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Abstract

Purpose
Radionuclide-labeled �broblast-activation-protein inhibitor 04 (FAPI-04) as a positron emission
tomography (PET) imaging tracer can reveal the localized expression of �broblast activation protein
(FAP), a cell-surface serine protease that is highly upregulated in more than 90% of epithelial carcinomas.
In this study, we quanti�ed the 18F-NOTA-FAPI-04 uptake on PET/computed tomography (CT) imaging in
different pathological types of lung cancer and metastatic tumors.

Methods
We prospectively enrolled 61 patients with histopathologically proven primary lung cancer with
metastases.PET/CT scanning was performed before any antitumor therapy and 1hour after injection of
235.10 ± 3.89 MBq of 18F-NOTA-FAPI-04. Maximum standard uptake values (SUVmax) were calculated for
comparison among primary and metastatic lesions.

Results
Sixty-one patients with adenocarcinoma (ADC, n = 30), squamous cell carcinoma (SCC, n = 17), and small
cell lung cancer (SCLC, n = 14) were enrolled in this study, and 61 primary tumors and 199 metastases
were evaluated. No difference in18F-NOTA-FAPI-04 uptake was observed among primary ADC, SCC, and
SCLC tumors (P = 0.198).Additionally, no difference in uptake was found between primary and metastatic
lesions of lung cancer with the same pathological type (P > 0.05).However, uptake did differ among
metastases of differing pathological type (P < 0.001). The SUVmax of metastatic lymph nodes was
highest for SCC, followed by ADC and then SCLC (P < 0.001).The SUVmax of bone metastases also was
highest for SCC, followed by ADC and SCLC (P < 0.05), but no difference was observed between ADC and
SCLC. The SUVmax of metastases in other organs was higher in SCC cases than in ADC cases, but did not
differ between SCC and SCLC or ADC and SCLC. Bone metastases exhibited higher uptake than those of
lymph nodes and other organs in SCC and ADC (P < 0.05), but not in SCLC.

Conclusion
18F-NOTA-FAPI-04 PET/CT imaging revealed differences in FAP expression in metastases of lung cancer,
with the highest expression speci�cally in bone metastases, and thus, may be valuable for distinguishing
different pathological types of lung cancer.

Introduction
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Lung cancer is the most commonly diagnoses and deadliest cancer worldwide. About 40% of cases are
diagnosed at an advanced stage, and the 5-year survival rate of patients with advanced lung cancer is
less than 10% [1, 2]. Given the high mortality rate associated with lung cancer, a comprehensive
understanding of the key biological characteristics closely related to the e�cacy of lung cancer
treatments is of great signi�cance to improving outcomes among lung cancer patients.

Fibroblast activation protein (FAP) is a membrane-anchored peptidase that belongs to the dipeptidyl
peptidase 4 (DPP4) families and has dipeptidyl peptidase and endopeptidase activities [3]. FAP
expression has been reported on the surface of tumor stromal cells, macrophages, and tumor cells [4]. It
is highly expressed in more than 90% of epithelial tumors [5], but expressed at low levels in physiological
conditions [6, 7]. For this reason, it is often used as a marker of pro-tumorigenic stroma [8]. In healthy
tissues, the stroma mainly acts as a barrier against tumor formation. However, the presence of tumor
cells can transform the stroma into an environment that is conducive to tumor growth [9, 10]. The co-
evolution and continuous participation of the stroma and tumor cells in the process of tumorigenesis are
the main reasons for the heterogeneity of the tumor microenvironment.

Radionuclide-labeled �broblast-activation-protein inhibitor (FAPI) can speci�cally bind with FAP, and thus,
its use inpositron emission tomography (PET)/computed tomography (CT) imaging can allow
thedetection of FAP in the tumor microenvironment, providing insight into the biological characteristics of
tumors. In this study, we quanti�ed the tumor uptake on 18F-NOTA-FAPI-04 on PET/CT for different
pathological types of lung cancer and metastatic tumors to characterize FAP expression in lung cancer.   

Materials And Methods
Patients

Sixty-one lung cancer patients with adenocarcinoma (ADC, 30/61), squamous cell
carcinoma (SCC, 17/61), or small cell lung cancer (SCLC, 14/61) were randomly recruited from December
2020 to June 2021 before the administration of any anti-tumor therapy. Our investigation was performed
under the conditions of the updated Declaration of Helsinki (unproven interventions in clinical practice).
This prospective study was approved by the local ethics committee of Shandong Cancer Hospital and
Institute, and each patient provided written and informed consent for inclusion in the study. 

