration in PET, SUVmax: 7.6. No abnormalities in bony structures. B. 
FAPI: Slightly hypodense nodule with abnormal radiolucency of PET seen in the deep left frontal lobe SUVmax: 2.1. 
Abnormal concentration in the right temporal bone SUVmax: 6.2.
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be attributed to the enhanced uptake of 
[18F]-AlF-NOTA-FAPI-04. Pancreatic, hepatocel-
lular (both cholangiocellular and hepatocellu-
lar), sarcoma, esophageal, and gastric cancers 
showed the highest uptake of [18F]-AlF-NOTA-
FAPI-04, reflecting their strong connective tis-
sue proliferative response [12]. Five primary 
tumors were not revealed by [18F]-FDG PET/CT 
in our investigation. It is suggested that the 
application of [18F]-FDG PET/CT is limited in cer-
tain tumors, such as hepatocellular carcinoma, 
gastric cancer, and pancreatic cancer. The trac-
er that can be used to detect other tumors in 
[18F]-FDG PET/CT has not been found yet, and it 
still needs to be explored in the future.

Due to the limitation of [18F]-FDG, [18F]-AlF-
NOTA-FAPI-04 may be a new potential method 
for PET/CT. However, it was also noted that the 
tumor specificity of [18F]-FDG was higher than 
that of [18F]-AlF-NOTA-FAPI-04. In the present 
study, one patient with pancreatic cancer failed 
to show significant positive uptake in [18F]-AlF-
NOTA-FAPI-04 PET/CT scan due to excessive 
uptake throughout the pancreas caused by 
neoplastic pancreatitis, which hid the tumor 
uptake of [18F]-AlF-NOTA-FAPI-04. Therefore, 
extra attention must be paid when reading 
[18F]-AlF-NOTA-FAPI-04 images of tumors with 
combined inflammation. It has been found that 
tumor size can affect the [18F]-FDG PET visibility 
of primary tumors. Visibility is poor for extreme-
ly tiny lesions (<1.0 cm) because of partial vol-
ume impacts and limited tumor metabolic 
activity [13, 14]. Tiny tumors (<1.0 cm in diam-

eter) that were missed by [18F]-FDG PET/CT 
were visualized by [18F]-AlF-NOTA-FAPI-04 PET/
CT in the present investigation. Thus, [18F]-AlF-
NOTA-FAPI-04 PET/CT may complement [18F]- 
FDG PET/CT to recognize small malignant 
lesions.

Compared with [18F]-FDG PET/CT, [18F]-AlF-
NOTA-FAPI-04 PET/CT showed more positive 
lymph nodes in the supraclavicular, cervical, 
mediastinal and abdominal areas. The results 
of this study showed that the sensitivity of 
[18F]-FDG PET/CT for the identification of meta-
static lymph nodes was low. The high sensitivity 
of [18F]-AlF-NOTA-FAPI-04 PET/CT in detecting 
lymph nodes addresses the limitations of PET/
CT. This is particularly relevant in cases where 
lymph node staging using [18F]-FDG PET/CT has 
shown low to moderate sensitivity, such as in 
esophageal, gastric, and prostate cancers [15-
17]. This study noted that increased tracer 
uptake may lead to more false-positive lymph 
node uptake, resulting in lower specificity of 
[18F]-AlF-NOTA-FAPI-04 PET/CT. However, the 
difference was not statistically significant. In 
several cases of false positive by [18F]-FDG 
PET/CT, we found no abnormal uptake in medi-
astinal and hilar lymph nodes with [18F]-AlF-
NOTA-FPI-04 PET/CT. Therefore, [18F]-AlF-NOTA-
FPI-04 PET/CT may be an effective method to 
assess lymph node status and prevent unnec-
essary interventions before treatment.

The abnormal foci in the brain, omentum, mes-
entery, peritoneum, axial skeleton, and liver 

Table 6. Diagnostic value of [18F]-FAPI-04 PET/CT and [18F]-FDG PET/CT in bone and visceral metasta-
ses

Basis of analysis and modality
Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

95% CI 95% CI 95% CI 95% CI 95% CI
[18F]-FDG PET/CT 60.71 (17/28) 55.56 (10/18) 68.0 (17/25) 47.62 (10/21) 58.7 (27/46)

40.7-77.9 31.3-77.6 46.4-84.3 26.4-69.7 43.2-73.0
[18F]-FAPI-04 PET/CT 82.14 (23/28) 44.44 (8/18) 69.7 (23/33) 61.54 (8/13) 67.39 (31/46)

62.4-93.2 22.4-68.6 51.1-83.8 32.3-84.9 51.9-80.4
P-value 0.076 0.505 0.890 0.429 0.388
Note: The numbers in brackets are the number of lesions used to calculate the percentage CI confidence interval. PPV: positive 
predictive value, NPV: negative predictive value.

