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Despite the widespread screening measures and imaging
methods with their steadily increasing diagnostic accu-
racy, lung cancer remains one of the most lethal malig-
nancies worldwide. Given the limitations of conventional
structural imaging modalities, the introduction of FDG-
PET/CT made a great leap forward due to enhanced glyc-
olytic activity of cancer cells known as the Warburg effect
[1]. Combined FDG-PET/CT has enhanced the role of
imaging in staging and re-staging lung cancer, guiding the
type of therapy and therapy response monitoring [1, 2].
However, FDG-PET imaging is suboptimal due to its low
specificity in making a distinction between inflammatory
and malignant disorders, and requires hours of fasting.
Furthermore, diabetes and other chronic diseases and
disorders lead to substantially reduced accuracy due to
reduced glucose uptake at the disease sites [1, 2]. In view
of such limitations of FDG imaging, attempts have been
made to introduce novel radiotracers based on fibroblast
activation protein inhibitors (FAPI), which appear to be
highly promising and effective in assessing cancer as well
as inflammatory-fibrosing processes. This concept relies
on the distinctive role of the tumor stroma in the cancer
cell growth and progress by intense interaction between
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tumor cells and various elements of extracellular matrix
(ECM), particularly fibroblasts [2, 3].

Although the exact mechanism is not yet fully under-
stood, certain conditions such as acute and chronic
inflammation and fibrosis are known to trigger fibroblast
activation [3-5]. The activated fibroblasts are termed
as cancer-associated fibroblasts (CAF) and arise from
healthy resident tissue fibroblasts, bone marrow, and
mesenchymal, epithelial, and endothelial cells. These are
the main pro-tumorigenic factor in tumor stroma of epi-
thelial malignancies, which modulate the tumor growth
as well as inflammatory-fibrosing processes by express-
ing several surface biomarkers like TGF-p or FAP-a,
among which fibroblast activation protein (FAP) being
the most relevant target for diagnostic and theranostic
purposes. Besides, this close similarity of fibroblast activ-
ity in tumorous and inflammatory processes explains the
background for referring to malignancy as a “not-healing
wound” [5, 6].

FAP, a type II transmembrane glycoprotein on CAFs,
significantly influences ECM through enzymatic func-
tions. Overexpressed in more than 90% of epithelial
cancers and inflammatory-fibrosing processes, FAP is
upregulated in lung cancer as well, varying by subtype.
While NSCLC shows FAP expression levels of up to
100%, small cell lung cancer (SCLC) and large cell neu-
roendocrine carcinoma (LCNC) are known to express
FAP biomarker in up to 67% [7]. Aggressive tumors cor-
relate with increased FAP expression, indicating poor
outcomes. FAP’s absence in normal tissues underscores
its value for theranostic and diagnostic purposes [2, 6].
Novel FAP ligands act via inhibiting the enzymatic activ-
ity of FAP (endopeptidase activity), leading to °® Ga-
and '8F-labeled FAPI radiotracers for PET imaging.
FAPI PET/CT, requiring no special preparation, offers a
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promising pan-cancer tool, suitable for therapeutic use
with isotopes like "Lu, ?**Ac, or *°Y [8].

In the light of highly promising theranostic potential
of FAPI imaging, Qiao et al conducted a single-center,
retrospective study to deepen the insight in the field of
FAPI imaging for the differential diagnosis of inflamma-
tory and malignant pulmonary lesions [9]. The number
of equivocal lesions and histopathological subtypes of
malignant nodules as well as inflammatory lesions seems
to be evenly distributed over the patient cohort, provid-
ing a reliable comparison supported by rigorous statisti-
cal assessment. Firstly, the authors assess tracer uptake
of FDG and FAPI in the lesions by comparing semiquan-
titative parameters and conduct further analysis of diag-
nostic accuracy with the ROC curve analysis. Consistent
with prior research, the authors found the semiquantita-
tive parameters of SUV_,. and SUV_ ., of both tracers
to be comparable. Notably, FAPI demonstrated a sig-
nificantly greater lesion-to-background ratio, providing
excellent background contrast in comparison to FDG [9].

The research group of Qiao et al described, to the first
time, statistically different levels of FAPI uptake in dis-
tinct inflammatory pulmonary lesions. Namely, the sta-
tistical analysis displayed significant differences upon
tracer uptake of lobar pneumonia, post-obstructive pneu-
monia, and bronchiectasis, the latter showing the most
intense uptake. Nevertheless, inflammatory pulmonary
lesions demonstrated lower tracer uptake than malignant
lesions [10]. As the authors underline, dual-tracer imag-
ing would be a viable option, especially in the setting of
malignant pulmonary diseases with confounding inflam-
matory processes and, beyond that, certain pitfalls may
be encountered through acquiring delayed images or
semiquantitative differential analysis of trace uptake in
the region of interest with FAPI imaging [6, 10].