18F-NOTA-FAPI-04 PET/CT scanning

Fasting and blood glucose measurement were not required or requested before imaging examinations.
Patients received an intravenous injection of 4.81 MBq/kg (0.12 mCi/kg) 18F-NOTA-FAPI-04 and then
rested for approximately 60 minutes. Scanning was then performed with an integrated in-line PET/CT
system (GEMINI TF Big Bore; Philips Healthcare, Cleveland, OH, USA). PET images were obtained from the
head to the thigh, and the spiral CT component was performed with an X-ray tube voltage peak of 120 kV,
300 mAs. A full-ring dedicated PET scan of the same axial range followed. The patients continued normal
shallow respiration during image acquisition. 
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Imaging analysis

The images were attenuation-corrected with the transmission data from CT. The attenuation-corrected
PET images, CT images, and fused PET/CT images, which were displayed as coronal, sagittal, and trans
axial slices, were viewed and analyzed on a Nuclear Medical Information System (Beijing Mozi
Healthcare Ltd., Beijing, China).

Tumor tracer uptake was quanti�ed according to the maximum standard uptake value (SUVmax) at 1 hour
after injection. For calculation of the SUV, circular regions of interest (ROIs) were drawn around the tumor
lesions with a focally increased uptake in transaxial slices and automatically adapted to a 3-dimensional
volume with a 30% isocontour. 

Immunohistochemistry

Immunohistochemical staining was performed to con�rm FAP expression in the tumor tissues. Tissues
obtained by biopsy were formalin-�xed and para�n-embedded before beingcut into 3- to 5-µm-thick
sections on a macrotome (Microm HM 450; GMI, Ramsey, MN, USA). The sections were then
immunostained with a FAP-alpha antibody (1:100 dilution, ab53066; Abcam, Cambridge, MA, USA). 

Statistical analysis

Data for continuous variables are presented as mean±standard error (SE) values. SUVs were compared
among histopathological types of lung cancer using one-way analysis of variance (ANOVA). SUVswere
compared between primary tumors and metastases using independent sample t tests.A P value less than
0.05 was considered statistically signi�cant. All analyses were performed using Prism 9.1.2 (GraphPad,
San Diego, CA, USA).

Results
From December 2020 to June 2021, 61 patients diagnosed with lung cancer based on histological
examinations at Shandong Cancer Hospital and Institute were enrolled in this study. A total of 61 primary
tumors and 199 metastatic lesions were evaluated. The patients’ characteristics are presented in Table 1.

18F-NOTA-FAPI-04 uptake in primary tumors of differing pathological type and comparison of uptake
between primary and metastatic lesions

                The SUVmax of 18F-NOTA-FAPI-04 in primary tumors did not differ signi�cantly among SCC
(9.31±0.99), ADC (7.36±0.86), and SCLC (6.65±1.02) tumors (P>0.05; Table 2 and Fig. 1-a). Additionally,
18F-NOTA-FAPI-04 uptake values in primary and metastatic lesions were comparable in patients with the
same pathological type of lung cancer (Fig. 1-b, c, d and Fig. 2).

Comparison of 18F-NOTA-FAPI-04uptake between metastasesof the same organs in patients with
different pathological types of lung cancer
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A signi�cant difference in the SUVmax of 18F-NOTA-FAPI-04 was observed among metastases of different
pathological types of lung cancer (P<0.001; Fig. 3-a). Metastases from SCC showed the highest
SUVmax (10.41±1.39), followed by ADC (7.03±0.37) and then SCLC (4.94±2.60). The differences between
each pair of pathological types were all signi�cant, with P values of 0.0019, <0.0001, and 0.033 for the
comparisons of SCC vs. ADC, SCC vs. SCLC, and ADC vs. SCLC, respectively. 

For bone metastases (Fig. 3-b), the SUVmax of metastases from SCC (20.50 ±9.19) was signi�cantly
higher than the SUVmax of metastases from ADC (9.14 ±0.76; P=0.0036) or SCLC (5.52 ±1.10; 0.0004). No
signi�cant difference was observed between the uptake values in bone metastases from ADC and SCLC
(P=0.1273).

For lymph node metastases (Fig. 3-c), the SUVmax of metastatic lymph nodes from SCC (9.04 ±0.67) was
higher than that of metastatic lymph nodes from ADC (6.61 ±0.45; P=0.0208) or SCLC (4.41 ±0.43;
P=0.0001). Additionally, the SUVmax of metastatic lymph nodes was higher for ADC than SCLC
(P=0.0256).

For metastases in other organs, including brain, lung, adrenal gland, liver, pleura, peritoneum, and soft
tissue (Fig. 3-d), the SUVmax in metastatic lesions from SCC was 9.02±2.60, which was higher than that in
metastases from ADC (4.84±0.56; P=0.0299) but not signi�cantly different from that in metastases from
SCLC (5.50±0.55; P>0.05).The SUVmax in metastatic lesions from ADC and SCLC also did not differ
signi�cantly.