Table 7. Results of the 3-dimensional paired chi-square test for the comparison of lymph node in-
volvement

Item
Sensitivity Specificity

McNemar Test Kappa McNemar Test Kappa
[18F]-FDG PET/CT vs. [18F]-FAPI-04 PET/CT P=0.031 0.503 P=0.500 0.780
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were less in [18F]-FDG PET/CT scans than those 
in [18F]-AlF-NOTA-FAPI-04 PET/CT scans when 
determining visceral and bone metastases. 
The sensitivity of [18F]-FDG PET/CT was signifi-
cantly lower in comparison with that of [18F]-AlF-
NOTA-FAPI-04 PET/CT in detecting visceral and 
bone metastases. In contrast, the false-posi-
tive results produced by [18F]-FDG PET/CT was 
less than [18F]-AlF-NOTA-FAPI-04 PET/CT. Most 
of the false results were from diseases with 
activated fibrotic response, such as cirrhosis, 
myelofibrosis, and sarcoidosis. In such cases, 
CT scans can differentiate benign from malig-
nant tumors.

This study also found that [18F]-AlF-NOTA-
FAPI-04 was superior to [18F]-FDG for recogniz-
ing liver metastases, peritoneal cancer, and 
brain tumors in PET/CT. Liver is a target organ 
for many metastatic cancers, including pancre-
atic, colorectal, and gastric cancers. It is known 
that [18F]-FDG PET/CT has low sensitivity for 
detecting tiny liver metastases (lower than 1 
cm), leading to false-negative findings [18]. In 
the current investigation, liver absorption of 
[18F]-AlF-NOTA-FAPI-04 was substantially lower 
than that of [18F]-FDG. This modest background 
activity may contribute to detecting metasta-
ses in the liver. Peritoneal metastatic cancer is 
a common form of metastasis of ovarian and 
gastrointestinal tumors, and its detection is a 
key determinant of treatment [19]. However, 
[18F]-FDG PET/CT has a low sensitivity for 
detecting peritoneal cancer and has limited 
use in staging and surgical planning [20, 21]. In 
contrast to [18F]-FDG, [18F]-AlF-NOTA-FAPI-04 
does not physiologically accumulate in the 
intestine. Consequently, non-specific uptake in 

the peritoneal cavity is quite low [22]. More 
importantly, the uptake of [18F]-FDG was lower 
than that of [18F]-AlF-NOTA-FAPI-04 in patients 
with peritoneal cancer, allowing for clear visual-
ization of visceral peritoneal, mesenteric, and 
omental involvement with extremely elevated 
contrast (Figure 8). This finding provides a basis 
for further study of using [18F]-AlF-NOTA-FAPI-04 
PET/CT to detect the peritoneal dissemination 
of ovarian and gastrointestinal tumors.

This study is limited in its ability to analyze the 
diagnostic efficacy of specific tumor types 
based on a comparative subgroup analysis 
because of the small number of patients with 
each type of cancer. Therefore, we analyzed pri-
mary and metastatic lesions from multiple can-
cer types in a pooled manner. Due to this selec-
tion bias, our cohort may not be a representa-
tive group of cancer patients. Furthermore, the 
patients underwent two examination methods, 
[18F]-AIF-NOTA-FAPI-04 PET/CT and [18F]-FDG 
PET/CT, which may also cause certain bias, 
even though there were at least one week inter-
val between these two examinations to mini-
mize the possible impact. Moreover, [18F]-AIF-
NOTA-FAPI-04 imaging is mainly based on the 
overexpression of αVβ3 and αVβ5 integrin on 
the surface of tumor cells, while [18F]-FDG PET 
detects the difference in metabolic activity 
between tumor cells and surrounding normal 
tissues. Although the imaging principles of the 
two types of PET/CT are different, the deviation 
of the test results is small. In addition, patho-
logical confirmation of abnormal [18F]-AlF-NOTA-
FAPI-04 and [18F]-FDG uptake did not just serve 
to validate PET/CT results. To confirm the diag-
nosis, biopsies were carried out on lesions sus-

Figure 8. Detection results of a case of omental mucinous adenocarcinoma. A 65-year-old man was admitted with 
a hernia and elevated CA199 levels. During colonoscopy, access could not be achieved 20 cm from the anus. A CT 
scan of the whole abdomen was performed, showing a cystic solid occupancy in the appendix area. Further evalua-
tion with [18F]-FDG PET/CT and [18F]-FAPI-04 PET/CT was performed before treatment. A. FDG: Wall peritoneum, no 
abnormal radioactive distribution. B. FAPI: Wall peritoneal thickening, showing abnormal radioactive concentration, 
SUVmax: 4.3. C. Surgical pathology shows mucinous adenocarcinoma of the greater omentum, Scale bar, 200 μm.
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pected to be malignant (the oncologist selected 
the biopsy targets based on PET/CT results of 
[18F]-FDG and [18F]-AlF-NOTA-FAPI-04). Thus, 
the actual specificity might be lower than we 
have reported.

Conclusion

According to this study, [18F]-AlF-NOTA-FAPI-04 
PET/CT allows for effective visualization of pri-
mary tumors, as well as most tumor involve-
ment in various types of cancer patients. In the 
liver and abdomen tumors, [18F]-AlF-NOTA-
FAPI-04 uptake is strong due to the low back-
ground uptake. [18F]-AlF-NOTA-FAPI-04 PET/CT 
offers superior sensitivity and accuracy to 
[18F]-FDG PET/CT in detecting primary and met-
astatic lesions. In contrast, in comparison with 
the [18F]-FDG PET/CT, the [18F]-AlF-NOTA-FAPI- 
04 produced higher false-positive results, lead-
ing to a lower specificity for metastatic lesion 
detection (no statistically significant difference 
was noted).
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