In summary, with the introduction of FAP ligands, the
imaging community has the promise of a novel and, probably,
disruptive imaging probe that is a strong candidate to com-
pensate for the limitations of FDG imaging in both oncologi-
cal and, beyond that, fibrosing imaging of the lung owing to
tumor stroma—specific imaging even with an option of thera-
nostic application. Hence, FAP imaging has been evolving to
the highlight of hybrid imaging in both research and clinical
care of pulmonary diseases in the near future.

Funding

Open Access funding enabled and organized by Projekt DEAL. The authors
state that this work has not received any funding. The authors wish to recog-
nize Alavi-Fund to initiate this research effort.

Declarations

Guarantor
Prof. Dr. Frederik L. Giesel.

1947

Conflict of interest

FLG is a FAPI co-inventor and is an advisor at Telix Pharma, SOFIE, ABX, and
Alpha Fusion and receives royalties from iTheranostics and SOFIE Biosciences.
The other authors declare no conflict of interest.

Statistics and biometry
No complex statistical methods were necessary for this paper.

Informed consent
Written informed consent was not required for this study.

Ethical approval
Institutional Review Board approval was not required.

Study subjects or cohorts overlap
N/A

Methodology

- Commentary

Received: 31 August 2023 Revised: 11 October 2023
Accepted: 16 October 2023 Published: 9 November 2023

References

1. Novruzov E, Mori, Antke C et al (2022) A role of non-FDG tracers in lung
cancer? Semin Nucl Med 52(6):720-733. https://doi.org/10.1053/j.semnu
clmed.2022.05.004

2. van den Hoven AF, Keijsers RGM, Lam MGEH et al (2023) Current research
topics in FAPI theranostics: a bibliometric analysis. Eur J Nucl Med Mol
Imaging 50(4):1014-1027. https://doi.org/10.1007/500259-022-06052-9

3. Giesel FL, Kratochwil C, Lindner T et al (2019) 68Ga-FAPI PET/CT: bio-
distribution and preliminary dosimetry estimate of 2 DOTA-containing
FAP-targeting agents in patients with various cancers. J Nucl Med.
60(3):386-392. https://doi.org/10.2967/jnumed.118.215913

4. Kratochwil C, Flechsig P, Lindner T et al (2019) 68Ga-FAPI PET/CT: tracer
uptake in 28 different kinds of cancer. J Nucl Med. 60(6):801-805. https://
doi.org/10.2967/jnumed.119.227967

5. Yang Q Huang D, Wu J et al (2023) Performance of [18F]FDG PET/CT
versus FAPI PET/CT for lung cancer assessment: a systematic review and
meta-analysis. Eur Radiol. https://doi.org/10.1007/s00330-023-10013-7

6. Dendl K, Koerber SA, Kratochwil C et al (2021) FAP and FAPI-PET/CT in
malignant and non-malignant diseases: a perfect symbiosis? Cancers
(Basel) 13(19):4946. https://doi.org/10.3390/cancers13194946

7. Chen X, Liu X, Wang L et al (2022) Expression of fibroblast activation
protein in lung cancer and its correlation with tumor glucose metabo-
lism and histopathology. Eur J Nucl Med Mol Imaging 49(8):2938-2948.
https://doi.org/10.1007/500259-022-05754-4

8. Altmann A, Haberkorn U, Siveke J (2021) The latest developments in
imaging of fibroblast activation protein. J Nucl Med 62(2):160-167.
https://doi.org/10.2967/jnumed.120.244806

9. Qiao K, Qin X, Fu S et al (2023) Value of [18F]AIF-NOTA-FAPI-04 PET/CT for
differential diagnosis of malignant and various inflammatory lung lesions:
comparison with [18F]FDG PET/CT. Eur Radiol. https://doi.org/10.1007/
500330-023-10208-y

10. Glatting FM, Hoppner J, Liew DP et al (2022) Repetitive early 68Ga-FAPI
PET acquisition comparing 68Ga-FAPI-02, 68Ga-FAPI-46, and 68Ga-
FAPI-74: methodologic and diagnostic implications for malignant, inflam-
matory/reactive, and degenerative lesions. J Nucl Med. 63(12):1844-1851.
https://doi.org/10.2967/jnumed.122.264069

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1053/j.semnuclmed.2022.05.004
https://doi.org/10.1053/j.semnuclmed.2022.05.004
https://doi.org/10.1007/s00259-022-06052-9
https://doi.org/10.2967/jnumed.118.215913
https://doi.org/10.2967/jnumed.119.227967
https://doi.org/10.2967/jnumed.119.227967
https://doi.org/10.1007/s00330-023-10013-7
https://doi.org/10.3390/cancers13194946
https://doi.org/10.1007/s00259-022-05754-4
https://doi.org/10.2967/jnumed.120.244806
https://doi.org/10.1007/s00330-023-10208-y
https://doi.org/10.1007/s00330-023-10208-y
https://doi.org/10.2967/jnumed.122.264069

	Titelblatt_Novruzov_final
	Novruzov_The impact
	The impact of FAP imaging in lung cancer and beyond: a new chapter
	References