Comparison of 18F-NOTA-FAPI-04 uptake between metastases of different organs in patients with the
same pathological type of lung cancer

                In patients with SCC, the SUVmax for bone metastases, lymph node metastases and metastases
in other organs were 20.05±9.19, 9.04±0.67, and 9.02±2.60, respectively (Fig. 4-a and Fig. 5). The SUVmax

in bone metastases was higher than the uptake values in lymph node metastases (P=0.018) or
metastases in other organs (P=0.036), while the uptake values did not differ signi�cantlybetween lymph
node metastases or metastases in other organs (P>0.99).

Consistent results were obtained in patients with ADC (Fig. 4-b). The highest SUVmax was observed for
bone metastases (9.14±0.76), and this value was signi�cantly higher than those in lymph node
metastases (6.61±0.45; P=0.0049) and metastases in other organs (4.84±0.56; P<0.0001). Again, no
signi�cant difference in 18F-NOTA-FAPI-04 uptake was observed between metastases in lymph nodes and
other organs (P=0.119).

Different from the results obtained in ADC and SCC cases, the 18F-NOTA-FAPI-04 uptake values in bone
metastases, metastatic lymph nodes, and metastases in other organs in patients with SCLC were
5.52±1.10, 4.41±0.43 and 5.50±0.55, respectively, with no signi�cant differences between them (all
P>0.05; Fig. 4-c).
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Discussion
In this study, differences in 18F-NOTA-FAPI-04 uptake were observed among metastatic lung cancer
lesions in different sites, which provides insights into the characteristics of FAP expression in the tumor
microenvironment of lung cancer and can be helpful for distinguishing different pathological types of
lung cancer via PET/CT imaging.

The results of this study showed no differences in 18F-NOTA-FAPI-04 uptake in primary lung tumors of
different pathological types. To better characterize the natural expression of FAP in lung cancer, the lung
cancer patients enrolled in this study had not yet received any anti-tumor therapy at the time of PET/CT
imaging. The uptake values in primary tumors were lower than those reported previously for lung cancer
(average SUVmax>11) [11, 12]), but the previous studies included some patients who had already received
treatment. Thus, it remained unclear whether the uptake values reported in previous studies included
metastatic tumors. No related studies on FAPI-04 uptake in patients with different pathological types of
lung cancer were found in the literature prior to the present study.

Using FAP-speci�c PET imaging may allow non-invasive distinction of lung cancer pathological types
between SCC, ADC, and SCLC. In this study, we found that the 18F-NOTA-FAPI-04 uptake values in
metastases from SCC were the highest, followed by uptake values in metastases from ADC, with the
lowest uptake values observed in metastases from SCLC. Lung cancer metastasis is a complex process
that begins with the implantation of tumor cells and their interaction with stroma [9]. Then quiescent
�broblasts differentially respond to damage and become activated to support repair. These differentiated
�broblasts are called cancer-associated �broblasts (CAFs) and can signi�cantly promote
tumorigenesis [13]. The process of tumor metastasis occurs in the context of considerable tumor
heterogeneity. A previous study found that increased tracer uptake on FAP-speci�c imaging had the
ability to distinguish isocitrate dehydrogenase (IDH)-wild type glioblastomas and high-grade IDH-mutant
astrocytoma [14]. In addition, 68Ga-FAPI-04 uptake showed a high sensitivity for distinguishing poorly
differentiated hepatic malignancies, with the results con�rmed by pathology [15]. Therefore, FAP-speci�c
imaging in tumors may be useful for follow-up studies.

Patients with advanced lung cancer have local and distant tissue and organ metastases. FAP is often
highly expressed in the pathophysiological process of the desmoplastic response. SCLC exhibits poor
differentiation, a high degree of malignancy and rapid development [16, 17]. Although it is typically
diagnosed in an advanced stage, the expression levels of FAP in different metastatic lesions usually have
not reached a signi�cant level ofvariance, which may be the reason no signi�cant difference in FAPI-04
uptake was observed among metastases from SCLC. The growth patterns of SCC and ADC originate in
epithelial cells and mostly involve accumulative growth, often showing solid density [18-20]. Well-
differentiated SCC is associated with a good prognosis [21, 22], and metastasis typically occurs over a
long time, resulting in differential expression of FAP in metastases of different organs and tissues. 
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Bone metastasis is common in patients with advanced lung cancer, with the reported incidence of bone
metastasis in non-small cell lung cancer ranging from 30%–55% [23, 24]. In extensive small cell lung
cancer, about 40% of patients have bone metastasis [25]. In the present study, patients with ADC and
SCLC often had multiple systemic metastases, and FAPI-04 uptake in bone metastases was higher than
that in other tissues and organs. At present, radiotherapy combined with opioid analgesia is commonly
used in the clinical treatment of bone metastasis, but it can only partially or temporarily relieve the
symptoms of metastatic lesions. FAPI-04 was reported to be a promising tracer for both imaging and
improving the potency of targeted treatment in cancer patients [26]. 68Ga-FAPI-04 PETCT scans present
high absorbance in lesions associated with metastases of breast cancer, and pain symptoms were found
to decrease with the use of a low dose of 90Y-FAPI-04 [27]. Theranostic targeting of FAP in the tumor
stroma provides a new therapeutic idea for the treatment of patients with systemic metastases including
multiple bone metastases and metastases in other tissues and organs.

Due to the limitations of this study, such as the small number of patients and the resultant inability to
compare the SUVs of some of metastases tumors for individual cancers, further studies are required to
con�rm the ability to distinguish pathological lung cancer types based on18F-NOTA-FAPI-04 uptake
values in metastases on PET/CT imaging.

Conclusion
18F-NOTA-FAPI-04 PET/CT imaging revealed differential expression of FAP in metastases of lung cancer,
especially in bone metastases, with no differences in uptake values observed among primary tumors of
different pathological types of lung cancer. Thus, PET/CT imaging with this tracer may be valuable in
planning therapeutic regimens for patients with advance lung cancer.
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Tables
 

Table 1 Characteristics of the lung cancer patients (n=61)

Age, mean ± SE (range) 61.52±9.05 (37–83)

Male, n (%) 45 (73.77%)

Female, n (%) 16 (26.23%)

Pathological type, n (%)

        ADC 30 (49.18%)

        SCC 17 (27.87%)

        SCLC 14 (22.95%)

Primary tumors, n 61

Metastases, n 199

SE, standard error; SCC, squamous cell carcinoma; ADC, adenocarcinoma; SCLC, small cell lung
carcinoma.



Page 11/14

Table 2 SUVmax of primary tumors and metastases of different pathological types

 ADC SCC SCLC P

Primary tumors 7.36±0.86
  (n=30)

9.31±0.99
  (n=17)

6.65±1.02
 (n=14)

0.198

Metastases 7.03±0.37
 (n=137)

10.41±1.39
 (n=25)

4.94±2.60
 (n=37)

<0.001

      Lymph node  6.61±0.45
 (n=63)

9.04±0.67
 (n=16)

4.41±0.43
 (n=19)

<0.001

      Bone 9.14±0.76
 (n=44)

20.50±9.19
 (n=3)

5.52±1.10
 (n=12)

<0.001

      Liver 3.76±0.65
 (n=3)

3.38±0.49
 (n=2)

5.12±1.07
 (n=3)

0.039

      Brain 3.03±0.60
 (n=7)

17.66
 (n=1)

5.16
 (n=1)

      Adrenal gland 6.24±1.82
 (n=6)

11.78
 (n=1)

/

      Pleura 5.44±1.27
 (n=7)

8.95±5.28
 (n=2)

6.79
 (n=1)

      Peritoneum 6.79±0.80
 (n=4)

/ /

      Intrapulmonary 1.71±0.74
 (n=2)

/ 5.68
 (n=1)

      Soft tissue 6.55
 (n=1)

/ /

SCC, squamous cell carcinoma; ADC, adenocarcinoma; SCLC, small cell lung carcinoma.

Figures
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Figure 1

18F-NOTA-FAPI-04 uptake in primary tumors and metastases. ns, not signi�cant.

Figure 2

Representative 18F-NOTA-FAPI-04 PET/CT scans from patients with SCC (a: SUVmax=13.64), ADC (b:
SUVmax=6.88) and SCLC (c: SUVmax=4.60). d, Strong FAP staining of primary ADC tumor (200×). e,
Moderate FAP staining of primary SCC tumor (200×). d, Weak FAP staining of primary SCLC tumor
(200×). Primary tumors were located where the red and blue lines cross.
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Figure 3

Differences in uptake values between metastases among different pathological types of lung cancer. *,
p<0.05; **, p<0.01; ***, p<0.001; ****, p<0.0001.

Figure 4

Differences in uptake values between different types of metastases. ns, not signi�cant; *, p<0.05; **,
p<0.01; ****, p<0.0001.
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Figure 5

Representative 18F-NOTA-FAPI-04 PET/CT scans of bone metastasis in patients with SCC (a:
SUVmax=26.27), ADC (b: SUVmax=13.2) and SCLC (c: SUVmax=6.24). Lines cross at the sites of bone
metastasis.


